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ABSTRACT
Objective To evaluate what is known about active 
tobacco use during pregnancy and the association with 
infant respiratory health.
Design Systematic review and meta- analysis using the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses guidelines.
Data sources MEDLINE, EMBASE, Cochrane, CINAHL, and 
Maternity and Infant Care were searched thoroughly until 
June 2020.
Eligibility criteria for selecting studies We included 
case–control and cohort studies estimating the association 
between active tobacco use during pregnancy and infant 
respiratory health (wheezing and apnoea) and lung 
function parameters in the first 12 months of life.
Data extraction and synthesis Extraction and risk of 
bias assessment were conducted by two independent 
reviewers. The odds ratio, relative risk and mean 
differences were pooled with a 95% CI using the generic 
inverse variance method. Heterogeneity was assessed and 
expressed by percentage using I2.
Results We identified 4423 abstracts, and 21 publications 
met the eligibility criteria. Pooled OR showed an increase 
in wheezing episodes in infants born to mothers who were 
active tobacco users during pregnancy (OR 1.50, 95% CI 
1.27 to 1.77, p<0.01). Mixed results were found on lung 
function parameters, and a meta- analysis including two 
studies with comparable methodology showed a trend 
towards reduced maximum flow rate at functional residual 
capacity of −34.59 mL/s (95% CI −72.81 to 3.63, p=0.08) 
in 1- month- old infants born to women who smoked 
during pregnancy. A higher risk of apnoea was described 
for infants born to mothers who used smokeless tobacco 
during pregnancy, while the results in infants born to 
women who actively smoked tobacco during pregnancy 
were non- conclusive.
Conclusion Infants born to mothers who actively smoked 
during pregnancy are at higher odds of having wheeze 
and may have lower lung function. Smokeless tobacco 
use in pregnancy may increase the risk of apnoea in 
infancy.
PROSPERO registration number CRD42018083936.

INTRODUCTION
Tobacco contains a complex mixture of more 
than 7000 chemicals, including nicotine, 
which is highly addictive. Most commonly, 
tobacco is smoked, but smokeless prepara-
tions are also consumed. Tobacco use in preg-
nancy is a significant risk factor for adverse 
infant health outcomes.

The estimated prevalence of smoking 
during pregnancy worldwide can vary from 
less than 1% in Senegal to almost 39% in 
Ireland. Globally, 53% of women who smoked 
daily continued to smoke during preg-
nancy.1 In Australia, this prevalence has been 
decreasing since 2009, when 15% of women 
reported having smoked at any time during 
pregnancy, to 10% in 2017.2 The majority of 
these women (73%) report to have smoked 
after 20 weeks of pregnancy.3 However, in 
vulnerable groups and priority populations 
that experience significant health inequities, 
such as Indigenous women, and those living 
in low socioeconomic circumstances and 

Strengths and limitations of this study

 ► We systematically reviewed and meta- analysed data 
investigating an association between tobacco use in 
pregnancy and respiratory health in infants, which 
addresses a significant gap in the current literature.

 ► We identified high- quality evidence for tobacco use 
in pregnancy being associated with the development 
of wheeze in infancy, substantiating the harmful ef-
fects of tobacco on infant health.

 ► We found that most studies assessed tobacco use 
by self- reporting, which may be subject to bias and 
possibly underestimate the harmful effects.

 ► Different approaches in measuring, analysing and 
reporting infant lung function data limited our ability 
to include most studies into a meta- analysis.
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geographically remote locations, the prevalence is up to 
55%.2

Smokeless tobacco (ST) is another form of tobacco 
product, which can be used nasally or orally.4 More 
than 40 types of ST are consumed worldwide, including 
snuff, snus (moist snuff), chew and others. ST is more 
commonly used by women, with particularly high rates 
of consumption in some areas of South- East Asia, varying 
from 18% in India to 28% in Bangladesh.5 In contrast, 
Australia has a low user rate of these products (from 0.3% 
to 0.4%) as its commercialisation is banned.6 Similar to 
smoking, the prevalence of ST use in vulnerable groups 
and priority populations is higher than in non- vulnerable 
groups. Pituri is the most common form of ST product 
used by the Australian Aboriginal population, and its 
consumption usually continues throughout pregnancy, 
childbirth and lactation.7

Although some women quit tobacco use when they 
learn about their pregnancy, many return to smoking 
following birth. A systematic review conducted by Jones 
et al 8 in 2016 showed that only 13% of women were able 
to stop smoking throughout pregnancy, and of these 43% 
restarted smoking by 6 months post partum.

Fetal exposure to tobacco smoke is the most common 
modifiable risk associated with neonatal morbidity 
and mortality.9 Studies have shown profound effects of 
tobacco smoke on the placenta’s intrinsic vasculature 
and function.10 11 Increased branching and enlargement 
of the fetoplacental circulation occur as a compensatory 
mechanism. However, the cumulative effect of maternal 
smoking on the early gestation results in impaired 
placental function with resultant intrauterine growth 
restriction.12

In utero exposure to cigarette smoke has been associ-
ated with severe adverse pregnancy outcomes leading to 
consequences such as preterm birth, stillbirth, congenital 
anomalies,13 low birth weight14 and neonatal mortality,14 
as well as adverse effects on immune function and 
fetal lung growth.15 16 Smoking throughout pregnancy 
adversely influences fetal lung growth, and infants fail 
to reach maximum growth in later childhood with impli-
cations for their lung function throughout life.17 These 
outcomes can be partially explained by the effects of 
tobacco smoking and nicotine exposure in utero, which 
may cause abnormal growth and an inflammatory process 
in the small airways.18 19

A birth cohort that evaluated children from birth 
to 20 years of age found a higher risk for asthma in 
subjects born to mothers who smoked during preg-
nancy (adjusted hazard ratio (aHR) 1.79, 95% CI 1.20 
to 2.67).20 Maternal smoking during pregnancy may 
increase the frequency of lower respiratory tract infec-
tions, but the evidence is not strong enough to infer a 
causal relationship.21

To date, there have been no systematic reviews synthe-
sising the available empirical studies related to tobacco 
exposure during pregnancy and infant wheezing, apnoea 
and lung function in the first 12 months of life. Thus, 

there is a need to synthesise the latest research evidence 
and to identify any gaps.

Although it is often difficult to separate the role of 
prenatal from postnatal exposure, it has been recognised 
that fetal environmental exposures—during embryogen-
esis—can lead to time and tissue- specific effects. More-
over, each tissue has a critical window of exposure when 
it is more sensitive to environmental influences. This 
review aims to examine the association of exposure to 
active tobacco use during pregnancy and the offspring’s 
subsequent respiratory health (wheezing and apnoea 
diagnosis) and lung function in the first 12 months of 
life. Additionally, we systematically reviewed and meta- 
analysed the main features, methodological quality and 
results of the included studies.

METHODS
Protocol and registration
The review protocol has been registered at the Inter-
national Prospective Register of Systematic Reviews 
(PROSPERO).

Eligibility criteria
We included case–control and cohort studies that exam-
ined the relationship between active tobacco use during 
pregnancy and offspring lung function parameters (tidal 
breathing parameters and flow volume measurements 
during thoracoabdominal compression) and respiratory 
health outcomes (wheezing and apnoea) within the first 
12 months of life.

The respiratory health outcomes were defined based on 
physician diagnosis, data linkage records or self- report. 
Lung function parameters were measured by a diverse 
range of sophisticated lung function tests. Any report of 
outcomes made within the infant’s first 12 months of life 
was included.

We excluded studies conducted only on exposure to 
secondhand smoke or environmental tobacco smoke, and 
studies of pregnant women with substance use disorder 
or those who were HIV- positive. It was not considered 
feasible to search non- English- language publications. 
Reviews, conference publications and grey literature were 
also excluded.

Information sources
We developed a comprehensive search strategy. The 
search for potentially eligible studies was conducted 
in June 2020, and no limits were placed on the date of 
publication. Five databases were searched. The databases 
included were MEDLINE, EMBASE, Cochrane, CINAHL 
(Cumulative Index to Nursing and Allied Health Liter-
ature), and Maternity and Infant Care. The retrieved 
studies were then assessed and classified according to the 
eligibility criteria.

The following was the search strategy used for MEDLINE 
(via PubMed): (“pregnancy” (MeSH) OR “pregnancy” 
(Text word) OR “pregnant” (Text word) OR “maternal 
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exposure” (MeSH) OR “maternal exposure” (Text word)) 
AND (“smoking” (Text word) OR “smoking” (MeSH) OR 
“tobacco” (MeSH) OR “tobacco smoking” (Text word) 
OR “tobacco use” (Text word)) AND (“nicotine” (Text 
word) OR “nicotine” (MeSH)) AND (“lung” (MeSH) 
OR “lung” (Text word) OR “lung diseases” (MeSH) 
OR “respiratory outcomes” (Text word) OR “asthma” 
(MeSH) OR “apnea” (MeSH) OR “apnoea” (Text word) 
OR “wheez*” (Text word) OR “forced expiratory flow” 
(Text word) OR “forced expiratory volume” (MeSH) 
OR “lung compliance” (MeSH)) AND (“infant” (MeSH) 
OR “infant” (Text word)) AND (“case- control studies” 
(Text word) OR “case- control studies” (MeSH) OR “case- 
control study” (Text word) OR “study, case- control” (Text 
word) or “studies, case- control” (Text word) OR “case- 
comparison studies” (Text word) OR “comparative study” 
(MeSH) OR “retrospective studies” (MeSH) OR “retro-
spective studies” (Text word) OR “prospective studies” 
(Text word) or “prospective studies” (MeSH) OR “cohort 
studies” (MeSH) OR “cohort studies” (Text word)). This 
keyword strategy was adapted and reviewed to fit the other 
electronic databases. Duplicates were excluded and two 
reviewers (EDQA and CRDSS, both nurses completing 
their PhD) independently assessed and reviewed the titles 
and abstracts of the studies found. All disagreements were 
settled by consensus between the authors.

Additional relevant studies were checked through the 
reference list of the included studies. From those, only 
original manuscripts were included. There was no attempt 
made to contact the authors of the included manuscripts.

Data extraction
A data extraction tool using Microsoft Excel (2019) 
was used to extract the following information from the 
studies: title, authors, country of the study, year of publi-
cation, data collection period, study design, tobacco 
product used by the mother, definition of the outcome, 
sample characteristics, confounding variables and the 
estimated risk with respective CIs. One reviewer (EDQA) 
extracted the data from the full texts included, and a 
second reviewer (CRDSS) checked 100% of the data 
extracted for uniformity.

There were two studies where the respiratory outcome 
reported was initially categorised as asthma.22 23 However, 
after a more in depth inspection by the authors and 
further analysis by a paediatric respiratory and sleep medi-
cine specialist, it was agreed that those studies should be 
categorised as a wheezing outcome instead because of the 
lack of consistency of asthma definition. Those studies 
were included in the meta- analysis since the definition of 
asthma given was more related to wheezing in infancy.

Assessment of risk of bias
The quality of the articles was assessed independently by 
two reviewers (EDQA and CRDSS) and scored based on 
the methodological quality using the Newcastle- Ottawa 
Scale (NOS),24 as recommended by the Cochrane Collab-
oration. The NOS rates quality for group selection, group 

comparability and determination of any exposure or 
outcome for case–control or cohort studies. Each item 
can be awarded one point (marked as a star *), except for 
the comparability item, which may receive a score of one 
or two stars. Studies are then classified as low quality (1–3 
points), moderate quality (4–6 points) and high quality 
(7–9 points).

The population of interest was infants up to 12 months 
of age with data on respiratory health outcomes (wheezing 
and apnoea) and lung function parameters available, born 
to women who used tobacco products at any time during 
pregnancy versus women who did not use tobacco products 
during pregnancy. Information on the number of ciga-
rettes smoked, socioeconomic status and education level 
was collected where available. For the meta- analyses, the 
odds ratio (OR), relative risk (RR) and mean differences 
(MD) were the effects of interest measured with a 95% CI.25 
The pooled OR, RR and MD were given for the random 
effect model using the generic inverse variance method.26 
To better describe heterogeneity, the I- squared statistic 
(I2) was assessed, according to Higgins and Thompson.27 
Heterogeneity was quantified as low, moderate and high, 
with upper limits of 25%, 50% and 75% for I2, respectively.28 
Heterogeneity between studies was investigated using meta- 
regression and further analysis to investigate the influence 
of other factors was performed using subgrouping anal-
ysis and sensitivity analysis. The subgroup analyses were 
performed by sample size (<1000 vs >1000), study quality 
(moderate vs high) and study design (prospective vs retro-
spective cohort).

Data synthesis
Visual inspection of Begg’s funnel plot was used to assess 
publication bias as well as the Egger’s regression test at 
p<0.05.29 We used STATA software (V.13.0) and Review 
Manager (RevMan) (V.5.3) for all statistical analyses.

Patient and public involvement
There was no patient involvement.

RESULTS
Study selection
An initial sample of 4423 manuscripts were identified. 
From these, 3214 titles and abstracts were reviewed and 
90 full texts initially examined (figure 1).

Twenty- one publications covering 24 studies were iden-
tified as relevant.22 23 30–48 Six of the 24 studies assessed 
infant lung function (25%),30–35 15 assessed wheezing 
(62.5%)38–48 (including two studies that assessed asthma 
and were reclassified as wheezing22 23) and three assessed 
apnoea (15%).36 37 Meta- analysis was performed for 13 
wheezing studies (ten studies expressed the relationship 
between exposure and disease among the groups by OR 
and three by RR). Due to differences in methodology, 
reporting and analysis of lung function, four studies were 
not included in the meta- analysis. Instead, a narrative 
review was developed. In the same way, one of the three 
apnoea studies was not included in the meta- analysis; 
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however, a systematic narrative review was developed 
(table 1).

Study characteristics
The total population of the original studies was 1 677 
480 women (table 1). Four studies were conducted 
in the UK,22 23 39 40 three in North America,30 38 42 four 
in Australia,31 33 35 47 three in Sweden,36 48 two in the 
Netherlands,43 45 one in Spain,44 one in Japan,44 one in 
Denmark,34 one in Norway,34 one in Portugal,41 one in 
Southern Europe37 and one in the Czech Republic.39 
Most studies included women regardless of their age, and 
only two studies excluded women younger than 17 and 18 
years of age, respectively.30 38 Fifteen studies are prospec-
tive, six are retrospective (all cohort studies) and two have 
a case–control design.37 41

Data from 21 publications revealed that eight studies 
took place in hospitals or maternity wards, nine in settings 
such as clinics and primary care units or via home visits, 
and four collected data from secondary databases.23 36 48 
The earliest study was published in 1992 in the USA, 
and the latest was published in 2020 in Sweden.48 Four 
studies presented only crude measures, five studies 
presented only adjusted measures, and 12 reported 
both crude and adjusted measures. Two studies did 

not report on the association between tobacco use and 
respiratory outcomes using regression analysis (neither 
crude and adjusted OR nor crude and adjusted RR). 
However, they contained data on the exposed popula-
tion versus not exposed population, enabling the crude 
OR to be calculated. Seven studies were classified of 
moderate quality.33 37 39 40 43 The remaining studies were 
classified as high quality. No study was excluded due to 
low quality.

MAIN FINDINGS
Wheezing
Ten studies were included in the meta- analysis, resulting 
in a total population of 270 967 infants. Maternal active 
smoking during pregnancy was associated with wheezing 
within the first 12 months of life with an OR of 1.50 (95% 
CI 1.27 to 1.77, p<0.01) (figure 2). Egger’s test (p=0.13) 
and funnel plot indicated no publication bias among the 
studies included in the meta- analysis. No publication bias 
was found in the subgroup analyses (Egger’s test p>0.05). 
A high level of between- study heterogeneity was observed 
(I2=57.1%, p=0.01). The meta- regression revealed that 
methodology quality (p=0.11), population size (p=0.25) 

Figure 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta- Analyses) flow diagram of the systematic 
review.
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and study design (p=0.23) had no influence on the 
heterogeneity.

In the subgroup analyses (table 2), active tobacco use 
during pregnancy remained associated with wheezing 
within the first 12 months of life even when the studies 
were grouped and compared by sample size (< or ≥1000 
participants), study design (prospective cohort studies 
or retrospective cohort studies) and study quality 
(moderate or high quality). Although the associations 
remained significant, the subgroup analyses suggested 
that sample size and study design might be a source of 
the heterogeneity. The level of heterogeneity in some 
subgroups was also classified as high (I2 >50% and X2 
p<0.05).

Three studies that reported only the RR of wheezing 
were analysed separately38 46 47 as a lack of data on the 
exposed population versus the not exposed popula-
tion precluded the calculation of the crude OR. When 
performing a meta- analysis on those three studies, 
wheezing within the first 12 months of life was not signifi-
cantly associated with maternal active smoking during 
pregnancy, with an RR of 1.30 (95% CI 0.93 to 1.81, 
p=0.12). A high level of between- study heterogeneity was 
observed (I2=78.7%, p=0.01).

One study reported the hazard ratio (HR) for the 
association between smoking during pregnancy or snuff 
use during pregnancy and wheezing in the offspring, 
according to age.48 They found a significant association 
between smoking during pregnancy and wheeze in the 
first year of life (HR 1.75, 95% CI 1.50 to 1.65; aHR 1.32, 
95% CI 1.25 to 1.39). However, no significant association 
between maternal use of snuff during pregnancy and 
wheeze in the offspring was found (HR 1.20, 95% CI 0.92 
to 1.21; aHR 0.86, 95% CI 0.74 to 0.99).

The results displayed in the online supplemental table 
S1 refer to studies that were not included in the meta- 
analysis. Six studies reported on lung function during the 
first year of life,30–35 and three studies reported on apnoea 
during the first year of life, covered in two papers.36 37Fi
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Figure 2 A meta- analysis of the effect of maternal active 
smoking during pregnancy on wheezing occurrence in infants 
during the first 12 months of life using OR.
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Lung function in the first 12 months of life
The review demonstrated mixed results on lung function 
parameters in children born to mothers who smoked 
during pregnancy. We were able to perform meta- analyses 
using two publications that had identical lung function 
parameters measured and reported, and a comparative 
analysis conducted. Pooled analysis showed that infants 
exposed to tobacco smoking during pregnancy showed 
a trend towards reduced infant lung function at 1 month 
(mean maximum flow rate at functional residual capacity 
(V’maxFRC): −34.59 mL/s, 95% CI −72.81 to 3.63, 
p=0.08) compared with infants born to non- smokers 
(I2=95%, p<0.01).

Two studies reported forced expiratory flow measure-
ments in infants. Young et al33 aimed to examine the 
lung function of healthy term infants at 1, 6 and 12 
months of age, using tidal breathing rapid thoracoab-
dominal compression (RTC) technique in a prospective 
population- based cohort of 237 infants. They found a 
significant reduction in maximal forced expiratory flow at 
functional residual capacity (V’maxFRC) in infants born 
to smoking mothers throughout the first year of life. As 
V’maxFRC is a measure of partial forced expiratory flow, 
this result indicates intrapulmonary airway dysfunction in 
the first year of life associated with intrauterine tobacco 
smoke exposure. Bisgaard and collaborators34 measured 
baseline lung function in 404 neonates using the raised 
volume RTC technique, which allows the determination 
of flow volume parameters across the entire vital capacity. 
They reported that maternal smoking was associated with 
a 7% decrease in forced expiratory flow at 0.5 second.

Two studies reported tidal breathing parameters 
without employing RTC technique. Lødrup Carlsen et al32 
aimed to describe lung function in healthy newborns and 
to assess the influence of in utero tobacco smoke exposure 
on the tidal breathing and respiratory mechanics in 803 
healthy infants. Measurements were made at 2.7 days of 
life (range 1–9 days), and they found that those exposed 
in utero to active maternal daily smoking had a non- 
significant reduction in the mean ratio of time to reach 
peak expiratory flow to total expiratory time (tPTEF:tE) 
compared with non- exposed infants (0.31 vs 0.32). They 
also reported that mean total respiratory system compli-
ance was non- significantly lower in infants exposed to 
tobacco smoke compared with those non- exposed (3.92 
vs 4.18 mL/cmH2O). Another study conducted by Stick 

and collaborators31 aimed to assess the prenatal factors 
that can adversely affect lung function in newborns (48 
hours after birth) in 500 healthy infants. They measured 
tPTEF:tE using respiratory inductance plethysmography. 
They reported that significantly lower values of tPTEF:tE 
were associated with maternal smoking. They showed that 
infants born to mothers who smoked >10 cigarettes a day 
had the lowest mean tPTEF:tE (β estimate=−0.05, 95% CI 
−0.01 to −0.09, p<0.05).

Apnoea
Two studies36 37 explored the effect of smoking during 
pregnancy and were included in a meta- analysis, resulting 
in a total population of 502 836 infants. In this meta- 
analysis, apnoea in the first 12 months of life was not 
significantly associated with maternal active smoking 
during pregnancy (OR 2.20, 95% CI 0.76 to 6.10, p=0.13). 
A high level of between- study heterogeneity was observed 
(I2=68.1%, p=0.08).

In a nationwide Swedish cohort study,36 the association 
between altered cardiorespiratory control and maternal 
tobacco smoking during pregnancy was investigated in 
infants. Furthermore, this study explored if infants born 
to mothers who used Swedish snuff (snus) during preg-
nancy had altered cardiorespiratory control. Tobacco 
use was determined during the first antenatal visit and 
classified as no use, snus use, moderate tobacco smoking 
or heavy smoking. Apnoea was classified according to the 
International Classification of Diseases, 10th revision.49 
This study revealed that infants born to snus users are at 
a twofold higher risk for neonatal apnoea compared with 
infants born to non- tobacco users (OR 2.24, 95% CI 1.52 
to 3.32, p<0.01; aOR 1.96, 95% CI 1.30 to 2.96, p<0.01).

DISCUSSION
Our review summarises the findings of studies that have 
examined the association of active tobacco use during 
pregnancy and wheezing, lung function and apnoea in 
the offspring’s first 12 months of life. Previous reviews 
were limited to examining the associations of prenatal 
and postnatal active and passive smoking with wheezing 
or asthma in preschoolers and adolescents. Furthermore, 
a previous review restricted their database search to 
prospective cohorts, including preschoolers and infants 

Table 2 Subgroup analysis of the effect of active tobacco use during pregnancy on wheezing occurrence in infants

Variable Groups OR (95% CI) I2 (%) X2 p value

Sample size <1000 1.92 (1.31 to 2.85) 0.0 0.72

  ≥1000 1.43 (1.19 to 1.73) 70.4 0.01

Study design Prospective cohort 1.72 (1.25 to 2.37) 74 0.00

  Retrospective cohort 1.36 (1.20 to 1.55) 0.0 0.58

Methodological quality Moderate 1.29 (1.10 to 1.51) 29.3 0.23

  High 1.77 (1.35 to 2.31) 52.9 0.08
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in the same target population without analysing age 
groups separately.50

Our systematic review and meta- analysis showed that 
infants born to mothers who actively smoke during preg-
nancy are at higher risk of wheezing, which is highly prev-
alent in infants. For instance, 40% of infants have been 
reported to wheeze in the first year of life, and a signifi-
cant number of them will keep on wheezing later in life.51

There is evidence to suggest that frequent and persistent 
wheezing in infancy may predict respiratory health in 
later life.52 For instance, frequent wheezing is a signifi-
cant risk factor for later asthma development.53 However, 
it is appreciated that asthma is a complex disease with 
a high degree of heritability and genetic risk compo-
nents.54 Sonnappa and colleagues52 demonstrated that 
infant wheeze is also associated with abnormal lung func-
tion in later life. Several studies have demonstrated that 
altered lung function in the first weeks of life and before 
the first wheezing episode is associated with asthma devel-
opment.55 56 Wheezing, apnoea and reduced lung func-
tion in the first 12 months of life may also be associated 
with younger maternal age, area of residence, lower 
level income, higher parity, pre- pregnancy weight status, 
asthma in pregnancy and mode of delivery.57 These risk 
factors may lead to alteration in the inflammatory path-
ways that can modify the responses to certain stimuli that 
trigger wheezy illnesses.58

Results for infant lung function were non- conclusive. 
Most infants included in the lung function studies were 
term (>36 weeks) without perinatal health problems 
and had no significant congenital anomalies. Our meta- 
analysis of two lung function studies demonstrated a 
reduction in V’maxFRC in infants who had in utero expo-
sure to tobacco smoke. Many of the other studies not 
included in the meta- analysis also showed associations 
between in utero tobacco exposure and reduced lung 
function. Despite these consistent associations, it is chal-
lenging to draw causative conclusions due to the diversity 
of methods used to determine lung function in infants, 
the lack of standardised analysis methods and differ-
ences in reporting of lung function parameters and study 
designs.

Our results suggest that there is scarce evidence to 
quantify the risk of in utero tobacco exposure in infant 
lung function. This includes a lack of investigations 
into the role of ST products in infant lung function and 
limited studies on infant respiratory health outcomes. 
Nicotine crosses the placental barrier, and fetal levels 
in blood and lung closely mimic those measured in the 
mother’s blood. Experimental models suggest that intra-
uterine nicotine exposure results in thickened alveolar 
walls, increased airway smooth muscle mass and airways 
hyper- responsiveness, and a mismatch between airway 
growth and lung size (dysanapsis).59–61 The critical period 
for prenatal nicotine exposure to affect expiratory flow 
parameters may correspond to the canalicular (16–23 
weeks gestation) and saccular (24–36 weeks gestation) 
period of lung development.61

The prenatal and perinatal period is a vulnerable time 
and a window of opportunity to improve infant lung func-
tion and respiratory health outcomes. Our review high-
lights the importance of alleviating these harmful effects 
by promoting safe and effective tobacco use cessation 
interventions in pregnancy. Furthermore, the develop-
ment of innovative interventions should be promoted 
in parallel, such as treatment of pregnant women who 
continue to smoke tobacco with high- dose vitamin C 
to reduce tobacco smoke- induced oxidative stress and 
improve infant lung function,62 although this approach is 
yet to be explored for ST use.

Swedish snus is one of the common types of ST, and 
it has been linked to adverse pregnancy outcomes such 
as preterm delivery, pre- eclampsia,63 oral clefts64 and 
neonatal apnoea.36 In this current review, the two studies 
that focused on ST evaluated the effects of snus and the 
development of apnoea36 and wheezing48 in infancy. This 
tobacco product is consumed orally, being placed under 
the lip. The user absorbs a high nicotine dosage with this 
type of tobacco product, while there are no harmful effects 
due to combustion products such as carbon monoxide. 
Consequently, the fetus absorbs primarily pure nicotine 
along with a range of other tobacco chemicals.65 The 
absorption of nicotine from snus occurs at a slower pace, 
contrary to smoking tobacco that peaks and declines 
rapidly.66 Our analysis highlights the evidence that shows 
that infants born to mothers using ST are more likely to 
develop apnoea, while the effect of smoking tobacco was 
non- conclusive.36 37 Of note, Lundholm et al48 found a 
weak association of snus use and risk of wheeze.

Apnoea aetiology in infants is vast and differs according 
to infant- age and mechanism of pathology.67 The long- 
term consequences of apnoea in healthy infants have not 
been completely established. However, complications 
may include failure to thrive, metabolic alkalosis and 
respiratory distress, which can be life- threatening.68 More 
studies focusing on the association between tobacco use 
and apnoea are required.

Strengths and limitations of the review
This systematic review followed the Preferred Reporting 
Items for Systematic Reviews and Meta- Analyses tool 
guide, and the included studies were of high method-
ological quality, according to Newcastle- Ottawa criteria. 
Most of the active tobacco use information was collected 
through a self- administered questionnaire, surveys or 
interviews. However, many women may not reveal sensi-
tive topics such as smoking status during pregnancy. 
Others may tend to report an answer in a way they deem 
to be more socially acceptable than would be their ‘true’ 
answer.69 Social desirability bias has been previously 
acknowledged as a cause of inaccurate estimates of associ-
ation, or overestimate or underestimate risk measures in 
observational studies.70

A limitation of the current study is that in a large 
amount of the manuscripts, the primary aim did not 
include the effect of in utero tobacco exposure on 
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respiratory outcomes in infancy. It is reasonable to specu-
late that we might have missed studies with relevant data 
on the subject that did not show evidence of it in its title 
or abstract. Besides, information on the quantity and 
frequency of tobacco use was not discussed in this review 
due to missing data or differences in the data collection 
methods of the included studies.

CONCLUSIONS
This systematic review reinforces the association between 
in utero tobacco use and poor respiratory health outcomes 
in the offspring. Meta- regressions for the wheezing studies 
and subgroup analyses showed this association regardless 
of aspects such as sample size, study design and study 
quality. Results for lung function parameters and apnoea 
were non- conclusive in infants born to mothers who 
actively smoked during pregnancy. Additionally, ST seems 
to have different effects on respiratory symptoms. Infants 
born to mothers who use ST are more likely to develop 
apnoea, although ST was not associated with wheezing in 
infancy. However, more studies need to be performed to 
investigate further the role of ST in respiratory outcomes.

Maternal smoking in pregnancy is a significant modifi-
able risk factor for pregnancy- related mortality, morbidity 
and pregnancy outcomes. Also, it is the most important 
known modifiable risk factor for chronic disease devel-
opment in the offspring, such as childhood asthma. 
Therefore, our review highlights that reduction of active 
smoking in pregnancy should be a primary goal to 
improve infant lung health. In addition, there is a need to 
promote optimal lung growth and to monitor respiratory 
health in infants that were exposed to in utero tobacco 
use.
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