
Rom J Diabetes Nutr Metab Dis
2024; volume 31, issue 1, pages 98–104

https://doi.org/10.46389/rjd-2024-1239
www.rjdnmd.org

© 2024 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press Group 
on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article under the terms 
of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).

Review

Pregnant women smokers at risk of children’s obesity 
in Asia Pacific: A systematic review
Eny Qurniyawati 1 *, Santi Martini 1, Linda Andriani 1, Virgilio Soares 2

1 Department of Epidemiology, Population Biostatistics and Health Promotion, Faculty of Public Health, 
Universitas Airlangga, Surabaya, Indonesia

2 Department of Nursing, Faculty of Medicine and Health Science, Universitas Nasional Timor Lorosa’e, 
Dili, Timor Leste

* Correspondence to: Eny Qurniyawati, Department of Epidemiology, Population Biostatistics and Health Promotion, Faculty of Public 
Health, Universitas Airlangga, 6 Dr. Ir. Soekarno Street Campus C Mulyorejo, Surabaya, East Java, Indonesia 60115. Phone: +6285785028088/
(+6231) 5920948; E-mail: eny.qurniyawati@fkm.unair.ac.id

Received: 17 September 2023 / Accepted: 9 January 2024

Abstract
The prevalence of obesity in children is a concern regarding the health implications that arise in the future. Prevention-based 
interventions on risk factors are directed at achieving the 3rd SDG’s goal of reducing premature mortality from non-commu-
nicable diseases. Women who smoke during pregnancy are contributors to the increase in Body Mass Index (BMI) or obesity 
in children. The study aims to analyze the relationship between maternal smoking during pregnancy and childhood obesity 
in Asia Pacific countries. A literature review was identified by Pubmed, the Lancet, and Science Direct. The review is limited 
to original research conducted in the Asia Pacific region and limited to 2010 to 2020. The article was screened and extracted 
using the PRISMA flow chart. A total of 5 articles that met the criteria were reviewed, consisting of 3 articles with a prospec-
tive cohort design, one article with a population-based survey, and one article with a cross-sectional design. The article’s 
results showed that maternal smoking during pregnancy has been shown to significantly influence the occurrence of obesity 
in children. Women who smoke during pregnancy are associated with obesity in children in the Asia Pacific region. This con-
tributes to the risk factors that cause obesity in children and provides information for policymakers and health professionals 
in making anti-smoking programs or interventions for mothers during pregnancy.
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Introduction

The increasing prevalence of obesity in children is a 
concern in terms of the health implications it has. Obe-
sity in children is associated with cardiovascular disease 
[1], endocrine [2] and breathing [3] in childhood, and 
this risk tends to continue into adulthood. In addition, 
it is also related to premature death, namely the time 
of death that occurs before the age of 55 years [4]. Most 
premature deaths from noncommunicable diseases oc-
cur in low- and middle-income countries [5]. Interven-
tions are needed to achieve the 3rd SDG’s goal, namely by 
2030, reducing the number of premature deaths from 
infectious diseases through prevention and treatment, 

taking into account risk factors [6]. In a simple defini-
tion, the cause of overweight and obesity in childhood 
is an energy imbalance between calories consumed and 
calories expended. Several factors underlie this, includ-
ing a shift in diet towards an increased intake of ener-
gy-dense foods high in fat and sugar, instant processed 
foods (fast food), and decreased levels of physical activ-
ity [7]. The potential risk factors for childhood obesity 
are many and complex. Mothers who smoke during 
pregnancy have been shown to be a risk factor for low 
birth weight and small babies for gestational age [8] and 
as a possible contributor to an increase in Body Mass 
Index (BMI) or obesity in later life [9]. The mechanism 
of the relationship between maternal smoking during 
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pregnancy and increased BMI of the child is that expo-
sure to nicotine and carbon monoxide has been shown 
to cause placental vasoconstriction and fetal hypox-
emia, leading to low early birth weight [10]. Low birth 
weight infants have been shown to experience rapid 
growth in infancy and are at high risk for overweight 
and obesity in adolescence and adulthood [11]. Intrau-
terine nicotine exposure causes changes in hypotha-
lamic-pituitary impulse control that affect satiety [12]. 
The relationship between obesity and high BMI indica-
tors in children and smoking parents has been shown in 
previous studies [13], which is common in both high-in-
come and low- and middle-income countries. However, 
the study results [14] concluded that the association be-
tween maternal smoking before delivery and childhood 
obesity was independent of birth weight. Therefore, 
confounding factors, including socio-economic and 
lifestyle factors, become a concern in this relationship. 
Several studies have shown that mothers who smoke 
during pregnancy have different sociodemographic 
and anthropometric characteristics from nonsmokers. 
In addition, based on children’s eating patterns also 
show differences in families who do not smoke [15].

This study aims to analyze the relationship be-
tween maternal smoking during pregnancy and the 
risk of obesity in children through a systematic review 
of several studies conducted in Asia Pacific countries 
published from 2010 to 2020.

Material and methods

Data source

Articles are identified through several databases: 
Pubmed, The Lancet, and Science Direct. A search was 
conducted to identify articles relevant to the research 
objectives. The keywords used to identify relevant ar-
ticles are:

“Pregnancy”[Mesh] OR “pregnanc*”[tw] OR “ma-
ternal”[tw] OR “mother”[tw] OR “pregnant”[tw] 
AND “Smoking”[Mesh] OR “smoking”[tw] OR “cig-
arette”[tw] OR “nicotine”[tw] OR “smoker*”[tw] OR 
“tobacco”[tw] AND “Pediatric Obesity”[Mesh] OR 
“childhood”[tw] OR “offspring”[tw] OR “infant”[tw] 
OR “children”[tw] OR “adolescent”[tw] OR “teen”[tw] 
OR “obesity”[tw] OR “overweight”[tw] OR “body mass 
index”[tw] OR “weight”[tw] OR “height”[tw] OR “fat-
ness”[tw] OR “adiposity”[tw].

All articles that come up in search results with that 
keyword are listed. The study was limited to articles re-

porting original research published from 2010 to 2020. 
Studies that did not include aspects of maternal smok-
ing, pregnancy, BMI, obesity, children and adolescents 
were excluded. Research results showing outside the 
Asia Pacific region are excluded. Based on the diversi-
ty of research methods resulting from the search, the 
research is not limited to a particular design, fulfilling 
the articles worthy of being selected according to the 
research objectives (Figure 1).

Data extraction

In data extraction, we excluded articles published 
outside of 2010 to 2020; as many as 6420 articles were 
identified—and as many as 6316 articles after excluding 
duplicate articles. Then, the articles in the title and ab-
stract that do not contain smoking, pregnancy, obesity, 
children, and adolescents and the remaining 583 arti-
cles are excluded. Articles that did not explain the place 
of research in the Asia Pacific region were excluded, as 
well as the remaining 245 articles. Articles that did not 
meet the research objectives, including research, re-
views/systematic reviews, meta-analysis, commentary, 
perspective, and full text, were not available, and re-
search results that were not related to the research ob-
jectives were excluded, and the remaining 5 articles [16].

Results

After eliminating duplicates, inappropriate titles 
and abstracts, regions outside Asia Pacific, and articles 
that did not meet the research objectives, 5 articles that 
met the inclusion and exclusion requirements were 
identified. A study [17] shows that the age of mothers 
with boys ranged from 16 to 42 years (mean 28.9 years); 
for girls, the age of mothers was 18 to 44 years (mean 
28.9). Measurement of the status of pregnant women 
smoking (smoking, never smoking, or quit smoking) 
and obesity criteria were measured by BMI trajectories 
of children aged 1.5 years, 3 years, 5 years, and 6–12 years. 
Obesity variables were divided into categories for boys: 
1) thin, 2) normal, 3) tall, 4) progressively overweight, 
and 5) progressive obesity. Meanwhile, girls are divided 
into categories: 1) thin, 2) normal, 3) progressive nor-
mal, 4) tall, 5) progressively overweight, 6) progressive 
obesity. The study showed that mothers who smoked 
5.42 times (OR: 5.42; 95%CI: 1.89–15.50) were more like-
ly to have a son in the study showed that the mean ma-
ternal age was 28.9 years (SD: 4.3). The mean BMI of 
mothers before pregnancy was 20.7 kg/m2 (SD: 2.8), 
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and the average birth weight of infants was 3061 grams 
(SD: 392.7) [18]. The childhood BMI variable was catego-
rized into 4 quartiles based on birth weight. The study 
explained that mothers who smoked actively during 
pregnancy were associated with a child’s BMI (p=0.007) 
in the second quartile, namely children who were born 
weighing 2794 to 3050 grams. In each quartile group, 
although children born to smoking mothers showed 
low birth weight, their BMI scores increased around 
age 3 years. Children of mothers who smoked during 

pregnancy had a higher BMI than children born to 
mothers who did not smoke.

Studies by Suzuki describe the collection of data on 
maternal smoking during pregnancy. BMI examination 
is carried out on children aged 3 years, 5 years, 7–8 years 
and 9–10 years by collecting data on children’s height 
and weight and calculated according to WHO stand-
ards [19, 20]. Studies have shown that in boys, the BMI 
value increases with age in months (p<0.0001). How-
ever, there was no evidence of an association between 
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Figure 1: PRISMA flowchart the relationship of mother smoking during pregnancy and child obesity.
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BMI values and maternal smoking during pregnancy 
(p=0.7). Regarding the interaction between the age of 
the child in months and the mother who smoked, there 
is very strong evidence that the mother who smoked 
during pregnancy increased the BMI value according 
to the increase in the child’s age in months (p<0.0001). 
In contrast, in girls, there is strong evidence that BMI 
values also increase with age in months (p<0.0001). In 
addition, there is very strong evidence for an associa-
tion between BMI values and maternal smoking during 
pregnancy (p=0.0006). However,

Studies by Mitchell et al. showed the prevalence 
of obesity at age 6 years in boys (5.2%) and girls (7.2%) 
(p=0.09). Among 12-year-olds, the prevalence of obesi-
ty in boys and girls was 10.6% and 10.0%, respectively 
(p=0.09). The average BMI for children aged 6 and 12 
was 16.2 kg/m2 and 20.4 kg/m2, respectively. Research 
has shown that 6-year-old children whose mothers 
smoked during pregnancy have an 85% higher chance 
of becoming obese. In a sample of 12-year-old children, 
mothers who smoked during pregnancy increased the 
odds of being overweight by 65% [21].

Studies conducted in Australia showed that the 
prevalence of obesity in boys and girls aged 6 years 
was 5.2% and 7.2%, respectively (P=0.09). Meanwhile, 
in children aged 12 years, the prevalence of obesity 
among boys and girls was 10.6% and 10.0%, respective-
ly (P=0.09). The average BMI for children aged 6 years is 
16.2 kg/m2, and for 12 years, it is 20.4 kg/m2. Smoking dur-
ing pregnancy was associated with a higher likelihood 
of obesity among children aged 6 and 12 years (OR=1.99 
95%CI=1.05–3.46) and (OR=1.78 95%CI=1.22–2.61) [21].

Studies conducted in New Zealand show the aver-
age height (122.3 cm) and weight of children (24.1 kg), 
while for adolescents, the average height (159.7 cm) 
and weight (50.5 kg). The average BMI in children is 
16.1 kg/m2, and in adolescents, 19.8 kg/m2. Studies show 
that mothers who smoked in the first year of life (yes 
and no) increased BMI by 0.16 kg/m2 and 0.13 kg/m2, 
respectively, which equates to a weight change of less 
than 0.15 kg for children [22].

Discussion

In this study, we explore the results of research on 
maternal smoking during pregnancy and childhood 
obesity in Asia Pacific countries with various study de-
signs and measured components. The literature review 
aimed to analyze the relationship between maternal 
smoking during pregnancy and childhood obesity.

In our study, we found that there are limited ade-
quate studies evaluating the association of maternal 
smoking during pregnancy and childhood obesity in 
published Asia Pacific countries, which means that 
there may be more studies on the association of mater-
nal smoking during pregnancy and childhood obesity 
in these countries, outside the Asia Pacific region. The 
articles selected in this study can describe the relation-
ship between maternal smoking during pregnancy and 
childhood obesity in Asia Pacific countries.

In general, obesity and related diseases are consid-
ered a problem in Western countries. However, in the 
last two decades, urbanization in most Asian countries 
has led to sedentary lifestyle changes and overnutrition 
that have fueled the obesity epidemic [23].

Studies conducted in Japan, Australia, and New 
Zealand prove that mothers who smoke during preg-
nancy have a very high chance of influencing obesity in 
children. This is in line with the results of a study that 
showed that the mother’s BMI and some bad behaviors 
during pregnancy had an impact on the child’s body 
mass development pattern. Furthermore, the impact 
of maternal characteristics during pregnancy shows 
a different impact between boys and girls [24]. In line 
with the study results, maternal smoking during preg-
nancy is associated with obesity in boys [19].

In Japan, 96% of girls experience secondary sexual 
development at 12 years of age or earlier. Gender dif-
ferences in social behavior and diet may also help ex-
plain the observed gender differences in BMI scores. 
The results of the analysis of this study revealed that 
maternal smoking during pregnancy contributes to an 
increased risk of obesity in boys. This indicates that the 
impact of maternal lifestyle on developmental patterns 
may differ by gender [25].

Studies (19) proved that the effect of maternal smok-
ing during pregnancy on BMI values differed by gender. 
For boys, there is very strong evidence that increased 
BMI scores are increased by mothers who smoke during 
pregnancy. Boys’ growth is more affected by maternal 
smoking during pregnancy than girls, and these results 
are consistent with previous studies [19].

Several studies have shown that girls are less sus-
ceptible to adverse environmental factors such as expo-
sure to cigarettes [26]. In addition, one study has shown 
that prenatal nicotine exposure results in higher tes-
tosterone levels in the fetus [27]. Studies prove that an-
drogens play an important role in regulating body fat 
distribution [28].

A study by Kamiya et al. examined differences in 
the effect of maternal active smoking during pregnancy 
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on childhood growth based on childhood BMI values 
using a stratified model analysis stratified by birth 
weight quartiles. The greatest difference in the effect 
of maternal smoking on childhood BMI was observed 
when birth weight was lower than the median value. 
The study results prove rapid growth during infancy, 
which can be associated with obesity observed in the 
second quartile of birth weight [29]. Therefore, in the 
second quartile of birth weight, maternal active smok-
ing during pregnancy may contribute to the increase in 
childhood BMI [30].

There are few large Australian studies analyzing 
the relationship between various risk factors and the 
prevalence of overweight and obesity in childhood. 
Study results [21] This is supported by findings from a 
recent study showing an association between maternal 
smoking during pregnancy and childhood adiposity 
[31, 32]. The statement explains that smoking affects 
childhood obesity through intrauterine exposure. Hor-
mones such as leptin can be a medium for the relation-
ship between smoking and offspring size [33]. Mothers 
who smoked during pregnancy showed a lower umbil-
ical cord blood hormone profile, causing adverse met-
abolic results [34]. Mothers who smoke during preg-
nancy have implications for the danger to the mother 
and fetus. This is due to other adverse lifestyles that 
accompany it, such as sedentary behavior, watching 
television, higher fat consumption, and greater alcohol 
intake [35].

Lotsfactors, including maternal active smoking 
during pregnancy, sex of the child, parity, gestational 
age, maternal age, maternal weight before pregnancy, 
gestational weight gain, hypertensive disorders during 
pregnancy, and gestational diabetes, have been associ-
ated with infant birth weight [36–39] was 30–36. There-
fore, to examine the relationship between maternal ac-
tive smoking during pregnancy and childhood obesity, 
it is necessary to consider these factors as confounders.

Maternal smoking during pregnancy is a risk factor 
for higher BMI in children. However, the study did not 
explain the content of cigarettes that affect the uterus. 
For this reason, the proven association could be due to 
a direct effect of intrauterine cigarette exposure or to 
confounders due to diet or lifestyle [40].

Conclusion

The advantages of the following review are the 
systematic search, screening and data extraction strat-
egies. The weaknesses and limitations of the selected 

study area apply only to the Asia Pacific region. This 
affects the results of the review to a lesser extent. Thus, 
it is necessary to further investigate the relationship 
between pregnant women who smoke and obesity in 
children in other countries. In conclusion, women who 
smoke during pregnancy are at risk of increasing their 
child’s BMI, especially in boys. This contributes to the 
risk factors that cause obesity in children and provides 
information for policymakers and health professionals 
in making anti-smoking programs or interventions for 
mothers during pregnancy.
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