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ARTICLE INFO ABSTRACT

Keywords: Background: Secondhand smoke exposure (SHS) is a major modifiable risk factor for morbidity and premature
Secor{dha“d smoke exposure mortality. No study has assessed inequalities by sex in SHS exposure among adolescents globally. This study aims
ir;lolklng to explore the variations in SHS exposure among adolescents globally based on sex.

olescents

Methods: Most recent data from 122 countries and territories that conducted the Global Youth Tobacco Survey
between 1 January 2013 and 31 December 2020, comprising 557,332 respondents aged 11-17 years, were used
to assess the prevalence of SHS exposure at home, in other enclosed public places, and at school. Multivariable
Poisson regression models were performed to investigate the association between sex and SHS exposure in each
country.

Results: A total of 195,299 (35.0 %) adolescents reported exposure to SHS at home, 256,938 (46.1 %) in other
enclosed public places, 258,528 (46.4 %) at school, and 399,644 (71.7 %) in any place. There were important
inequalities in the prevalence of SHS exposure between countries. More girls than boys reported exposure to SHS
at home in 54 countries (vs. one country with prevalence higher in boys than girls) and in other enclosed public
places in 50 countries (vs. six countries). In contrast, the prevalence of SHS exposure at school was significantly
higher in boys than girls in 25 countries while the opposite was observed in 14 countries.

Conclusions: These findings emphasize the disparities in SHS exposure between adolescent boys and girls and,
hence, highlight the urgent need to strengthen smoke-free policies and adopt targeted policies to address them.

1. Background

Second-hand smoke (SHS) exposure has been linked to multiple
diseases, disability, and premature mortality in youths and adults (U.S.
Department of Health and Human Services, 2010). It is estimated to
cause hundreds of thousands of deaths globally every year due to dis-
eases including ischaemic heart disease, lower respiratory infections,
asthma and lung cancer (U.S. Department of Health and Human Ser-
vices, 2014; ()berg et al., 2011). While detrimental to health across all
age groups, SHS exposure is of particular concern in children and ado-
lescents. These groups typically have limited control over their sur-
roundings, making it challenging to avoid exposure. Moreover, their
bodies are still in the developmental stage and, therefore, exposure to
SHS may have both short- and long-term effects (Bandiera et al., 2011).
SHS exposure has been linked to increased risk of asthma, wheezing,
respiratory infections, and meningococcal disease in children (Burke

etal., 2012; Lee et al., 2010; Wang et al., 2015). Studies also have shown
that children who live with smokers experience more frequent illnesses
(U.S. Department of Health and Human Services, 2010), and are also
more likely to become overweight or obese and develop chronic non-
communicable diseases later in life (Rayfield and Plugge, 2017;
Raghuveer et al., 2016). Mohamed and colleagues (Mohamed et al.,
2018) found that early exposure to SHS affects children’s brain devel-
opment. Furthermore, children exposed to SHS are more prone to
experimenting with smoking themselves (Vrinten et al., 2022).
Considering the impact of children’s exposure to SHS, it is no sur-
prise that implementing smoke-free environments has substantial ben-
efits for children. For instance, such measures reduce hospital
attendance for asthma exacerbations and for respiratory tract infections
among children (Faber et al., 2017). However, only 74 countries glob-
ally had adopted comprehensive smoke-free policies by 2022 -compared
to ten in 2007- (World Health Organization, 2023) and millions of
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children are still exposed to SHS, both in public places and less regulated
settings such as their homes or family cars (Mbulo et al., 2016; Raoof
et al., 2015). Using data from 2006 to 2013, Xi and colleagues (Xi et al.,
2016) estimated that 55.9 % of the adolescents aged 12-15 years from
68 low- and middle-income countries (LMICs) were exposed to SHS. Ma
et al. (Ma et al., 2021) found that 33.1 % of the adolescents aged 12-16
years in 142 territories and nations had reported being exposed to SHS at
home in the past week during the period 2010-2018. The results also
showed that the prevalence and frequency of SHS exposure varied
considerably by country and region (Ma et al., 2021).

Previous research has identified sociodemographic disparities in SHS
exposure, which may reflect both disparities in smoking rates and social
and cultural norms (Gan et al., 2015; Tsai et al., 2018; Walton et al.,
2020). Even in settings where overall exposure to SHS among adoles-
cents has declined in recent years, disparities have persisted or even
widened (Ma et al., 2021; Walton et al., 2020). Regarding differences
between boys and girls, existing research is inconclusive. At the global
level, there does not seem to be a consistent association between sex and
SHS exposure (Ma et al., 2021), but this may mask variation by country,
as there is some evidence that in some countries girls or boys may be
substantially more exposed to SHS (Orton et al., 2014; Hwang and Park,
2016). Considering the multifaceted impact of SHS exposure on chil-
dren’s development, future behaviour and health, such differences may
contribute to the perpetuation of inequalities between men and women.
Identifying such inequalities may also provide insights into socio-
cultural norms around smoking and SHS exposure. Investigating these
differences in public spaces, such as schools, where smokefree legisla-
tion is often in place, but also in private homes where smokefree envi-
ronments are self-imposed, could allow authorities to tailor policies and
protect vulnerable population subgroups. This study aims to assess the
difference in prevalence of SHS exposure at home, at school and in other
indoor spaces between adolescent boys and girls across 122 countries
based on the most recent data available up to 2020 from the Global
Youth Tobacco Survey (GYTS).

2. Methods
2.1. Study design and data sources

The GYTS is a self-administered, school-based and nationally repre-
sentative survey that focuses primarily on tobacco use and related fac-
tors, such as knowledge and attitudes towards smoking, among
adolescents around the globe (Centers for Disease Control and Preven-
tion, 2014). The survey employs a two-stage random sampling approach
to recruit participants aged 13-15 years representative of each country,
and a standardised questionnaire is used to ensure consistency across
countries. The GYTS is a repeated cross-sectional survey, with data
collection conducted every 4 to 6 years. In this study, the most recent
data from all available countries and territories were obtained, as long as
the date of survey completion was between 1 January 2013 and 31
December 2020, which resulted in the inclusion of 122 countries.

2.2. Outcome measures

Five measures of SHS exposure were assessed; these were derived
based on three questionnaire items from the GYTS. Participants were
asked ‘During the past 7 days, on how many days has anyone smoked
inside your home in your presence?’ and ‘During the past 7 days, on how
many days has anyone smoked inside any enclosed public place other
than your home in your presence?’. Responses included ‘0°, ‘1 to 2’, ‘3 to
4’, ‘5 to 6’ or ‘7 days’. For our analysis, we considered all responses
except zero as evidence of SHS exposure at home and inside any
enclosed public places respectively. Participants were also asked ‘During
the past 30 days, did you see anyone smoke inside the school building or
outside on school property?’. A response of ‘yes’ to this question was
considered to indicate SHS exposure at school.
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Based on the responses to the first two questions above, we created
an additional outcome variable for ‘any exposure to SHS at home or in
other enclosed public places during the past 7 days’. Finally, we created
a variable for ‘any SHS exposure’ which included exposure in at least
one of the three settings assessed (home, other enclosed public places,
school).

2.3. Independent variables

The primary independent variable in our analysis was sex (male or
female). Respondents were also asked to report their age in years.
Response categories varied slightly across countries, but we recoded
responses into ‘13 years old or younger’, ‘14’, 15’, and ‘16 years old or
older’.

The following question was asked in all countries: ‘During an average
week, how much money do you have that you can spend on yourself,
however you want?’ Normally, there were seven options with categories
adjusted to the local currency, i.e. ‘I usually don’t have any spending
money’, ‘Less than a certain amount of money’, ‘Range 1°, ‘Range 2,
‘Range 3’, ‘Range 4’ or ‘More than a certain amount of money’. To
standardise responses across surveys, we recoded this variable according
to the distribution of responses in each country to create three groups:
the low pocket money group which included approximately 25 % of the
respondents reporting no or little pocket money, the high pocket money
group which included approximately the 25 % of respondents reporting
the highest amounts of pocket money and the middle group with the
remaining roughly 50 % of respondents.

The smoking status of the respondents was assessed based on the
following questions: ‘Have you ever tried or experimented with cigarette
smoking or any form of smoked tobacco products, even one or two
puffs?” and ‘During the past 30 days, on how many days did you smoke
cigarettes or use any form of smoked tobacco products?’. Current
smokers were defined as adolescents reporting that they smoked on at
least one day during the past 30 days; former smokers as those who
responded ‘yes’ to the first question and did not smoke or use any form of
smoked tobacco products in the past 30 days; and never smokers as those
who had never smoked cigarettes or used other form of smoked tobacco
products.

2.4. Statistical analysis

The weighted prevalence of SHS exposure was calculated for each
country. Modified Poisson regression models with robust error variance
were used to examine the country-specific association between sex and
each outcome measure, adjusted for age, pocket money and smoking
status of the respondent. Outcome measures were: SHS exposure at
home; at school; in other enclosed public places; and any SHS exposure,
hence we conducted four Poisson models in each country. Regression
results are presented as adjusted prevalence ratios (PR) for adolescent
girls vs. boys. The respondents with incomplete data for any of the
outcome or independent variables were automatically excluded from
the regression analysis (Table S1). Two countries (Chad and Vietnam)
were excluded from the PR calculation because they did not have data
on pocket money. San Marino was excluded from the regression model
for SHS exposure at school, since its questionnaire did not include
questions on exposure at school. All statistical analyses were survey-
weighted and conducted in R version 4.1.1.

2.5. Ethics

All data were anonymised and publicly available online; therefore,
no ethical approval was required.

3. Results

The characteristics of the 122 participating countries are shown in
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Table S2. Countries spread across six WHO regions; 20 from the African
region, 25 from the American region, 18 from the Eastern Mediterranean
region, 30 from the European region, 8 from the South-east Asia region,
and 21 from the Western Pacific region. The number of adolescents
recruited from each country ranged from 130 (Tokelau) to 122,040
(Turkiye), and a total of 557,332 adolescents (270,005 [50.8 %] boys)
aged 11-17 years were analysed.

Table S3 shows the overall prevalence of the outcomes among re-
spondents from all included countries. A total of 35.0 % of the partici-
pants were exposed to SHS at home (34.0 % of boys and 36.0 % of girls),
while 46.4 % reported SHS exposure at school (47.7 % of boys and 45.3
% of girls). Approximately 71.7 % of the sample (71.8 % of boys and
71.7 % of girls) reported exposure to SHS in at least one of the places
assessed. Weighted prevalence of SHS by country is shown in Table S4.

Fig. 1 shows the PRs of SHS exposure at home in girls vs. boys.
Among all countries, girls were statistically significantly more likely to
report exposure to SHS at home in 54 countries (Table 1) with the
highest prevalence ratio observed in Gaza Strip (PR = 1.63; 95 % CI:
1.24-2.14), whereas boys were significantly more likely to be exposed
than girls only in Sierra Leone, with a PR of 0.87 (0.76-1.00). In the
majority of African countries (16 out of 19), there was no significant
difference in the adjusted prevalence of SHS exposure at home between
boys and girls. However, girls were more exposed than boys in more
than half of the countries in the European and the West Pacific regions.

The PRs of SHS exposure in other enclosed public places in girls vs.
boys ranged from 0.74 (0.56-0.97) in Yemen to 1.66 (1.40-1.97) in
Thailand (Fig. S1). Girls were statistically significantly more exposed to
SHS than boys in other enclosed public places in 50 countries, whereas
boys were significantly more exposed than girls in six countries
(Table 1). In the combined variable for SHS exposure at home or/and in
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other enclosed public places, girls were significantly more exposed than
boys in 54 countries and there were no countries where boys reported
higher SHS exposure.

In most countries (80 out of 119) prevalence of SHS exposure at
school did not significantly differ between boys and girls (Fig. 2,
Table 1). However, girls were more likely to report SHS exposure at
school than boys in 14 countries, and less likely in 25 countries. PRs
ranged from 0.36 (95 % CI: 0.3-0.53) in Iraq to 1.31 (95 % CIL:
0.89-1.70) in the Bahamas.

Results for SHS exposure in any place showed that girls were
significantly less likely to be exposed to SHS in any place than boys only
in the United Arab Emirates (PR = 0.82; 0.76-0.88), Bhutan, Mauritius,
and Bahrain. However, they were more likely to report SHS exposure
than boys in 33 countries, with the highest PR of 1.30 (1.11-1.53) in San
Marino (Fig. 3, Table 1). Girls in the South-east Asia and Eastern Med-
iterranean regions were substantially more exposed to SHS in any place
than boys.

4. Discussion

This study aimed to investigate inequalities in SHS exposure at home,
at school, and in other enclosed public places between adolescent boys
and girls using the latest data from the GYTS. The results demonstrated
considerable variation across countries/regions, revealing that, in many
instances, girls were more likely to be exposed to SHS at home and in
other enclosed places than boys. However, exposure at school showed
more mixed findings, with predominantly non-significant differences
between boys and girls.

Based on the latest available data, among the entire sample, 35.0 %
of participants were exposed to SHS at home, 46.4 % at school, and 71.7
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Fig. 1. Multivariable Poisson regression analysis of the association between sex and the prevalence of second-hand smoke exposure at home among adolescents in

120 countries/territories (2013—-2021).

Note: Boys are the reference group. UNRWA, United Nations Relief and Works Agency. Results are from Poisson regression models adjusted for age, pocket money

and smoking status.
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Table 1
Summary of prevalence ratios of secondhand smoke exposure between adoles-
cent girls and boys across 122 countries/territories (2013—2021).

Girls more Boys more No statistically
likely to be likely to be significant
exposed exposed association
At home (n = 120) 54 1 65
High-income countries 22 0 8
Upper middle-income 21 0 19
countries
Lower middle-income 10 0 29
countries
Low-income countries 1 1 9
American WHO region 10 0 15
African WHO region 2 1 16
Eastern Mediterranean 9 0 9
WHO region
European WHO region 19 0 11
South-east Asian WHO 3 0 5
region
Western Pacific WHO 11 0 9
region
In other enclosed public 50 6 64
places (n = 120)
High-income countries 17 2 11
Upper middle-income 24 0 16
countries
Lower middle-income 9 2 28
countries
Low-income countries 0 2 9
American WHO region 17 0 8
African WHO region 3 2 14
Eastern Mediterranean 3 2 13
WHO region
European WHO region 20 0 10
South-east Asian WHO 2 0 6
region
Western Pacific WHO 5 2 13
region
At school (n = 119) 14 25 80
High-income countries 4 10 15
Upper middle-income 7 7 26
countries
Lower middle-income 3 7 29
countries
Low-income countries 0 1 10
American WHO region 1 3 21
African WHO region 0 3 16
Eastern Mediterranean 0 9 9
WHO region
European WHO region 7 5 17
South-east Asian WHO 1 2 5
region
Western Pacific WHO 5 3 12
region
At home and/or in other 54 0 66
enclosed public places
(n = 120)
High-income countries 21 0 9
Upper middle-income 24 0 16
countries
Lower middle-income 8 0 31
countries
Low-income countries 0 10
American WHO region 15 0 10
African WHO region 0 17
Eastern Mediterranean 6 0 12
WHO region
European WHO region 20 0 10
South-east Asian WHO 2 0 6
region
Western Pacific WHO 9 0 11
region
In any place (n = 120) 33 4 83
High-income countries 11 2 17
Upper middle-income 18 1 21
countries

Preventive Medicine 189 (2024) 108146

Table 1 (continued)

Girls more Boys more No statistically
likely to be likely to be significant
exposed exposed association

Lower middle-income 4 1 34

countries

Low-income countries 0 0 11

American WHO region 8 0 17

African WHO region 0 1 18

Eastern Mediterranean 0 2 16

WHO region

European WHO region 17 0 13

South-east Asian WHO 3 1 4

region

Western Pacific WHO 5 0 15

region

% in at least one of the assessed places. Although these numbers do not
take into account the variable sample sizes and the different populations
across countries, and thus cannot be interpreted as actual prevalence of
SHS exposure globally, they do highlight that millions of adolescents are
exposed to SHS. This is consistent with previous research among ado-
lescents and with the WHO report on smokefree environments which
found widespread gaps in smokefree legislation in the majority of
countries (World Health Organization, 2023; Xi et al., 2016; Ma et al.,
2021).

The magnitude of the problem underlines the importance of inves-
tigating sociodemographic differences in SHS exposure, such as those
related to sex. This analysis showed that examining the aggregate global
prevalence of SHS exposure is insufficient to detect differences between
boys and girls, as it can mask quite substantial variations by country and
region. These variations may originate from social and cultural factors
related to gender roles, from smokefree legislation and the level of its
implementation (World Health Organization, 2023), but also from dif-
ferences in the prevalence and frequency of smoking among adolescents
and in the general population (World Health Organization, 2023; Xi
et al., 2016).

In this study, more girls than boys reported exposure to SHS smoke at
home and/or in other enclosed public places in a bit less than half of the
122 countries analysed. This suggests that in many parts of the world
adolescent girls are at higher risk of SHS exposure, especially at home.
This has been shown before across various countries, including Korea
(Hwang and Park, 2016), England (Sims et al., 2010) and Greece
(Rachiotis et al., 2010). In our study, the observed association was not
limited to a certain region, although it seemed to be somewhat more
common in Europe and the Western Pacific. Our analysis was adjusted
for smoking, age and pocket money, so these factors do not fully explain
the detected differences. It is likely that girls, due to their role in some
societies, spend more time at home, thus increasing their risk of SHS
exposure within the home environment. In many LMICs, where house
sizes do not necessarily allow for designated smokefree rooms, this could
lead to substantial exposure during the day. However, these circum-
stances may be further complicated by the time that boys and girls spend
with their parents and other relatives who live in the same household.
Adult men have a higher prevalence of smoking compared to women in
several countries, especially LMICs (Reitsma et al., 2021), but they may
spend less time at home. Therefore, it is not always clear who the main
source of SHS in the household may be and how this may differentially
affect boys and girls. Such differences between genders may be less
pronounced or reversed in high-income countries, although this was not
reflected in our data. For instance, studies in the United States have
found that boys had higher odds of being exposed to SHS at home than
girls (Mannino et al., 2001; Singh et al., 2010).

In contrast to home and other enclosed public places, the picture was
less clear in terms of SHS exposure at school, where 80 out of 119
countries showed no statistically significant differences between boys
and girls. Among the remaining 39 countries, more boys reported
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Fig. 2. Multivariable Poisson regression analysis of the association between sex and the prevalence of second-hand smoke exposure at school among adolescents in

119 countries/territories (2013-2021).

Note: Boys are the reference group. UNRWA, United Nations Relief and Works Agency. Results are from Poisson regression models adjusted for age, pocket money

and smoking status.

exposure to SHS at school than girls in 25 countries while the opposite
was observed in 14 countries. This relatively balanced picture likely
supports our earlier comments regarding gender roles, where disparities
could be less apparent at school, especially in mixed schools. Impor-
tantly, the source of SHS exposure is different in a school setting, where
exposure to other students or school staff who smoke is more likely. We
found that the eight countries with the lowest PR indicating a substan-
tially larger proportion of boys than girls reporting exposure to SHS at
school were all from the Eastern Mediterranean region. Most countries
in this region reported a much higher prevalence of smoking in men,
compared to women, an observation that extends to youth as well
(World Health Organization, 2023; Abu-Rmeileh et al., 2022). We must
note though that the question regarding exposure at school referred to
seeing someone smoking in the past 30 days. Therefore, the respondents
who saw someone smoking may not necessarily be exposed to SHS on
that occasion. The timeframe (past 30 days) indicated in the question
does not allow us to further quantify the exposure, but it can be
considered as an indication of lack of relevant smokefree regulations or,
at least, imperfect implementation of such regulations.

4.1. Strengths and limitations

To the authors’ knowledge, this is the first study to explore the sex
differences in SHS exposure among adolescents, adjusting for age,
pocket money and smoking across a large number of countries in all
regions of the world. We used data available up to 2020, although,
admittedly, GYTS does not cover some of the most populous countries,
such as China, India and the United States. However, our results are
based on representative samples of more than half a million participants
from 122 countries. Exposure to SHS was self-reported, which may

introduce some reporting bias. Nevertheless, the GYTS questionnaire
has been reported to have a good test-retest reliability (Brener et al.,
1995) and validity (Johnson-Kozlow et al., 2010). The same stand-
ardised questionnaire was distributed to all countries, thus enabling
cross-country comparisons. Having said this, it is important to note that
we did not consider the extent of exposure in our analysis. The wording
of the questions, but also our decision to consider “any exposure” in the
past seven or 30 days as the main outcome, limit our ability to quantify
in detail the actual SHS exposure in this study. The GYTS is mainly
targeting adolescents aged 13-15 years, but the reported age range
included 11-17 years with fewer respondents at the two ends, which has
implications on the generalisability of our findings. However, our
regression analyses were adjusted for age; therefore, age differences
between sexes within the same country or in the samples between
countries should not have influenced our findings.

There is little doubt that tobacco control policies can substantially
reduce SHS exposure among adolescents with clear implications for
their health (Faber et al., 2017). Going beyond smokefree environments
and other MPOWER measures could provide additional benefits. For
example, smoking in cars in the presence of children has been banned in
some regions, such as England and Scotland with subsequent reduction
in children’s SHS exposure in cars (Laverty et al., 2020). Reducing SHS
exposure at home through legislation is ethically challenging and
practically difficult. However, declining smoking prevalence in the
general population combined with comprehensive smokefree policies
can foster a culture of protecting children’s health from smoking and
indirectly reduce SHS exposure. Tobacco endgame policies like the
smokefree generation approach which is already being discussed in
some countries can radically address the issue, but most countries are
still far from seriously considering such measures. In these countries,
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Fig. 3. Multivariable Poisson regression analysis of the association between sex and the prevalence of second-hand smoke exposure in any place among adolescents

in 120 countries/territories (2013-2021).

Note: Boys are the reference group. UNRWA, United Nations Relief and Works Agency. Results are from Poisson regression models adjusted for age, pocket money

and smoking status.

better understanding of the disparities in SHS exposure between boys
and girls can inform more targeted tobacco control policies and alleviate
health inequity.

5. Conclusion

Our analysis confirmed that SHS exposure among adolescents re-
mains a global public health challenge and highlighted nuanced differ-
ences between boys and girls, especially at home. Further research to
understand the causes of these differences within the local context
combined with strong advocacy for smokefree environments and to-
bacco control could go a long way in reducing the impact of smoking on
young people and the health inequalities that it perpetuates.

Implications and contribution of the manuscript

This analysis highlights that many adolescents are exposed to
secondhand smoke globally, with substantial inequalities between boys
and girls. We show that these inequalities vary by country, as well as by
setting (e.g. home vs. school). Our findings can inform targeted in-
terventions to protect adolescents from secondhand smoke.
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