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Global trends in the prevalence of secondhand smoke 
exposure among adolescents aged 12–16 years from 
1999 to 2018: an analysis of repeated cross-sectional 
surveys
Chuanwei Ma, Emerald G Heiland, Zilin Li, Min Zhao, Yajun Liang, Bo Xi

Summary
Background Secondhand smoke exposure can cause morbidity and premature mortality. However, the global 
prevalence of, and trends in, secondhand smoke exposure among adolescents are poorly documented. We aimed to 
assess the prevalence of, and trends in, secondhand smoke exposure among adolescents from 1999 to 2018. 

Methods We did an analysis of the most recent data from the Global Youth Tobacco Survey (GYTS), a nationally 
representative, self-administered, school-based cross-sectional survey of tobacco use and related factors among 
adolescents aged 12–16 years worldwide. Data from 142 countries and territories that had done a GYTS between 
2010 and 2018, comprising 711 366 participants, were used to assess the prevalence of secondhand smoke exposure. 
Data from 131 countries and territories that had done two or more surveys between 1999 and 2018, comprising 
1 405 458 participants, were used to assess trends in secondhand smoke exposure. The frequency of secondhand 
smoke exposure at home, in public places, or in any place was defined as follows, based on students’ responses: 1 or 
more days, 3 or more days, 5 or more days, or daily during the past 7 days. 

Findings Based on the most recent surveys done in 142 countries between Jan 1, 2010, and Dec 31, 2018, the global 
prevalence of secondhand smoke exposure in any place was 62·9% (95% CI 61·7–64·1) on 1 or more days, 
51·0% (49·8–52·1) on 3 or more days, 40·1% (38·9–41·2) on 5 or more days, and 32·5% (31·5–33·6) daily during the 
past 7 days. The prevalence of secondhand smoke exposure at home was 33·1% (95% CI 32·1–34·1) on 1 or more 
days, 20·1% (19·3–20·9) on 3 or more days, 14·9% (14·2–15·7) on 5 or more days, and 12·3% (11·7–13·0) daily 
during the past 7 days; and in public places the prevalence of secondhand smoke exposure was 57·6% (56·4–58·8) 
on 1 or more days, 43·4% (42·2–44·6) on 3 or more days, 30·3% (29·2–31·5) on 5 or more days, and 23·5% (22·5–24·5) 
daily during the past 7 days. Between Jan 1, 1999, and Dec 31, 2018, the prevalence of secondhand smoke exposure (on 
≥1 day during the past 7 days) in any place decreased in 57 (43·5%) of 131 countries, increased in 27 (20·6%), and 
remained unchanged in 47 (35·9%). Although the prevalence of secondhand smoke exposure at home decreased in 
86 (65·6%) countries, the prevalence in public places did not change in 46 (35·1%) countries and increased in 
40 (30·5%). 

Interpretation Secondhand smoke exposure among adolescents remains a serious public health challenge worldwide. 
Although the prevalence of secondhand smoke exposure at home decreased in most countries, the prevalence in 
public places increased or remained unchanged in most countries between 1999 and 2018. These findings emphasise 
the need to strengthen smoke-free policies, especially in public places.

Funding Youth Team of Humanistic and Social Science of Shandong University, Jinan, China. 

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
4.0 license.

Introduction
Secondhand smoke exposure has been considered a 
key modifiable risk factor for morbidity and mortality 
among both children and adults.1 The adverse effects 
of secondhand smoke exposure on several preclinical 
markers of cardiovascular disease have also been shown 
in young children.2 According to reports from WHO, 
exposure to secondhand smoke causes about 1·2 million 
deaths every year. Nearly half of all children worldwide 
are exposed to secondhand smoke and 65 000 children die 

from illnesses related to secondhand smoke exposure 
every year, according to WHO. Globally, in 2004, 
secondhand smoke caused an estimated 165 000 deaths 
due to lower respiratory infections in children younger 
than 5 years, and 1150 deaths due to asthma in children 
younger than 15 years.1 Additionally, secondhand smoke 
exposure in childhood substantially increases the risk of 
respiratory infections, worsens asthma, and slows lung 
growth in the short term,3 and is associated with 
subclinical cardiovascular disease markers in adulthood, 

For the reports from WHO see 
https://www.who.int/health-
topics/tobacco#tab=tab_1

https://www.who.int/health-topics/tobacco#tab=tab_1
https://www.who.int/health-topics/tobacco#tab=tab_1
https://www.who.int/health-topics/tobacco#tab=tab_1
http://crossmark.crossref.org/dialog/?doi=10.1016/S2214-109X(21)00365-X&domain=pdf
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including carotid atherosclerotic plaques,4 increased 
carotid intima-media thickness,5 and reduced flow-
mediated dilation.6

To protect people from secondhand smoke exposure, 
WHO has recommended that each country should pass 
legislation that defines and categorises smoke-free 
environments in public places and all indoor spaces.7 
Unfortunately, despite comprehensive smoke-free laws 
in many countries, more than 80% of people worldwide 
remain unprotected from secondhand smoke exposure.8 
Based on data from the 1999–2005 Global Youth Tobacco 
Survey (GYTS), Warren and colleagues9 found that 
54·2% (95% CI 51·6–56·8) of adolescents aged 
13–15 years in 131 countries and territories were exposed 
to secondhand smoke on at least 1 day during the past 
7 days in public places, and 44·1% (41·6–46·6) were 
exposed to secondhand smoke on at least 1 day during 
the past 7 days at home. Based on data from the 2006–13 
Global School-based Student Health Survey (GSHS), 
Xi and colleagues10 found that 55·9% (95% CI 52·7–59·1) 
of adolescents aged 12–15 years in 68 low-income and 
middle-income countries were exposed to secondhand 
smoke on at least 1 day during the past 7 days. More 
recent data from the GYTS (2010–18) have been made 
available to calculate the most up-to-date prevalence 
estimates of secondhand smoke exposure among 
adolescents and also to examine trends in prevalence. 
These data can provide greater understanding of the 
effectiveness of existing smoke-free policies and help 
policy makers identify whether new strategies are 
required to reduce secondhand smoke exposure.

We used recent data collected in the GYTS from 
2010 to 2018 to assess the prevalence of secondhand 
smoke exposure in adolescents aged 12–16 years in 
142 countries and territories. We also aimed to analyse 
trends in the prevalence of secondhand smoke exposure 
among adolescents in 131 countries and territories from 
1999 to 2018.

Methods
Study design and participants
The GYTS is a nationally representative, self-
administered, school-based cross-sectional survey 
mainly focusing on tobacco use and related factors 
among adolescents aged 12–16 years worldwide. A two-
stage sampling strategy is applied to select a random 
sample, which is representative of each country. A 
standardised questionnaire is distributed in each 
participating country, to enable comparisons between 
countries. In the first stage, schools are randomly 
selected with the probability proportion method 
according to enrolment size. In the second stage, 
classes within selected schools are randomly chosen. 
All students within the selected classes are eligible to 
participate voluntarily in the survey. The standardised 
questionnaire is translated into the local language by 
investigators in each country and back-translated to 
ensure accuracy. The research protocol of GYTS is 
approved by WHO and the US Centers for Disease 
Control and Prevention. All GYTS surveys are approved 
by the ethical boards at the country level. Further details 
of the GYTS are available online.

Research in context 

Evidence before this study
We searched PubMed to identify relevant publications 
published between Jan 1, 2000, and Jan 20, 2021, on the global 
prevalence of secondhand smoke exposure in adolescents using 
the terms (“secondhand smoke exposure” OR “passive 
smoking”) AND (“adolescents” OR “youth”), with no language 
restrictions. We found two published studies that had assessed 
the global prevalence of secondhand smoke exposure: a study 
of the Global Youth Tobacco Survey (GYTS) among adolescents 
aged 13–15 years from 131 countries and territories in 
1999–2005; and a study of the Global School-based Student 
Health Survey among adolescents aged 12–15 years from 
68 low-income and middle-income countries in 2006–13. 
However, neither of these previous studies included data on 
secondhand smoke exposure after 2013, assessed prevalence 
according to different frequencies of exposure (eg, ≥1 day, 
≥3 days, ≥5 days, and daily during the past 7 days), or assessed 
recent trends in the prevalence of secondhand smoke exposure.

Added value of this study
Our study provides, to the best of our knowledge, the most 
recent estimates of the global prevalence of, and trends in, 

secondhand smoke exposure in adolescents aged 12–16 years, 
based on the latest GYTS data (2010–18). We found that the 
prevalence of secondhand smoke exposure among 
adolescents was high in 142 countries. The prevalence of 
secondhand smoke exposure decreased at home in most 
countries from 1999 to 2018, but was unchanged or increased 
in public places in most countries during the same period. 
Additionally, the prevalence of secondhand smoke exposure 
tended to be lower in countries that had ratified the WHO 
Framework Convention on Tobacco Control than in countries 
that had not.

Implications of all the available evidence
Secondhand smoke exposure among adolescents remains a 
serious public health challenge worldwide. Further studies 
should examine the specific reasons why the prevalence of 
secondhand smoke exposure decreased at home but increased 
or remained unchanged in public places in most countries, in 
order to guide targeted interventions. These findings suggest 
that there is a need to strengthen smoke-free policies 
worldwide, especially in public places.

For more on the GYTS see 
https://nccd.cdc.gov/

GTSSDataSurveyResources/
Ancillary/Documentation.

aspx?SUID=1&DOCT=1

https://nccd.cdc.gov/GTSSDataSurveyResources/Ancillary/Documentation.aspx?SUID=1&DOCT=1
https://nccd.cdc.gov/GTSSDataSurveyResources/Ancillary/Documentation.aspx?SUID=1&DOCT=1
https://nccd.cdc.gov/GTSSDataSurveyResources/Ancillary/Documentation.aspx?SUID=1&DOCT=1
https://nccd.cdc.gov/GTSSDataSurveyResources/Ancillary/Documentation.aspx?SUID=1&DOCT=1
https://nccd.cdc.gov/GTSSDataSurveyResources/Ancillary/Documentation.aspx?SUID=1&DOCT=1
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The GYTS is an ongoing survey, with data collection 
repeated every 4 years. We used the most recent data from 
142 countries and territories that had done at least one 
survey between 2010 and 2018 to assess the prevalence of 
secondhand smoke exposure. We also used data from 
countries and territories that had done two or more 
surveys between 1999 and 2018 to assess trends in the 
prevalence of secondhand smoke exposure over time. 
The criteria for inclusion and exclusion of participating  
countries are summarised in appendix 2 (p 1). Participants 
with complete data on sex, age, and secondhand smoke 
exposure (at home or in public places) were included. The 
sample size was based on the feasibility of secondary use 
of the GYTS data; data on participants from 142 countries 
(2010–18) were used to assess the recent prevalence of 
secondhand smoke exposure, and data on participants 
from 131 countries were used to assess the secular trends 
from 1999 to 2018.

Definition of secondhand smoke exposure
Exposure to secondhand smoke at home was defined as 
students who responded “1 or more days” to the question: 
“During the past 7 days, on how many days have people 
smoked in your presence, in your home?” Exposure to 
secondhand smoke in public places was defined as 
students who responded “1 or more days” to the question: 
“During the past 7 days, on how many days have people 
smoked in your presence, in places other than in your 
home?” Based on the responses to the two questions 
above, exposure to secondhand smoke in any place was 
further defined as students who were exposed to 
secondhand smoke in public places or at home on at 
least 1 day during the past 7 days. The frequency of 
secondhand smoke exposure at home, in public places, 
or in any place was defined as 1 or more days, 3 or more 
days, 5 or more days, and daily during the past 7 days, 
based on students’ responses. We unified heterogeneous 
information by combining school property, markets, 
stores, and transportation vehicles together as one 
variable (public places).

The year when the WHO Framework Convention on 
Tobacco Control (FCTC) was ratified by each country was 
obtained from the UN website.11 Each country’s income 
level was obtained from the World Bank classification 
according to the survey year of the GYTS in our study.

Statistical analysis
Prevalence estimates and 95% CIs of secondhand smoke 
exposure were calculated by taking into consideration 
sampling weights, strata, and primary sampling units 
based on the GYTS with the “Complex Samples” module 
in SPSS (version 16.0). The weighted prevalence of 
secondhand smoke exposure at the country level was 
calculated according to the original sampling weights, 
and the overall, regional, and other subgroup estimates 
were calculated by the rescaled weights, taking into 
consideration the sample size of each country. A detailed 

description of the sampling weights is given in 
appendix 2 (p 2). Modified Poisson regression analyses 
with robust error variance (with the SAS PROC 
GENMOD procedure), assuming data in each country to 
be linear, were used to examine trends in the prevalence 
of secondhand smoke exposure, considering all available 
surveys in each country over time. Furthermore, trends 
in prevalence based on non-linear data over time in 
some countries (ie, in any place for 23 countries, at 
home for 14 countries, and in public places for 
19 countries) were re-assessed by calculating the 
derivative of the fitting equation during the survey 
period. Secular trends in the prevalence of secondhand 
smoke exposure were calculated per 5 calendar years. 
Two-sided p values less than 0·05 were considered 
statistically significant. We also used the objective cutoff 
of a 5% change to indicate no change (<5%), an 
increase (≥5%) and a decrease (≥5%) over time. 

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analyses, data interpretation, or writing 
of the report.

Results
Details of the surveys and characteristics of participants 
in the 142 participating countries from 2010 to 2018 are 
provided in appendix 2 (pp 3–6). Countries from six 
WHO regions (22 in the African region, 29 in the region 
of the Americas, 24 in the Eastern Mediterranean region, 
33 in the European region, nine in the Southeast Asia 
region, and 25 in the Western Pacific region) were 
included, and data were analysed for 711 366 adolescents 
(348 404 [51·3%] boys) aged 12–16 years.

Based on the most recent surveys done between 
Jan 1, 2010, and Dec 31, 2018, in 142 countries, 
62·9% (95% CI 61·7–64·1) of adolescents aged 12–16 years 
were exposed to secondhand smoke (on ≥1 day during 
the past 7 days) in any place, 33·1% (32·1–34·1) at home, 
and 57·6% (56·4–58·8) in public places (table 1). The 
prevalence of secondhand smoke exposure was high in 
any place, at home, and in public places in all countries, 
although it varied substantially across countries; the 
prevalence of secondhand smoke exposure in public 
places was much higher than that at home across almost 
all countries for both boys and girls (figure 1, appendix 2 
pp 7–20). The prevalence of secondhand smoke exposure 
also varied by frequency and location, such that the 
prevalence of secondhand smoke exposure for 3 or more 
days was 51·0% (95% CI 49·8–52·1) in any place, 
20·1% (19·3–20·9) at home, and 43·4% (42·2–44·6) in 
public places; the prevalence of secondhand smoke 
exposure for 5 or more days was 40·1% (38·9–41·2) 
in any place, 14·9% (14·2–15·7) at home, and 
30·3% (29·2–31·5) in public places; and the prevalence of 
daily secondhand smoke exposure was 32·5% (31·5–33·6) 
in any place, 12·3% (11·7–13·0) at home, and 

See Online for appendix 2
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23·5% (22·5–24·5) in public places (table 1). The 
prevalence of secondhand smoke exposure based on 
different frequency categories (ie, ≥1 day, ≥3 days, ≥5 days, 
or daily during the past 7 days) increased with age 
regardless of location (ie, both at home and in public 
places). The prevalence of secondhand smoke exposure 
was highest in the Western Pacific and European regions 
and lowest in the African region and the region of the 
Americas (table 1; appendix 2 p 21). Prevalence was 
highest in high-income countries and lowest in upper-
middle-income countries. There were no significant 
differences between sexes. The prevalence of secondhand 
smoke exposure tended to be higher in countries that had 
not ratified the FCTC than in those that had (table 1).

131 countries and territories had carried out two or 
more surveys between Jan 1, 1999, and Dec 31, 2018. Data 
from 1 405 458 adolescents aged 12–16 years were 
obtained from these countries to assess trends in the 
prevalence of secondhand smoke exposure in any 
place, and specifically at home and in public places over 
time (appendix 2 pp 22–38). Between 1999 and 2018, 
47 countries had done two surveys, 48 had done three 
surveys, 30 had done four surveys, four had done five 
surveys, one had done six surveys, and one had done 
seven surveys. 16 countries had done the surveys at 
the subnational level (based on data from one or more 
cities), which were used to estimate the prevalence of 
secondhand smoke exposure at the national level 
(appendix 2 pp 22–38).

Although there were large differences in secular 
trends in secondhand smoke exposure (≥1 day during 
the past 7 days) in any place between 1999 and 2018 in 
each country (appendix 2 pp 22–27), the prevalence of 
secondhand smoke exposure in any place generally 
decreased in most regions, except for the Eastern 
Mediterranean and African regions (figure 2). There 
were also larger decreases in upper-middle-income 
countries compared with low-income, lower-middle-
income, and high-income countries, and in ratified 
FCTC countries versus non-ratified countries (table 2). 
Similar results were found in both sexes (appendix 2 
pp 39–40). Although the decrease in prevalence was 
mainly observed at home and occurred in 86 (65·6%) of 
131 countries, the prevalence of secondhand smoke 
exposure in public places increased or remained 
unchanged in countries (65·6% overall; increased 
prevalence in 40 [30·5%] of  131 countries and no change 
in 46 [35·1%]) between 1999 and 2018 (table 2; figure 2; 
appendix 2 pp 41–42). When using the objective cutoff of 
a 5% change to indicate unchanged, increased, and 
decreased prevalence of secondhand smoke exposure, 
our results showed similar trends as indicated by the 
p values based on the Poisson regression analysis for 
trends (table 2; appendix 2 pp 39–40).

We assumed that the prevalence of exposure to 
secondhand smoke changed linearly with the survey 
years in each of the 131 countries. Overall, the global 
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Figure 1: Prevalence (on ≥1 day during the past 7 days) of secondhand smoke exposure at home, in public places, and in any place, among adolescents aged 
12–16 years
Based on the latest available data from the Global Youth Tobacco Surveys done in 142 countries from 2010 to 2018.
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Figure 2: Secular trends in secondhand smoke exposure at home, in public places, and in any place, among adolescents aged 12–16 years in 131 countries from 
1999 to 2018
Based on data from 131 countries that had carried out two or more Global Youth Tobacco Surveys between 1999 and 2018. 
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prevalence of secondhand smoke exposure (on ≥1 day 
during the past 7 days) in any place decreased markedly 
between 1999 and 2018 (calculated as per 5 calendar-
years; table 3). The rate of the decrease tended to be 
higher in boys than among girls, in adolescents aged 
12–14 years than in those aged 15–16 years, in the Americas 
than in other WHO regions, and in upper-middle-income 
countries than in low-income, lower-middle-income, and 
high-income countries (defined as a decrease of more 
than 2·4% per 5 calendar-years; table 3). Additionally, we 
found that the prevalence of secondhand smoke exposure 
at home decreased in nearly each frequency category 
(ie, ≥1 day, ≥3 days, ≥5 days, or daily during the past 
7 days), whereas exposure in public places generally 
increased in certain frequency categories (≥3 days, 
≥5 days, or every day), especially for the Eastern 
Mediterranean, European, South-East Asia, and Western 
Pacific regions, for low-income, lower-middle-income, 
and high-income countries, and for countries that did not 
ratify the FCTC (table 3). However, the change in 
prevalence in some countries (ie, in any place for 
23 countries, at home for 14 countries, and in public 
places for 19 countries) was non-linear with survey years, 
and the sensitivity analyses for re-testing the trends based 
on non-linear data in these countries showed similar 
results to the primary analyses (appendix 2 pp 22–38).

Discussion
Based on GYTS data from 142 countries, 62·9% of 
adolescents aged 12–16 years were exposed to secondhand 
smoke since 2010, most of which occurred in public 
places. Yet, there was substantial variation by country. 
Differences were also predominantly visible between 
FCTC-ratified and non-ratified countries. Results from 
131 countries examining trends from 1999 to 2018 
revealed an overall decrease in secondhand smoke 
exposure among adolescents, but not in all locations; 
although there was a decrease in secondhand smoke 
exposure at home in most countries, there was also an 
increase or no change in secondhand smoke exposure in 
public places in most countries. The decreases tended to 
be more noticeable among younger adolescents and in 
upper-middle-income countries. Notably, the prevalence 
of tobacco use among adolescents aged 13–15 years 
in 143 of these countries was substantial in both boys 
(11·3% [95% CI 10·3–12·3]) and girls (6·1% [5·6–6·6]),12 
highlighting the double burden of both active smoking 
and secondhand smoke exposure in adolescents globally.

Compared to our results on the prevalence of second
hand smoke exposure in 142 countries and territories in 
2010–18 (33·1% at home and 57·6% in public places), in 
a previous study by Warren and colleagues,9 based on 
data from the GYTS from 1999 to 2005, the prevalence 
of secondhand smoke exposure in adolescents aged 
13–15 years in 131 countries and regions was higher 
at home (44·1%) but slightly lower in public 
places (54·2%).9 Additionally, data from the 2006–13 

GSHS in 68 low-income and middle-income countries 
showed a lower prevalence of secondhand smoke 
exposure among adolescents aged 12–15 years in any 
place (55·9%)10 than the present study (64·0%). Our 
results show that the prevalence of secondhand smoke 
exposure (in any place, at home, and in public places) 
remains high across all WHO regions, particularly in 
public places. These findings suggest that although 
considerable tobacco control efforts have been made 
during the past two decades, secondhand smoke 
exposure, especially in public places, remains a major 
public health issue worldwide.

To our knowledge, this is the first study to assess the 
global prevalence of secondhand smoke exposure with 
the most recently available data and according to different 
frequencies (≥1 day, ≥3 days, ≥5 days, or daily during the 
past 7 days). Notably, daily exposure during the past 
7 days was high in all locations (32·5% in any place, 
12·3% at home, and 23·5% in public places). Children 
and adolescents are psychologically and biologically the 
most vulnerable to secondhand smoke exposure. Thus, 
bans on tobacco advertising and implementation of 
smoke-free policies to protect young people should be at 
the forefront of political agendas in all countries.13 
Although some progress has been made in several 
countries since the implementation of these 
recommendations, extensive work is still required to 
reduce secondhand smoke exposure among young 
people. Family-based, school-based, and community-
based interventions are needed to create a smoke-free 
society.14 Previous studies have shown that school-based 
interventions (eg, the Tobacco Education Group, Tobacco 
Awareness Program, Not On Tobacco, and Botvin 
Training Program) could substantially decrease the 
prevalence of secondhand smoke exposure.15–17 
Furthermore, parents should set good examples for their 
children by not smoking at home or in public places, or 
by quitting smoking altogether.18,19

The prevalence of secondhand smoke exposure 
increases with age, which might be partly explained by 
the increasing prevalence of tobacco use with age.10,20 
Older adolescents might have a more tolerant attitude 
towards tobacco use and are, therefore, also more likely 
to be exposed to secondhand smoke. We also found that 
the prevalence of secondhand smoke exposure was 
lowest in the WHO region of the Americas, which might 
be due to more effective adoption of tobacco control 
policies among a growing number of countries in this 
region.13 Inadequate  technical support and funding to 
advance smoke-free legislation might be another possible 
cause of the varied prevalence of secondhand smoke 
exposure across WHO regions.21,22 Greater efforts are 
required in the Western Pacific, Eastern Mediterranean, 
and South-East Asia regions to fully implement the 
WHO FCTC, including establishing and enforcing the 
legislations, building greater capacity, and garnering 
support for tobacco control initiatives from the public.23 
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Indeed, we found that the prevalence of secondhand 
smoke exposure was lower in countries that had ratified 
the WHO FCTC than in those that did not. This 
observation further emphasises the effectiveness of 
implementing the WHO FCTC, although ratification 
does not fully reflect the implementation status.

Another important finding of this study is that the 
prevalence of secondhand smoke exposure in any place 
decreased in 57 (43·5%) of 131 countries over time. To 
reduce exposure to secondhand smoke, many countries 
have established policies and passed legislation to ban 
smoking in public places (eg, on public transportation, in 
restaurants, and in hospitals) and hospitality-related 
workplaces (eg, bars and restaurants).24 However, despite 
the implementation of these smoking bans, the level of 
compliance varies within countries, particularly in low-
income and middle-income countries, as a result of 
various political or economic factors.25 Although the 
prevalence of secondhand smoke exposure at home 
decreased between 1999 and 2018 in most countries, it is 
worrying that during the same period the prevalence of 
secondhand smoke exposure in public places increased 
or did not change in most countries. The underlying 
reasons for the rise in smoking prevalence in public 
places might include poorly enforced smoking bans in 
enclosed places, weak implementation of the FCTC, and 
the continued social tolerance towards tobacco use.26 
Furthermore, the low cost of tobacco products due to 
low excise tax and easy accessibility to such products 
increases the probability of tobacco use and thus 
secondhand smoke exposure. Although the decreasing 
prevalence of secondhand smoke exposure at home was 
observed in most countries, the reasons for this trend are 
unclear and this might be partly explained by improved 
health education among populations and the 
establishment of smoke-free laws or policies at home in 
most countries.27 However, as smoking prevalence 
remains high at home, stricter legislations and 
educational interventions showing the benefits of 
comprehensive smoke-free policies are still necessary. 
Targeted interventions and programmes to reduce 
secondhand smoke exposure in homes could increase 
the proportion of smoke-free homes worldwide.28 
Compliance with rules to promote and maintain a 
smoke-free home environment can substantially reduce 
secondhand smoke exposure at home.29 These findings 
call for stricter laws and policies promoting zero tolerance 
for secondhand smoke exposure among adolescents.30

This study had several strengths. First, the most recent 
GYTS data (2010–18) of 711 366 participants from 
142 countries were used to assess the prevalence of 
secondhand smoke exposure, and data on 1 405 458 par
ticipants from 131 countries were used to assess the secular 
trends from 1999 to 2018. Second, the same standard 
questionnaire was used in all countries, thus allowing 
comparisons across countries. Third, we assessed the 
frequency of secondhand smoke exposure in 142 countries 

to observe the density of exposure and to inform policies. 
However, several limitations of this study should be noted. 
First, the GYTS is based on self-reported responses, thus 
responses might have been over-reported or under-
reported because of recall bias. However, a good test-retest 
reliability of the questionnaire has been reported.31 
Additionally, self-reported secondhand smoke exposure 
among adolescents has been shown to have adequate 
validity.32 Second, we only included adolescents aged 
12–16 years, thus limiting the generalisability 
of our findings to adolescents of other ages. Third, 
16 (12·2%) of 131 countries only included data from 
one or more cities; therefore, the results might not 
be representative of the whole country. Fourth, only 
142 countries were included in our study, as no GYTS data 
were available for many countries. Fifth, only 131 (92·3%) 
of 142 countries were included in the trend analysis 
because in 11 countries the survey was only done 
once between 1999 and 2018. Sixth, our estimates are 
conservative as the GYTS was a school-based survey, and 
students out of school might be more likely to engage in 
risky behaviour than those in school.33 Seventh, although 
the FCTC ratification status of countries was considered in 
our study, smoke-free policies at a national level will be 
more informative. However, there are no related 
comparable data that are publicly available to assess 
smoke-free policies in all countries. This limitation should 
be addressed in future studies. Eighth, prevalence varied 
largely across countries, even within the same WHO 
region. However, we provided pooled estimates according 
to WHO region to allow comparison of our findings with 
previous similar studies,9,10 as well as to guide the 
development of specific strategies and measures at the 
regional level. Ninth, other information (eg, the number 
of, and specific information about, selected schools and 
classes) was unavailable from the GYTS datasets. Thus, we 
could not estimate intraclass correlation. Additionally, 
there was heterogeneity between countries, such as 
differences in population characteristics. These confoun
ding factors might have influenced the availability 
of information and affected the representativeness of 
estimates. 

In conclusion, secondhand smoke exposure remains a 
serious public health challenge among adolescents 
worldwide. Although the prevalence of secondhand 
smoke exposure at home decreased in most countries, 
prevalence in public places increased or remained 
unchanged in most countries during the past two decades. 
These findings emphasise the need to strengthen smoke-
free policies worldwide, especially in public places.
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