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Abstract

Background: It is well-known that secondhand smoke exposure in childhood or adolescence is positively associated with
morbidity and mortality. However, lessisknown about the current status of and most recent trends in secondhand smoke exposure
among adolescents in China.

Objective: We aimed to assess recent changes in the prevalence of secondhand smoke exposure among adolescents in China
using nationally representative data.

Methods: We used data from 2 repeated national cross-sectional surveys conducted in 2013-2014 and 2019. A total of 155,117
students (median age 13.5 years) in 2013-2014 and 147,270 students (median age 13.1 years) in 2019 were included in this study.
Sociodemographic factors and secondhand smoke exposure information were collected viaa standardized questionnaire. Exposure
was defined as secondhand smoke exposure =1 day during the past 7 days at home or in public places. Other frequencies of
secondhand smoke exposure (ie, =3 days, =5 days, and every day) during the past 7 days were also assessed. The weighted
prevalence of secondhand smoke exposure was cal culated according to the complex sample design for surveys.

Results: The prevalence of secondhand smoke exposure in any place (home or public places =1 day during the past 7 days)
decreased from 2013-2014 (72.9%, 95% Cl 71.5%-74.3%) to 2019 (63.2%, 95% Cl 62%-64.5%), as did exposure at home
(2013-2014: 44.4%, 95% Cl 43.1%-45.7%; 2019: 34.1%, 95% CI 33.1%-35.2%) and in public places (2013-2014: 68.3%, 95%
Cl 66.9%-69.6%; 2019: 57.3%, 95% Cl 56%-58.6%). The prevalence of secondhand smoke exposure decreased with increased
gross domestic product per capita in each of the 2 survey years irrespective of exposure frequency or location. The prevalence
of exposure at other frequencies (ie, =3 days, =5 days, or every day during the past 7 days) also decreased in any place, at home,
and in public places. Secondhand smoke exposure was associated with higher school grade level (ninth vs seventh grade: odds
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ratio [OR] 1.76, 95% CI 1.68-1.84), gender (boys vs girls: OR 1.18, 95% CI 1.15-1.22), urban status (urban vsrural: OR 1.10,
95% CI 1.01-1.19), and cigarette smoking (yes vs no: OR 6.67, 95% Cl 5.83-7.62).

Conclusions:  Although the prevalence of secondhand smoke exposure among Chinese adol escents declined from 2013-2014
t0 2019, it remains unacceptably high. More effective strategies and stronger action are needed in Chinato further, and dramatically,

curb secondhand smoke exposure among adol escents.

(JMIR Public Health Surveill 2023;9:e40782) doi: 10.2196/40782
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Introduction

Background

Tobacco products, especially combustible ones, are harmful not
only to users' health but also the health of nonsmokerswho are
exposed to secondhand smoke [1]. The World Health
Organization (WHO) reportsthat exposureto secondhand smoke
leads to 1.2 million deaths annually [2]. There is no safe or
risk-free level of secondhand smoke exposure for children and
adolescents [3], and more than 65,000 children die each year
from diseases related to secondhand smoke exposure [2].
Secondhand smoke exposure occurs in various environments
(at home or in any public place) and causes short-term damage
in childhood (eg, slowed lung growth, worsened asthma,
respiratory infections, and sudden infant death syndrome) [1],
along-term burden of cardiovascular disease[4], and mortality
in adulthood [5].

Chinahasthelargest number of tobacco consumersin theworld.
Although the prevalence of current tobacco smoking decreased
from 1990 to 2019 (males: —18.2%; females. —20.9%) among
individuals aged 15 years or older in China, the prevalence of
current tobacco smoking remained highin 2019 (males: 49.7%;
females: 3.54%) [6]. Secondhand smoke exposure remains a
serious public health concern in China despite evidence that
has suggested the prevalence of secondhand smoke exposure
inthe workplace declined from 55.2%in 2010 to 45.3%in 2015
among Chinese nonsmokersaged 16 to 60 years[7]. In addition,
national data from 2013 to 2016 showed that 41.7% (95% ClI
40.9%-42.3%) of Chinese youth aged 6 to 17 years were
exposed to secondhand smoke at home >1 day during the past
7 days [8]. This prevalence of secondhand smoke exposure
among Chinese adol escents was higher than the global average
level (72.9% vs 62.9%, respectively) [9].

Although considerable work on tobacco control has been
undertaken in China in recent years, including the protection
of teenagers from secondhand smoke exposure [10,11], there
are no contemporary data on the prevalence of secondhand
smoke exposure among adol escents in this country. Moreover,
most previous studies only reported the prevalence of
secondhand smoke exposure at home and public places in
general [9,12,13]; no studies were able to precisely categorize
thetypes of public placeswhere exposure occurs. Such dataare
needed to monitor and guide effective interventions to protect
adol escents from secondhand smoke exposure.

https://publichealth.jmir.org/2023/1/e40782

Objectives

Using repested nationally representative data, we aimed to assess
trendsin the preval ence of secondhand smoke exposure between
2013-2014 and 2019 according to different locations (at home,
in closed public places, in open public places, and on public
transportation).

Methods

Study Participants

We used repeated cross-sectional data on secondhand smoke
exposure collected from the Globa Youth Tobacco Survey
(GYTS)-China, which was a part of the GYTS conducted in
China from October 1, 2013, to April 1, 2014, and the China
National Youth Tobacco Survey (NY TS), conducted from May
1, 2019, to December 31, 2019. Each of these 2 national surveys
was a hational, representative, school-based, cross-sectional
survey administered to middle school students. Both surveys
used similar sampling, questionnaires, and survey methodol ogies
and covered 31 provinces, autonomous regions, and
municipalities (hereafter referred to as “ provinces’) in China
Both surveys used the same 3-stage stratified cluster random
sampling strategy. In the first stage, surveillance points were
randomly selected from each province, stratified by urban-rural
area by probability proportional to size sampling proportional
to population size, to be nationally representative, with a total
of 336 surveillance points in 2013-2014 and 347 surveillance
points in 2019. In the second stage, 3 middle schools were
randomly selected at each surveillance point. In the third stage,
1 class was randomly selected from each grade of the selected
school. All students in the selected class were €ligible to
participate. The median age of the study population was 13.5
yearsin 2013-2014 and 13.1 yearsin 2019.

Definition of Secondhand Smoke Exposure

Exposure to secondhand smoke at home was assessed with the
guestion “During the past 7 days, on how many days have
people smoked in your presence, in your home?’; exposurein
closed public places was assessed with the question “During
the past 7 days, on how many days have people smoked in your
presencein closed public places other than in your home (such
asschool buildings, conference halls, gymnasiums, bars, shops,
restaurants, shopping malls, movie theaters, etc.)?’; exposure
in open public places was assessed with the question “During
the past 7 days, on how many days have people smoked in your
presencein open public places (such as playgrounds, sidewalks,
entrancesto buildings, parks, bus stops, parks, etc.)?’; exposure
on public transportation was assessed with the question “ During
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the past 7 days, on how many days have people smoked in your
presence in any public transportation vehicles (such as trains,
buses, or taxicabs, etc.)?’ In addition to reporting on secondhand
smoke exposurein theindividual public places mentioned above,
we aso unified heterogeneous information by combining
exposure that was reported in closed public places, in open
public places, and on public transportation together as one
variable: “public places” Moreover, we a so combined exposure
a home and public places as “any place” Exposure to
secondhand smoke at any location (ie, at home, in closed public
places, in open public places, on public transportation, in any
public place, or in any place) was defined as exposure to
secondhand smoke on =1 day during the past 7 days. We aso
assessed different frequencies (=3 days, =5 days, and every day
during the past 7 days) of secondhand smoke exposure based
on the students responses. To ensure each participant
understood that the question was asked about secondhand smoke
from others, rather than from themselves, each question was
explained by the trained investigators beforehand.

Cigarette smoking was defined as smoking on =1 day during
the past 30 days with the question “During the past 30 days, on
how many days did you smoke cigarettes?’ [14]. Exposure to
secondhand smoke in schools was assessed with the question
“During the past 30 days, did you see anyone smoke inside the
school building or outside on school property?’ Attitude on the
hazards of secondhand smoke exposure was assessed with the
guestion “ Do you think the smoke from other peopl€e'scigarettes
smoking is harmful to you?’ with the corresponding answers
“Definitely not, probably not, probably yes, and definitely yes.”
Participants were classified into groups based on whether the
gross domestic product (GDP) per capita of their province was
low, middle, or high. For 2013-2014 (when the exchange rate
was US $1=RMB 6.08), the GDP categories were RMB
<35,000, RMB 35,000 to 50,000, and RMB >50,000,
respectively. For 2019 (when the exchange rate was US
$1=RMB 6.98), the categorieswere RM B <50,000, RM B 50,000
to 70,000, and RMB >70,000, respectively. Further details of
the GDP per capita in 2013 and 2019 in China are available
online[15,16].

https://publichealth.jmir.org/2023/1/e40782
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Ethical Consider ations

Both surveys (2013-2014 and 2019) were approved by the
National Health Commission, and the proposal and protocols
werereviewed by the Institutional Review Board of the Chinese
Center for Disease Control and Prevention (202008). All
participating students gave oral informed consent. Our study
did not contain any identifiable information from individual
participants.

Statistical Analysis

The national, regional, and subgroup (by sex, residence, GDP
per capita category, and cigarette smoking status) prevalence
with the 95% CI of secondhand smoke exposure in 2013-2014
and 2019 among adol escents was cal cul ated with consideration
of sampling weights, strata, and primary sampling units from
each survey. The absolute change rate with 95% CI in the
prevalence of secondhand smoke exposure was calculated as
the prevalence in 2013-2014 subtracted from the prevalence in
2019. The chi-squaretrend test was used to compare differences
in prevalence by school grade, sex, residence, region, GDP per
capitacategory, and cigarette smoking status between 2013-2014
and 2019. Multivariable logistic regression models were used
to assess the association between secondhand smoke exposure
and its potential influencing factors (school grade, sex,
residence, region, GDP per capita category, and cigarette
smoking status). All analyses were conducted using SAS (SAS
Ingtitute). Two-sided P values <.05 were considered statistically
significant.

Results

Participant Characteristics

Table 1 presents the demographic data from the 2 national
surveys conducted in 2013-2014 and 2019. In 2019, the
proportions of adolescents who were in a higher school grade
(ninth grade), resided in a rural region, and were current
cigarette users were somewhat lower than in 2013-2014. Data
from 155,117 adolescents (boys. n=82,057, 52.9%) in the
2013-2014 survey and 147,270 adolescents (boys. n=78,789,
53.5%) in the 2019 survey were included in this study.
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Table 1. Demographics of 2 national surveys conducted in 2013-2014 (n=155,117) and 2019 (n=147,270).
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Prevalence in 2013-2014, % 95% CI Prevalence in 2019, % 95% ClI

Grade

Seventh 331 32.5-33.7 34.8 34.2-35.3

Eighth 333 32.9-33.7 335 33.1-33.9

Ninth 33.6 32.9-34.4 317 31.2-32.3
Sex

Boys 52.9 52.3-53.5 535 53.1-54

Girls 47.1 46.5-47.7 46.5 46-46.9
Residence

Urban 279 26-29.8 36.3 34.1-38.5

Rural 721 70.2-74 63.7 61.5-65.9
Region

North 10.6 9.4-11.8 111 9.8-12.4

East 26.3 24.7-27.9 284 26.3-30.6

Central 171 15.8-18.4 18.3 15.9-20.6

South 14.6 12.5-16.8 133 11.9-14.8

Southwest 16.9 15.3-18.6 16 14.2-17.9

Northwest 8.3 7.3-94 7.3 6.5-8.1

Northeast 6.1 51-7.2 55 5-6.1
Gross domestic product per capita category

Low 275 25.5-29.5 27 25.1-28.9

Middle 384 36.4-40.3 38.6 36.2-41.1

High 34.2 32-36.3 344 32.1-36.6
Cigarette smoking

No 94.1 93.5-94.6 96.1 95.6-96.6

Yes 59 5.4-6.5 39 34-44

Trendsin Prevalence of Secondhand Smoke Exposure

The overall prevalence of secondhand smoke exposure in any
place (on =1 day during the past 7 days) decreased from
2013-2014 (72.9%, 95% CI 71.5%-74.3%) to 2019 (63.2%,
95% Cl 62%-64.5%), whilethe prevalence of secondhand smoke
exposure at home decreased from 44.4% (95% Cl 43.1%-45.7%)
in 2013-2014 to 34.1% (95% Cl 33.1%-35.2%) in 2019, as did
secondhand smoke exposure in public places (2013-2014:
68.3%, 95% Cl 66.9%-69.6%; 2019: 57.3%, 95% CI
56%-58.6%), as shown in Tables 2, 3, and 4. The prevalence
was high in any place, in public places, and at home across all
31 provinces, with the prevalence of secondhand smoke
exposurein public places higher compared to exposure at home
in each province in both 2013-2014 and 2019 (Figure 1 and
Multimedia Appendix 1, Tables S1-S4). The prevalence
exceeded 60% in 2019 in 25 of 31 provinces. The 5 provinces
where the prevalence was much higher than other provinces
were Yunnan (75.1%, 95% CI 66.2%-84%), Hunan (73.6%,
95% Cl 68.9%-78.3%), Beijing (73.2%, 95% Cl 69.5%-76.9%),
Shanghai (72.5%, 95% CI 62.5%-82.5%), and Gansu (70.2%,
95% Cl 62.5%-78%). The prevalence of secondhand smoke

https://publichealth.jmir.org/2023/1/e40782

exposure also decreased according to different exposure
frequencies and locations. For example, there was a downward
trend in daily exposure in any place (from 31%, 95% ClI
29.9%-32.1% in 2013-2014 to 24.7%, 95% CI 23.8%-25.7%
in 2019), a home (from 14.2%, 95% Cl 13.6%-14.8% in
2013-2014 to 12.4%, 95% Cl 11.8%-13%in 2019), and in public
places (from 25.1%, 95% Cl 24.2%-26% in 2013-2014 to
18.7%, 95% Cl 17.8%-19.5% in 2019), as shown in Tables 2,
3, and 4 and Multimedia Appendix 1, Table S5.

The prevalence of secondhand smoke exposure increased as
school grade increased regardless of exposure frequency (=1
day, =3 days, =5 days, or 7 daysduring the past 7 days), location
(any place, home, or public place), and survey year (2013-2014
or 2019). The prevalence of secondhand smoke exposure
decreased as GDP per capita category increased irrespective of
exposure frequency, location, or survey year (Tables 2, 3, and
4 and Multimedia Appendix 1, Table S5). The prevalence of
exposure was higher among boys (vs girls), current cigarette
smokers (vs nonsmokers), and adolescentswho lived in an urban
region (vsrural region, except for secondhand smoke exposure
at home). A higher prevalence of secondhand smoke exposure
was observed in the northwest, south, and southwest regions,
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with lower exposure in the east and northeast regions (Tables places, open public places, and public transportation) and in
2,3,and 4). A downward trend in the prevalence of secondhand  schools on =1 day during the past 7 days was aso observed
smoke exposure in any type of public place (closed public (Multimedia Appendix 1, Tables S6-S7 and Figure S1).

Table 2. Trendsin the prevalence of secondhand smoke exposure in any place (on =1 day during the past 7 days) by age, sex, residence, region, gross
domestic product per capita category, and status of cigarette smoking among Chinese adolescents from 2013-2014 to 2019.

Prevalencein 95% ClI Prevalencein 95% ClI Absolutechangein  95% CI
2013-2014, % 2019, % prevalence, %

Overal 72.9 71.5t074.3 63.2 62 to0 64.5 -9.8 -11.8t0-8.1
Grade

Seventh 65.7 641t067.3 55.8 54t057.6 -10 -12.6t0-7.7

Eighth 74.3 73.51t076.2 66.1 64.51t067.6 -8.3 -10.9t0-6.2

Ninth 78.7 775t079.9 68.5 67.2t069.7 -10.3 -12.1t0-8.7
Sex

Boys 75.5 7441077 65.4 6410 66.7 -10.4 -12.3t0-8.7

Girls 69.9 68.3t071.4 60.8 59.41062.2 -9.2 -11.3t0-7.2
Residence

Urban 74.4 73.3t1075.6 63.5 61.7t065.3 -1 -13.3t0-8.9

Rural 724 70.5t0 74.2 63.1 61.4t064.8 —94 -12to—7
Region

North 731 70.3t0 75.9 63 58.81067.3 -10.1 -15.2t0 4.9

East 68.9 66.81t0 71 59.9 57t062.9 -9 -126t0-5.4

Central 75.9 7391078 64 61.5t066.4 -12 -15.2t0-8.8

South 67.8 61.8t073.8 66.3 63.1t069.4 -1.7 -8.6105.3

Southwest 775 75.1t079.8 65.2 62.11068.2 -125 -16.4t0-85

Northwest 78.9 75.41082.3 66.3 63.1t069.5 -12.6 -17.3t0-7.8

Northeast 75.7 73.8t077.6 61.2 57.81064.7 -145 -18.5t0-10.5
Gross domestic product per capita category

Low 75.4 734t077.4 65.4 62.6t068.1 -10.1 -13.6t0 6.7

Middle 75 73.410 76.6 64 62.31065.7 -111 -135t0-8.8

High 69 66.2t0 71.9 60.7 58.410 63.1 -83 -12t0 4.6
Current cigarette smoking

No 715 70.1t0 72.9 61.9 60.6 t0 63.3 -9.6 -11.1t0-8.1

Yes 94.1 93.3t0 95 93.8 92.61t095 -0.5 —2t0l1l1
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Table 3. Trends in the prevalence of secondhand smoke exposure at home (on =1 day during the past 7 days) by age, sex, residence, region, gross
domestic product per capita category, and status of cigarette smoking in Chinese adolescents from 2013-2014 to 2019.

Prevalencein 95% Cl Prevalencein 95% Cl Absolutechangein  95% CI
2013-2014, % 2019, % prevalence, %
Overdl 444 43.1t045.7 341 33.1t035.2 -10.4 -12t0-8.7
Grade
Seventh 39.6 38.2t040.9 305 29.3t031.8 9.1 -11to-7.3
Eighth 46.1 44410477 36 34.7t037.3 -10.1 —-12.1t0-8.1
Ninth 475 46.2t048.9 36.1 34.9t037.3 -11.5 -13.4t0-9.8
Sex
Boys 46.4 45.1t047.8 36 34.8t1037.1 -10.5 -12.3t0-8.9
Girls 42.1 40.8t043.5 32 30.9t033.2 -10.2 -12t0-8.4
Residence
Urban 435 42.1t044.8 33.2 31.81034.6 -10.3 -12.3t0-8.3
Rural 448 43.1t046.5 34.6 33.21036.1 -10.2 -125t0-8
Region
North 46 42.6t049.4 35.6 32.1t039.2 -10.4 -15.3to-5.4
East 39.6 37.7t041.6 31.6 30t033.2 -8 -10.6t0-5.5
Central 45.8 43.7t0 48 337 31.5t035.9 -12.1 -153t0-9
South 40.2 34.9t045.5 38 34.1t042 —2.2 -8.9t0 4.6
Southwest 50.5 47.7t053.2 35.7 32.7t038.7 -14.8 -19t0-10.7
Northwest 48.9 45.71t052.1 331 29.8t036.4 -15.7 —204t0-11.1
Northeast 46.9 44.6 10 49.2 329 30.8t0 35 -14 -17.2t0-10.8

Gross domestic product per capita category

Low 489 46.91050.9 37 34.41039.5 -11.9 -15.2t0-8.6
Middle 4.7 42.9t046.4 337 32.21035.2 -11 -13.3t0 8.7
High 40.8 38.2t043.3 324 30.8t0 34 -84 -114t0-54

Current cigarette smoking

No 42.8 41.5t044 327 31.7t033.7 -10.1 -11.7t0-85
Yes 68.2 66.6 to 69.7 66.3 64.11068.4 -1.9 —-4.61t00.7
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Table 4. Trends in the prevalence of secondhand smoke exposure in public places (on =1 day during the past 7 days) by age, sex, residence, region,
gross domestic product per capita category, and status of cigarette smoking among Chinese adol escents from 2013-2014 to 2019.

Prevalencein 95% Cl Prevalencein 95% Cl Absolutechangein  95% CI
2013-2014, % 2019, % prevalence, %

Overdl 68.3 66.9 to 69.6 57.3 56 to 58.6 -11 -129t0-9.1
Grade

Seventh 60.2 58.6 t0 61.8 48.9 47.11t050.6 -11.4 -13.8to-9

Eighth 69.8 68to 71.5 60.1 58.4t061.7 9.7 -12.2t0-7.3

Ninth 74.7 73.5t075.9 63.6 62.310 65 -11.1 -13t0-9.3
Sex

Boys 71.3 70t0 725 59.5 58.1t0 60.9 -11.9 -13.7t0-10

Girls 64.9 63.4t066.4 54.8 53.4t056.2 -10.1 -12.2t0-8.1
Residence

Urban 69.8 68.6t0 71 57.6 55.81059.5 —12.2 -14.5t0-9.9

Rural 67.6 65.91t069.4 57.1 55.31058.9 -10.6 -13.1to-81
Region

North 67.6 64.7 t0 70.5 56.6 52.410 60.9 -11 -16.2t0-5.9

East 63.5 61.51t0 65.6 53.7 50.7 t0 56.6 -9.9 -13.6t06.3

Central 715 69.2t0 73.7 58.5 56 to 61 -13 -16.4t0-9.6

South 62.8 5710 68.6 58.7 55.8t061.6 —4.1 -10.7t0 2.5

Southwest 734 70.8t0 75.9 60.2 57 t0 63.4 -13.3 -17.4t0-9.1

Northwest 75.1 71.8t078.3 61.9 58.1t065.6 -13.2 -18.3t0 8.2

Northeast 70.3 68.2t0 72.5 55.4 52 t0 58.8 -14.9 -19.1t0-10.8
Gross domestic product per capita category

Low 70.5 68.3t0 72.7 59.5 56.8 10 62.3 -11.1 -14.7t0-7.5

Middle 70.7 69.1t0 72.3 58.4 56.6t0 60.2 —12.4 -14.8t0 9.9

High 63.7 61 to 66.4 54.3 51.91056.7 -9.4 -13.1to-5.8
Current cigarette smoking

No 66.5 65.2t067.9 55.9 54.6t057.2 -10.7 -12.6t0-8.8

Yes 91.6 90.4t0 92.8 89.9 88.2t1091.5 -1.9 -3.9t00.2
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Figure 1. Trendsin the geographical distribution of secondhand smoke exposure (on =1 day during the past 7 days) at home, in public places, and in

any place among Chinese adolescents from 2013-2014 to 2019.
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Association Between Secondhand Smoke Exposure
and Potential Factors

In the multivariable logistic regression analysis, adolescents
were more likely to be exposed to secondhand smoke in the
combined data set (2013-2014 and 2019) if they werein ahigher
school grade (ninth vs seventh grade: oddsratio [OR] 1.76, 95%
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Cl 1.68-1.84), were boys (boys vs girls: OR 1.18, 95% CI
1.15-1.22), lived in an urban setting (urban vs rural: OR 1.10,
95% CI 1.01-1.19), and were acurrent cigarette smoker (smoker
vsnonsmoker: OR 6.67, 95% Cl 5.83-7.62). Theseresultswere
largely independent of survey year (2013-2014 or 2019; Table
5).
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Table 5. Multivariable odds ratios and 95% Cls for factors associated with secondhand smoke exposure (on =1 day during the past 7 days) among
Chinese adolescents. All variableslisted in the table were introduced into logistic regression models.

In any place, oddsratio (95% CI)

At home, odds ratio (95% Cl)

In public places, odds ratio (95% Cl)

2013-2014 2019 Total 2013-2014 2019 Total 2013-2014 2019 Total
Grade
Seventh 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Eighth 149(1.40- 152(1.42- 150(1.44- 1.28(1.23- 126(1.18- 1.27(1.22- 150(1.40- 155(1.45  1.52(1.45-
1.60) 1.62) 1.58) 1.34) 1.33) 1.32) 1.59) 1.65) 1.59)
Ninth 186 (1.75- 1.66(1.56- 1.76(1.68- 1.34(1.28- 123(1.17- 1.29(1.25 1.89(1.77- 1.77(1.65  1.83(1L.74-
1.99) 1.78) 1.84) 1.40) 1.30) 1.34) 2.01) 1.90) 1.91)
Sex
Girls 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Boys 123(1.19- 116(1.12- 1.18(1.15> 1.10(1.06- 112(1.09- 1.10(1.08- 1.25(1.20- 1.16(1.11- 1.18(1.11-
1.30) 1.20) 1.22) 1.14) 1.16) 1.12) 1.30) 1.20) 1.20)
Residence
Rural 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Urban 122(1.09- 1.09(0.98- 1.10(1.01- 1.01(0.92- 0.99(0.91- 0.96(0.89- 1.22(1.10- 1.11(0.99- 1.10(1.02-
1.37) 1.22) 1.19) 1.10) 1.08) 1.03) 1.35) 1.23) 1.19)
Region
North 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
East 091(0.73- 096(0.77- 0.93(0.79- 0.86(0.71- 0.93(0.77- 0.89(0.77- 0.92(0.75- 097 (0.78-  0.94 (0.80-
1.14) 1.21) 1.09) 1.03) 1.12) 1.01) 1.13) 1.21) 1.10)
Central 118(0.95- 1.06(0.85- 1.09(0.93- 1.07(0.9- 0.95(0.78- 1.00(0.87- 1.20(0.98- 1.11(0.89- 1.12(0.96-
1.46) 1.32) 1.28) 1.28) 1.16) 1.15) 1.46) 1.37) 1.31)
South 0.80(0.61- 120(0.95- 0.99(0.82- 0.81(0.65 1.16(0.92- 0.97(0.82- 0.83(0.64- 1.14(0.92- 0.98(0.82-
1.05) 1.52) 1.19) 1.01) 1.47) 1.14) 1.07) 1.40) 1.16)
Southwest 124(1.01- 1.06(0.84- 1.13(0.96- 1.17(0.98- 0.97(0.79- 1.07(0.94- 1.28(1.06- 1.12(0.90- 1.19(1.02-
1.51) 1.34) 1.33) 1.39) 1.18) 1.23) 1.54) 1.41) 1.39)
Northwest 137(1.07- 115(0.90- 1.26(1.05 1.18(0.98- 0.90(0.73- 1.06(0.92- 1.42(1.14- 1.24(0.97- 1.34(1.12-
1.77) 1.45) 1.51) 1.42) 1.12) 1.23) 1.77) 1.58) 1.59)
Northeast 113(0.94- 0.91(0.72- 1.02(0.87- 1.05(0.89- 0.90(0.75- 1.00(0.88- 1.10(0.93- 0.94(0.75- 1.03(0.89-
1.34) 1.15) 1.20) 1.25) 1.07) 1.13) 1.30) 1.17) 1.20)
Gross domestic product per capita category
Low 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Middle 0.96(0.81- 099(0.85- 0.98(0.87- 0.87(0.76- 0.95(0.82- 0.91(0.82- 0.99(0.85- 0.99(0.85- 0.99 (0.89-
1.14) 1.15) 1.10) 0.99) 1.09) 1.00) 1.16) 1.14) 1.11)
High 0.86(0.69- 0.87(0.73- 0.88(0.76- 0.88(0.75- 0.88(0.75- 0.89(0.79- 0.86(0.70- 0.87(0.74- 0.88(0.77-
1.07) 1.03) 1.01) 1.04) 1.03) 1.00) 1.06) 1.02) 1.00)
Current cigarette smoking
No 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Yes 531(445- 8.07(6.60- 6.67(5.83- 251(2.31- 3.65(3.36- 3.04(287- 4.53(3.89- 6.10(5.08- 5.39 (4.80-
6.35) 9.87) 7.62) 2.73) 3.96) 3.22) 5.28) 7.32) 6.05)

Trendsin Attitude Toward Secondhand Smoke
Exposure

We observed no change in the proportion of adolescents who
thought secondhand smoke exposure was harmful to them
between the surveys (2013-2014: 73.9%, 95% Cl 73.3%-74.5%;
2019: 73.7%, 95% Cl 72.7%-74.8%). This observation was
consistent across subgroups by grade, residence, region, and
GDP per capita category. However, we noted fewer girls and
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cigarette smokers and more boys, proportionally, considered
smoking to be harmful in 2019 compared to 2013-2014
(Multimedia Appendix 1, Table S8).

Discussion

Principal Findings
A decrease in the prevalence of secondhand smoke exposure
occurred from 2013-2014 to 2019 among middle school-aged
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students in China. This decline was observed irrespective of
sex, residence, region, provincial economic level, and location
of exposure (in any place, a home, and in public places).
However, the prevalence remained high in 2019 (63.2% in any
place, 34.1% at home, and 57.3% in public places), highlighting
the need for more effective strategiesto control tobacco useand
further curtail secondhand smoke exposure in China.

To the best of our knowledge, thisisthefirst study to assessin
detail the latest information on the prevalence of secondhand
smoke exposure and trendsin this exposure among adol escents
in China using nationally representative data. Overall, in 2019
the prevalence (on =1 day during the past 7 days) was 34.1%
(95% CI 33.1%-35.2%) at home, which is higher than in the
United States (25.3%, 95% Cl 23.4%-27.3%), while the
prevalence of exposure was similar on public transportation
between the 2 countries (China: 23.4%, 95% Cl 22.3%-24.4%,
United States: 23.3%, 95% Cl 21.4%-25.4%) [17]. The
preval ence of exposure to secondhand smoke was 57.3% (95%
Cl 56%-58.6%) in public places and 63.2% (95% CI
62%-64.5%) in any place in 2019, which was higher than in
many other countries [9,18,19]. In addition, nearly a quarter
(24.7%, 95% CI 23.8%-25.7%) of adolescents were exposed to
secondhand smoke in any place daily, one-tenth (12.4%, 95%
Cl 11.8%-13%) a home and onefifth (18.7%, 95% ClI
17.8%-19.5%) in public places. Datafrom the 2010-2018 GYTS
among 711,366 adolescents aged 12 to 16 yearsin 142 countries
showed that the global prevalence of secondhand smoke
exposure (on =1 day) was 33.1% (95% Cl 32.1%-34.1%) at
home, 57.6% (95% CI 56.4%-58.8%) in public places, and
62.9% (95% Cl 61.7%-64.1%) in any place; the daily exposure
prevalence was 12.3% (95% CI 11.7%-13%) at home, 23.5%
(95% CI 22.5%-24.5%) in public places, and 32.5% (95% Cl
31.5%-33.6%) in any place [9]. While these data highlight the
fact that secondhand smoke exposure remains a serious public
health issue worldwide, our data, using the same instruments
of exposure measurement, show that exposure in China is
comparatively much higher.

One advantage of our data over previous studies is that our
exposure assessment was able to further categorize the types of
public places where exposure occurred. It is obvious that the
health risk should be higher for exposure in enclosed public
places than open public places. Our findings showed that the
prevalence in enclosed public places (45.8%) was similar to
that in open public places (48.6%) in 2019, athough the
prevalence was|ower on public transportation (23.4%). Another
important finding is that in 2019 nearly 50% of adolescents
were exposed to secondhand smoke in schools, suggesting that
many school staff are cigarette smokerswho not only set a bad
example for students, but also expose students to their
secondhand smoke. These data reinforce the fact that
secondhand smoke exposure among adolescents remains a
serious public health issue, especialy in public places, and
identifies key exposure sites outside of the home that could be
targeted for intervention.

We observed that the preval ence of secondhand smoke exposure
increased as school grade increased, which can be explained as
older adolescents from higher grades being more accepting of
tobacco use among their peers and being more likely to smoke
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themselves; both factorsincrease the probability of secondhand
smoke exposure [14,20]. We a so found that the prevalence of
exposure decreased when moving from low to high provincial
GDP per capita categories, as others have shown [21,22]. This
might be partly explained by lower awareness of the harm of
secondhand smoke exposure among adolescentsin lower GDP
per capita regions than higher GDP per capita regions.
Moreover, many economically developed municipalities, such
asBeijing and Shanghai, have implemented stricter smoke-free
policies than other municipalities or provinces. Notably,
however, there was little difference observed in the prevalence
of secondhand smoke exposure among adol escents across the
7 geographical regions. These findings further emphasize the
fact that secondhand smoke exposure among adolescents
remains a serious concern across mainland China. We found
that almost all adolescent cigarette smokers (89.9%) were
exposed to secondhand smoke (=1 day during the past 7 days),
although exposure was also high in adolescents who did not
smoke cigarettes (55.9%). These data are consistent with those
from other studies showing a positive relationship between
secondhand smoke exposure and cigarette smoking [20,23].
This finding further suggests that preventing smoking among
adolescents would help lower the prevalence of secondhand
smoke exposure among this population.

Of note, the prevalence of secondhand smoke exposure among
adol escents decreased by approximately 10% from 2013-2014
to 2019 regardless of location (in any place, at home, and in
public places). In 2005, China ratified the WHO Framework
Convention on Tobacco Control (FCTC), which cameinto force
on January 9, 2006 [24]. Since then, aseries of tobacco control
measures have been drafted in China. In 2007, the Inter-Ministry
Coordination and Steering Committee for |mplementation of
WHO FCTC was established under the State Council [25]. In
2009, the Ministry of Finance and State Taxation Administration
decided to adjust the taxation of tobacco products. In 2000
(when the exchange rate was US $1=RMB 8.28), the tax rate
was 45% for tobacco products priced RMB >50/carton and 30%
for products priced RMB <50/carton; in 2009 (when the
exchange rate was US $1=RMB 6.81), the rates were 56% for
products priced RMB >70/carton and 36% for products priced
RMB <70/carton) [26]. To protect youth from secondhand
smoke exposure, the General Office of the Ministry of Education
further strengthened tobacco control in schools (ie, strengthening
tobacco control propaganda and education, ensuring that
teachers set a good example for students, and establishing a
perfect system for tobacco control) in 2010 [27]. Based on the
actions above, Chinahas made some progressin tobacco control.
It was reported that the prevalence of secondhand smoke
exposure among mainly adult people aged >15 years declined
from 55.2% (95% CI 50.4%-59.9%) in 2010 to 45.3% (95% ClI
41.4%-49.2%) in 2015 [7]. Despite these efforts, tobacco control
isonly slowly improving in China. We found that the prevalence
of secondhand smoke exposure at home and in public placesis
still unacceptably high. To investigate whether a hygiene
intervention for Chinese smokers in households with young
children would lead to a reduction of secondhand smoke
exposure among children, 180 families were randomly divided
into an intervention group (n=98 families) and a control group
(n=82 families). The results suggested that a smoking hygiene
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intervention might be an effective measure in reducing the
prevalence of secondhand smoke exposure among children [28].
Smoke-free car laws have also been tested as rational and
effective measures in reducing secondhand smoke exposure
among youth [29,30]. Furthermore, we found that nearly
three-fourths of adolescents are aware of the harms to them of
secondhand smoke. Feng et al [31] reported that 68.5% of adult
nonsmokers and 60.6% of adult smokers believed that
secondhand smoke exposure could cause lung cancer. This
provides asolid foundation for national smoke-freelegislation.
These findings call for stronger action to promote the process
of achieving a smoke-free world.

Limitations

Although our study has severa strengths (2 surveys were
conducted in a nationaly representative sample of Chinese
adolescents and followed strict quality assurance and control
procedures to ensure the validity and reliability of the data; to
our knowledge, this study reports the most recent prevalence
and trend estimates of secondhand smoke exposure among
adolescents in mainland China), several limitations should be
noted. First, the preval ence of secondhand smoke exposure was
estimated by self-report, which is subject to recall bias.
However, the questions used to collect the exposure data have
been tested with good reliability and adequate validity [32,33].
Further studiesusing objective biomarkers of secondhand smoke

Maet al

exposure (eg, plasma, saliva, or urinary cotinine or other nicotine
biomarkers) could improvethereliability of our results. Second,
each of the 2 surveys was a school-based survey, and our
estimates of prevalence are conservative given that risk
behaviors among those who leave school may be higher than
among those who remain in school [34]. Third, only middle
school studentswereincluded in our analyses; thus, our findings
could not be directly generalized to youth in other age groups.
Fourth, our study did not provide enough information on
secondhand smoke exposure (eg, exposure to different types of
tobacco and exposure duration per day). Fifth, datafrom Taiwan,
Hong Kong, and Macao were missing, thus limiting the
generdizability of our findingsto adolescents throughout China.
Sixth, a causal association should not necessarily be inferred,
because this study had a cross-sectional design. Seventh, many
other factors influencing secondhand smoke exposure, such as
social, economic, and individual factors, were not considered
in this study.

Conclusions

Although the prevalence of secondhand smoke exposure among
Chinese adolescents has declined from 2013-2014 to 2019,
exposure remains unacceptably high. These findings suggest
more effective strategies and stronger action, especially inpublic
places, but also at home, are needed in Chinato further curtail
secondhand smoke exposure among adol escents.
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