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Background: Limited studies have assessed the recent proportion and
trend in the age of cigarette smoking initiation among adolescent smoking
experiencers globally. We aimed to assess the recent global proportion,
associated factors and the long-term trend of the initiated age of cigarette
smoking among adolescent smoking experiencers.

Methods: We used data from the most recent Global Youth Tobacco Survey
on 99,728 adolescent smoking experiencers aged 13-15 years from 144
countries/territories (hereafter “countries”) that had conducted at least one
survey in 2010-20, to assess the recent proportion of the age of cigarette
smoking initiation. Additionally, we used data from 148 countries that had
conducted >2 surveys between 1999 and 2020, to assess the trend in the
average age of cigarette smoking initiation.

Results: Among 99,728 adolescent smoking experiencers aged 13-15 years,
the proportions of initiating cigarette smoking when aged <9 years, 10—
11 years, 12-13 years, and 14-15 years were 22.8% (95%Cl 21.3-24.4),
18.8% (17.3-20.2), 36.8% (34.5-39.2), and 21.6% (19.9-23.2), respectively.
The average age of cigarette smoking initiation decreased by 0.44 years per
5 calendar-years averagely in 17 (11.5%) of 148 countries, was unchanged
in 95 (64.2%) countries, and increased by 0.38 years per 5 calendar-years
averagely in 36 (24.3%) countries. Higher income category (reference group:
low-income countries; lower-middle-income: OR = 0.44, 95%C| = 0.28-0.70;
upper-middle-income: OR = 0.56, 95%CI| = 0.38-0.83; high-income: OR =
0.35, 95%Cl = 0.22-0.53) and Framework Convention on Tobacco Control
ratification (OR=0.51, 95%Cl = 0.42-0.63) were inversely associated with early
cigarette smoking initiation.

Conclusions: A substantial proportion (~80%) of adolescent smoking
experiencers aged 13-15 years initiated cigarette smoking before 13 years,
and the average age of cigarette smoking initiation decreased or remained
unchanged in nearly three quarters of the countries surveyed. These findings
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emphasize that national governments around the world need to strengthen
intervention strategies and measures aimed at children and adolescents to
prevent smoking up-take.

cigarette, smoking initiation, adolescents, trends, risk factors

Introduction

Tobacco use is one of the largest causes of preventable
deaths, killing 8.7 million people each year and causing tens
of millions more to develop preventable disease (1). Based on
data from the Global Youth Tobacco Survey (GYTS) conducted
in 2010-18, the prevalence of cigarette smoking was 11.3%
in boys and 6.1% in girls aged 13-15 years (2), with a large
proportion of adolescents who smoke for the first time at a
young age becoming regular smokers (3, 4). Smoking early in
life is particularly hazardous to health as the neurotoxic effect
of tobacco smoke is most pronounced (5). Moreover, cigarette
smoking among adolescents is associated with an increase in
respiratory symptoms and a decrease in pulmonary function (6),
and a higher prevalence of risk factors for cardiovascular disease
(7). The health impacts of starting smoking in adolescence do
not seem to be contained to that age period. For example,
initiating smoking in adolescence can lead to a number of health
problems measured 20 years later in adulthood, such as high
blood pressure, shortness of breath, and a racing heart (4). The
age of initiation in childhood and adolescence also seems to
matter, as starting to smoke before age 15 years approximately
doubles the risk of premature death in adulthood, with starting
to smoke before age 10 years almost three times the excess risk
of starting to smoke at age 15 years or older (8).

The health consequences of early smoking initiation aside,
adolescence is a key target for smoking prevention with
estimates that more than half of adults that smoke initiated
this behavior when aged 12-16 years (9). The age of smoking
initiation is also suggested to be declining in some regions,
from an average age of 22.0 years in 2006 to 17.5 years in 2015
among the Chinese population (10), and from age 18 years
before 1970 to age 16 years among males in the 2000s, and
from age 19 years to age 15 years among females in Europe
(11). However, the age of smoking initiation increased in the
United States from an average age of 14.95 years in 2002 to an
average age of 16.52 years in 2018 (12). Differences in these
trends are not well understood but various factors have been
shown to associate with adolescent smoking, including parental
smoking (3, 13, 14), and tobacco advertisement and promotion
(15). However, there have been limited attempts to determine,
at a global level, the age of cigarette smoking initiation, trends
in the average age of cigarette smoking initiation, and factors
associated with smoking initiation with most previous studies
based on information collected retrospectively from adults.
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In this study, we assessed the age of cigarette smoking
initiation and its associated factors among adolescents aged
13-15 years in 144 countries/territories (hereafter “countries”),
using the most recent data collected in the GYTS from 2010-
20. We also determined the trend in the average age of cigarette
smoking initiation among adolescents in 148 countries from
1999 to 2020.

Methods
Study design and participants

The GYTS is a nationally representative, school-based,
and cross-sectional survey of adolescents worldwide. It uses
a standard two-stage cluster sampling strategy. The schools
were randomly selected in the first stage in each country,
and then classes were randomly selected within each selected
school. All students in the selected classes were eligible to fill
in an anonymous and standardized questionnaire, voluntarily.
Questionnaires were translated into local languages and then
back-translated. The use of standardized methodology and
questionnaires in all included countries allows for direct
comparisons at the country level. All GYTSs were approved by
Local Ethics Committee. More details of the GYTS are available
at https://www.who.int/teams/noncommunicable- diseases/
surveillance/systems-tools/global-youth-tobacco-survey.

In our study, we used the most recent data from the GYTS
conducted in 2010-20 in 144 countries to assess the age of
cigarette smoking initiation among adolescents aged 13-15
years. We also used data from 148 countries that conducted two
or more GYTSs between 1999 and 2020 to assess trends in the
age of cigarette smoking initiation. Participants with complete
data on sex, age, and the initiation age of cigarette smoking
were included. The flowchart of inclusion/exclusion of related
countries is shown in Supplementary eFigure 1.

Variables

defined as
adolescents aged 13-15 years who had attempted smoking a

Adolescents smoking experiencers were
cigarette in their lifetime, even if only once. The initiation age
of cigarette smoking was assessed from the question: “How old

were you when you first tried a cigarette?,” with the answers
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TABLE 1 Proportions of the age of cigarette smoking initiation among adolescent smoking experiencers in 144 countries, 2010-20.

Number of countries <9 years old

10-11 years old 12-13 years old 14-15 years old

Total 144 22.8 (21.3-24.4)
Age

13 years 144 29.6 (25.8-33.4)
14 years 144 21.5(19.1-23.9)
15 years 144 20.3 (18.0-22.6)
Sex

Boys 144 23.3(21.3-25.2)
Girls 144 21.9 (19.8-23.9)
Parental smoking

Neither 144 25.6 (23.4-27.7)
Father only 144 22.3(19.8-24.8)
Mother only 144 21.9 (15.1-28.8)
Both 144 25.0 (19.8-30.1)
Tobacco advertisement exposure

No 144 24.2 (21.5-26.9)
Yes 144 22.5(20.8-24.2)

Anti-tobacco advertisement exposure

No 144 22.2 (18.7-25.7)

Yes 144 23.1 (21.2-25.0)

Taught about the dangers of tobacco use

No 144 23.2(20.4-25.9)
Yes 144 22.0 (20.1-23.8)
WHO region

Africa 24 38.0 (34.2-41.7)
Americas 30 13.4 (11.3-15.6)
Eastern Mediterranean 24 23.9(21.3-26.6)
Europe 33 20.8 (17.9-23.6)
South-East Asia 9 23.5(19.1-27.9)
Western Pacific 24 20.7 (16.4-25.1)
World Bank income category

Low income 20 35.2(29.7-40.7)
Lower-Middle income 41 25.7 (23.4-28.0)
Upper-Middle income 48 16.9 (15.2-18.5)
High income 35 12.2 (10.5-13.9)
FCTC ratification status

No 17 21.5 (19.0-24.0)
Yes 127 23.0 (21.3-24.7)

18.8 (17.3-20.2) 36.8 (34.5-39.2) 21.6 (19.9-23.2)

25.6 (22.3-28.9) 44.8 (39.6-50.0) 0.0 (0.0-0.0)

18.9 (16.5-21.3) 40.5 (36.7-44.2) 19.2 (16.9-21.5)

14.9 (12.8-17.1) 29.3 (26.3-32.2) 35.5 (32.3-38.6)

20.0 (18.0-21.9) 37.0 (34.0-39.9) 19.8 (17.8-21.8)

16.1 (14.5-17.8) 36.5 (34.0-39.1) 25.5(23.2-27.7)
18.8 (17.0-20.5
18.1 (16.2-20.0
20.3 (15.2-25.5

19.4 (15.5-23.3

33.5(31.7-35.3
36.3(33.7-38.9
37.0 (30.2-43.8
33.1(28.9-37.3

22.1(20.3-24.0
23.3(20.6-25.9
20.7 (15.3-26.0

)
)
)
) 22.5(18.3-26.7

) )
) )
) )
) )

20.5(17.0-23.9) 33.8 (30.6-37.0)

37.6 (34.8-40.3)

21.5(18.4-24.7)

18.4 (17.0-19.8) 21.6 (19.8-23.3)

15.8 (13.6-18.0) 40.6 (34.4-46.7) 21.5 (18.5-24.5)

20.1 (18.5-21.7) 35.3 (32.8-37.8) 21.6 (19.8-23.3)

17.9 (15.7-20.1) 38.4 (34.1-42.7)

36.1(33.5-38.6)

20.5 (18.0-23.1)
19.3 (17.5-21.2) 22.6 (20.4-24.9)
215 (18.6-24.4
14.3 (12.3-16.2

) 25.4(21.9-28.8
)
25.1 (21.6-28.5)
)
)

47.0 (42.2-51.9
30.6 (27.8-33.4
39.8(37.4-42.2

15.2 (12.9-17.5
25.3(22.0-28.6
20.4 (15.9-24.9

14.4 (13.0-15.9 25.0 (22.6-27.4

20.0 (16.1-23.9 38.1(30.7-45.5

)
)
)
)
) 18.3 (15.0-21.6
)

)
)
)
)
)
)

12.1 (9.9-14.2) 34.2 (30.6-37.8 33.0 (29.2-36.7

19.8 (15.2-24.4) 32.0(23.0-40.9 13.0 (9.6-16.4)

21.3 (18.3-24.2) 30.5 (28.1-32.9 22.5 (18.8-26.1)

17.6 (15.9-19.2) 23.1 (21.0-25.2)

31.4 (28.8-34.1)

)

)

42,4 (39.2-45.6)

14.3 (12.8-15.8) )

42.0 (39.6-44.4

244 (21.3-27.4)
18.1 (16.5-19.7)

35.0 (31.0-39.1)
37.1(34.5-39.6)

19.1 (15.5-22.7)
21.9 (20.1-23.7)

Data are presented as % (95%CI).

WHO, World Health Organization; FCTC, Framework Convention on Tobacco Control.

of “I have never tried smoking a cigarette,” “7 years old or

» «

younger; “8 or 9 years old,” “10 or 11 years old” “12 or 13
years old,” and “14 or 15 years old”. From these responses we
categorized the initiation age of cigarette smoking sequentially
as 6.5 years old, 8.5 years old, 10.5 years old, 12.5 years old,
and 14.5 years old for trend analysis. Parental smoking status
was assessed using the question: “Do your parents smoke

tobacco?,” with response options of “Neither,” “Father only,
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“Mother only,” and “Both.” Tobacco advertisement exposure
was defined as a response of “Yes” to any of the following
questions: “During the past 30 days, did you see any people
using tobacco on TV, in videos, or in movies?,” “During the
past 30 days, did you see any advertisements or promotions
for tobacco products at points of sale (such as stores, shops,
kiosks, super markets, market, restaurant, shops, convenient
stores, etc.)?,” and “Do you have something (for example, t-shirt,
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pen, backpack) with a tobacco product brand logo on it?.”
Anti-tobacco advertisement exposure was defined as a response
of “Yes” to any of the following questions: “During the past
30 days, did you see or hear any anti-tobacco media messages
on television, radio, internet, billboards, posters, newspapers,
magazines, or movies?” and “During the past 30 days, did you
see or hear any anti-tobacco messages at sports events, fairs,
concerts, or community events, or social gatherings?.” Being
taught about dangers of tobacco use was defined as a response
of “Yes” to the question: “During the past 12 months, were you
taught in any of your classes about the dangers of tobacco use?.”

The year of a country ratified World Health Organization
Framework Convention on Tobacco Control (WHO FCTC) was
obtained from the WHO website. The World Bank classification
for the most recent survey year of the GYTS in our study was
used to determine the country’s income category.

Statistical analysis

After considering sampling weights, strata, and primary
sampling units, proportion estimates and 95% confidence
intervals (CI) for the age of cigarette smoking initiation were
calculated using SAS version 9.4. The original sampling weights
were used to calculate the weighted proportion of the age of
cigarette smoking initiation at the country level, and the rescaled
weights were used to calculate the overall, regional, and other
subgroup estimates, after considering the sample size of each
country. Logistic regression analysis was used to examine the
factors associated with the age of cigarette smoking initiation.
Linear regression was used to assess the trend in the mean age of
cigarette smoking initiation over time. A two-sided P < 0.05 was
considered statistically significant.

Results

In our study, 144 countries conducted at least one survey
in 2010-20. A total of 432,969 adolescents (boys: 50.6%) aged
13-15 years were included, 99,728 (23.0%) of them had their
first experience of smoking a cigarette. Twenty four of these 144
countries were from Africa, 30 from the Americas, 24 from the
Eastern Mediterranean, 33 from Europe, nine from South-East
Asia, and 24 from the Western Pacific (Supplementary eTable 1).

Based on the most recent surveys in 144 countries that
conducted at least one survey in 2010-20, 22.8% (95% CI 21.3—
24.4) of adolescent smoking experiencers reported their age
of cigarette smoking initiation was < 9 years, 18.8% (17.3-
20.2) were 10-11 years, 36.8% (34.5-39.2) were 12-13 years,
and 21.6% (19.9-23.2) were 14-15 years. The proportion of the
age of cigarette smoking initiation was highest in 12-13 years
across almost all subgroups (Table 1). However, the proportions
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TABLE 2 Factors associated with age of cigarette smoking initiation
among adolescent smoking experiencers in the GYTSs 2010-20.

Variable <13 years old (early) vs. 14-15
years old (late)?

OR (95%CI) P
Parental smoking
Neither Ref.
Father 1.01 (0.85-1.19) 0.928
Mother 1.17 (0.86-1.61) 0.322
Both 1.05 (0.80-1.38) 0.748
Tobacco advertisement exposure
No Ref.
Yes 1.02 (0.84-1.24) 0.828
Anti-tobacco advertisement exposure
No Ref.
Yes 0.94 (0.82-1.07) 0.329
Taught about the dangers of tobacco use
No Ref.
Yes 1.10 (0.97-1.26) 0.134
‘WHO region
Africa Ref.
Americas 0.97 (0.69-1.36) 0.853
Eastern Mediterranean 0.81 (0.56-1.19) 0.280
Europe 0.91 (0.65-1.27) 0.576
South-East Asia 0.64 (0.44-0.93) 0.021
Western Pacific 0.53(0.35-0.82) 0.004
World Bank income category
Low income Ref.
Lower-Middle income 0.44 (0.28-0.70) 0.001
Upper-Middle income 0.56 (0.38-0.83) 0.004
High income 0.35(0.22-0.53) <0.001
FCTC ratification status
No Ref.
Yes 0.51 (0.42-0.63) <0.001

All variables in the table were introduced into a logistic regression model.

WHO, World Health Organization; FCTC, Framework Convention on Tobacco Control;
OR, odds ratio; CI, confidence interval.

214-15 years’ group is considered as the reference group.

of the age of cigarette smoking initiation varied by country
(Supplementary eTable 2).

Higher income category (reference group: low-income
countries; lower-middle-income: OR = 0.44, 95%CI = 0.28-
0.70; upper-middle-income: OR = 0.56, 95%CI = 0.38-0.83;
high-income: OR = 0.35, 95%CI = 0.22-0.53), and countries
that had ratified the FCTC (OR = 0.51, 95%CI = 0.42-0.63) were
inversely associated with an earlier initiation age of cigarette
smoking among adolescent smoking experiencers. Compared to
the African region, age of cigarette smoking initiation was later
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TABLE 3 Trends in the average age of cigarette smoking initiation among adolescent smoking experiencers between 1999 and 2020.

Number of First survey, Last survey, Absolute Absolute change P for trend
countries years years change per 5-years

Total 148 11.07 11.20 0.13 0.06 <0.001
Age
13 years 148 10.15 10.30 0.15 0.07 0.002
14 years 148 10.90 11.23 0.33 0.15 <0.001
15 years 148 11.69 11.71 0.02 0.01 <0.001
Sex
Boys 148 10.99 11.12 0.13 0.06 <0.001
Girls 148 11.22 11.39 0.17 0.08 <0.001
Parental smoking
Neither 148 11.01 10.98 —0.03 —0.01 <0.001
Father only 148 11.13 11.16 0.03 0.01 <0.001
Mother only 148 11.53 11.40 —0.13 —0.06 <0.001
Both 148 10.92 10.96 0.04 0.02 <0.001
Tobacco advertisement exposure
No 148 10.45 11.27 0.82 0.37 <0.001
Yes 148 11.13 11.19 0.06 0.03 <0.001
Anti-tobacco advertisement exposure
No 148 11.01 11.38 0.37 0.17 <0.001
Yes 148 11.15 11.14 —0.01 0.00 <0.001
Taught about the dangers of tobacco use
No 148 10.98 11.09 0.11 0.05 <0.001
Yes 148 11.15 11.33 0.18 0.08 <0.001
WHO region
Africa 23 10.88 10.40 —0.48 —0.22 0.002
Americas 33 11.85 12.09 0.24 0.09 0.003
Eastern Mediterranean 27 10.90 10.91 0.01 0.00 0.125
Europe 32 11.35 11.66 0.31 0.14 <0.001
South-East Asia 10 10.66 10.88 0.22 0.09 <0.001
Western Pacific 23 11.60 11.65 0.05 0.03 0.900
World Bank income category
Low income 20 10.63 10.54 —0.09 —0.05 <0.001
Lower-Middle income 45 10.80 10.78 —0.02 —0.01 <0.001
Upper-Middle income 50 11.32 11.80 0.48 0.21 <0.001
High income 33 11.60 12.13 0.53 0.24 <0.001
FCTC ratification status
No 19 11.25 11.57 0.32 0.17 0.031
Yes 129 11.04 11.14 0.10 0.04 <0.001

WHO, World Health Organization; FCTC, Framework Convention on Tobacco Control.

in the regions of South-East Asia (OR = 0.64, 95% CI = 0.44-
0.93) and Western Pacific (OR = 0.53, 95% CI = 0.35-0.82)
(Table 2).

In our study, 148 countries conducted two or more surveys
from 1999 to 2020. A total of 363,444 adolescents aged 13-
15 years who had first experience of smoking a cigarette
were included. During this period, 52 countries conducted two
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surveys, 45 conducted three surveys, 42 conducted four surveys,
seven conducted five surveys, one conducted six surveys,
and one conducted eight surveys. Fifteen countries conducted
subnational surveys that were used to estimate the average age
of cigarette smoking initiation at country level.

Overall, the average age of cigarette smoking initiation
showed an upward trend over time among adolescent smoking
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FIGURE 1

Trend in the age of cigarette smoking initiation among adolescent smoking experiencers between 1999 and 2020.

experiencers. Similar upward trends were also observed in most
subgroups (Table 3). However, a downward trend was observed
in low income and lower-middle income countries, and in the
region of Africa. In addition, we found that the average age
of cigarette smoking initiation decreased in 17 (11.5%) of 148
countries, was unchanged in 95 (64.2%) countries, and increased
in 36 (24.3%) countries (Figure 1 and Supplementary eTable 3).

Discussion

Based on the most recent data (2010-20) from 144 countries,
nearly 80% of adolescent smoking experiencers aged 13-15 years
old initiated cigarette smoking before 13 years old, and the
initiated age concentrated on 12-13 years. We found that higher
income category and FCTC ratification were inversely associated
with early cigarette smoking initiation. In addition, the average
age of cigarette smoking initiation decreased or remained
unchanged in nearly three quarters of the countries (112/148).
Opverall, the age of cigarette smoking initiation slightly increased
by 0.06 years per 5 calendar-years from 1999 to 2020.

We found that the age of cigarette smoking initiation in
low income countries was earlier than lower-middle income,
upper-middle income and high income countries. The average
age of cigarette smoking initiation decreased in low income
and lower-middle income countries. Thus, we need to pay
more attention to adolescent smoking in low income areas,
especially in African countries, in the future. Our finding also
showed that the age of cigarette smoking initiation in countries
that had not ratified the FCTC was earlier than those that
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had ratified the FCTC. The implementation of the FCTC has
made substantial gains toward reducing adolescent smoking and
smoke exposure in adolescents (16); as have the MPOWER
tobacco control measures (17). In addition, we may also pay
attention to other tobacco products besides cigarette use in the
future, especially the emerging e-cigarette, as E-cigarette use
is positively associated with adolescents’ initiation of cigarette
use (18).

The average age of cigarette smoking initiation decreased
or remained unchanged in nearly three quarters the countries
observed. Although there was an overall upward trend in the
average age of initiation, the rate of increase was slow (increased
0.06 years per 5 calendar-years). In recent decades, the smoking
initiation age has decreased dramatically in the Chinese (12), and
German populations (19). In our study, a significant proportion
of adolescents still started smoking cigarettes before the age of 9
years (22.8%) and from 10-11 years (18.8%) during 2010-20. Of
note, the average age of cigarette smoking initiation decreased
in low income and lower-middle income countries and region
of Africa, which might be due to incomplete implementation of
policies against adolescent smoking (20). To prevent adolescents
from starting to smoke and to encourage current smokers
to quit, more comprehensive and effective tobacco control
programs should be developed and fully implemented, especially
in the African region.

Our study has several strengths. First, we not only estimated
the proportions of the age of cigarette smoking initiation,
but we also determined secular trends in the initiation age
of cigarette smoking from 1999 to 2020 among adolescents.
Second, all countries used the same standardized questionnaire,
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which allowed comparison by country and region. However,
this study has several limitations. First, the GYTS is a school-
based survey that included adolescents attending school. As
such, our estimates might not be generalizable to adolescents
that do not attend school. Second, as the data were self-
reported, the results are subject to recall bias. Third, we only
included adolescents aged 13-15 years which accounts for
the largest proportion of all participants, thus limiting the
extrapolation of our results to children or adolescents with
other age ranges. Fourth, only the age that the participant
first smoked a cigarette was enquired in the questionnaire.
Other tobacco products, such as waterpipe, smokeless tobacco,
and e-cigarettes were not included. Fifth, 52 countries only
conducted two surveys, which might influence our estimates
of secular trends. Sixth, as our study used a cross-sectional
design, we cannot determine causality in the association
between initiation age of cigarette smoking and related factors.
Lastly, the trend analysis with linear regression had its
limitations in statistical power when data were only from a
few points.

Conclusions

Nearly 80% of adolescent smoking experiencers aged
13-15 years initiated cigarette smoking before the age of
13 years in the period from 2010-20, with the average
age that cigarette smoking was initiated decreasing or
remaining unchanged in nearly three quarters of the
included countries between 1999 and 2020. These findings
emphasize the worldwide need to strengthen prevention and
intervention efforts aimed at children and adolescents to
prevent smoking up-take.
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