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Abstract

IMPORTANCE Cigarettes are still a commonly used tobacco product among youth despite recent
declines in cigarette use.

OBJECTIVE The aim of this study was to prospectively estimate the age of cigarette use initiation
among youth (aged 12-17 years) overall, by sex, and by race/ethnicity.

DESIGN, SETTING, AND PARTICIPANTS This cohort study used data from waves 1 through 4 of the
nationally representative Population Assessment of Tobacco and Health (PATH) study, conducted
from September 12, 2013, to January 3, 2018. Two subpopulations of youth were assessed: (1) those
nonsusceptible to cigarette use and (2) never users of cigarettes at their first wave of PATH
participation. Weighted interval-censoring survival analyses were used to prospectively estimate the
age of initiation of cigarette use outcomes. Weighted interval-censoring Cox proportional hazard
models were used to estimate differences in the age of initiation by sex and by race/ethnicity.
Statistical analyses were performed from October 7, 2019, to May 1, 2020.

EXPOSURES Differences in the age of initiation by sex and race/ethnicity.

MAIN OUTCOMES AND MEASURES Age of initiation of susceptibility to cigarette use, ever use,
past 30-day use, and fairly regular cigarette use overall, by sex, and by race/ethnicity.

RESULTS A total of 15 776 youth never users and, among them, 11 022 youth who were
nonsusceptible to cigarette use, were included in this study (weighted mean [SE] age, 13.5 [0.01]
years; 58.6% [SE, 0.46%] non-Hispanic White; and 51.0% [SE, 0.32%] boys) and 15 776 were never
users of cigarettes at their first wave of PATH participation (weighted mean [SE] age, 13.7 [0.01]
years; 55.0% [SE, 0.29%] non-Hispanic White; and 51.0% [SE, 0.15%] boys). By age 18 years, among
those who were nonsusceptible, 46.2% (95% CI, 44.3%-48.2%) became susceptible to cigarette
use. Among never users, 24.4% (95% CI, 22.9%-25.9%) initiated ever cigarette use, 16.4% (95% CI,
15.2%-17.6%) initiated past 30-day cigarette use, and 4.3% (95% CI, 3.9%-4.8%) initiated fairly
regular cigarette use. Boys had a higher risk of initiating ever (hazard ratio [HR], 1.21; 95% CI, 1.08-
1.36) and past 30-day cigarette use (HR, 1.27; 95% CI, 1.10-1.47) at earlier ages compared with girls.
Non-Hispanic White youth had a higher risk of an earlier age of initiation of susceptibility to cigarette
use (HR, 0.77; 95% CI, 0.68-0.88), ever use (HR, 0.59; 95% CI, 0.49-0.71), past 30-day use (HR,
0.64; 95% CI, 0.52-0.77), and fairly regular cigarette use (HR, 0.25; 95% CI, 0.14-0.43) compared
with non-Hispanic Black youth.
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may reduce cigarette use initiation.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE The results of this cohort study suggest that, despite current
interventions and existing laws, a large number of youth initiated cigarette use before the legal age
to purchase tobacco products.

JAMA Network Open. 2021;4(2):e210218. doi:10.1001/jamanetworkopen.2021.0218

Introduction

Identifying the age of initiation of tobacco use has been pivotal to achieving reductions in tobacco
use nationwide, as tobacco use remains one of the leading causes of preventable diseases and death
in the US.1,2 According to the 2012 Surgeon General’s report, 88.2% of adult daily smokers aged 30
to 39 years recall initiating cigarette use at or before age 18 years.3 Despite laws in place enforcing the
minimum age of tobacco sales (18 years until December 2019; 21 years since December 2019), it is
evident that youth are able to access tobacco products, including cigarettes.

Susceptibility to cigarette smoking has been identified as a risk factor for smoking initiation
before youth start using cigarettes.4,5 A previous publication of the Population Assessment of
Tobacco and Health (PATH) study, conducted from September 12, 2013, to December 14, 2014,
reported the prevalence of susceptibility to cigarette use among youth (aged 12-17 years) overall
(28.6%)6 and by race/ethnicity (for Hispanic youth, 31.3%; for non-Hispanic Black youth, 30.5%; and
for non-Hispanic White youth, 26.9%).6 The 2019 National Youth Tobacco Survey (NYTS) reported
cigarette susceptibility by sex (boys, 46.4%; girls, 45.5%).7 In addition, previous reports of PATH
among youth have reported initiation of ever (3.8%)8 and past 30-day (1.6%)8 cigarette use after 1 or
2 years of follow-up,9 as well as differences by sex and race/ethnicity. Middle and high school
students from the 2014-2016 NYTS reported their median recalled age of cigarette initiation as 13
years, but this finding is prone to recall bias.10-12

As the popularity of other tobacco products has been increasing among youth in recent years,13

nearly all cigarette users initiate before age 18 years,3 and earlier ages of cigarette use are associated
with increased nicotine dependence3 and higher risk for chronic diseases.14,15 Therefore, it is
necessary to examine the age of cigarette initiation for tobacco control.

Information that has been missing from the previously mentioned studies is the age of cigarette
initiation overall, by sex, and by race/ethnicity, estimated prospectively using survival analyses with
4 years of follow-up. Therefore, we conducted a secondary analysis of PATH16 prospectively
estimating the age of initiation of cigarettes in youth (aged 12-17 years) for (1) susceptibility to
cigarette use, (2) ever use, (3) past 30-day use, and (4) fairly regular use among nonsusceptible (1)
and never users of cigarettes at their first wave of PATH participation. Fairly regular use is a subjective
measure used to identify consistent, committed cigarette use.17

Methods

Study Design and Participants
PATH is a nationally representative, longitudinal cohort study of US youth and adults that studies
tobacco use behaviors, attitudes and beliefs, and tobacco-related health outcomes.16 The target
population of PATH consisted of individuals 12 years and older across the US, and 13 651 youth (aged
12-17 years) completed wave 1 (September 12, 2013, to December 14, 2014). Our study includes 2
subpopulations: (1) youth aged 12 to 17 years who were nonsusceptible to cigarette use at their first
wave of PATH participation (waves 1-3) and (2) youth aged 12 to 17 years who were never cigarette
users at their first wave (waves 1-3) of PATH participation. In addition, youth aged 9 to 11 years at
wave 1 were considered “aged-up youth” when they turned 12 years old and were eligible to
participate in the study at waves 2 to 3; 2091 and 2045 aged-up youth were included in our study at
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waves 2 (October 23, 2014, to October 30, 2015) and 3 (October 19, 2015, to October 23, 2016),
respectively. Youth who turned 18 years of age were invited to complete the adult measurements;
1915, 1907, and 1900 aged-up adults completed the adult questionnaire from waves 2 to 4 (October
23, 2014, to January 3, 2018), respectively. Data from waves 2 to 4 were used to track outcomes for
all participants. Informed oral consent was obtained from the parents of the youth participants, and
the youth provided oral assent.16 The University of Texas Health Center at Houston granted
institutional review board approval (HSC-SPH-17-0368). This report followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline for cohort studies.

Measures
Cigarette Outcomes
The following questions were used to measure susceptibility to cigarette use among nonusers of
cigarettes across all 4 waves (2013- 2017): (1) “Have you ever been curious about smoking a
cigarette?”18 (2) “Do you think that you will try a cigarette soon?”18 and (3) “If one of your best friends
were to offer you a cigarette, would you smoke it?”18 Response options for the first question were
“very curious,” “somewhat curious,” “a little curious,” and “not at all curious.”18 Response options for
the next 2 questions were “definitely yes,” “probably yes,” “probably not,” and “definitely not.”18

Respondents who answered “not at all curious” to the first question and “definitely not” to the next 2
questions were considered nonsusceptible to cigarette use, and any other combination of responses
was considered susceptible to cigarette use.

The PATH study used a derived variable to represent ever cigarette use (yes or no) at each
wave.18 Past 30-day cigarette use was measured with the question “In the past 30 days, on how
many days did you smoke cigarettes?”18 Numeric response options included 0 to 30 days, and
participants were considered past 30-day cigarette users if they reported 1 or more days. Fairly
regular cigarette use (yes or no) was measured with the question “Have you ever smoked cigarettes
fairly regularly?”18 For all questions, participants who responded “don’t know” or “refused” were
excluded from the analysis.

Sex and Race/Ethnicity as Exposures
The PATH study imputed the self-reported participant sex variable by using the household
information at wave 1 but not at waves 2 and 318 and categorized participants as boys and girls.18 The
following categories measured self-reported participant race: White alone, Black alone, Asian alone,
other (including multiracial). Participants’ ethnicity was categorized as either Hispanic or
non-Hispanic.18 In order to be comparable to the Surgeon General’s report3 and previous
publications,9,10,19 investigators combined race and ethnicity to create 4 categories: non-Hispanic
White, Hispanic, non-Hispanic Black, and non-Hispanic other (including multiracial participants).

Age of Initiation
The PATH study provided a derived variable for participant age in years at each wave, because
participant date of birth is not included in the restricted-use data.18 The PATH study provided
another derived variable to represent the number of weeks between waves that youth participated
in.18 Participant age was converted from years to weeks and added to the number of weeks between
survey dates to give us a more precise estimate of participant age. Lower and upper age bounds were
created to identify the age at the last wave when the participant reported nonsusceptibility to
cigarette use and the age at the first wave when they reported susceptibility to cigarette use. For
participants who did not report initiation of susceptibility to cigarette use over the follow-up period
(2014-2017), their upper bound was considered censored. For ever use, past 30-day use, and fairly
regular use outcomes, the age of initiation was estimated in the same way as susceptibility based on
when the outcome was first reported (2014-2017) for those who become users and the last report
of nonuse for those who do not.
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Statistical Analysis
Secondary analyses of the PATH study restricted-use data sets were conducted18 from October 7,
2019, to May 1, 2020, using SAS, version 9.4 (SAS Institute).20 A type I error level of 0.05 was used,
and all P values were 2 sided. All data analyses incorporated sampling weights, 100 balance repeated
replicate weights, and a Fay correction factor of 0.3 to account for the PATH complex study design.18

Weighted summary statistics (means for continuous variables and proportions for categorical
variables) are provided. Weighted interval-censoring survival analysis21-25 was implemented to
estimate the probability of the age of initiation of susceptibility to cigarette use, ever use, past
30-day use, and fairly regular cigarette use. Hazard functions for each cigarette use outcome overall
are reported as cumulative percentages, and 95% CIs are reported using the Turnbull method.21-25

Differences in the age of cigarette initiation for each outcome by sex and by race/ethnicity were
estimated by fitting weighted Cox proportional hazards regression models to interval-censored data
with a piecewise constant function as the baseline hazard function.21-25 Hazard functions and 95%
CIs are only reported by sex and by race/ethnicity for the outcomes that exhibited statistically
significant differences. There was very little missingness in PATH, and the number of participants
with missing sex or race/ethnicity are reported in Table 1.

Results

A total of 15 776 youth who were never cigarette users and, among them, 11 022 youth who were
nonsusceptible to cigarette use, were included in the study. Among the 11 022 youth who were
nonsusceptible to cigarette use, the weighted mean (SE) age was 13.5 (0.01) years, 69.6% (SE,
0.31%) entered the study at wave 1, 58.6% (SE, 0.46%) identified as non-Hispanic White, and 51.0%
(SE, 0.32%) were boys (Table 1). Among the 15 776 who were never users of cigarettes at their first
wave of PATH participation, the weighted mean (SE) age was 13.7 (0.01) years, 55.0% (SE, 0.29%)
were non-Hispanic White, and 51.0% (SE, 0.15%) were boys (Table 1).

Table 1. Demographic Characteristics of the PATH Youth Aged 12-17 Yearsa Who Were Nonsusceptible to Cigarette Use and Never Cigarette Users at Their First Wave
of Study Participation, 2013-2016

Characteristic

Nonsusceptible to cigarette use at first wave of participation Never cigarette users at first wave of participation

Sample No.
(n = 11 022)

Estimated national
population No.
(n = 20 687 132) Weighted % (SE)

Sample No.
(n = 15 776)

Estimated national
population No.
(n = 29 562 216) Weighted % (SE)

Wave of entry into study

Wave 1 7879 14 392 886 69.6 (0.31) 11 769 21 448 494 72.5 (0.18)

Wave 2 1595 3 139 371 15.2 (0.24) 2021 3 984 220 13.5 (0.13)

Wave 3 1548 3 154 875 15.3 (0.34) 1986 4 129 501 14.0 (0.21)

Age, weighted mean (SE) 11 022 20 687 132 13.5 (0.01) 15 776 29 562 216 13.7 (0.01)

Sex

Boy 5655 10 544 567 51.0 (0.32) 8081 15 056 608 51.0 (0.15)

Girl 5356 10 116 398 49.0 (0.33) 7686 14 484 302 49.0 (0.15)

Missing value 11 26 167 NA 9 21 307 NA

Race/ethnicity

Hispanic 2218 3 096 942 15.2 (0.20) 4016 5 789 647 19.8 (0.13)

Non-Hispanic Black 1565 2 954 460 14.5 (0.26) 2223 4 180 658 14.3 (0.14)

Non-Hispanic otherb 1162 2 372 797 11.7 (0.27) 1595 3 221 903 11.0 (0.24)

Non-Hispanic White 5873 11 908 783 58.6 (0.46) 7798 16 104 763 55.0 (0.29)

Missing values 204 354 150 NA 144 265 245 NA

Abbreviation: NA, not available.
a Population Assessment of Tobacco and Health (PATH) Study data reprinted with permission from the United States Department of Health and Human Services.18 Restricted file

received disclosure to publish: February 10, 2020; February 17, 2020; February 28, 2020; March 06, 2020; May 01, 2020; December 16, 2020.
b Non-Hispanic other indicates non-Hispanic Asian participants, multirace/ethnicity, etc.
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Table 2 shows the estimated distribution of the age at initiation of the 4 cigarette use outcomes
overall, and eFigure 1 in the Supplement shows these hazard functions. Among youth who were
nonsusceptible to cigarette use, by age 13 years, 12.4% were estimated to have become susceptible
to cigarette use. By ages 18 and 21 years, these estimates were 46.2% and 61.0%, respectively.
Among youth who were never cigarette users, by age 18 years, 24.4%, 16.4%, and 4.3% were
estimated to initiate ever, past 30-day, and fairly regular cigarette use, respectively.

Table 3 shows the hazard ratios (HRs) and 95% CIs exploring the differences in the age of
initiation of the 4 cigarette use outcomes by sex and by race/ethnicity. We found that boys had a
higher risk of initiating ever cigarette use at earlier ages compared with girls (HR, 1.21; 95% CI,
1.08-1.36), as well as past 30-day cigarette use (HR, 1.27; 95% CI, 1.10-1.47). We did not observe
statistically significant differences in the age of initiation by sex in susceptibility to cigarette use or
fairly regular cigarette use. Non-Hispanic Black youth had 23% less risk (HR, 0.77; 95% CI, 0.68-0.88)
to become susceptible to cigarette use at earlier ages compared with non-Hispanic White youth.
Non-Hispanic Black (HR, 0.59; 95% CI, 0.49-0.71) and non-Hispanic other (HR, 0.72; 95% CI, 0.59-
0.88) youth had a lower risk to initiate ever cigarette use at an earlier age compared with
non-Hispanic White youth. Compared with all other racial/ethnic groups, non-Hispanic White youth
had a higher risk to initiate past 30-day cigarette use (non-Hispanic Black: HR, 0.64 [95% CI,
0.52-0.77]; non-Hispanic other: HR, 0.77 [95% CI, 0.63-0.95]; and Hispanic: HR, 0.82 [95% CI, 0.69-
0.96]) and fairly regular cigarette use (non-Hispanic Black: HR, 0.25 [95% CI, 0.14-0.43];
non-Hispanic other: HR, 0.67 [95% CI, 0.48-0.95]; and Hispanic: HR, 0.64 [95% CI, 0.47-0.87]) at
earlier ages than all the other race/ethnicity groups.

Table 4 shows the estimated distribution of the age at initiation for each of the outcomes with
statistically significant differences by sex, and eFigure 2 in the Supplement shows the hazard
functions. By age 18 years, 27.4% (95% CI, 25.1%-29.6%) of boys and 21.6% (95% CI, 19.8%-23.5%)

Table 2. Hazard Functions in Cumulative Percentages of the Age of Initiation of Cigarette Use Outcomes
for PATH Youth Aged 12-17a

Age, y

Weighted percentage (95% CI) of cigarette use by ageb

Susceptibility to use Ever use Past 30-d use Fairly regular use
12 0 0 0 0

13 12.4 (11.5-13.3) 1.3 (1.1-1.5) 0.5 (0.4-0.6) 0.3 (0.2-0.4)

14 18.6 (17.6-19.7) 2.9 (2.6-3.2) 1.2 (1.0-1.5) 0.6 (0.5-0.8)

15 25.5 (24.2-26.8) 5.2 (4.8-5.7) 2.3 (2.0-2.7) 1.3 (1.1-1.5)

16 31.3 (30.0-32.7) 8.6 (7.9-9.2) 4.3 (3.8-4.8) 2.4 (2.1-2.7)

17 40.1 (38.5-41.8) 15.4 (14.5-16.2) 9.0 (8.2-9.8) 3.3 (2.9-3.8)

18 46.2 (44.3-48.2) 24.4 (22.9-25.9) 16.4 (15.2-17.6) 4.3 (3.9-4.8)

19 50.2 (47.9-52.4) 30.8 (28.8-32.9) 20.7 (18.8-22.6) 5.7 (4.6-6.9)

20 56.2 (49.1-63.3) 33.1 (28.7-37.5) 27.9 (19.6-36.3) 7.0 (5.1-9.0)

21 61.0 (42.9-79.2) NA NA NA

Abbreviation: NA, not available.
a Population Assessment of Tobacco and Health

(PATH) Study data reprinted with permission from
the United States Department of Health and Human
Services.18 Restricted file received disclosure to
publish: February 10, 2020; February 17, 2020;
February 28, 2020; March 06, 2020; May 01, 2020.

b 95% CI indicates Turnbull 95% CI.

Table 3. Hazard Ratios (95% CIs) for Different Outcomes of Age of Cigarette Initiation Stratified
by Sex and Race/Ethnicitya

Characteristic Susceptibility to use Ever use Past 30-d use Fairly regular use
Sex

Girls 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Boys 0.98 (0.91-1.07) 1.21 (1.08-1.36) 1.27 (1.10-1.47) 1.21 (0.97-1.50)

Race/ethnicity

Non-Hispanic White 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Non-Hispanic Black 0.77 (0.68-0.88) 0.59 (0.49-0.71) 0.64 (0.52-0.77) 0.25 (0.14-0.43)

Non-Hispanic otherb 1.08 (0.93-1.25) 0.72 (0.59-0.88) 0.77 (0.63-0.95) 0.67 (0.48-0.95)

Hispanic 0.98 (0.89-1.08) 0.92 (0.80-1.05) 0.82 (0.69-0.96) 0.64 (0.47-0.87)

a Population Assessment of Tobacco and Health
(PATH) Study data reprinted with permission from
the United States Department of Health and Human
Services.18 Restricted file received disclosure to
publish: February 10, 2020; February 17, 2020;
February 28, 2020; March 06, 2020; May 01, 2020.

b Non-Hispanic other indicates non-Hispanic Asian
participants, multirace/ethnicity, etc.
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of girls reported initiation of ever cigarette use. By age 18 years, 19.0% (95% CI, 17.1%-21.0%) of boys
and 13.7% (95% CI, 12.2%-15.2%) of girls reported initiation of past 30-day use.

Table 5 shows the estimated hazard function of the age at initiation for each of the 4 outcomes
by race/ethnicity, and eFigure 3 in the Supplement shows the hazard functions graphically. By age 13
years, 12.7% (95% CI, 11.6%-13.8%) of non-Hispanic White youth, 10.1% (95% CI, 8.6%-11.5%) of
Hispanic youth, 10.6% (95% CI, 8.3%-12.9%) of non-Hispanic Black youth, and 15.0% (95% CI,
12.4%-17.5%) of non-Hispanic other youth are estimated to become susceptible to cigarette use.

By age 18 years, 17.8% (95% CI, 16.2%-19.4%) of non-Hispanic White youth, 16.1% (95% CI,
13.5%-18.7%) of Hispanic youth, 14.3% (95% CI, 11.7%-17.0%) of non-Hispanic Black youth, and
14.4% (95% CI, 9.8%-17.1%) of non-Hispanic other youth reported initiation of past 30-day cigarette
use. The largest increase in initiation of past 30-day cigarette use occurred between ages 19 and 20
years among non-Hispanic White youth (8.2%), whereas Hispanic youth (6.7%), non-Hispanic Black
youth (8.2%), and non-Hispanic other youth (7.7%) exhibited the largest increase in initiation of past
30-day cigarette use between 17 and 18 years old. By age 20, 8.1% (95% CI, 5.6%-10.6%) of
non-Hispanic White youth, 9.9% (95% CI, 1.4%-18.5%) of Hispanic youth, and 10.7% (95% CI,
0%-25.2%) of non-Hispanic other youth reported initiation of fairly regular cigarette use.

Discussion

To our knowledge, this study is the first to provide prospective estimates for the distribution of the
ages of initiation of 4 cigarette outcomes among youth in the US from 2013 to 2017. Age of initiation
of the different cigarette use behaviors is an important factor to explore, and we have identified the
ages at which youth are most vulnerable to initiate each cigarette use behavior. Because we
prospectively estimated the age of initiation of fairly regular cigarette use among youth, we could not
find other studies with which to compare our results, because, to our knowledge, no other studies
have been conducted to prospectively estimate the age of fairly regular cigarette initiation.

Between 2013 and 2017, 46.2% of youth who were not susceptible to cigarette use became
susceptible by the age of 18 in our study. The result was similar to what was found in the results from
the 2019 NYTS, which indicated that 45.9% of middle and high school students were susceptible to
cigarette use.7 In our study, we did not observe any significant difference in susceptibility to cigarette
use between girls and boys, which was consistent with the result of the 2019 NYTS survey.7 From
2013 to 2017, we observed that by age 18 years, non-Hispanic other youth were most susceptible to
cigarette use, followed by Hispanic youth, non-Hispanic White youth, and non-Hispanic Black youth.
The 2019 NYTS found similar trends, reporting that 49.l% of Hispanic, 46.2% of non-Hispanic other,
45.2% of non-Hispanic White, and 38.3% of non-Hispanic Black middle and high school students
were susceptible to cigarette use.7

Table 4. Hazard Functions in Cumulative Percentages (and 95% CIs) for Age of Cigarette Initiation Outcomes
by Sexa

Age, y

Initiation of ever cigarette use, % (95% CI) Initiation of past 30-d cigarette use, % (95% CI)

Boys Girls Boys Girls
12 0 0 0 0

13 1.2 (0.8-1.5) 1.5 (1.1-1.8) 0.4 (0.2-0.5) 0.7 (0.5-0.8)

14 2.8 (2.4-3.3) 3.0 (2.6-3.5) 1.1 (0.8-1.4) 1.4 (1.1-1.7)

15 5.0 (4.4-5.6) 5.5 (4.8-6.2) 2.0 (1.5-2.5) 2.7 (2.3-3.2)

16 8.8 (7.9-9.7) 8.4 (7.5-9.3) 4.3 (3.6-5.0) 4.3 (3.7-4.9)

17 16.2 (14.5-17.8) 14.6 (13.3-15.9) 9.4 (8.1-10.8) 8.7 (7.7-9.8)

18 27.4 (25.1-29.6) 21.6 (19.8-23.5) 19.0 (17.1-21.0) 13.7 (12.2-15.2)

19 35.7 (32.3-39.2) 25.9 (23.1-28.7) 24.7 (21.8-27.6) 16.7 (14.4-19.1)

20 NA 31.1 (24.7-37.7) 30.0 (21.7-38.4) 17.9 (12.1-23.8)

21 NA NA NA 28.4 (14.4-42.4)

Abbreviation: NA, not available.
a Population Assessment of Tobacco and Health

(PATH) Study data reprinted with permission from
the United States Department of Health and Human
Services.18 Restricted file received disclosure to
publish: February 10, 2020; February 17, 2020;
February 28, 2020; March 06, 2020; May 01, 2020.
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By age 18, 24.4% of youth initiated ever cigarette use in our study. This percentage was slightly
higher than in the NYTS surveys, which indicated that among middle and high school students, 21%
in the 2014 to 2016 period had ever used cigarettes.10 These differences could be due to the
longitudinal nature of our study, whereas the NYTS was cross-sectional across multiple years, or due
to reporting incidence in our study vs prevalence in NYTS. The 2019 NYTS survey also reported
finding significant differences between the prevalence of ever using cigarettes by sex, with 18.3% of
boys reporting ever using cigarette compared with 14.2% of girls.7 Our study goes beyond the NYTS

Table 5. Hazard Functions in Cumulative Percentages (and 95% CIs) for Age of Cigarette Initiation Outcomes
by Race/Ethnicitya

Age, y

% (95% CI)

Non-Hispanic White Hispanic Non-Hispanic Black Non-Hispanic otherb

Onset of susceptibility cigarette use

12 0 0 0 0

13 12.7 (11.6-13.8) 10.1 (8.6-11.5) 10.6 (8.3-12.9) 15.0 (12.4-17.5)

14 19.1 (17.7-20.5) 17.6 (15.7-19.5) 15.9 (13.5-18.2) 19.3 (16.2-22.4)

15 25.9 (24.2-27.7) 25.7 (23.4-28.1) 20.6 (17.9-23.2) 27.1 (23.1-31.0)

16 32.1 (30.2-33.9) 30.8 (28.6-33.0) 26.5 (23.3-29.6) 33.5 (29.2-37.8)

17 41.3 (38.8-43.8) 41.4 (38.8-44.0) 32.5 (28.8-36.2) 41.4 (35.5-47.4)

18 46.0 (43.2-48.8) 49.3 (46.2-52.5) 39.2 (34.7-43.8) 49.9 (44.0-55.8)

19 49.1 (46.2-52.1) 53.8 (50.1-57.6) 44.4 (38.0-50.8) 55.9 (46.9-64.9)

20 57.1 (46.6-67.6) 61.1 (50.2-71.9) NA 56.6 (41.6-71.6)

21 NA 63.8 (46.8-80.9) NA NA

Initiation of ever cigarette use

12 0 0 0 0

13 1.4 (1.2-1.8) 0.9 (0.6-1.3) 1.4 (0.6-1.9) 1.1 (0.5-1.8)

14 3.3 (2.8-3.8) 2.5 (1.8-3.2) 2.3 (1.4-3.2) 2.4 (1.6-3.3)

15 6.0 (5.3-6.6) 5.0 (4.1-5.8) 3.5 (2.4-4.6) 4.3 (2.9-5.7)

16 10.1 (9.1-11.1) 8.1 (6.7-9.5) 5.0 (3.8-6.3) 6.8 (5.1-8.4)

17 17.1 (15.7-18.6) 16.9 (15.0-18.9) 9.5 (7.4-11.6) 11.7 (9.1-14.3)

18 26.2 (24.1-28.3) 25.4 (22.4-28.4) 19.2 (16.2-22.2) 20.8 (15.8-25.7)

19 33.4 (30.0-36.8) 33.0 (29.1-36.9) 21.3 (17.9-24.8) 28.9 (20.8-37.0)

20 33.4 (28.1-38.7) NA 26.1 (13.2-39.1) 36.5 (14.9-58.1)

Initiation of past 30-d cigarette use

12 0 0 0 0

13 0.6 (0.4-0.7) 0.3 (0.1-0.5) 0.3 (0.1-0.7) 0.7 (0.3-1.1)

14 1.4 (1.0-1.8) 0.9 (0.5-1.2) 0.7 (0.2-1.2) 1.4 (0.7-2.1)

15 2.8 (2.3-3.2) 1.9 (1.3-2.5) 1.2 (0.6-1.8) 2.4 (1.4-3.5)

16 5.1 (4.4-5.8) 3.9 (3.0-4.8) 2.5 (1.5-3.5) 3.6 (2.5-4.7)

17 10.5 (9.3-11.7) 9.4 (7.8-10.9) 6.1 (4.3-7.9) 6.7 (4.5-8.9)

18 17.8 (16.2-19.4) 16.1 (13.5-18.7) 14.3 (11.7-17.0) 14.4 (9.8-17.1)

19 21.8 (19.5-24.0) 19.5 (16.2-22.8) 18.7 (13.0-24.3) 21.4 (15.1-27.7)

20 30.0 (22.0-39.8) 23.0 (12.4-33.6) 18.7 (13.4-24.0) 24.9 (7.5-42.4)

21 30.0 (20.5-39.6) NA NA NA

Initiation of fairly regular cigarette use

12 0 0 0 0

13 0.3 (0.1-0.5) 0.2 (0.1-0.4) 0.2 (0.0-0.3) 0.3 (0.1-0.6)

14 0.8 (0.6-1.0) 0.5 (0.2-0.7) 0.2 (0.0-0.4) 0.7 (0.1-1.3)

15 1.8 (1-4-2.1) 0.9 (0.5-1.3) 0.2 (0.0-0.5) 1.1 (0.3-1.9)

16 3.1 (2.6-3.6) 1.9 (1.3-2.5) 1.0 (0.4-1.6) 1.8 (1.2-2.6)

17 4.5 (3.7-5.2) 2.7 (1.7-3.6) 1.1 (0.5-1.7) 2.5 (1.5-3.4)

18 5.4 (4.8-6.2) 3.9 (2.6-5.3) 1.8 (0.8-2.7) 3.3 (2.1-4.6)

19 6.9 (5.3-8.6) 6.4 (3.4-9.4) NA 4.4 (2.2-6.6)

20 8.1 (5.6-10.6) 9.9 (1.4-18.5) NA 10.7 (0-25.2)

Abbreviation: NA, not available.
a Population Assessment of Tobacco and Health

(PATH) Study data reprinted with permission from
the United States Department of Health and Human
Services.18 Restricted file received disclosure to
publish: February 10, 2020; February 17, 2020;
February 28, 2020; March 06, 2020; May 01, 2020.

b Non-Hispanic other indicates non-Hispanic Asian
participants, multirace/ethnicity, etc.
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results by finding that boys initiate ever cigarette use at earlier ages compared with girls and provides
incidence across ages.

We found that non-Hispanic Black and non-Hispanic other youth had later ages of initiation of
ever cigarette use compared with non-Hispanic White youth, whereas there were no significant
differences observed in the age at initiation of ever cigarette use between non-Hispanic White youth
and Hispanic youth. This is different from the NYTS surveys from 2014 to 2017, which found that
American Indian and Alaska native youth had the highest prevalence of ever cigarette use (31.4%),
followed by native Hawaiian and Pacific Islander youth (29.4%), multiracial youth (24.9%), Hispanic
youth (22.2%), non-Hispanic White youth (19.9%), non-Hispanic Black youth (18.0%), and Asian
youth (10.3%).26 However, PATH did not differentiate between these race/ethnicity categories.

We found that by age 18 years, 16.4% of youth had reported initiation of cigarette use in the past
30 days. In contrast, the results from NYTS surveys reported prevalence of past 30-day cigarette use
as (1) 6% in 2014-2016, (2) 5.8% in 2014-2017, and (3) 4.3% in 2019.7,10,26 We observed significant
differences in the age of initiation of past 30-day cigarette use between boys and girls, suggesting
that intervention strategies should start at earlier ages in boys than in girls. The results from the 2019
NYTS survey indicated significant differences by sex in past 30-day cigarette use, with 5.1% among
boys and 3.4% among girls.7 Although a PATH study of waves 1 to 3 (2013-2016) found that
non-Hispanic Black and Hispanic youth had lower odds of initiating past 30-day cigarette use than
non-Hispanic White youth,19 our study goes beyond by reporting the hazard function of past 30-day
cigarette use for each racial/ethnic group.

A similar study27 examining the prospective age of e-cigarette initiation among PATH youth
never e-cigarette users found that by age 18 years, 50.2% of youth reported susceptibility to
e-cigarettes, 41.7% initiated ever use, 23.5% initiated past 30-day use, and 10.3% initiated fairly
regular e-cigarette use. These findings suggest that the age of initiation of each behavior was lower
for e-cigarettes than for cigarettes. Tests of significance were not performed, but these findings add
to the body of literature on e-cigarettes as the most popular tobacco product among youth. Another
study regarding the age of cigar product initiation among youth found that by age 18 years, 21.1%
initiated ever use of any cigars and 11.3% initiated past 30-day use of any cigars,28 which is lower than
the estimates provided for cigarette initiation. A recent national study found that past 30-day cigar
use surpasses past 30-day cigarette use7; more research is needed to determine the reasons behind
these findings.

A recent repeated cross-sectional study examined whether the age of cigarette initiation has
changed from adolescence (<18 years) to early adulthood (18-23 years) between 2002 and 2018.29

That study found that the proportion of ever cigarette initiation occurring in early adulthood more
than doubled from 20.6% in 2002 to 42.6% in 2018.29 Additionally, a recent study30 of PATH youth
aged 26 to 34 years (who would have been aged 12 to 17 years in the early 2000s) that examined
the recalled age of cigarette initiation found that the cumulative proportion of cigarette initiation was
85.8% by age 18 years. This finding is subject to recall bias; however, our results for youth aged 12 to
17 years between 2013 and 2017 showed that only 24.4% of cigarette initiation occurred by age 18
years, which could be explained by the shifting of cigarette initiation to later ages. Although the age
of cigarette initiation may be shifting toward early adulthood rather than adolescence, suggesting
that cigarette interventions should be implemented among young adults, our study suggests that a
high amount of cigarette initiation still occurs among youth. The age of initiation shifting toward later
ages could be due to the introduction of e-cigarettes,7 successful interventions targeted toward
youth,31-33 or other possible explanations. However, a recent article34 shows that the introduction of
e-cigarettes was followed by a slowing decline in past 30-day cigarette use and acceleration in the
ever cigarette use trend between 2004 and 2018. In addition, another article35 indicates that there
was actually no decline in cigarette use because of the introduction of e-cigarettes. More research is
needed to determine which of these explanations holds.

There is considerable evidence that earlier ages of cigarette initiation are associated with
greater nicotine dependence and greater exposure to nicotine,36 which can result in adverse health

JAMA Network Open | Public Health Age at Initiation of Cigarette Use in a Nationally Representative Sample of US Youth, 2013-2017

JAMA Network Open. 2021;4(2):e210218. doi:10.1001/jamanetworkopen.2021.0218 (Reprinted) February 26, 2021 8/12

Downloaded From: https://jamanetwork.com/ Silverchair by Jose Vazquez on 03/18/2021



outcomes, including altering brain development among youth37 and respiratory illnesses.38 Previous
research has established that nicotine-dependent youth are less likely to want to quit using
cigarettes, and youth are uniquely vulnerable to developing nicotine addiction, even at low levels of
nicotine use.39 Interventionists and the public can use our results to identify the particular ages at
which the campaigns may be most effective to implement to prevent youth from becoming
susceptible to cigarette use and engaging in harmful cigarette use behaviors, such as past 30-day and
fairly regular cigarette use.

Strengths and Limitations
Strengths of this study include using a nationally representative data set and the longitudinal
prospective analysis of cigarette initiation outcomes across PATH waves 1 to 4. One of the limitations
of our study is that we depended on self-reported data for the cigarette use outcomes to estimate
the age of initiation because asking participants the exact date they initiated cigarettes is unrealistic.

Conclusions

To our knowledge, this cohort study is the first to provide prospective estimation of the age of
initiation of susceptibility, ever, past 30-day, and fairly regular cigarette use among youth in the US
between 2013 and 2017. This study provides windows of opportunity by identifying the ages of 4
cigarette use outcomes in which never users are most likely to initiate cigarette use, including by sex
and by race/ethnicity. The results from our study suggest that among those who initiated cigarette
use, the onset of the 4 cigarette outcomes occurred for the majority of youth before they were aged
18 years (between 16 and 18 years). Because the age of initiation of cigarette use was different by
sex and by race/ethnicity, it is important to tailor preventive interventions considering those
differences. Boys and non-Hispanic White youth had an increased risk of initiating cigarette use at
earlier ages, suggesting that tobacco control interventions should focus on these vulnerable
subgroups at earlier ages. In December 2019, the government changed the legal age to purchase
tobacco products from 18 to 21 years.40 Though the law did not affect our results, this study provides
additional evidence to support the new regulation and can serve as a reference point for age of
initiation of cigarette use in future studies after implementation of the Tobacco 21 campaign.40

ARTICLE INFORMATION
Accepted for Publication: January 6, 2021.

Published: February 26, 2021. doi:10.1001/jamanetworkopen.2021.0218

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2021 Pérez A et al.
JAMA Network Open.

Corresponding Author: Adriana Pérez, PhD, Department of Biostatistics and Data Science, University of Texas
Health Science Center at Houston, School of Public Health, Austin, TX 78701 (adriana.perez@uth.tmc.edu).

Author Affiliations: Department of Biostatistics and Data Science, The University of Texas Health Science Center
at Houston, School of Public Health, Austin (Pérez, Chen); Michael & Susan Dell Center for Healthy Living, The
University of Texas Health Science Center at Houston, School of Public Health, Austin (Pérez, N’hpang, Callahan,
Bluestein, Kuk, Chen, Harrell); Department of Epidemiology, Human Genetics and Environmental Sciences, The
University of Texas Health Science Center at Houston, School of Public Health, Austin (N’hpang, Callahan, Harrell);
Department of Health Promotion and Behavioral Sciences, The University of Texas Health Science Center at
Houston, School of Public Health, Austin (Perry).

Author Contributions: Dr Pérez and Ms N’hpang had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.

Concept and design: Pérez, Bluestein, Perry, Harrell.

Acquisition, analysis, or interpretation of data: Pérez, N'hpang, Callahan, Bluestein, Kuk, Chen, Harrell.

Drafting of the manuscript: Pérez, N'hpang, Callahan, Bluestein, Kuk, Harrell.

JAMA Network Open | Public Health Age at Initiation of Cigarette Use in a Nationally Representative Sample of US Youth, 2013-2017

JAMA Network Open. 2021;4(2):e210218. doi:10.1001/jamanetworkopen.2021.0218 (Reprinted) February 26, 2021 9/12

Downloaded From: https://jamanetwork.com/ Silverchair by Jose Vazquez on 03/18/2021

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.0218&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.0218
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.0218
mailto:adriana.perez@uth.tmc.edu


Critical revision of the manuscript for important intellectual content: Pérez, Bluestein, Chen, Perry, Harrell.

Statistical analysis: Pérez, N'hpang, Chen.

Obtained funding: Pérez, Bluestein, Harrell.

Administrative, technical, or material support: Callahan, Harrell.

Supervision: Pérez, Chen.

Other – Scientific expertise: Perry.

Conflict of Interest Disclosures: Dr Harrell reported receiving personal fees from Robins Kaplan LLP and being a
consultant in litigation involving the vaping industry outside the submitted work. Dr Pérez reported receiving
grants from the National Institutes of Health and the US Food and Drug Administration Center for Tobacco
Products during the conduct of the study. No other disclosures were reported.

Funding/Support: The research reported in this publication was supported by grant 1R01CA234205-01A1 from
the National Cancer Institute and the US Food and Drug Administration Center for Tobacco Products (Dr Pérez).

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Disclaimer: The content is solely the responsibility of the authors and does not necessarily represent the official
views of the National Institutes of Health or the US Food and Drug Administration.

Additional Contributions: We thank Zachary Brommerich, BS, for helping with the formatting of this manuscript.
He was compensated for this work as a graduate research assistant.

REFERENCES
1. United States Department of Health and Human Services. Health consequences of smoking, Surgeon General
fact sheet. Accessed October 1, 2020. https://www.hhs.gov/surgeongeneral/reports-and-publications/tobacco/
consequences-smoking-factsheet/index.html

2. Fagan P, Moolchan ET, Lawrence D, Fernander A, Ponder PK. Identifying health disparities across the tobacco
continuum. Addiction. 2007;102(suppl 2):5-29. doi:10.1111/j.1360-0443.2007.01952.x

3. United States Department of Health and Human Services. Preventing tobacco use among youths, Surgeon
General fact sheet. Accessed October 1, 2020. https://www.hhs.gov/surgeongeneral/reports-and-publications/
tobacco/preventing-youth-tobacco-use-factsheet/index.html

4. Strong DR, Hartman SJ, Nodora J, et al. Predictive validity of the expanded susceptibility to smoke index.
Nicotine Tob Res. 2015;17(7):862-869. doi:10.1093/ntr/ntu254

5. Cole AG, Kennedy RD, Chaurasia A, Leatherdale ST. Exploring the predictive validity of the susceptibility to
smoking construct for tobacco cigarettes, alternative tobacco products, and e-cigarettes. Nicotine Tob Res. 2019;
21(3):323-330. doi:10.1093/ntr/ntx265

6. Trinidad DR, Pierce JP, Sargent JD, et al. Susceptibility to tobacco product use among youth in wave 1 of the
Population Assessment of Tobacco and Health (PATH) study. Prev Med. 2017;101:8-14. doi:10.1016/j.ypmed.2017.
05.010

7. Wang TW, Gentzke AS, Creamer MR, et al. Tobacco product use and associated factors among middle and high
school students—United States, 2019. MMWR Surveill Summ. 2019;68(12):1-22. doi:10.15585/mmwr.ss6812a1

8. Perry CL, Pérez A, Bluestein M, et al. Youth or young adults: which group is at highest risk for tobacco use onset?
J Adolesc Health. 2018;63(4):413-420. doi:10.1016/j.jadohealth.2018.04.011

9. Stanton CA, Sharma E, Seaman EL, et al. Initiation of any tobacco and five tobacco products across 3 years
among youth, young adults and adults in the USA: findings from the PATH Study waves 1-3 (2013-2016). Tob
Control. 2020;29(suppl 3):s178-s190. doi:10.1136/tobaccocontrol-2019-055573

10. Sharapova S, Reyes-Guzman C, Singh T, Phillips E, Marynak KL, Agaku I. Age of tobacco use initiation and
association with current use and nicotine dependence among US middle and high school students, 2014-2016. Tob
Control. 2020;29(1):49-54. doi:10.1136/tobaccocontrol-2018-054593

11. Grimes DA, Schulz KF. Bias and causal associations in observational research. Lancet. 2002;359(9302):
248-252. doi:10.1016/S0140-6736(02)07451-2

12. Sackett DL. Bias in analytic research. J Chronic Dis. 1979;32(1-2):51-63. doi:10.1016/0021-9681(79)90012-2

13. Gentzke AS, Creamer M, Cullen KA, et al. Vital signs: tobacco product use among middle and high school
students—United States, 2011–2018. MMWR Morb Mortal Wkly Rep. 2019;68(6):157-164. doi:10.15585/mmwr.
mm6806e1

JAMA Network Open | Public Health Age at Initiation of Cigarette Use in a Nationally Representative Sample of US Youth, 2013-2017

JAMA Network Open. 2021;4(2):e210218. doi:10.1001/jamanetworkopen.2021.0218 (Reprinted) February 26, 2021 10/12

Downloaded From: https://jamanetwork.com/ Silverchair by Jose Vazquez on 03/18/2021

https://www.hhs.gov/surgeongeneral/reports-and-publications/tobacco/consequences-smoking-factsheet/index.html
https://www.hhs.gov/surgeongeneral/reports-and-publications/tobacco/consequences-smoking-factsheet/index.html
https://dx.doi.org/10.1111/j.1360-0443.2007.01952.x
https://www.hhs.gov/surgeongeneral/reports-and-publications/tobacco/preventing-youth-tobacco-use-factsheet/index.html
https://www.hhs.gov/surgeongeneral/reports-and-publications/tobacco/preventing-youth-tobacco-use-factsheet/index.html
https://dx.doi.org/10.1093/ntr/ntu254
https://dx.doi.org/10.1093/ntr/ntx265
https://dx.doi.org/10.1016/j.ypmed.2017.05.010
https://dx.doi.org/10.1016/j.ypmed.2017.05.010
https://dx.doi.org/10.15585/mmwr.ss6812a1
https://dx.doi.org/10.1016/j.jadohealth.2018.04.011
https://dx.doi.org/10.1136/tobaccocontrol-2019-055573
https://dx.doi.org/10.1136/tobaccocontrol-2018-054593
https://dx.doi.org/10.1016/S0140-6736(02)07451-2
https://dx.doi.org/10.1016/0021-9681(79)90012-2
https://dx.doi.org/10.15585/mmwr.mm6806e1
https://dx.doi.org/10.15585/mmwr.mm6806e1


14. Prizment AE, Yatsuya H, Lutsey PL, et al. Smoking behavior and lung cancer in a biracial cohort: the
Atherosclerosis Risk in Communities study. Am J Prev Med. 2014;46(6):624-632. doi:10.1016/j.amepre.2014.
01.017

15. Kenfield SA, Stampfer MJ, Rosner BA, Colditz GA. Smoking and smoking cessation in relation to mortality in
women. JAMA. 2008;299(17):2037-2047. doi:10.1001/jama.299.17.2037

16. Hyland A, Ambrose BK, Conway KP, et al. Design and methods of the Population Assessment of Tobacco and
Health (PATH) study. Tob Control. 2017;26(4):371-378. doi:10.1136/tobaccocontrol-2016-052934

17. Rodu B, Plurphanswat N. E-cigarette use among US adults: Population Assessment of Tobacco and Health
(PATH) study. Nicotine Tob Res. 2018;20(8):940-948. doi:10.1093/ntr/ntx194

18. National Addiction & HIV Data Archive Program. Population Assessment of Tobacco and Health (PATH) Study
[United States] Restricted-Use Files (ICPSR 36231). Accessed October 7, 2019. https://www.icpsr.umich.edu/web/
NAHDAP/studies/36231

19. Kasza KA, Edwards KC, Tang Z, et al. Correlates of tobacco product initiation among youth and adults in the
USA: findings from the PATH Study waves 1-3 (2013-2016). Tob Control. 2020;29(suppl 3):s191-s202. doi:10.1136/
tobaccocontrol-2020-055671

20. SAS Institute Inc. Statistical Analysis System (SAS) version 9.4. SAS Institute Inc; 2020.

21. Finkelstein DM. A proportional hazards model for interval-censored failure time data. Biometrics. 1986;42(4):
845-854. doi:10.2307/2530698

22. Gentleman R. Maximum likelihood for interval censored data: consistency and computation. Biometrika.
1994;81:618-623. doi:10.1093/biomet/81.3.618

23. Goodall RL, Dunn DT, Babiker AG. Interval-censored survival time data: confidence intervals for the
non-parametric survivor function. Stat Med. 2004;23(7):1131-1145. doi:10.1002/sim.1682

24. Sun J. Variance estimation of a survival function for interval-censored survival data. Stat Med. 2001;20(8):
1249-1257. doi:10.1002/sim.719

25. Ng MP. A modification of Peto’s nonparametric estimation of survival curves for interval-censored data.
Biometrics. 2002;58(2):439-442. doi:10.1111/j.0006-341X.2002.00439.x

26. Pierce JP, Sargent JD, White MM, et al. Receptivity to tobacco advertising and susceptibility to tobacco
products. Pediatrics. 2017;139(6):e20163353. doi:10.1542/peds.2016-3353

27. Odani S, Armour BS, Agaku IT. Racial/ethnic disparities in tobacco product use among middle and high school
students - United States, 2014-2017. MMWR Morb Mortal Wkly Rep. 2018;67(34):952-957. doi:10.15585/mmwr.
mm6734a3

28. Pérez A, Bluestein M, Chen B, Perry CL, Harrell MB. Prospectively estimating the age of initiation of
e-cigarettes among US youth: findings from the Population Assessment of Tobacco and Health (PATH) study, 2013-
2017. J Biom Biostat. 2020;11(3):1-10. doi:10.37421/jbmbs.2020.11.442

29. Chen B, Sterling KL, Bluestein MA, et al. Age of initiation of cigarillos, filtered cigars and/or traditional cigars
among youth: findings from the Population Assessment of Tobacco and Health (PATH) study, 2013-2017. PLoS
One. 2020;15(12):e0243372. doi:10.1371/journal.pone.0243372

30. Barrington-Trimis JL, Braymiller JL, Unger JB, et al. Trends in the age of cigarette smoking initiation among
young adults in the US from 2002 to 2018. JAMA Netw Open. 2020;3(10):e2019022-e2019022. doi:10.1001/
jamanetworkopen.2020.19022

31. Pérez A, Penedo E, Bluestein MA, Chen B, Perry CL, Harrell MB. The recalled age of initiation of multiple
tobacco products among 26-34 year olds: findings from the Population Assessment of Tobacco and Health (PATH)
study wave 1 (2013-2014). Int J Environ Res Public Health. 2020;17(23):9000. doi:10.3390/ijerph17239000

32. Das JK, Salam RA, Arshad A, Finkelstein Y, Bhutta ZA. Interventions for adolescent substance abuse: an
overview of systematic reviews. J Adolesc Health. 2016;59(4S)(suppl):S61-S75. doi:10.1016/j.jadohealth.2016.
06.021

33. Santiago S, Talbert EC, Benoza G. Finding Pete and Nikki: defining the target audience for “the real cost”
campaign. Am J Prev Med. 2019;56(2)(suppl 1):S9-S15. doi:10.1016/j.amepre.2018.07.040

34. Creamer MR, Dutra LM, Sharapova SR, et al. Effects of e-cigarette use on cigarette smoking among US youth,
2004-2018. Prev Med. 2020;106316. doi:10.1016/j.ypmed.2020.106316

35. Dutra LM, Glantz SA. E-cigarettes and national adolescent cigarette use: 2004-2014. Pediatrics. 2017;139(2):
e20162450. doi:10.1542/peds.2016-2450

36. Branstetter SA, Mercincavage M, Muscat JE. Predictors of the nicotine dependence behavior time to the first
cigarette in a multiracial cohort. Nicotine Tob Res. 2015;17(7):819-824. doi:10.1093/ntr/ntu236

JAMA Network Open | Public Health Age at Initiation of Cigarette Use in a Nationally Representative Sample of US Youth, 2013-2017

JAMA Network Open. 2021;4(2):e210218. doi:10.1001/jamanetworkopen.2021.0218 (Reprinted) February 26, 2021 11/12

Downloaded From: https://jamanetwork.com/ Silverchair by Jose Vazquez on 03/18/2021

https://dx.doi.org/10.1016/j.amepre.2014.01.017
https://dx.doi.org/10.1016/j.amepre.2014.01.017
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.299.17.2037&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.0218
https://dx.doi.org/10.1136/tobaccocontrol-2016-052934
https://dx.doi.org/10.1093/ntr/ntx194
https://www.icpsr.umich.edu/web/NAHDAP/studies/36231
https://www.icpsr.umich.edu/web/NAHDAP/studies/36231
https://dx.doi.org/10.1136/tobaccocontrol-2020-055671
https://dx.doi.org/10.1136/tobaccocontrol-2020-055671
https://dx.doi.org/10.2307/2530698
https://dx.doi.org/10.1093/biomet/81.3.618
https://dx.doi.org/10.1002/sim.1682
https://dx.doi.org/10.1002/sim.719
https://dx.doi.org/10.1111/j.0006-341X.2002.00439.x
https://dx.doi.org/10.1542/peds.2016-3353
https://dx.doi.org/10.15585/mmwr.mm6734a3
https://dx.doi.org/10.15585/mmwr.mm6734a3
https://dx.doi.org/10.37421/jbmbs.2020.11.442
https://dx.doi.org/10.1371/journal.pone.0243372
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.19022&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.0218
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.19022&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.0218
https://dx.doi.org/10.3390/ijerph17239000
https://dx.doi.org/10.1016/j.jadohealth.2016.06.021
https://dx.doi.org/10.1016/j.jadohealth.2016.06.021
https://dx.doi.org/10.1016/j.amepre.2018.07.040
https://dx.doi.org/10.1016/j.ypmed.2020.106316
https://dx.doi.org/10.1542/peds.2016-2450
https://dx.doi.org/10.1093/ntr/ntu236


37. Yolton K, Dietrich K, Auinger P, Lanphear BP, Hornung R. Exposure to environmental tobacco smoke and
cognitive abilities among US children and adolescents. Environ Health Perspect. 2005;113(1):98-103. doi:10.1289/
ehp.7210

38. Evans-Polce R, Veliz P, Boyd CJ, McCabe VV, McCabe SE. Trends in e-cigarette, cigarette, cigar, and smokeless
tobacco use among US adolescent cohorts, 2014-2018. Am J Public Health. 2020;110(2):163-165. doi:10.2105/
AJPH.2019.305421

39. DiFranza JR, Savageau JA, Fletcher K, et al. Symptoms of tobacco dependence after brief intermittent use: the
Development and Assessment of Nicotine Dependence in Youth-2 study. Arch Pediatr Adolesc Med. 2007;161(7):
704-710. doi:10.1001/archpedi.161.7.704

40. US Food Drug Administration. Tobacco 21. Accessed May 15, 2020. https://www.fda.gov/tobacco-products/
retail-sales-tobacco-products/tobacco-21

SUPPLEMENT.
eFigure 1. Estimated Age of Initiation of Cigarette Use Outcomes
eFigure 2. Estimated Age of Initiation of Cigarette Use Outcomes by Sex
eFigure 3. Estimated Age of Initiation of Cigarette Use Outcomes by Race/Ethnicity

JAMA Network Open | Public Health Age at Initiation of Cigarette Use in a Nationally Representative Sample of US Youth, 2013-2017

JAMA Network Open. 2021;4(2):e210218. doi:10.1001/jamanetworkopen.2021.0218 (Reprinted) February 26, 2021 12/12

Downloaded From: https://jamanetwork.com/ Silverchair by Jose Vazquez on 03/18/2021

https://dx.doi.org/10.1289/ehp.7210
https://dx.doi.org/10.1289/ehp.7210
https://dx.doi.org/10.2105/AJPH.2019.305421
https://dx.doi.org/10.2105/AJPH.2019.305421
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archpedi.161.7.704&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.0218
https://www.fda.gov/tobacco-products/retail-sales-tobacco-products/tobacco-21
https://www.fda.gov/tobacco-products/retail-sales-tobacco-products/tobacco-21

