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Abstract

Introduction: Susceptibility, or openness to smoking, is a predictor of future smoking. This 

study examines within-gender racial/ethnic differences in smoking susceptibility over historical 

time (1999–2018) and developmental age (11–18 years).

Methods: Data were from 205,056 adolescent never smokers in 14 waves of the National Youth 

Tobacco Survey. Weighted time-varying effect models were used to estimate nonlinear trends in 

smoking susceptibility among minority (versus white) adolescents. Analyses were conducted in 

2019.

Results: Compared with whites, Latino/a adolescents were consistently more susceptible to 

smoking, whereas black and Asian adolescents fluctuated between being less and equally 

susceptible over time. American Indian, Alaska Native, Native Hawaiian, and Pacific Islander 

adolescents were more susceptible from 2014 to 2017, with differences being larger for girls. 

Susceptibility peaked at age 14 years. Compared with whites, Latino/a adolescents were more 

susceptible throughout adolescence. Black adolescents were more susceptible in early 

adolescence, whereas Asian adolescents were less or equally susceptible to smoking in early to 

mid-adolescence. American Indian, Alaska Native, Native Hawaiian, and Pacific Islander girls 

were more susceptible in early and mid-adolescence, but boys were more susceptible in early 

adolescence only. American Indian, Alaska Native, Native Hawaiian, and Pacific Islander girls 

were less susceptible than white girls at age 18 years.

Conclusions: Twenty-year racial/ethnic differences in smoking susceptibility were evident, 

particularly among girls, but were mostly equivalent between genders over developmental age. 

Targeting susceptible adolescents with gender-, race/ethnic-, and age-tailored prevention efforts 

may prevent or delay adolescents’ transition to tobacco use and reduce tobacco-related disparities.
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INTRODUCTION

Adolescence is a developmental period critical to smoking susceptibility and initiation.1,2 

Susceptibility, or openness to the idea of smoking, is a predictor of future daily smoking.3 

Although current smoking among adolescents in the U.S. has decreased in the past 20 years,
4 less is known about national rates and trends in smoking susceptibility among never 

smokers. Given differences in smoking rates by race/ethnicity, gender, and age, research into 

their association with smoking susceptibility is needed to inform prevention efforts and 

reduce smoking initiation.1

Between 2014 and 2017, national rates of current smoking were highest among American 

Indian/Alaska Native (AI/AN) (10.3%) and Native Hawaiian/Pacific Islander (NHPI) (9.5%) 

adolescents in Grades 6–12.5 Multiracial (6.6%) and white (6.6%) adolescents had the next 

highest rates, followed by Latino/a (5.7%), black (3.3%), and Asian (2.0%) adolescents.5 

Notably, ever use is substantially higher across racial/ethnic groups, ranging from 10.3% 

among Asian adolescents to 31.4% among AI/AN adolescents.5 In contrast to current use, 

Latino/a and multiracial adolescents are more likely to have ever smoked than white 

adolescents.5 Racial/ethnic differences in smoking are also apparent between boys and girls. 

Generally, boys are more likely to be current smokers, except for Asian and AI/AN boys 

who are equally likely to be current smokers as girls.5 Of interest is whether noted racial/

ethnic and gender differences in current cigarette use are present for smoking susceptibility.

Recent research using the National Youth Tobacco Survey (NYTS) showed racial/ethnic 

differences in smoking susceptibility.6 Latino/a adolescents were consistently more 

susceptible to smoking than white adolescents from 1999 to 2014. Conversely, black, Asian, 

and AI/AN/NHPI adolescents, who were historically less or equally susceptible to white 

adolescents, became equally or more susceptible starting between 2010 and 2012. Further, 

smoking susceptibility among girls tends to be equal to or higher than among boys,7,8 

potentially attributable to gender-specific risk (e.g., exposure to targeted cigarette 

advertisements)9 and protective (e.g., parent–child communication)10 factors. Lack of 

evidence on within-gender racial/ethnic differences in smoking susceptibility may obscure 

the extent to which specific groups are at risk.11,12

Beyond overall within-gender racial/ethnic differences in smoking susceptibility, 

understanding the developmental periods in which girls and boys are most susceptible is 

paramount. During early adolescence, age 10–13 years,13 black and AI/AN/NHPI 

adolescents are more susceptible to smoking than white adolescents, whereas Asian 

adolescents are less susceptible.6 Conversely, Latino/a adolescents are more susceptible to 

smoking than white adolescents throughout adolescence. Stratifying these results by gender 

can inform optimal delivery times for smoking prevention programs and elucidate pathways 

to adult smoking among racial/ethnic minority girls and boys.

Building on previous research,6 this study examines gender-stratified racial/ethnic 

differences in smoking susceptibility over time (1999–2018) and developmental age (11–18 

years), providing updated trends in smoking susceptibility beyond 2014 using nationally 

representative data. Given gender differences in smoking prevalence and smoking 
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susceptibility, it is hypothesized that racial/ethnic disparities in smoking susceptibility will 

vary by gender. To better target smoking prevention interventions across developmental age, 

it is necessary to understand gender-specific racial/ethnic disparities in smoking 

susceptibility.

METHODS

Study Sample

Analyses included data from 14 waves of the publicly available NYTS between 1999 and 

2018. NYTS is a nationally representative, cross-sectional, self-report paper survey 

administered to U.S. middle and high school students to gauge their tobacco-related beliefs, 

attitudes, and behaviors.14 NYTS is based on a stratified, multistage cluster sample design. 

Analyses included respondents who reported they never tried cigarettes, even one or two 

puffs (i.e., never smokers) and were deemed susceptible to smoking based on at least one of 

three smoking susceptibility questions or were deemed non-susceptible based on all three 

questions (N=205,056). Ever and current smokers were excluded because they had 

transitioned out of smoking susceptibility phase of smoking onset3 (Appendix Table 1). Data 

analysis was conducted in 2019.

Measures

Three questions captured smoking susceptibility: (1) Do you think you will try a cigarette 
soon? (2) Do you think you will smoke a cigarette in the next year? and (3) If one of your 
friends were to offer you a cigarette, would you smoke it? Responses to Question 1, from 

1999 to 2011, were yes and no. Responses to Question 1 from 2012 to 2018 and to 

Questions 2 and 3 from 1999 to 2018 were definitely yes, probably yes, probably no, and 

definitely no. To harmonize response choices, definitely yes, probably yes, and probably no 
were recoded as yes; definitely no was coded as no.3 Participants who responded no to all 

three smoking susceptibility questions were considered non-susceptible to smoking, whereas 

those who responded yes to any of the three questions were considered susceptible to 

smoking.3

Data on sex, grade, race/ethnicity, and living with a cigarette user were collected. Although 

NYTS includes self-reported sex, as is common in adolescent health surveys,15 we use the 

term gender because susceptibility to smoking is more psychological and sociological than 

biological. From 1999 to 2009, living with a cigarette user was a yes/no question (Does 
anyone who lives with you now smoke cigarettes?). From 2011 to 2018, participants could 

report living with cigarette or non-cigarette tobacco product users. Living with cigarette 

users was coded as yes, and all others as no. Weighted sample characteristics appear in 

Appendix Tables 2 and 3.

Statistical Analysis

Weighted time-varying effect modeling (TVEM)16 was used to examine within-gender 

racial/ethnic differences in smoking susceptibility over time (1999–2018) and age (11–18 

years) in SAS, version 9.4. TVEM estimates time-varying regression coefficients where a 

race/ethnicity binary time-varying coefficient represents the odds of being susceptible to 
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smoking with no assumptions of linearity.16 The updated WeightedTVEM macro, not 

available for the previous publication,6 accommodates complex sampling designs, producing 

nationally representative estimates of smoking susceptibility.

Within-gender adjusted time-varying ORs of smoking susceptibility of each racial/ethnic 

group compared to white adolescents are presented.17

ln p sus
1 − p sus = β0 t + β1 t Race + β2 t Grade + β3 t LiveSmk + ϵit

Grade and living with a cigarette user were used as time-varying covariates in within-gender 

racial/ethnic models of smoking susceptibility over historical time.18,19 For age models, 

survey year was also included as a covariate and grade was excluded because of its high 

correlation with age (Point Biserial r =0.82).20 Further, age analyses excluded participants 

aged 9–10 and 19–21 years because of low frequencies (excluded unweighted n=1,220).

As TVEM generates many regression coefficients, results are plotted in curves where 

significance is evident if a logistic regression curve and its CIs do not cross the non-

significance line for the reference group (i.e., white girls/boys). Highest and lowest AORs of 

smoking susceptibility over time and age are highlighted. TVEM uses listwise deletion. 

However, weighted missingness was <4% for all variables. Thus, missingness was not 

expected to impact the results.

RESULTS

Smoking susceptibility among girls was 20%–23% between 1999 and 2011, then increased 

to 27%–29% between 2014 and 2018 (Appendix Tables 2 and 3). Compared with white 

girls, Latina girls between 2002 and 2018 (highest AOR=1.81 in 2015) (Figure 1, Panel A) 

and AI/AN/NHPI girls between 2001 and 2004 (highest AOR=1.62 in 2001) and between 

2012 and 2017 (highest AOR=1.76 in 2015) (Figure 1, Panel D) were more susceptible to 

smoking. Conversely, black girls were less susceptible to smoking between 2001 and 2011 

(lowest AOR=0.77 in 2004) and between 2017 and 2018 (lowest AOR=0.71 in 2018) 

(Figure 1, Panel B, whereas Asian girls were less susceptible to smoking between 2003 and 

2009 (lowest AOR=0.74 in 2005) and between 2015 and 2018 (lowest AOR=0.79 in 2018) 

(Figure 1, Panel C).

Proportions of boys susceptible to smoking were 20%–23% between 1999 and 2011 then 

increased to 27%–31% between 2014 and 2018 (Appendix Tables 2 and 3). Compared with 

white boys, Latino boys between 2002 and 2018 (highest AOR=1.42 in 2013) (Figure 2, 

Panel A), and AI/AN/NHPI boys between 2014 and 2017 (highest AOR=1.34 in 2016) 

(Figure 2, Panel Dwere more susceptible to smoking. Black boys were less susceptible to 

smoking between 2002 and 2009 (lowest AOR=0.80 in 2005) and between 2015 and 2018 

(lowest AOR=0.78 in 2018) (Figure 2, Panel B). Asian boys were less susceptible to 

smoking between 2006 and 2010 (lowest AOR=0.82 in 2008) and between 2017 and 2018 

(lowest AOR=0.79 in 2018) (Figure 2, Panel C).
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Among adolescents 11 to 18 years, girls’ susceptibility peaked at age 14 years, with 30% 

susceptible to smoking (Appendix Table 4). Compared with white girls, Latina girls were 

more susceptible to smoking between ages 11 and 18 years (highest AOR=2.02 at age 12 

years) (Figure 3, Panel A). Black girls were more susceptible to smoking between ages 11 

and 13 years (highest AOR=1.74 at age 11 years) but were less susceptible between ages 14 

and 18 years (lowest AOR=0.59 at age 17 years) (Figure 3, Panel B), whereas Asian girls 

were less susceptible to smoking between ages 12 and 16 years (lowest AOR=0.78 at age 15 

years) (Figure 3, Panel C). AI/AN/NHPI girls were equally or more susceptible to smoking 

than white girls (highest AOR=1.86 at age 16 years) until age 17 years when they were less 

susceptible (lowest AOR=0.12 at age 18 years) (Figure 3, Panel D).

Smoking susceptibility among boys peaked at age 14 years with 29% susceptible (Appendix 

Table 4). Latino boys were more susceptible than white boys from age 11 to 18 years 

(highest AOR=1.51 at age 12 years) (Figure 4, Panel A). Black boys were more susceptible 

to smoking than white boys between age 11 and 13 years (highest AOR=1.29 at age 12 

years), after which they were less susceptible between ages 14 and 18 years (lowest 

AOR=0.64 at age 18 years) (Figure 4, Panel B). Conversely, Asian boys were less 

susceptible to smoking than white boys from age 11 to 15 years (lowest AOR=0.55 at age 11 

years), but were more susceptible from age 17 to 18 years (highest AOR=1.36 at age 18 

years) (Figure 4, Panel C). AI/AN/NHPI boys were more susceptible from age 13 to 14 

years (highest AOR=1.29 at age 13 years) but were otherwise equally susceptible to 

smoking as white boys (Figure 4, Panel D).

To retain data from all 14 years, susceptibility to and use of e-cigarettes were not included as 

covariates. Ancillary analyses on data from 2011 to 2018 controlling for e-cigarette use and 

from 2016 to 2018 controlling for susceptibility to e-cigarettes showed within-gender race 

and ethnicity patterns of susceptibility to smoking similar to those reported here (data not 

shown).

DISCUSSION

Despite sharp declines in current and ever smoking among adolescents (Appendix Table 1), 

smoking susceptibility among never smokers has risen since 2012, peaking between 2014 

and 2018 for adolescent girls and boys across racial/ethnic groups. Downward smoking rates 

are partly attributed to tobacco control policies such as restrictions on tobacco sales and 

marketing to adolescents, federal and state cigarette taxes, and indoor smoke-free policies 

that became generalized in the U.S. since 1999. Susceptible adolescents may represent those 

who did not initiate smoking, partly because of these policies, but are still at risk of future 

initiation. Addressing this risk of future smoking is a need for tobacco prevention efforts.

The decline in cigarette use has been accompanied by increased marketing of non-cigarette 

tobacco products, especially e-cigarettes.21 Since 2014, adolescents’ use of these products 

has reached epidemic proportions,4 prompting a strong response from the U.S. Food and 

Drug Administration.22 Thus, recent surges in smoking susceptibility could reflect the re-

normalization of tobacco use23 or indirect effects of susceptibility to and use of non-

cigarette tobacco products on smoking susceptibility.8,24 Of concern is that adolescents 
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susceptible to cigarette smoking may already be non-cigarette tobacco product users or will 

become non-cigarette tobacco product users or cigarette smokers,25,26 trends that may be 

observed in forthcoming national surveys of smoking prevalence among adolescents and 

adults. Research should examine whether smoking susceptibility is attributable to 

susceptibility to or use of non-cigarette tobacco products, particularly e-cigarettes. Cohort 

studies are needed to examine transitions from susceptibility/use of non-cigarette tobacco 

products to susceptibility/use of cigarettes (or vice versa).

Racial/ethnic differences in smoking susceptibility6 were driven in part by gender. 

Compared with their white counterparts, black and Asian girls were less susceptible to 

smoking, whereas Latina and AI/AN/NHPI girls were more susceptible. These differences 

were absent or smaller in magnitude among boys. Although Latino/a adolescents were 

consistently more susceptible to smoking than white adolescents between 2002 and 2018, 

these differences grew larger over time between Latina and white girls compared with 

differences between Latino and white boys.

Findings suggest girls’ susceptibility to smoking is overlooked, corroborating concerns that 

substance use prevention programs do not target girls or are ineffective among adolescent 

girls and highlighting a need to develop and implement gender-specific tobacco prevention 

strategies.27 Lack of major differences in smoking susceptibility rates between girls and 

boys raises concerns that, over time, lower smoking rates for adult women compared with 

men will disappear.28 Furthermore, the observation that more than a third of Latino/a 

adolescent never smokers reported susceptibility in 2018 raises concerns about future 

smoking risks in this population.

Juxtaposing smoking susceptibility with smoking prevalence data reveals a need for research 

into the transition from smoking susceptibility to cigarette use, particularly among 

populations overlooked in prevention efforts.29 Despite lower levels of current smoking at 

the national level,4,5 Latino/a adolescents had consistently higher susceptibility to smoking 

compared with white adolescents.6 Latino/a adolescents’ transition to smoking may be 

reduced through ethnicity-specific protective factors such as familismo, a cultural value 

emphasizing the importance of family, and ethnic pride, both found to reduce smoking 

initiation risk among Latino/a adolescents, especially girls.30,31 Indeed, Latinas who are 

more acculturated to U.S. culture are more likely to smoke than those who are less 

acculturated.32 Notably, Asian adolescents’ susceptibility is also at odds with their smoking 

prevalence. Asian adolescents have the lowest rates of smoking but girls were less 

susceptible to smoking than whites for longer periods of time than boys. These results 

suggest a need for research into racial/ethnic- and gender-specific protective and risk factors 

for smoking susceptibility and the transition from susceptibility to cigarette use among 

Latino/a and Asian adolescents, especially as they become increasingly U.S.-born.33,34 

Conversely, smoking susceptibility among black and AI/AN/NHPI adolescents was fairly 

consistent with smoking prevalence,4,5 which may suggest direct pathways from 

susceptibility to cigarette use among these populations. Findings regarding AI/AN/NHPI 

adolescents reaffirm their disproportionate risk of smoking and highlight the need for 

research with this population.
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Research into race/ethnicity- and gender-specific risk factors may elucidate disparities 

between susceptibility and smoking behavior from initiation and experimentation to regular/

daily cigarette use.1,11 For example, tobacco marketing disproportionally is present in low-

income and minority neighborhoods, perpetuated by lack of policy enforcement and zoning.
35 Adolescents in these communities are also less likely to receive tobacco prevention 

education in school.36 For gender-specific factors, the desire to lose or maintain weight is a 

greater predictor of continued smoking among girls than boys (except among black 

adolescents).37 Another risk factor among adolescent girls is lower (higher) levels of self-

reported positive (negative) affect.38 Importantly, although discrepancies between smoking 

susceptibility and smoking behavior are present at the national level, these rates are 

influenced by state-level tobacco control policies and regional characteristics.39

Susceptibility to smoking develops relatively uniformly over developmental age for girls and 

boys. Compared with their white counterparts, smoking susceptibility peaked between ages 

11 and 13 for black and Latino/a adolescents. These results contextualize susceptibility as a 

precursor to smoking, with increases in transition to smoking occurring around age 14–15 

years.19 AI/AN/NHPI girls and Asian boys had later ages of peak susceptibly, at 16 and 18 

years, respectively. Research is needed to understand risk and protective factors for smoking 

susceptibility during early (age 10–13 years), middle (age 14–16 years), and late (age 17–19 

years) adolescence,13 with early and middle adolescence being critical for tobacco 

prevention efforts. Further, research is needed to understand the discrepant trajectories of 

susceptible girls versus boys to explicate reasons for boys’ tendency to initiate smoking 

earlier than girls.40 Tobacco control efforts should reflect variability in development and 

behavior throughout adolescence and strategize tobacco prevention efforts that address these 

milestones.2,41 For example, susceptibility peaks in middle adolescence, a period when peer 

influence outweighs parental influence in predicting adolescent smoking behavior.41 Higher 

susceptibility among younger adolescents may also be a result of their social media use, 

often a platform for disseminating tobacco-related descriptive norms.42

Disaggregating smoking susceptibility revealed notable racial/ethnic differences over 

developmental age considering known ages of smoking initiation. Despite research showing 

that black and Latino/a adolescents initiate smoking later than white adolescents, black 

adolescents were more susceptible to smoking in early adolescence and Latino/a adolescents 

were consistently more susceptible to smoking until age 18 years compared with white 

adolescents.43 Conversely, smoking susceptibility among Asian boys and AI/AN/NHPI girls 

peaked in middle and late adolescence, consistent with their greater likelihood of initiating 

smoking in late adolescence and young adulthood compared with white adolescents.43,44 

Discrepancies in age of smoking susceptibility and initiation highlight a need to understand 

mediating risk and protective factors for smoking initiation and how these relate to 

continued or increased smoking uptake throughout the lifespan. These results pinpoint the 

optimal developmental ages to target at-risk girls and boys from all racial/ethnic groups. In 

addition to macro-level prevention efforts,1 effective interventions targeting adolescents 

susceptible to smoking are needed. Prevention efforts targeting at-risk populations produce 

better and cost-effective outcomes than universal methods.41 The availability and use of 

digital platforms allow interventions to be tailored to address overlapping and evolving 

identities, including gender and race/ethnicity over developmental age.45
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Limitations

Results are not generalizable to out-of-school adolescents. Although smoking susceptibility 

was self-reported, the measure has been validated and found predictive of future smoking in 

a nationally representative longitudinal study.3 Unmeasured and inconsistently measured 

variables could not be included as covariates. For example, exposure to tobacco advertising 

online and in stores was omitted in 2016. Because of small sample sizes, AI/AN and NHPI 

adolescents were collapsed into one group despite differences in their smoking behaviors.5 

Limitations on variables collected prevented disaggregating smoking susceptibility by 

Latino/a national background. Although nationally representative, small sample sizes of 

some racial and ethnic groups limited the power to detect differences in smoking 

susceptibility if differences indeed existed. Oversampling of minorities, particularly Asian 

and AI/AN/NHPI adolescents, is necessary to replicate these findings or reveal associations 

masked by sample heterogeneity or low power. The coding of susceptibility for Question 1 

in 2012–2018 was a departure from previous work.6 However, it is consistent with the 

default coding of Questions 2 and 3 and parallels established susceptibility definitions that 

were shown to predict smoking initiation.3 This harmonization approach might have resulted 

in overestimated proportions of susceptible adolescents starting in 2012.3

CONCLUSIONS

Susceptible adolescents represent a reserve of potential future cigarette smokers and current/

future non-cigarette tobacco users. Prevention efforts should target racial/ethnic adolescents 

who are highly susceptible to smoking, primarily Latino/a and AI/AN/NHPI adolescents. 

Targeting adolescent girls is needed as they exhibit unique smoking susceptibility patterns 

over time. Prevention efforts should target adolescents at peak developmental times for 

smoking susceptibility, which, although different by race/ethnicity, are largely uniform for 

boys and girls within each racial/ethnic group. Race/ethnicity-, gender-, and age-specific 

tailored programs for susceptible adolescents can prevent smoking initiation, delay smoking 

onset, and eliminate tobacco-related disparities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
AOR of smoking susceptibility among racial/ethnic minority girls vs white girls over time 

(1999–2018).

Notes: Panel A: Latina girls vs white girls; Panel B: black girls vs white girls; Panel C: 

Asian girls vs white girls; Panel D: AI/AN/NHPI girls vs white girls. Models adjusted for 

grade level and living with a smoker.

AI/AN/NHPI, American Indian, Alaska Native, Native Hawaiian, and Pacific Islander.
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Figure 2. 
AOR of smoking susceptibility among racial/ethnic minority boys vs white boys over time 

(1999–2018).

Notes: Panel A: Latino boys vs white boys; Panel B: Black boys vs white boys; Panel C: 

Asian boys vs white boys; Panel D: AI/AN/NHPI boys vs white boys. Models adjusted for 

grade level and living with a smoker.

AI/AN/NHPI, American Indian, Alaska Native, Native Hawaiian, and Pacific Islander.
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Figure 3. 
AOR of smoking susceptibility among racial/ethnic minority girls vs white girls over age 

11–18 years.

Notes: Panel A: Latina girls vs white girls; Panel B: Black girls vs white girls; Panel C: 

Asian girls vs white girls; Panel D: AI/AN/NHPI girls vs white girls. Models adjusted for 

living with a smoker and survey year.

AI/AN/NHPI, American Indian, Alaska Native, Native Hawaiian, and Pacific Islander.

Kamke et al. Page 14

Am J Prev Med. Author manuscript; available in PMC 2021 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
AOR of smoking susceptibility among racial/ethnic minority boys vs white boys over age 

11–18 years.

Notes: Panel A: Latino boys vs white boys; Panel B: Black boys vs white boys; Panel C: 

Asian boys vs white boys; Panel D: AI/AN/NHPI boys vs white boys. Models adjusted for 

living with a smoker and survey year.

AI/AN/NHPI, American Indian, Alaska Native, Native Hawaiian, and Pacific Islander.
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