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Abstract

Objective To examine the racial difference and trends in cigarette smoking among adolescents from 1999 to 2018.
Methods We analyzed the data of 10,760 adolescents aged 12—19 who participated in the National Health and Nutrition
Examination Surveys (NHANES), 1999-2018. Current tobacco smoking (CTS) was defined as participants with serum
cotinine >10 ng/mL. Adjusted biennial prevalence ratios (abiPR: the ratio associated with a two-year increase in time) were
estimated.

Results Diverging trends in CTS prevalence were revealed in adolescents. The steepest decrease occurred in Hispanics
aged 12-17, with 15% declining every two calendar years [abiPR = 0.85(0.77, 0.94)]. The sharpest increase occurred with
Blacks aged 18—19 years [abiPR = 1.06(0.99, 1.14)]. A crossover of prevalence trend between Blacks and Whites occurred
in adolescents aged 18—19 years old due to the diverging trends. The average CTS prevalence was significantly higher in
Whites than in Blacks in the early [(1999-2008, 13.65% (11.85%, 15.46%) vs. 8.80% (7.55%, 10.04%)], but Blacks had a
higher average in recent years [(2009-2018, 8.32% (6.53%, 10.12%) vs. 7.77% (5.86%, 9.68%)]. For adolescents aged 18—19
years, the survey cycles or calendar years linearly explained 71% of the variations in the prevalence for Hispanics, 60% for
Whites, but only 1% for Blacks.

Conclusions A crossover in the trend of current tobacco smoking occurred between 1999 and 2018 due to an increase in
prevalence among Black adolescents and a significant decrease in prevalence among other racial groups.

Introduction

Studies have consistently concluded that African American
youth and young adults have a significantly lower preva-
lence of cigarette smoking than Hispanics and Whites [1],
and African Americans initiate smoking later than Whites
[2]. Previous studies, however, have mainly relied on self-
reports to assess smoking status [3, 4], including Youth Risk
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Behavior Surveillance [4, 5], National Surveys on Drug Use
and Health [6], National Youth Tobacco Survey [7], Moni-
toring the Future (MTF) Surveys [8, 9], and National Health
Interview Survey [7]. Underestimation of smoking preva-
lence may occur by race based on self-report [10-12]. The
racial differences reported [4-9] may be artefactual due to
race-specific underestimations [13]. The escalated smoke-
free legislation and the recent introduction of new electronic
cigarette devices have altered adolescents’ types of tobacco
products and changed the tobacco smoking epidemic land-
scape [14]. The literature on ethno-racial differences in ado-
lescent tobacco smoking has not yet been updated for years.
It is desirable to re-assess the previously reported declining
trend in current tobacco smoking (CTS) among adolescents
with more reliable objective measurements [15].

The ongoing COVID-19 pandemic further exacerbates the
devastating consequence of tobacco use [16, 17] and high-
lights the newfound urgency to address the related racial/
ethnic disparity. More severe and prevalent multisystem
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inflammatory syndromes were reported among Black pedi-
atric COVID-19 patients than patients of other racial/ethnic
groups [18, 19]. Chronic pulmonary ailments are the most
common pre-existing conditions associated with hospitaliza-
tion of pediatric COVID-19 cases and ICU admission [20].
Examining the race difference in tobacco use among ado-
lescents may offer clues to explain the race difference in
COVID-19-related disease burden in pediatric populations.
Using the most recent data from the National Health and
Nutrition Examination Survey (NHANES), we quantified
the race-specific trends in CTS using serum cotinine, a bio-
marker of nicotine intake or exposure.

Methods
Data Sources and Study Participants

As a continuous national survey, the NHANES is conducted
by the National Center for Health Statistics to assess the
health and nutritional status of the US civilian, non-institu-
tionalized US population. NHANES uses a complex mul-
tistage probability sampling design, with some subgroups
oversampled. The unweighted response rate for the inter-
viewed sample has been reported as above 80% [21]. This
analysis started with 16,750 adolescents aged 12 to 19 years.
We excluded adolescents who had missing data for serum
cotinine (n = 1218) or the number of smokers in the home
(n = 178), resulting in 13,593 adolescents. White, Black,
and Hispanic adolescents were included; adolescents from
races/ethnicities other than the three major races/ethnicities
(n = 1218) were excluded from the current analysis due to
the relatively small sample size for robust trend assessment.
An additional 966 adolescents were excluded due to miss-
ing information on family income, and 1937 were excluded
because of missing data regarding maternal education attain-
ment. A total of 10,760 adolescents were retained for the
final analysis. The NHANES protocol was reviewed and
approved by the National Center for Health Statistic’s Insti-
tutional Review Board (IRB). The current study was exempt
from ethics review by the IRB committee of the institution
with which the senior author was affiliated.

Definition of Current Smokers

The TU-11.2 objective (reduce the proportion of adoles-
cents aged 12 to 17 years exposed to second-hand smoke)
of Healthy People 2020 differs from Healthy People 2010
objective 27-10 in several ways. In Healthy People 2010,
a single age group (persons aged four years and over) was
monitored. Healthy People 2020 assesses exposure for per-
sons aged 3 to 11 years, 12 to 17 years, and 18 years and
over. Persons with cotinine levels greater than 10 ng/mL
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were counted as exposed nonsmokers in Healthy People
2010 but considered smokers for Healthy People 2020 [22,
23]. To be consistent with the objectives of Healthy People
2020, we defined adolescents with cotinine levels greater
than 10 ng/mL as current smokers. Serum cotinine measure-
ment was performed with isotope dilution-high-performance
liquid chromatography/atmospheric pressure chemical ioni-
zation tandem mass spectrometry.

Classification of Race/Ethnicity and Categorization
of Age Group

Race/ethnicity was stratified in current analyses. NHANES
classifies participants based on their responses as non-Hispanic
Whites (hereafter, Whites), non-Hispanic Blacks (Blacks),
Mexican Americans, and other Hispanics. The “Mexican
American” and “other Hispanic” were combined as “Hispanic
Americans.” To be consistent with the age classification of the
Healthy People 2020 and the U.S. Census Bureau, we grouped
adolescents into early and middle adolescence (aged 12 to 17
years) and late adolescence (aged 18 and 19 years). The “late
adolescence” is a distinct group created to assess the transition
from the protective environment to a young adult.

Major Covariates

Income was reported as a range for the previous calendar
year. A poverty income ratio (PIR) was calculated by com-
paring the midpoint of the selected income range value to
the appropriate poverty threshold based on family size and
composition. PIR values below 1.00 were categorized as
below the official poverty line. For this study, four categories
of PIR were considered: poor (PIR < 1.0), near poor (1 <
PIR < 2), middle income (2 < PIR < 4), and high income
(PIR > 4). The family head is the first household member
18 years of age or older who owned or rented the residence
where members of the household resided. The marital sta-
tus of the family head was collapsed into three categories:
never married, previously, and currently married. Trained
technicians collected body measurements following a stand-
ard protocol. To control the exposure to indoor household
smoking, the responses to the question of “Total number of
smokers inside the home ?”” were also included.

Statistical Analysis

With appropriate weighting and nesting variables to account
for the complex sampling designs, we used SAS survey pro-
cedures (version 9.4, Research Triangle Park, NC) to calcu-
late weighted percentages for every 2-year survey cycle to
illustrate the trends in the CTS prevalence. The percentage
was then ecologically correlated with the survey year using
simple linear regression (Fig. 1). The survey cycle was used
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Fig. 1 Trends in the prevalence 25
of current smoking, a sample of

[ White:
10,760 adolescents aged 12—-19 H Black:
NHANES 1999-2016. Note: O Hispanic:
NHANES, National Health and 204
Nutrition Examination Survey. A

(a) The top panel is for adoles-
cents 12—17 years old, and the
bottom one is for adolescents
18-19 years old. For better clar-
ity, different scales were used
for Y-axis. (b) With appropriate
weighting and nesting variables,
we used SAS survey procedures
to calculate the weighted preva-
lence for every 2-year survey
cycle. (¢) The p-value was for
the coefficient rather linear
trend test; the p for the trend test
can be found in Supplementary
Table S1. (d) The colored bands
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R2=0.60, B=-2.4, p=.008
R2=0.01, B= 0.20, p=.782
R2=0.77, B=-2.0, p=.001
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as the explanatory variable to estimate the change in the
prevalence of CTS associated with a 2-year increase in the
calendar year. The biennial change in CTS prevalence was
measured by a coefficient (f) of the variable of the survey
cycle in the equation: the CTS prevalence = intercept + f§ X
biennial survey cycle + e (error term).

The biennial changes estimated from the ecological cor-
relation were not adjusted for sociodemographic shifts in
the study populations. In step two, multiple variable logis-
tic regression was utilized to estimate CTS’s adjusted bien-
nial prevalence ratio (abiPR: prevalence ratio associated
with a two-year increase in time) (Table 1). The multivari-
able regressions were run on individual-based (vs. group-
based ecological correlation in step one) with the survey

T T T T T T T
05-06 07-08 09-10 11-12 13-14 15-16 17-18

Year of survey
Actual value Ao White e Black * Hispanic

cycle (every two years) as an explanatory variable. Previ-
ous studies observed that during 1997-2017, a significant
linear decrease occurred in the overall CTS prevalence [4],
and the linear trend was also observed by visual inspection
of the prevalence trend in the preliminary analyses. There-
fore, we included the survey cycle as a continuous variable
rather than as pair contrasts between each cycle against
the first cycle (1999-2000) for the multivariable regression
to estimate the biennial change in CTS prevalence during
the study period for each race/ethnicity. The quadratic and
higher-order trends were not assessed. Stratified regres-
sions were run for Whites, Blacks, and Hispanic adoles-
cents separately as the modifying effects from races/ethnic-
ities were detected. In addition to the estimates associated
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Table 1 Changes of selected characteristics of weighted study population across survey periods, 10,760 adolescents aged 12-19 years old,

NHANES 1999-2018

Characteristic Blacks

n %(95%CI) p?
Living under the poverty line® 0.04
1999-2002 487  53.87 (48.79-58.96)
2003-2006 528  45.35 (40.03-50.66)
2007-2010 174 41.87 (35.44-48.31)
20112014 260  49.37 (40.48-58.25)
2015-2018 175 46.03 (40.97-51.09)
House head is currently married 0.05
1999-2002 330 37.53(32.36-42.70)
2003-2006 447  38.48 (34.60-42.36)
2007-2010 169 43.77 (38.17-49.38)
20112014 231 48.80 (42.21-55.38)
2015-2018 145  44.58 (39.78-49.38)
Mother smoked during the pregnancy 0.20
1999-2002 85 17.30 (12.68-21.93)
2003-2006 101 17.08 (13.90-20.27)
2007-2010 28 14.27 ( 8.94-19.61)
2011-2014 19 6.35 (4.11-8.60)
2015-2018 14 5.89(2.14-9.64)
No smoker in the home 0.09
1999-2002 634 70.34 (67.71-72.97)
2003-2006 860  74.14 (69.58-78.69)
2007-2010 325 79.16 (71.07-87.25)
2011-2014 417 79.92 (74.86-84.97)
2015-2018 236 70.00 (65.48-74.51)

Hispanics Whites
n %(95%CI) Pt n %(95%CT) p*
0.15 0.44
633 45.37 (40.34-50.41) 157 22.60 (15.95-29.26)
537 45.27 (40.86-49.69) 200 18.41 (14.20-22.62)
349 49.49 (44.02-54.96) 195 20.89 (16.65-25.12)
333 54.29 (47.84-60.74) 158 18.89 (13.54-24.24)
241 45.40 (37.87-52.93) 142 17.40 (12.45-22.35)
0.53 <0.01
823 71.42 (65.42-77.43) 531 72.05 (68.03-76.06)
835 73.71 (70.08-77.35) 689  82.24 (77.84-86.63)
494 73.50 (69.61-77.38) 446  80.95 (77.81-84.10)
439 76.31 (70.31-82.30) 378 83.07 (79.40-86.74)
354 72.12 (67.65-76.60) 403 80.97 (74.96-86.98)
0.12 0.60
51 9.57 (6.17-12.96) 0.116 84 21.06 (15.57-26.56)
50 10.10 (7.15-13.04) 110 24.53 (20.47-28.59)
24 6.24 ( 3.84-8.64) 73 19.27 (15.26-23.28)
10 3.38 (1.11-5.66) 49 16.79 (11.07-22.50)
16 5.75(2.53-8.97) 61 16.12 (9.94-22.29)
0.04 0.43
1080  84.15 (78.74-89.56) 577 75.82(71.57-80.07)
1008 90.05 (87.72-92.38) 655  77.03 (71.50-82.57)
642 91.77 (88.59-94.95) 466  81.68 (76.49-86.86)
522 88.81 (86.14-91.47) 371 82.96 (77.25-88.67)
386 75.83 (70.92-80.75) 349  71.05 (64.38-77.72)

CI, confidence interval; NHANES, The National Health and Nutrition Examination Survey

aThe p of the trend tests

®A poverty index ratio (PIR) was calculated by comparing the midpoint of the family income category and the family size with the federal pov-

erty line. A PIR < 1 was defined as poor

with a biennial increase in the calendar year, multivariable
regression also offered an opportunity to estimate CTS
prevalence ratios across sociodemographic strata and other
factors and describe the adolescents at high risk of CTS.
We did not use the —2 log-likelihood test to simplify the
regression models; instead, saturated models were retained,
including the variable of race/ethnicity, educational attain-
ment, and family income regardless of p-values. A p-value
associated with the regression coefficient that was <0.05
was considered statistically significant.

Results

Table 1 presents the race/ethnicity-specific changes in
sociodemographic characteristics across survey periods.
Despite a continuous increase in the percentage of children
who lived with parents currently married, throughout the
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entire study period, less than half of Black adolescents, in
contrast to more than 70% of Hispanic and 80% of White
adolescents, were with parents currently married. Black
families had the lowest percentage of smoking-free house-
holds relative to Hispanic and White families. CTS was
associated with various factors. Boys were more likely to
smoke than girls (Table 2), and Hispanic adolescents had
the lowest CTS prevalence, with family income inversely
associated with CTS prevalence. The number of smok-
ers living in the household was linearly associated with
CTS; 52.91% (S.E.: 5.62%) of the CTS adolescents had
>2 family members who smoked at home. A significant
decline in CTS prevalence occurred during the study
period, from 20.23% (2.15%) at the beginning of the study
period (1999-2000) to 6.72% (1.25%) in the ending year
(2016-2018).

Stratified by races/ethnicities, the CTS prevalence
decreased significantly among Whites and Hispanics but
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Table 2 Current tobacco
smoking prevalence across

the levels of characteristics,
10,760 adolescents aged 12-19,
NHANES 1999-2018*°

Characteristic Level n of current % (se) of current N )4
smokers smokers
Sex Boys 703 13.51 (0.72) 5320 <0.01
Girls 417 8.73 (0.55) 5440
Age group 12-17 years old 559 7.09 (0.44) 8454 <0.01
18-19 years old 561 26.29 (1.20) 2306
Race/ethnicity White 478 12.89 (0.71) 3251
Black 389 10.74 (0.63) 3368 <0.01
Hispanic 253 6.01 (0.57) 4141
Family income® High income 179 8.45 (0.80) 2253 <0.01
Middle income 204 9.19 (1.01) 2450
Near poor 139 11.07 (1.27) 1488
Poor 598 15.84 (0.90) 4569
Body weight? Normal weight 683 11.27 (0.63) 6188 0.19
Overweight 175 10.62 (0.90) 1842
Obese 201 10.21 (1.00) 2309
Underweight 45 15.67 (3.06) 307
Covered by insurance No 264 18.22 (1.67) 1847 <0.01
Yes 852 10.22 (0.50) 8876
Mom’s smoking during No 113 2.50 (0.29) 4882 <0.01
pregnancy
Yes 70 9.98 (1.45) 775
# Smokers at home None 621 8.00 (0.50) 8528 <0.01
One 241 17.13 (1.33) 1407
Two 175 24.33 (1.86) 659
More than two 83 52.91 (5.62) 166
Survey years 1999-2000 153 20.23 (2.15) 1219 <0.01
2001-2002 172 10.88 (1.15) 1688
2003-2004 189 13.52 (1.64) 1631
2005-2006 166 11.96 (1.00) 1514
2007-2008 91 13.82 (1.29) 831
2009-2010 97 11.67 (1.83) 882
2011-2012 75 9.80 (1.72) 732
2013-2014 77 8.59 (1.49) 868
2015-2016 54 6.49 (1.11) 770
2017-2018 46 6.72 (1.25) 625

SE, standard error; NHANES, The National Health and Nutrition Examination Survey

#The current cigarette smoking status was defined as serum cotinine >10 ug/mL

The p-values of the Wald statistics were used to judge the association between current smoking status and

the characteristics

°A poverty index ratio (PIR) was calculated by comparing the midpoint for the family income category and
the family size with the federal poverty line. A PIR <1 was defined as poor and 1-1.99 as close to poor

4The bodyweight category was based on directly measured height and weight. The BMI <85th percentile
was defined as normal weight, 85-94.9th percentile as overweight, and 95th above as obese

not Black adolescents (Fig. 1). For adolescents aged 12 and
17 years old (top panel of Fig. 1), the change of biennial
percentage points (f in the equations) in White adolescents
was —1.0 (p = 0.014) and —0.34 (p = 0.002) for Hispanic
adolescents. No sign of a significant decrease in CTS preva-
lence was detected among Black adolescents (f = —0.49,
p = 0.80). For adolescents aged 18 and 19 years old, both

Whites (f = —2.4) and Hispanics (f = —2.0) experienced
more than 2 percentage points decrease in CTS prevalence
for every survey cycle (i.e., 2 years), whereas a non-signifi-
cant increase in CTS prevalence was found among Blacks ($
=0.20, p = 0.78, the bottom panel of Fig. 1). A crossover of
CTS prevalence between Blacks and Whites occurred during
the study period in adolescents aged 18—19 years old. The
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average CTS prevalence in surveys 1999-2008 was higher
among Whites than Blacks, 13.65% (11.85%, 15.46%) vs.
8.80% ( 7.55%, 10.04%), but Blacks had a higher average
prevalence compared to Whites for the surveys conducted
between 2009 and 2018, 8.32% (6.53%, 10.12%) vs. 7.77%
(5.86%, 9.68%). The survey cycles or calendar years lin-
early explained more than 70% of the variations in CTS
prevalence for Hispanic adolescents, about 60% for White
adolescents, but only 1% for Black adolescents aged 18-19
years (Fig. 1).

Without stratification and measured by PR, there were
overall declining trends among adolescents, significantly for
both young and late adolescence, declining by 12% [PR =
0.88(0.84, 0.92)] and 11% [0.89(0.85, 0.93)], respectively,
for every survey cycle, i.e., 2 calendar years (Table 3). When
stratified by race/ethnicity, the decreasing trends remained
significant for Whites and Hispanics aged 12—-17 years and
18—19 years. An increasing trend at boardline significance
was revealed for Black adolescents aged 18—19 years after
adjustment for other sociodemographic factors. The steep-
est decrease occurred among Hispanics aged 12—17 years
[abiPR = 0.85(0.77, 0.94)], and the sharpest increase took
place among Blacks aged 18—19 years [abiPR = 1.06(0.99,
1.14)]. The number of smokers living at home was strongly
associated with the likelihood of smoking in adolescents
across all races/ethnicities in both age groups.

Discussions

In nationally representative samples of US adolescents
from multiple cross-sectional surveys, we observed over-
all declining trends in CTS among adolescents between
1999 and 2018. However, a crossover of CTS prevalence
was detected between races/ethnicities after adjustment for
other socio-economic factors; CTS prevalence decreased
significantly for White and Hispanic adolescents, in both
age groups (young and middle, and later adolescents), but
increased for Black adolescents aged 18—19 years.
National surveys have consistently reported that the
CTS prevalence is higher among Whites than Blacks in
adolescence [5, 8, 9]. Most persuasively, with data from
National Youth Tobacco Survey (2004-2013), National
Survey on Drug Use and Health (2002-2013), National
Health Interview Survey (2001-2013), and National
Health and Nutrition Examination Survey (2001-2012),
Caraballo and coworkers reported that in all self-reported
surveys, Whites had a higher current smoking prevalence
than Blacks [7]. Our results seemed consistent with pre-
vious reports until the 2011-2014 survey years when the
crossover started to emerge. Multiple factors contributed to
the decline in tobacco product use among youth, including
the comprehensive implementation of population-based
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strategies and continued research investments in cessation-
related initiatives [9, 24, 25]. Technological advancement
has changed the way adolescents socialize and project their
identity, leaving shrinking opportunities for smoking to
become a social exercise [26, 27]. Sociocultural explana-
tions such as changes in the school environment [28], par-
enting, and general economic and labor market conditions
[29] have also been postulated to have contributed to the
overall declining trend of adolescent smoking.

The key finding of the current report was the crosso-
ver of CTS prevalence between races after adjustment for
other socio-economic factors. CTS prevalence decreased
significantly for White and Hispanic adolescents, in both
young and middle and later adolescents, but increased for
Black adolescents aged 18—19 years. Multiple factors may
underline the increasing CTS prevalence for Black teenag-
ers in later adolescence. Targeted advertising of cigarettes
in locations with a high proportion of Black residents has
been part of tobacco companies’ marketing strategies. A
relatively lower price and the availability of cigarettes for
purchase might also contribute to the high smoking rates
among Black teenagers [30]. Black men aged 26 years or
older were observed to have a higher smoking prevalence
than White men of the same age [7], and the percentage of
smoking-free households was significantly lower among
Black families than in Hispanic and White families in the
current report. It is possible that increasing CTS preva-
lence in Black adolescents was due to increasing house-
hold exposure to tobacco smoking as the present study
used serum cotinine to proxy current tobacco smoking.
However, the increasing trend in Black adolescents was
obtained after adjustment for the number of smokers liv-
ing in the household. More importantly, the percentage of
smoking-free households increased at roughly the same
pace for races. Therefore, household exposure may explain
only a small portion of the increasing trend of CTS in
Black adolescents. Public health interventions such as the
tobacco tax and smoke-free environment legislation have
played a crucial role in decreasing CTS prevalence [9, 24,
25]. CTS prevalence has been declining simultaneously
in developed countries with widely different regulatory
contexts [31], but this is not true for Black youths aged
18-19 years old in the USA, suggesting race-specific or
sociocultural factors rather than the tobacco control poli-
cies per se may be responsible for the increasing trend in
Black adolescents.

The current study has strengths and limitations. We
used the data from large surveys with representative of
the national samples of adolescents over many years. Bio-
markers were tested under uniform and rigorously con-
trolled conditions. Repetitive analyses over time indicated
the absence of unusual variations or drift in the analytic
method [32]. Thus, the declining trend of CTS prevalence
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proxied by serum cotinine and the race differences we
observed over time most likely reflect corresponding epi-
demiological trends. However, it has been observed that
pharmacokinetic differences exist between racial groups
[33, 34]. Blacks have consistently higher serum cotinine
concentrations per cigarette smoked than Whites [35-37],
indicating that Blacks metabolize cotinine at a slower rate
[23, 38]. The genetic differences in metabolism may have
contributed, at least in part, to the racial differences in CTS
prevalence proxied by serum cotinine [33-37]. Genetic
predisposition, however, cannot explain the crossover of
the trends between races within such a short time scale.
There is a possibility that current smokers were misclas-
sified as nonsmokers in our study, as infrequent smoking,
common among adolescents, may have serum cotinine lev-
els <10 ng/ml [39]. The Hispanic group is overly broad
and does not consider the heterogeneity of the cultural
backgrounds of people of Latin American descent. The
participants of NHANES were sampled from non-institu-
tionalized populations, excluding the adolescents held in
the juvenile justice system, psychiatric hospitals, or other
rehabilitation facilities. Adolescents living in these facili-
ties typically have a higher prevalence of substance abuse
than the general adolescent population [40], and Black
juveniles are disproportionately detained at higher rates
than Whites [41]. It must be pointed out that excluding
more Black adolescents from the current analysis poten-
tially caused underestimation rather than an overestima-
tion of the racial differences (Supplementary Table S2).

Conclusion

There may be an overlap between the time-race crossover we
observed and the race-sex-age crossover reported by Cara-
ballo et al. [7]. Our observation cast doubts on the prevailing
descriptions of the ethno-racial difference in tobacco use in
the past decades. The emerging cross-over between races,
if continued, will ruin overall tobacco cessation efforts and
make health-related disparities run deeper since cigarette
smoking begins as experimental smoking during youth and
young adulthood [42]. An increase in prevalence among
Black adolescents will be translated into increasing smoking
among adults. Efforts are needed to harness the momentum
created by the COVID-19 pandemic to scale up the effec-
tive components of policy interventions and determine the
factors preventing the health gains of the population-wide
policy interventions in Black communities.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40615-022-01391-7.
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