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Abstract

Introduction: Approximately the same percentage of male high school students in the United States
currently uses conventional smokeless tobacco as smokes cigarettes, resulting in toxin exposure.
Methods: This study assessed tobacco product use (smokeless, combustible, and elec-
tronic cigarettes) and nicotine and carcinogen exposures in a sample of 594 male rural high
school baseball players—a population traditionally at risk for smokeless tobacco use. Salivary
specimens were assayed for cotinine (a biomarker of nicotine exposure) and urine speci-
mens for 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL, a biomarker of the carcinogen
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) using liquid chromatography-tandem mass
spectrometry.

Results: The prevalence of past 30-day use of any tobacco product was 29%. Past 7-day smokeless
tobacco use (prevalence: 13%) was associated with the highest levels of cotinine and NNAL ob-
served in the sample, whether smokeless tobacco was used exclusively (geometric means: cotinine
11.1 ng/mL; NNAL 31.9 pg/mg-creatinine) or in combination with combustible products (geometric
means: cotinine 31.6 ng/mL; NNAL 50.0 pg/mg creatinine). Cotinine and NNAL levels were incre-
mentally higher in each increasing category of smokeless tobacco use frequency. However, ob-
served levels were lower than previously reported for adults, likely reflecting less smokeless use
per day among adolescents.

Conclusions: Based on these biomarker observations, adolescents who use conventional smoke-
less tobacco products are exposed to substantial levels of nicotine and NNK. Although exposed to
lower levels than adult smokeless users, the findings are concerning given the young age of the
sample and tendency for smokeless tobacco users to increase use intensity over time.
Implications: This study demonstrates that adolescents using smokeless tobacco are exposed to
levels of nicotine and NNK that increase with use frequency and that exceed exposures among
peers using other tobacco products. Youth smokeless tobacco use in the United States has not
declined along with youth smoking prevalence, giving greater importance to this health concern.
To reduce youth (and adult) exposures, needed actions include effective smokeless tobacco use
prevention, potentially in combination with reducing the levels of harmful and potentially harmful
chemicals in smokeless tobacco products currently popular among adolescents.

© The Author(s) 2019. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco. All rights reserved.
For permissions, please e-mail: journals.permissions@oup.com.
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Introduction

Approximately 8%-9% of male high school students in the United
States currently use conventional smokeless tobacco (oral moist
snuff and chewing tobacco), nearly equal to the prevalence of cig-
arette smoking in this group.’? Smokeless tobacco use is associated
with dental problems® and with oral and pancreatic cancer,** posing
a significant health risk. Two potent carcinogens specific to tobacco
and found in smokeless tobacco products are N’-nitrosonornicotine
(NNN) and
(NNK), believed to be among the primary causative agents in oral
and lung cancer, respectively, when considering all types of tobacco.®

In January 2017, the U.S. Food and Drug Administration (FDA)
proposed a tobacco product standard that would limit the amount
of NNN in finished smokeless tobacco sold in the United States to
no more than 1 pg/g tobacco (dry weight), estimating that such a re-

4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone

striction would prevent more than 12 000 cases of oral cancer over
20 years.” While such a standard, if implemented, would presumably
reduce health risks for smokeless tobacco users of all ages, younger
populations, who have not yet accumulated substantial lifetime ex-
posure, might particularly benefit. Higher risk groups for smokeless
tobacco use include young, rural, White, and low-income males, es-
pecially those engaged in certain outdoor activities and sports, such
as baseball.®’ Existing studies have measured smokeless tobacco use
behaviors among adolescents and young adults engaged in amateur
and professional baseball,*!!! but none, to our knowledge, have as-
sessed this high-risk population for actual exposure to potential car-
cinogens related to their smokeless tobacco use.

For measuring human carcinogen exposure related to tobacco
use, the urinary NNK metabolite 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanol (NNAL) serves as a biomarker of NNK exposure
in humans.'>"® Compared to cotinine, a nicotine metabolite with
a mean half-life of 16-24 hours,'* NNAL has a longer half-life of
10-16 days, making it sensitive to tobacco intake over the preceding
month or longer." Relatively long half-life biomarkers may be of par-
ticular importance for assessing tobacco-related exposures among
adolescents, who are less likely than adult tobacco users to consume
tobacco products on a daily basis.!® While NNK is not thought to be
a cause of oral cancer, levels of NNK and NNN in smokeless tobacco
products are highly correlated, so that NNK can be viewed as an in-
dicator of NNN exposure and related oral cancer risk.

In a previous pooled analysis of clinical studies, median levels of
NNAL found in adult smokeless tobacco users exceeded those found
among adult cigarette smokers."? Similarly, using nationally represen-
tative data from the U.S. National Health and Nutrition Examination
Survey (NHANES), NNAL levels were substantially higher among
adult exclusive smokeless tobacco users compared to exclusive cig-
arette smokers.'” To our knowledge, no study has assessed NNK ex-
posure (as measured by NNAL) among adolescents who use smokeless
tobacco products, including in combination with nicotine assessment.

The goal of the present study is to evaluate urinary NNAL levels
among rural male adolescents to provide insight into the levels of
carcinogen exposure among young smokeless tobacco users, both
compared to users of other tobacco products (e.g., combustible to-
bacco and e-cigarettes) and according to their reported frequency of
smokeless tobacco use. Additionally, different types, brands, and var-
ieties of smokeless tobacco differ in their levels of bioavailable nico-
tine, NNN, and, NNK."®2* Therefore, as a hypothesis-generating
exploratory aim, we examined differences in biomarker levels ac-
cording to participants’ report of the characteristics of the smokeless
tobacco products they used.

Methods

Participants

Study participants were male baseball players at rural California
high schools, as detailed elsewhere.?! Baseball athletes were spe-
cifically recruited based on elevated levels of smokeless tobacco
use in this population.'®?? Briefly, 36 high schools located in rural
areas (county population density <1000 persons/square mile and
municipality size <50 000 residents)* were recruited through
purposeful sampling over 3 years (2014-2016). During a school
visit, baseball athletes completed confidential computer-based
surveys to record their tobacco-related perceptions, attitudes,
and behaviors.

All participants either returned signed parental consent and
granted assent (ages 14-17) or provided self-consent (age 18).
Approximately 1060 consent forms were distributed and 762 were
returned (72%). Of returned forms, 642 (84%) indicated positive,
active consent, and 594 students completed the in-person survey.
An institutional review board at the University of California San
Francisco approved all study procedures. Participants received $10
credit to an online retailer. Schools received $150-300 according to
the percentage of returned consent forms, regardless whether parents
provided or declined consent.

Survey ltems

Questions were reproduced or slightly modified from existing na-
tional surveys.>?* Representative images and brief descriptions were
shown for seven tobacco products: cigarettes, cigars, e-cigarettes
(including cigarette-like disposable, rechargeable, and larger refill-
able devices), waterpipe (hookah), snus, dissolvable tobacco, and
conventional smokeless tobacco (moist snuff and chewing tobacco,
listed in surveys as dip and chew, respectively). Dissolvable tobacco
was excluded from analysis due to leaving the market and low re-
ported use (past 30-day use: 0.3%). For each tobacco product,
questions included: “Have you ever tried [tobacco product]?”;
“During the past 30 days, on how many days did you use [tobacco
product]?”; and “During the past 7 days, on how many days did
you use [tobacco product]?” Individuals reporting past 30-day use
of conventional smokeless tobacco were asked to indicate the type
(moist snuff, chewing tobacco, or both), the “brand of smokeless to-
bacco you use most often” (choose from a list or “other”), and the
flavor (if any) of the smokeless tobacco usually used (choose from a
list or “other”).

Biomarker Collection and Analysis

Coincident with the survey, saliva and urine specimens were collected
from each participant to measure cotinine and NNAL, respectively.
Participants rinsed their mouths with water, chewed a small piece
of wax to stimulate saliva, and provided approximately 3 mL of
saliva into a barcode-labeled plastic screw-top vial. Participants each
provided a mid-stream urine sample into a wide-mouth plastic cup,
which study staff transferred to barcode-labeled vials. All saliva and
urine samples were placed on ice and transported to the analysis fa-
cility within 48 hours. Valid samples were available for 589 (saliva)
and 582 (urine) participants.

Laboratory Procedures

Saliva samples were analyzed for cotinine using liquid chromatog-
raphy—tandem mass spectrometry (LC-MS/MS).>> Urine samples
were analyzed for total (free plus conjugated) NNAL by LC-MS/
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MS.2¢ Values below the lower limit of quantification (LOQ, 1.0 ng/
mL for cotinine and 0.25 pg/mL for NNAL) were assumed to be
0. Values were standardized for urine concentration by dividing by
measured creatinine (mg/mL).

Categorizing Tobacco Product Use

Adolescent tobacco users are less likely than adults to use tobacco
daily,'® but approximately 40%-50% of adolescent tobacco users
use multiple tobacco product types,>!¢ precluding simple categor-
ization into “smokeless tobacco users” and “smokers.” Thus, we
grouped participants to account for nondaily and dual or poly use.
Based on reported tobacco use in the 7 days prior to the survey, we
categorized participants as past 7-day nonusers, smokeless tobacco
users (only moist snuff, chewing tobacco, and/or snus), combustible
tobacco users (only cigarettes, cigars, and/or hookah), smokeless
and combustible dual users (used both smokeless and combust-
ible tobacco and e-cigarette users excluded), e-cigarette users (only
e-cigarettes), and e-cigarette dual users (used e-cigarettes together
with smokeless and/or combustible tobacco). As a secondary
analysis, we created another version of 7-day use categories that
accounted for reported tobacco use in the past 30 days: specific-
ally, an “exclusive” smokeless tobacco category that omitted past
30-day users of any combustible tobacco, an exclusive combustible
tobacco category that removed past 30-day users of any smoke-
less tobacco, and an exclusive e-cigarette category that removed
past 30-day users of any combustible or smokeless tobacco. All
categories excluded individuals with incomplete data for >1 to-
bacco product (7 = 6).

We also created categories based on the frequency of smokeless
use (including moist snuff, chewing tobacco, and/or snus) in the past
7 and 30 days: no use in the past 30 days, use in the past 30 days but
not the past week, used 1-6 days in the past week, and use all 7 days
in the past week. We examined these smokeless tobacco frequency
categories both including and excluding past 30-day users of com-
bustible tobacco and/or e-cigarettes.

Smokeless Tobacco Characteristics

To visualize the correlation between carcinogen and nicotine ex-
posure, we plotted log-scale NNAL values against log-scale cotinine
(for past 7-day smokeless tobacco users). We separately plotted dif-
ferent smokeless tobacco types (moist snuff, chewing tobacco, and
snus), brands (Copenhagen vs. all other brands; Copenhagen was
the preferred usual brand for 65% of the sample compared to no
more than 10% for any other brand), and self-reported “usual”
flavor used in the past 30 days (unflavored or tobacco flavor vs.
mint, wintergreen, or fruit).

Statistical Analysis

Due to the asymmetric (nonnormal) distributions of cotinine and
NNAL values, with a large number of observations near 0 and a
smaller number of observations at higher values, descriptive statistics
included the arithmetic mean, geometric mean, and median. Whereas
the arithmetic mean is the sum of #» numbers divided by 7, the geo-
metric mean is the nth root of the product of # numbers. Box plots
values were displayed on the log scale. Differences were assessed ac-
cording to past 7-day tobacco use categories using Kruskal-Wallis
(multiple categories) and Mann—Whitney U (pairwise) tests, with p <
.05 considered statistically significant. Differences by product char-
acteristics were considered exploratory.

Results

Participant Characteristics

Among participants with complete survey and biomarker data
(n = 583), the mean age was 15.8 years and about half (49%) iden-
tified as non-Hispanic White (Table 1). Past 7-day use of smokeless
tobacco (13%) was more common than use of combustible tobacco
(9%) or e-cigarettes (5%). Compared to the total sample, participants
who used only smokeless tobacco in the past 7 days were older (mean
age: 16.5 years) and more likely to identify as non-Hispanic White
(65%); most (83%) had used moist snuff in the past week (Table 1).

Cotinine and NNAL Levels by Tobacco Product

Levels of salivary cotinine and urinary NNAL were lowest among
past 7-day tobacco nonusers, e-cigarette users, and combustible to-
bacco users (Table 2). At least three-fourths of the e-cigarette use
category and combustible tobacco use category. In each of these
categories, three-fourths of all participants in the category had sal-
ivary cotinine levels below the quantification limit (Table 2), likely
reflecting infrequent use of tobacco and nicotine products by the
individuals in these categories (Table 1). Cotinine and NNAL levels
were highest among past 7-day smokeless tobacco users and dual
smokeless/combustible users (Table 2). All pairwise differences
within the past 7-day use categories in cotinine and NNAL levels
were each statistically significant (Mann—Whitney U-tests, p < .035)
with the following exceptions: cotinine and NNAL levels were not
statistically significantly different (p > .05) between tobacco nonusers
and e-cigarette users or between e-cigarette users and combustible
tobacco users; cotinine levels were not statistically significantly dif-
ferent between smokeless-only users and mixed users; and NNAL
levels were not statistically significantly different between smokeless-
only users and smokeless/combustible dual users.

Cotinine and NNAL Levels by Smokeless Tobacco

Use Frequency

The majority of individuals who had not used smokeless tobacco
in the past 30 days or the past 7 days had salivary cotinine levels
below the quantification limit (Table 3), with no statistically signifi-
cant difference in cotinine levels between these two groups. All other
pairwise differences within the four smokeless tobacco use frequency
categories in cotinine and NNAL levels were each statistically sig-
nificant (Mann-Whitney U-tests, all p < .05), whether or not past
30-day users of other tobacco products were excluded from ana-
lysis. Levels of urinary NNAL were incrementally higher in each
increasing level of smokeless tobacco use frequency (Table 3; Figure
1). Among participants who reported using smokeless tobacco daily,
most (73%) reported using 2-5 “dips or chews” per day; the re-
mainder reported using more.

Cotinine and NNAL Levels by Smokeless Tobacco
Characteristics

Among past 7-day smokeless tobacco users, urinary NNAL levels
increased linearly with salivary cotinine levels on the log scale
(Supplementary Figure). Log-scale cotinine and NNAL were strongly
correlated (Pearson correlation: 0.74, p < .001; Spearman correl-
ation: 0.76, p < .001). There were no statistically significant differ-
ences in NNAL or cotinine between subgroups defined by dual use
with other tobacco products, type of smokeless tobacco used (i.e.,
combinations of moist snuff, chewing tobacco, or snus), or whether
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Table 1. Participant characteristics and recent tobacco behaviors by tobacco use group
Tobacco use groups®
Total Nonuse Smokeless Combustible Dual smokeless combustible E-cigarettes Mixed use
Characteristic n=3583" n=467 n=352 n=20 n=16 n=12 n=16
Age, years (mean) 15.8 15.7 16.5 16.0 16.3 14.8 16.3
Race/ethnicity (%):

Non-Hispanic White 49 46 65 35 56 58 63

Hispanic/Latino 40 41 29 45 38 33 25

Other 12 12 6 20 6 8 13

Past 7-day use (%):

Any smokeless tobacco 13 0 100 0 100 0 44
Moist snuff 11 0 83 0 81 0 38
Chewing tobacco 8 0 56 0 69 0 25
Snus 3 0 19 0 44 0 19

Any combustible tobacco 9 0 0 100 100 0 88
Cigarettes 2 0 0 20 19 0 19
Cigars N 0 0 40 69 0 75
Hookah 4 0 0 60 50 0 38

E-cigarettes N 0 0 0 0 100 100

Daily use (%):

Any smokeless tobacco 4 0 27 0 50 0 19
Moist snuff 4 0 25 0 50 0 19
Chewing tobacco 1 0 8 0 0 0 13
Snus 1 0 4 0 0 0 6

Any combustible tobacco <1 0 0 10 0 0 0
Cigarettes <1 0 0 N 0 0 0
Cigars 0 0 0 0 0 0 0
Hookah <1 0 0 N 0 0 0

E-cigarettes 0 0 0 0 0 0 0

“Defined according to self-reported tobacco product use in the past 7 days (see text).

bSample limited to those with no missing data for past 7-day tobacco use and salivary and/or urine biomarker analysis.

the product currently used was flavored (Supplementary Table); al-
though not statistically significant, median values were higher among
dual users, users of multiple types of smokeless tobacco, and users
of flavored varieties. Individuals who reported that their usual brand
was Copenhagen had higher levels of salivary cotinine (p = .02) and
urinary NNAL (p = .05) than individuals reporting use of other
smokeless tobacco brands (Supplementary Table).

Discussion

Use of conventional smokeless tobacco was more common and
more frequent than use of combustible tobacco or e-cigarettes in
this population of rural male baseball athletes. Those participants
who used smokeless tobacco demonstrated levels of exposure to the
tobacco-specific human carcinogen NNK (as measured by its me-
tabolite, NNAL) that were higher than those observed among peers
using other tobacco products and increased with the frequency of
smokeless tobacco use. Comparisons between users of different to-
bacco product types and smokeless products of different characteris-
tics should be cautiously interpreted due to sample size constraints.
Nonetheless, exposures observed represent a health concern among
adolescents who have been using smokeless tobacco for a relatively
short duration of time and at lower intensity than typical for adults.

Levels of urinary NNAL observed among male adolescent past
7-day smokeless tobacco users in the present study (median: 181 pg/
mg; interquartile range [IQR]: 118-409 pg/mg) exceeded those re-
cently observed in a sample of urban male adolescent (age: 13-19)
active cigarette smokers (median: 45 pg/mg; IQR: 39-55 pg/mg), in

which active smoking was defined as urinary cotinine >30 ng/mL.?”
Higher NNAL levels among smokeless users relative to same-aged
cigarette smokers is consistent with a previous pooled analysis of
clinical studies involving adult male smokeless users and cigarette
smokers.'> However, the urinary NNAL levels observed among the
adolescent daily smokeless tobacco users in the present study (geo-
metric mean: 175 pg/mg) were lower than those reported in the
pooled analysis of adult smokeless (geometric mean: 532 pg/mg)
and cigarette (geometric mean: 488 pg/mg) users,' as well as lower
than NNAL levels reported for adults in NHANES (geometric mean
smokeless: 583 pg/mg; geometric mean cigarettes: 218 pg/mg).””
Inclusion criteria for the adult clinical studies included using smoke-
less tobacco 26 dips/day!'>—a level of use intensity most adolescents
in the present study did not reach. Thus, lower average NNAL levels
among the adolescents likely relates to less frequent smokeless use
throughout the day. In both adult and adolescent studies, NNAL and
cotinine levels have been shown to be strongly correlated'*?” and, in
the present study, adolescent smokeless users at the higher range of
measured cotinine did reach NNAL levels comparable to the average
values previously reported for adults.

In a different analysis of NHANES study data,an NNAL threshold
of 34 pg/mL was proposed as a cutoff point to differentiate adult
smokeless tobacco users from nonusers.” NNAL values for most daily
smokeless tobacco users in the present study exceeded that cutoff
point (92%), but only 35% of adolescents using smokeless tobacco
1-6 days in the prior week had biomarker levels reaching the pro-
posed threshold. Thus, lower thresholds should be considered for cap-
turing nondaily smokeless tobacco use among younger populations.
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Table 2. Markers of nicotine and nitrosamine exposure by tobacco use group

Salivary cotinine, ng/mL

Urinary NNAL, pg/mg creatinine

Arithmetic Median  Geometric®* mean Arithmetic Median Geometric™ mean
Past 7-day use category? N mean (SD) (IQR) (95% CI) n mean (SD) (IQR) (95% CI)
Nonuse (past 7 days) 467 0.69 0 0.78 460 1.13 0 0.23
(5.26) (0,0) (0.74, 0.82) (8.65) (0,0.32) (0.21, 0.26)
Nonuse (past 30 days) 413 0.59 0 0.77 409 0.97 0 0.21
(4.58) (0,0) (0.73,0.81) (8.31) (0,0.26) (0.19, 0.24)
Smokeless tobacco 52 58.04 12.97 9.35 52 110.9 35.13 27.43
(119.9) (0, 70.06) (4.98,17.57) (193.6) (5.90, 120.8) (16.08, 46.80)
Smokeless tobacco 46 64.67 18.09 11.14 46 123.4 41.54 31.92
(exclusive)! (126.0) (0,74.12)  (5.64,21.99) (202.6) (6.67,157.7)  (17.88,57.01)
Combustible tobacco 20 6.36 0 1.21 20 5.29 0.30 0.63
(18.91) (0,0) (0.63,2.33) (17.66) (0.17,0.995) (0.28,1.39)
Combustible tobacco 19 6.70 0 1.24 19 5.55 0.25 0.64
(exclusive)¢ (19.37) (0,0) (0.62,2.49) (18.10) (0.15,0.95) (0.28,1.49)
Dual smokeless/combustible 16 100.4 69.88 31.58 16 183.6 118.4 49.95
(104.7)  (4.99,181.4) (10.22,97.54) (185.7)  (11.33,296.6)  (13.63,183.1)
E-cigarettes 12 0.24 0 0.80 12 1.72 0.26 0.44
(0.85) (0, 0) (0.61,1.03) (4.05) (0, 1.10) (0.16, 1.20)
E-cigarettes (exclusive)? 9 0 0 BLQ 9 0.68 0.32 0.36
(0) (0,0) (0.95) (0, 1.09) (0.13, 1.00)
Mixed use* 16 19.70 3.09 4.24 16 30.0 2.37 4.18
(35.88) (0,21.39)  (1.53,11.70) (63.65) (1.04,12.16)  (1.38,12.62)

BLQ = below limit of quantification; CI = confidence interval; IQR = interquartile range; NNAL = 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol; SD = standard

deviation.

“Reporting use =1 days in past 7 days of smokeless tobacco (moist snuff, chewing tobacco, and/or snus), combustible tobacco (cigarettes, cigars, and/or hookah),

or e-cigarettes.
bGeometric mean defined as the nth root of the product of # observations.

“Values below limit of quantification imputed as the quantification limit divided by the square root of 2 (i.e., rather than 0) to allow calculation of a geometric

mean that includes all observations.

dExclusive smokeless tobacco use in past 7 days excludes past 30-day combustible tobacco users; exclusive combustible tobacco use in past 7 days excludes past

30-day smokeless tobacco users; exclusive e-cigarette use excludes past 30-day smokeless and/or combustible tobacco users.

¢All remaining participants, which included e-cigarette use in combination with smokeless and/or combustible tobacco.

Despite lower exposures than observed among adult tobacco
users, the levels of urinary NNAL seen among male adolescents
using smokeless tobacco represent a health concern. Even at low
doses, NNK has been shown to induce tumors of the lung, pancreas,
and nasal cavity in rats.®?’ Oral cavity tumors are induced in rats
when NNK is administered together with NNN, another tobacco-
specific nitrosamine (TSNA) found in smokeless tobacco products.*
The International Agency for Research on Cancer classifies smoke-
less tobacco as carcinogenic to humans and a cause of pancreatic
and oral cancers.* Additionally, the exposure levels observed in the
present study may be prelude to higher exposures as use behaviors
evolve throughout adulthood. Among male adult smokeless tobacco
users, levels of cotinine and NNAL were found to correlate posi-
tively with duration of use: more experienced smokeless tobacco
users exhibited greater exposure to nicotine and NNK, suggesting
that individuals increase their use intensity, and subsequent TSNA
exposure, over years of use.’!

Our exploratory results suggest that there may be differences in
TSNA exposure according to flavor, type, and brand used, but this
hypothesis-generating finding should be examined in larger studies
with more precise categorization of use behaviors and product char-
acteristics. In this study, there were too few regular users of snus,
brands other than Copenhagen, and unflavored products to draw
firm conclusions. Previous analyses of the TSNA and nicotine con-
tent of commercially available smokeless tobacco products suggest

extensive variation by type, brand, and variety.** While several fac-
tors, including use frequency, must be considered, TSNA levels in the
smokeless products used independently predict biological exposures
in users.> A clinical study that encouraged adult smokeless tobacco
users to switch to sequentially lower nicotine- and TSNA-content
brands demonstrated comparable proportionate reductions in meas-
ured cotinine and NNAL.** This finding is notable in the case of
adolescents, because industry documents describe positioning cer-
tain smokeless tobacco brands as “starter products” for novice and
inexperienced users who are later graduated to higher-nicotine and
higher-TSNA brands.*

While the proposed FDA product standard to limit NNN in fin-
ished smokeless tobacco did not set an allowable limit for NNK,
the FDA noted the correlation between NNN and NNK in existing
smokeless tobacco products and surmised that the proposed NNN
standard, if implemented, would likely lead to lower NNK levels as
well.720:3¢ If that correlation holds, such a standard would presum-
ably yield a substantial reduction in both NNN and NNK exposure
among adolescent and adult smokeless tobacco users. In making the
case for its proposed standard, the FDA cited large reductions in
NNN and NNK in snus products sold in Sweden following adoption
of the GothiaTek voluntary manufacturing standard that set limits
on combined NNN and NNK to 0.95 pg/g wet weight in Swedish
snus.’* While not carcinogen free, a meta-analysis of epidemiological
studies from Nordic countries suggests no oral cancer risk from use
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Table 3. Marker of nitrosamine exposure by smokeless tobacco use frequency

Salivary cotinine, ng/mL

Urinary NNAL, pg/mg creatinine

Smokeless tobacco use Arithmetic Median  Geometric™ mean Arithmetic Median Geometrich
category® N mean (SD) (IQR) (95% CI) n mean (SD) (IQR) mean (95% CI)
All participants
Smokeless nonuse 484 0.85 0 0.80 478 1.14 0 0.23
(past 30 days) (5.88) (0, 0) (0.75,0.84) (8.51) (0,0.32) (0.21, 0.26)
Use in past 30 days 27 2.84 0 0.97 26 4.83 0.67 0.85
(none in past 7) (12.56) (0, 0) (0.65, 1.44) (15.46) (0.15,2.84) (0.43,1.67)
Used 1-6 days of the past 52 30.30 3.60 5.75 52 50.45 11.53 13.09
7 days (54.29) (0,31.20) (3.29, 10.04) (87.74) (3.08, 64.91) (7.87,21.75)
Used daily over the past 26 137.4 127.3 71.12 26 272.7 180.7 174.8
7 days (154.8) (51.35,169.5) (37.30,135.6) (240.1) (118.3,408.9) (111.6,273.8)
Other tobacco users excluded?
Smokeless nonuse 413 0.59 0 0.77 409 0.97 0 0.21
(past 30 days) (4.58) (0, 0) (0.73,0.81) (8.31) (0,0.26) (0.19, 0.24)
Use in past 30 days 16 0.54 0 0.83 15 1.25 0.60 0.60
(none in past 7) (2.15) (0, 0) (0.59, 1.15) (1.65) (0, 2.09) (0.28,1.29)
Used 1-6 days of the past 33 26.27 3.24 S.11 33 54.01 13.74 15.37
7 days (43.15) (0, 30.89) (2.48,10.50) (92.13) (3.41,72.76) (8.23,28.73)
Used daily over the past 13 171.5 140.7 91.97 13 296.4 169.4 197.7
7 days (196.6) (58.85,176.1) (34.46,245.5) (292.9) (100.5,296.1)  (113.0, 345.9)

CI = confidence interval; IQR = interquartile range; NNAL = 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol; SD = standard deviation.

“Reported use of moist snuff, chewing tobacco, and/or snus.
"Geometric mean defined as the nth root of the product of # observations.

“Values below limit of quantification imputed as the quantification limit divided by the square root of 2 (i.e., rather than 0) to allow calculation of a geometric

mean that includes all observations.

YExcludes individuals using combustible tobacco (cigarettes, cigars, and/or hookah) and/or e-cigarettes >1 day in the past 30 days.
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Figure 1. Nitrosamine (4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol
[NNAL]) exposure by smokeless tobacco use frequency. Box plots of urinary
NNAL according to self-reported use frequency of smokeless tobacco (moist
snuff, chewing tobacco, and/or snus). Box widths represent interquartile
range on the logarithmic scale. Only plotted are values for individuals with
measured NNAL levels above the lower limit of quantification (0.25 pg/mL
urine), which excludes, by category: no use in the past 30 days (n = 257), no
use in the past 7 days (n = 6), and used 1-6 days of the past 7 days (n=1).
Mean and median NNAL values that include these individuals (with assigned
NNAL values of 0) are given inTable 3.

of low-nitrosamine snus products, unlike the findings of elevated
oral cancer risk associated with smokeless tobacco products in the

United States and Asia.’” After more than 2 years since issuing its
proposed standard, the FDA has not publicly taken action toward
implementation.

Participants in many high school sports, particularly boys playing
baseball, are at elevated risk of smokeless tobacco use. A review of
six studies found that high school athletes were at 60% greater odds
of using smokeless tobacco than were nonathletes, despite lower risk
of cigarette smoking.* Young players and fans may view tobacco use
by admired coaches and professional players as an implicit product
endorsement.?” In the same population studied presently, high school
baseball players who perceived that their favorite Major League
Baseball (MLB) player used smokeless tobacco were more likely to
use smokeless tobacco or be susceptible to future use themselves.*’
After several U.S. cities passed local ordinances to ban tobacco use
in their MLB stadia beginning in 2015, MLB implemented rules
preventing players newly entering the league in 2017 or after from
carrying or using smokeless tobacco on the field of play.*!

A recent report highlights the global burden of smokeless tobacco
use and documents the incomplete implementation and commitment
to WHO Framework Convention on Tobacco Control measures for
smokeless tobacco products relative to cigarettes.* The report re-
commends that regulation be implemented to monitor and control
the levels of toxicants in smokeless tobacco products, including set-
ting an upper limit for TSNAs. Only six Framework Parties regulate
the chemical composition of smokeless tobacco products.* Relevant
to youth, the report also recommends implementation of graphic
warning labels, public education and use prevention campaigns, and
comprehensive provisions to prevent the sale of smokeless tobacco
products to minors.*

Several study limitations should be taken into consideration.
This study population included only male rural high school baseball
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athletes from California. This population was selected because of
expected high levels of smokeless tobacco use, but it is not neces-
sarily representative of all rural adolescents, participants in other
athletic activities, or other geographic regions. The relatively small
number of individuals in some tobacco behavior categories did not
allow for precise estimates of exposure in those groups. Also, in this
population of athletes, use of combustible tobacco products and
e-cigarettes was infrequent. Data were collected prior to the sharp
rise in e-cigarette use seen in the United States from 2017 to 2018.%
The lower prevalence of use on nonsmokeless products limited the
ability to compare exposure levels by product type. To compare ex-
posure levels with more precision, larger, population-based studies,
such as NHANES or the Population Assessment of Tobacco and
Health Study, should consider adding biomarker assessments to ado-
lescent study procedures.

Conclusions

The present study showed substantial exposure to nicotine and
NNK among male adolescents who use conventional smokeless to-
bacco products. Although exposure levels were lower than those ob-
served among adults, they represent a health concern, particularly
given the tendency for smokeless tobacco users to increase use in-
tensity over time. The present findings suggest that efforts to reduce
the appeal of high-nicotine and high-nitrosamine smokeless tobacco
brands to youth, as well as a product standard that sets limits for
levels of known carcinogens in finished smokeless tobacco products,
would have favorable public health implications for this population.
However, successful prevention of tobacco use in all forms would
have the greatest impact on reducing exposures.

Supplementary Material

Supplementary data are available at Nicotine and Tobacco Research online.
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