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Abstract

Cardiovascular disease (CVD) biomarkers of biological effect (BoBE), including hematologic
biomarkers, serum lipid-related biomarkers, other serum BoBE, and one physiological
biomarker, were evaluated in adult cigarette smokers (SMK), smokeless tobacco consumers
(STC), and non-consumers of tobacco (NTC). Data from adult males and females in the US
National Health and Nutrition Examination Survey and a single site, cross-sectional study of
healthy US males were analyzed and compared. Within normal clinical reference ranges,
statistically significant differences were observed consistently for fibrinogen, C-reactive protein
(CRP), hematocrit, mean cell volume, mean cell hemoglobin, hemoglobin, white blood cells,
monocytes, lymphocytes, and neutrophils in comparisons between SMK and NTC; for CRP,
white blood cells, monocytes, and lymphocytes in comparisons between SMK and STC; and for
folate in comparisons with STC and NTC. Results provide evidence for differences in CVD BoBE
associated with the use of different tobacco products, and provide evidence of a risk
continuum among tobacco products and support for the concept of tobacco harm reduction.
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Introduction

Cardiovascular disease (CVD) is a leading cause of morbidity
and mortality worldwide. Changes in specific biochemical
and physiological biomarkers of biological effect (BoBE) that
have been associated with the development of CVD include
homocysteine, fibrinogen, C-reactive protein, serum lipids,
white blood cell count, differential white cell counts, red
blood cell count, hematocrit, hemoglobin, platelets, and ankle
brachial index (ABI) (USDHHS, 2010).

Cigarette smoking is a modifiable risk factor for CVD and
levels of several of these biomarkers have been reported to be
different in cigarette smokers compared with non-smokers. In
addition, some of these biomarkers have shown changes with
altered cigarette consumption and smoking cessation (i.e.
have a dose-response relationship) (Calapai et al., 2009;
Frost-Pineda et al., 2011; Hatsukami et al., 2005, 2006;
USDHHS, 2004, 2010).
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The American Heart Association has stated that
““[clompared with cigarette smoking, the [cardiovascular
disease] risk associated with [smokeless tobacco] use is
markedly lower’” (Piano et al., 2010). In US and Swedish
studies of smokeless tobacco consumers, data on CVD
generally provide evidence that there are no significant
differences in CVD BoBE in consumers of smokeless tobacco
products compared with non-consumers of tobacco (Bolinder
et al., 1997a,b; Eliasson et al., 1991, 1995; Ernster et al.,
1990; Norberg et al., 2006; Siegel et al., 1992; Wallenfeldt
et al., 2001; Wennmalm et al., 1990).

The tobacco harm reduction concept is based on the idea
that tobacco consumption-related morbidity and mortality
might be decreased without completely eliminating the
consumption of tobacco products (Stratton et al., 2001).
One approach toward achieving harm reduction is for
cigarette smokers to migrate from cigarette smoking to
consuming tobacco products that are less harmful.
Consumption of non-combustible tobacco products is con-
sidered to be less hazardous than cigarette smoking (Nutt
et al. 2014; Zeller et al., 2009).

Prognostic biomarkers of disease can be used to assess
potential harm and the potential for harm reduction in
consumers of various tobacco products. In order to better
understand the effect of tobacco consumption (i.e. combust-
ible and non-combustible products) on CVD BoBE, an
evaluation and comparison of hematologic biomarkers,
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serum lipid-related biomarkers, other serum BoBE, and one
physiological BoBE in cigarette smokers (SMK), smokeless
tobacco consumers (STC), and non-consumers of tobacco
(NTC) was performed. Three different data sets, including
survey results from the US National Health Examination
Survey (NHANES) and results from a single site, cross-
sectional study conducted in the US, were evaluated and
compared to identify any consistent similarities and/or
differences among SMK, STC, and NTC.

Methods
Samples

Data sets 1 and 2: NHANES 1999-2008: NHANES is
conducted by the US National Center for Health Statistics
(NCHYS) of the US Centers for Disease Control and Prevention
and is designed to assess annually the health and nutritional
status of adults and children in the US. Data are publicly
available and are representative of the civilian, non-institu-
tionalized US population. Detailed survey methodology has
been published (CDC, 2010a). Self-reported tobacco con-
sumption and selected biomarker data collected in the
NHANES Mobile Examination Centers (MEC) from 1999
to 2008 were used. The categories for tobacco consumption
(snuff, chewing tobacco, or cigarettes) or non-consumption
were determined by an individual indicating on the MEC
questionnaire that a particular tobacco category was con-
sumed (or not consumed) in the last 5d.

Data set 1 included male and female self-identified SMK,
STC, and NTC aged 20 years and older from the NHANES
1999-2008. Self-reported snuff (from the survey: ‘‘such as
Skoal, Skoal Bandits, or Copenhagen’’) and chewing tobacco
(from the survey: ‘‘such as Redman, Levi Garrett, or
Beechnut’”) consumers were combined into one STC category
due to small sample sizes. The sample of exclusive consumers
included 5040 SMK, 368 STC, and 16 443 NTC. The
following were excluded from the sample for analysis:
individuals reporting the consumption of multiple tobacco
products or pipes, cigars, or nicotine replacement therapy
(NRT) (n=1534); self-identified NTC with a serum cotinine
value greater than 15 ngmL71 (NCI, 1999) (n=297); and
individuals with missing tobacco consumption data, or if a
response was refused or reported as ‘‘do not know’’
(n=2011).

In order to compare findings more directly with Data set 3
(see below), Data set 2 was limited to males aged 2649 years
from the NHANES 1999-2008, including self-identified
SMK, snuff only (from the survey: ‘‘such as Skoal, Skoal
Bandits, or Copenhagen’”) consumers (STC), and NTC. In
this data set, the sample of exclusive consumers included
1440 SMK, 69 STC, and 2501 NTC. The followings were
excluded: individuals reporting the consumption of multiple
tobacco products, pipes, cigars, chewing tobacco, or NRT
(n=281); self-identified NTC with a serum cotinine value
greater than 15ngmL~' (n=51); and individuals with
missing tobacco consumption data, or if a response was
refused or reported as ‘‘do not know’’ (n=392).

Data set 3: Cross-sectional study of male tobacco
consumers and never consumers of tobacco: A single site,
cross-sectional study was conducted between September 2008
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and February 2009 in the US to evaluate several biomarkers
of tobacco exposure and biological effect in exclusive SMK
(n=60), exclusive moist snuff consumers (MSC, n =48), and
NTC (n=060) (ClinicalTrials.gov Identifier: NCT01692353).
Details have been reported elsewhere (Campbell et al., 2015;
Nordskog et al., 2015). Briefly, participants were generally
healthy males, aged 2649 years. SMK had smoked at least 15
cigarettes per day for at least 3 years prior to study screening,
had limited lifetime usage of other tobacco products (i.e. <10
cigars, <10 pipes, and <10 packs/tins of smokeless tobacco,
lifetime), and expired carbon monoxide levels (ECO) between
2 and 125 parts per million (ppm); MSC reported using at
least two cans of moist snuff per week for at least 3 years
prior to study screening, had limited lifetime usage of other
tobacco products (i.e. <20 packs of cigarettes, <10 cigars,
<10 pipes, and <10 packs/tins of any other smokeless
tobacco, lifetime), and ECO <5ppm; NTC had a limited
lifetime usage of tobacco products (i.e. lifetime usage having
not exceeded: 20 packs of cigarettes, 20 cans or packs of
smokeless tobacco, 50 cigars, 50 pipes of tobacco) and ECO
<5ppm (Campbell et al., 2015).

Biomarkers for analysis

For all three data sets, the followings were evaluated:

e Hematologic biomarkers, including white blood cells,
neutrophils, lymphocytes, monocytes, and eosinophils,
markers of inflammation; hemoglobin, platelets, red
blood cells, mean platelet volume, red cell distribution
width, mean cell hemoglobin, mean cell volume, and
hematocrit, markers of hypercoagulation.

e Serum lipid-related biomarkers, including total choles-
terol, triglycerides, high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C),
markers of CVD risk.

e Serum BoBE, including C-reactive protein (CRP), a
marker of inflammation; fibrinogen and homocysteine,
markers of hypercoagulation; folate, a marker of vitamin
absorption, and apolipoprotein B100, a marker of lipid
metabolism.

e A physiological biomarker, i.e. ankle brachial index
(ABI), a marker of peripheral artery disease.

Statistical analysis of biomarkers

In Data sets 1 and 2 (NHANES 1999-2008), for each
biomarker evaluated, the sample size varied based on the
years for which the survey data were available and the
proportion of the total sample for which the biomarker was
measured. Details are available in the NHANES laboratory
documentation (CDC, 2010b). All statistical methods were
performed using the appropriate statistical weights and design
parameters provided by NCHS. The survey procedures
available in SAS® v.9.2 (SAS Institute Inc., Cary, NC) were
used for the analyses. For comparing the biomarkers with the
clinical reference ranges as well as between groups (i.e. SMK
versus NTC, SMK versus STC, and STC versus NTC), the
25th, 50th, and 75th percentiles were calculated for all three
data sets. To identify statistically significant differences
between consumption groups, multiplicative factors to the
geometric mean and corresponding 95% confidence intervals
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were compared. Multiplicative factors were computed by
exponentiation of the (tobacco) exposure-specific regression
coefficients from multiple linear regression models for the
natural log-transformed mean biomarker values. A statistic-
ally significant difference between exposures was identified
when the 95% confidence interval on a multiplicative factor
did not include 1.00. The regression analyses included
adjustments for body mass index (BMI, four categories),
tobacco consumption category, age (six categories for Data
set 1, four categories for Data sets 2 and 3), race/ethnicity (for
Data sets 1 and 2), sex (for Data set 1), poverty index ratio
(three categories, Data set 1), and survey year (for Data sets 1
and 2). Race/ethnicity (in Data sets 1 and 2) was categorized
as non-Hispanic White, non-Hispanic Black, Hispanic, and
Other. The Hispanic category included those self-identified
in NHANES as Mexican American and Other Hispanic.

Results
Sample characteristics

Characteristics of the NHANES 1999-2008 samples by
tobacco category are presented in Tables 1 (Data set 1) and
2 (Data set 2). Characteristics of the cross-sectional study
sample (Data set 3) are presented in Table 3. In Data sets 1
and 2, the sample sizes of STC were small relative to the
SMK and NTC, representing less than 2% of the total sample
in both data sets. Additionally in Data sets 1 and 2, STC were

Table 1. Characteristics of Data set 1° (NHANES 1999-2008) by
tobacco consumption category.

SMK STC® NTC
Sample size 5040 368 16 443
Gender (%)
Male 54.1 93.3 43.4
Female 459 6.7 56.6
Race/ethnicity (%)
Non-Hispanic White 71.2 88.4 71.8
Hispanic® 11.8 3.0 13.2
Non-Hispanic Black 12.1 59 10.0
Other 4.9 2.7 5.0
Age (years) (%)
20-29 25.6 15.8 16.0
30-39 23.3 28.2 18.1
40-49 23.9 23.8 20.6
50-59 16.1 15.7 17.5
60-69 7.6 7.4 12.6
>70 35 9.1 15.2
BMI (%)
<22.7 24.8 8.7 17.3
22.8-26.1 25.3 18.4 229
26.2-30.2 23.5 30.6 27.6
>30.3 26.4 42.3 322
PIR (%)
Low (<£1.7) 429 29.3 29.0
Medium (1.8-3.9) 322 31.7 31.9
High (>3.9) 24.9 39.0 39.1
Serum cotinine 196 292 0.04
(ngmL~")? (101, 296) (146, 465) (0.02, 0.10)

SMK, cigarette smokers; NTC, non-consumers of tobacco; BMI, body
mass index; PIR, poverty index ratio.

“See text for details.

bSTC, smokeless tobacco consumers. Includes chewing tobacco and
snuff.

“Includes Mexican American and other Hispanic.

9Median (25th and 75th percentiles).
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nearly 90% non-Hispanic White, compared with approxi-
mately 70% of SMK and NTC. A higher proportion of
smokeless consumers trended towards increased BMI, with
approximately 70% of the STC having BMI greater than 26.1
(i.e. considered overweight or obese) compared with 50% of
SMK and 60% of NTC. In Data set 1, which included both
males and females, STC were more than 90% males. Across
the age categories, Data set 1 appeared similar by tobacco
consumption category; Data set 2 showed a higher percentage

Table 2. Characteristics of Data set 2* (NHANES 1999-2008) by
tobacco consumption category.

SMK STC" NTC
Sample size 1440 69 2501
Race/ethnicity (%)
Non-Hispanic White 66.1 89.3 67.2
Non-Hispanic Black 13.2 1.6 9.5
Hispanic® 15.0 6.8 18.0
Other 5.7 23 53
Age, years (%)
26-31 26.7 17.5 21.8
32-37 24.0 41.8 23.7
38-43 24.7 17.3 274
44-49 24.6 234 27.1
BMI (%)
<227 21.5 5.5 10.4
22.8-26.1 27.0 224 25.1
26.2-30.2 29.2 29.0 34.0
>30.3 22.3 43.1 30.5
Serum cotinine 203 329 0.04
(ngmL~"¢ (93, 301) (176, 500) (0.02, 0.13)

SMK, cigarette smokers; NTC, non-consumers of tobacco; BMI, body
mass index. Results did not differ with poverty index ratio (PIR) in the
model.

“See text for details.

®STC, smokeless tobacco consumers. Includes snuff.

“Includes Mexican American and other Hispanic.

“Median (25th and 75th percentiles).

Table 3. Characteristics of Data set 3* (cross-sectional study) by tobacco
consumption category.

SMK MSC NTC
Sample size 60 48 60
Race/ethnicity (%)
Non-Hispanic White 95 98 75
Non-Hispanic Black 3 2 10
Hispanic 0 0 8
Other 2 0 7
Age, years (%)
26-31 25 29 25
32-37 25 25 25
38-43 25 31 25
44-49 25 15 25
BMI (%)
<22.7 15 4 13
22.8-26.1 20 17 28
26.2-30.2 42 31 37
>30.3 23 48 22
Serum cotinine 339 467 0.12
(ngmL™")° (261, 419) (292, 788) (0, 0.24)

SMK, cigarette smokers; MSC, moist snuff consumers; NTC, non-
consumers of tobacco; BMI, body mass index.

“See text for details.

"Median (25th and 75th percentiles).
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Table 4. Statistically significant differences® between groups, NHANES 1999-2008 (Data sets 1 and 2%, and cross-sectional study (Data set 3%).

SMK versus NTC

SMK versus STC® STC versus NTC

Marker Data set 1 Dataset2 Dataset3 Datasetl Dataset2 Dataset3 Datasetl Dataset2 Data set3
Total Cholesterol 1
HDL-C l ! !
Triglycerides 7 T T T l
Homocysteine T T T T
Fibrinogen T T T T T
C-reactive protein 1 1 1 1 ) 1
Hematocrit T T T T
Platelets 1
Red cell distribution width T
Mean cell volume 1 1 i i 1
Mean cell hemoglobin T T T T T T
Hemoglobin T T T 1
White blood cells 1 1 i 1 1 1 1
Eosinophils T T 1
Monocytes ) T T T 7 7
Lymphocytes i i i T 1 1
Neutrophils T T T T 7 T
Apolipoprotein B100 T
Folate ! 1 1 ! l !
Ankle brachial index 1 1 | | l
SMK, cigarette smokers; NTC, non-consumers of tobacco; HDL-C, high-density lipoprotein cholesterol.
“Based on multiplicative factors and corresponding 95% confidence intervals that did not include 1.00.
See text for details regarding Data sets 1, 2, and 3.
°STC, smokeless tobacco consumers. See text for details of products included.
9All markers listed were assessed in all three data sets; blank cells indicate that no statistically significant differences were found.
of STC (limited to snuff only) in the 32-37 years age group,
whereas the proportions of SMK and NTC were similar. 195 SMK v NTC
Comparison of Data set 2 with Data set 1 indicated that males 1.75 W STCvNTC
aged 2649 years represented 29% of all SMK (1440/5040) 7 SMKv STC
and 15% of all NTC (2501/16 443); male STC (snuff only) 155 :,

#
aged 26-49 years represented 19% of all STC (69/368). The 135 14
Data set 3 study population was largely homogenous by 1%

A
design (a result of the single US site and recruitment for 115 4'4 Ij‘; . ; I%I
targeted sample size overall) within each consumption i Z2- = - r 2 7z

L 054 — G4 L L L =
category and within each age group. In Data set 3, both Z z 72z
tobacco consumption groups were greater than 95% non- 0.75 ‘ 5‘ ‘ Z 2‘ 9:‘ Ii ‘
Hispanic White and NTC were 75% non-Hispanic White. _Q&?Q @@@ %‘0&“ o}o‘\“ O\Q@“ %50‘(\ & oy" od@" @5\&" & \_\({gi"
Similar to the NHANES samples, in Data set 3, a larger & © @“0 & \\e@" & & *@Q“ & Q&@
. (o <&
percentage of MSC tended towards greater BMI (i.e. 79% & @(\@\ & & A (\&\@“&
(QQ’ K

of MSC, 65% of SMK, and 59% of NTC with BMI greater
than 26.1).

BoBE

For all biomarkers evaluated in all three data sets, median
values were within clinically normal reference ranges
(Supplementary material, Tables S-1, S-2, S-3, and S-4). In
all three data sets, however, statistically significant (i.e. 95%
confidence intervals on multiplicative factors not including
1.00) differences in adjusted mean biomarker values between
group comparisons (i.e. SMK versus NTC, SMK versus STC,
and STC versus NTC) were observed (Table 4). No statistic-
ally significant differences were observed in Data sets 2 and 3
(i.e. the two data sets limited to males aged 26—49 years and
snuff only) that were not also observed in Data set 1. In Data
set 2, excluding survey participants who reported taking
cholesterol-lowering drugs from the analysis (n =56 SMK,
n=2 STC (snuff only), n =124 NTC) did not alter the results

Figure 1. Biomarkers of biological effect with statistically significant
differences between tobacco consumption groups in all three data sets.
Results are fold-differences (i.e. multiplicative factors to the geometric
mean) and 95% confidence intervals between exposure groups from Data
set 1. Statistically significant =95% confidence interval did not include
1.00. SMK, cigarette smokers; STC, smokeless tobacco consumers;
NTC, non-consumers of tobacco.

(data not shown). Additionally in Data set 2, including
poverty index ratio in the regression model did not alter the
results (data not shown).

SMK versus NTC

Statistically significantly higher levels of fibrinogen (<10%),
CRP (30 to >100%), hematocrit (<5%), mean cell volume
(<5%), mean cell hemoglobin (<5%), hemoglobin (<5%),
white blood cells (~20%), monocytes (10-15%), lymphocytes
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(20%), and neutrophils (20-49%) were observed consistently
across all three data sets in comparisons of SMK versus NTC
(Table 4, Figure 1, and Supplementary Tables S-5-S-7);
statistically significantly lower levels folate (15-20%) and
ABI measures (3—5%) were also observed consistently across
the three data sets in SMK versus NTC. HDL level was
statistically significantly lower (5-11%) in two of the three
data sets (Data sets 1 and 3), and not statistically significantly
lower (2%) in Data set 2. Eosinophil counts were statistically
significantly higher (30-32%) in two of the three data sets
(Data sets 1 and 2), and not statistically significantly different
in Data set 3. Total cholesterol (1%), platelets (3%), and red
cell distribution width (1%) were statistically significantly
higher in SMK versus NTC in Data set 1, but not in the other
two data sets.

SMK versus STC

Statistically significantly higher levels of CRP (60-90%),
white blood cells (15-25%), monocytes (10-15%), and
lymphocytes (20%) were observed consistently across all
three data sets (Table 4, Figure 1, and Supplementary Tables
S-5-S-7). Statistically significantly higher levels of triglycer-
ides (12-13%), fibrinogen (7-8%), mean cell volume (2-4%),
mean cell hemoglobin (3—4%) were observed in two of the
three data sets, and statistically significantly lower measures
of ABI were observed in two of the three data sets.
A statistically significantly lower level of HDL was observed
in Data set 1 only for the SMK versus STC comparison.

STC versus NTC

Statistically significantly lower levels of folate (10-20%) were
observed consistently across the three data sets in compari-
sons of STC and NTC (Table 4, Figure 1, and Supplementary
Tables S-5-S-7). Other statistically significant differences in
biomarker measures, including triglycerides, homocysteine,
mean cell hemoglobin, white blood cells, and neutrophils
were observed in one of the data sets but not the other two.

Discussion

The results of this analysis and comparison of 1999-2008 US
NHANES survey data and a single site, US cross-sectional
study were consistent with previous reports of differences in
CVD BoBE (i.e. white blood cells, hematocrit, fibrinogen,
and CRP) in cigarette smokers compared with non-consumers
of tobacco (Frost-Pineda et al., 2011; USDHHS, 2004, 2010).
Additionally, evidence for consistent differences in mean cell
volume and hemoglobin, markers of hypercoagluation, and
monocytes, lymphocytes, and neutrophils, markers of inflam-
mation, among SMK compared with NTC, not identified in
previous studies, has been provided.

In comparisons of SMK and STC, this evaluation found
consistent differences in white blood cell counts across the
three data sets, similar to previous study findings (Eliasson
et al., 1991). Differences in CRP, monocytes, and lympho-
cytes (all markers of inflammation) were also observed here
in comparisons of SMK and STC, which have not been
reported previously. Previous studies have reported differ-
ences in fibrinogen, hemoglobin, and platelets, in
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comparisons of smokers and smokeless tobacco users
(Eliasson et al., 1991, 1995; Wennmalm et al., 1990). In the
current evaluation, differences in fibrinogen were observed in
two of the three data sets, differences in hemoglobin were
observed in one of the three data sets, and differences in
platelets were not observed in any of the three data sets.

Similar to previous studies, comparisons of STC and NTC
in the current evaluation indicated no differences in white
blood cells, hematocrit, hemoglobin, platelets, fibrinogen,
apolipoprotein B, total cholesterol, HDL, LDL, triglycerides,
and CRP (Bolinder et al., 1997a,b; Eliasson et al., 1991, 1995;
Ernster et al., 1990; Norberg et al., 2006; Siegel et al., 1992;
Wallenfeldt et al., 2001; Wennmalm et al., 1990). It is notable
that in the current evaluation, lower triglyceride levels in STC
versus NTC were observed in one data set, with no differences
observed in the other two data sets. Previously, Wallenfeldt
et al. (2001) reported higher levels of triglycerides in a
Swedish sample of smokeless tobacco consumers compared
with non-consumers of tobacco, and Norberg et al. (2006)
reported increased risk for elevated triglycerides in Swedish
smokeless tobacco consumers. Inconsistencies might be
attributed to differing sample demographics (e.g. US versus
Swedish populations). Finally, this evaluation indicated
consistent decreased levels of folate in STC compared with
NTC in the three data sets, a finding that was not identified in
previous studies.

As noted, the only consistent statistically significant
difference in STC compared with NTC was decreased
serum folate, also observed in SMK compared with NTC.
No studies of folate levels in STC were identified in the
scientific literature, although previous studies have indicated
lower levels of folate in smokers compared with non-smokers
(Mansoor et al., 2011; Mouhamed et al., 2011; Okumura
et al.,, 2011). Some, but not all, epidemiology studies have
indicated that dietary folate may reduce the risk of CVD and
that low blood folate is associated with increased risk of CVD
(Okumura et al., 2011; Silaste, 2003). However, low folate is
associated with elevated homocysteine levels, and high
homocysteine is associated with higher risk of CVD
(Okumura et al., 2011; Silaste, 2003). It is not clear whether
low folate or elevated homocysteine is more predictive of
CVD risk. In this analysis, consistent changes in homocyst-
eine were not observed across the three data sets.
However, increases in homocysteine were observed in two
of the three data sets (Data sets 1 and 2) in comparisons of
SMK versus NTC, and in one of the three data sets
comparing STC with NTC (Data set 1). Low folate in
tobacco consumers is possibly due to differences in dietary
habits, with tobacco consumers eating fewer fruits and
vegetables (Chao et al., 2002; Giraud et al., 1995; Henley
et al., 2005; Okumura et al., 2011).

Comparison of data from a single site cross-sectional study
with data from NHANES (Data sets 1 and 2) is a strength of
this evaluation. NHANES is a well-established biomonitoring
program in the US. NHANES data provide a large sample,
which is designed to be representative of the US population,
and individual level data are available to account for potential
confounders such as age, race/ethnicity, and BMI.

A limitation of the use of NHANES data as Data sets 1 and
2 for comparison with the single site cross-sectional study is
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the definition of tobacco consumer groups. First, consumer
groups in Data sets 1 and 2 were based on self-reporting of
tobacco consumption (or non-consumption) in the previous
5d before the questionnaire was administered in the MEC.
Thus, usage in these groups, unlike in Data set 3, might not
have been representative of exclusive long-term tobacco
consumption or non-consumption. Although poly-tobacco
users were excluded from the SMK and STC groups, former
consumers of alternate tobacco products could have been
included, and in the non-consumption groups, recent tobacco
quitters might have been included. Additionally, information
about smokeless tobacco consumption duration was not
available in the NHANES MEC questionnaire (i.e. age of
initiation of smokeless tobacco consumption was not asked).
If durations of use were different between the SMK and STC,
differences in BoE might be attributed to these differences in
durations of exposure. Given the proportion of STC in Data
sets 1 and 2 are consistent with previous estimates of lifetime
current smokeless tobacco consumers in the United States
(Agaku et al., 2014), it is likely that STC in Data sets 1 and 2
consist mostly, if not wholly, of lifetime smokeless tobacco
consumers. Additionally, consistent findings across the three
data sets indicate that the durations of use was not likely to be
a discriminating factor.

An additional distinction between participants in Data sets
1 and 2 and the single site cross-sectional study (Data set 3) is
that participants in the cross-sectional study were, by design,
relatively healthy, whereas, by design, NHANES (Data sets 1
and 2) includes a sample representative of the general US
population, and therefore, may be less healthy. Although the
intention here was to determine consistency between
NHANES and the single site cross-sectional study, changes
seen in both Data sets 1 and 2, but not in Data set 3 (e.g.
increased triglycerides in SMK versus NTC and SMK versus
STC), are likely to be relevant.

Previously reported results from a comparison of bio-
markers of exposure in cigarette smokers, smokeless tobacco
consumers, and non-consumers of tobacco using NHANES
1999-2008 (Naufal et al., 2011) indicated that, in general,
smokeless tobacco consumers had lower blood and urine
concentrations of certain tobacco exposure-related constitu-
ents (e.g. volatile organic compounds, polycyclic aromatic
hydrocarbons, metals, and acrylamide) compared with cigar-
ette smokers, and concentrations in smokeless tobacco
consumers were not different than those of non-consumers
of tobacco. For constituents measured in common, similar
results were observed in the single site US cross-sectional
study discussed here (Campbell et al., 2015). These data
provide an additional metric of consistency, in the context of
comparing NHANES data with the single site cross-sectional
study. They are additionally meaningful relative to the
importance of reducing exposure as a first step towards
potentially reducing risk (Stratton et al., 2001).

Although “‘to date, there are no data on how changes in
smoking related biomarkers predict risk of disease’’
(USDHHS, 2010), the results of this evaluation provide
support for the notion of tobacco harm reduction and the
existence of a risk continuum among tobacco products. The
findings from this assessment have indicated that biological
and physiological biomarkers related to CVD were, for the
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most part, reduced in comparisons of STC and NTC with
SMK and not different in STC compared with NTC. These
results are consistent with previous evaluations of similar
biomarkers in tobacco consumers, as well as with the
evidence from epidemiology studies that CVD risk is
increased in cigarette smokers, and in comparison with
smokeless tobacco consumers. That is, although no tobacco
product has been shown to be safe and without risks, the
health risks associated with cigarettes are significantly greater
than those associated with the use of smoke-free tobacco and
nicotine products.
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