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A B S T R A C T   

The purpose of this period prevalence study is to compare the prevalence of cardiovascular disease (CVD) in 
current/former established smokeless tobacco (SLT) users (ever SLT users who have used the product fairly 
regularly) to those who were: 1) never established cigarette smokers and SLT users, and 2) current/former 
established exclusive cigarette smokers (have smoked at least a 100 or more cigarettes in lifetime) only, adjusting 
for known risk factors for CVD. Analyses included 4,703 men ≥ 40 years of age who participated in the Popu-
lation Assessment of Tobacco and Health (PATH) Study, Waves: 1–4, conducted between 2013 and 2017. Current 
users were those using SLT products daily or on some days, whereas former users had not used SLT and/or 
cigarettes in the past 12 months. CVD prevalence was defined as a self-reported diagnosis of congestive heart 
failure, stroke, or myocardial infarction. Among current/former established SLT users, years of use defined 
exposure history, while pack-years defined exposure history for smokers. Adjusted odds ratios (AOR) and 95% 
confidence intervals (CI) were reported with trend tests to examine dose–response associations. Current/former 
established exclusive SLT users were not significantly more likely to have had any CVD compared to never 
established cigarette and SLT users (OR = 1.7 [0.8–3.7]), or current/former established exclusive cigarette 
smokers (OR = 0.9 [0.5–1.8]). Current/former established exclusive cigarette smokers were more likely to have 
had any CVD compared to those who were never established cigarette and SLT users (OR = 1.6 [1.1–2.3]).   

1. Introduction 

Oral smokeless tobacco (SLT) products are non-combusted forms of 
tobacco that are available in three main types in the United States (U.S.): 
chewing tobacco, moist snuff, and snus (Food and Administration, 
2018). Between 1992 and 2003, SLT use prevalence in the total adult 

population decreased at an annual percent change of 4.5% per year but 
has been approximately constant or slightly increasing since then 
(Chang et al., 2016). By contrast, cigarette smoking prevalence has been 
falling since the mid-1960s although the prevalence of current cigarette 
smoking is still 4-fold greater compared to SLT (Cornelius et al., 2020). 
Some public health researchers have attributed the differential trends in 
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SLT and cigarette prevalence to increasing restrictions on indoor 
smoking, increased availability of snus products in the U.S., and the 
marketing of appealing flavored SLT products (Levy et al., 2018; Chaffee 
et al., 2017). 

The Population Assessment of Tobacco and Health (PATH) Study is 
an ongoing, nationally representative, longitudinal cohort study of 
adults (18-years or older) and youth (12-17 years of age) (Tomar et al., 
2010; Campbell et al., 2015; Cheng et al., 2020; Rostron et al., 2015; US 
Department of Health and Human Services, 1986; US Department of 
Health and Human Services, 2010) that can be used to estimate and 
track the prevalence of tobacco use behaviors in the U.S. (Hyland et al., 
2017). In 2013–2014, an estimated 16.5% of adults had ever used any 
SLT type, and 2.9% were current established users (i.e., used every day 
or some days) (Kasza et al., 2017; Sharma et al., 2020). The PATH Study 
and other studies have found that SLT is almost exclusively regularly 
used by men, and is more common in younger adults, non-Hispanic 
White people, and nonurban residents (Sharma et al., 2020; Lipari and 
Van Horn, 2002; Cheng et al., 2017; Jones et al., 2017). SLT is also often 
used in conjunction with other tobacco products, particularly cigarettes 
(Kasza et al., 2017; Sharma et al., 2020; Cheng et al., 2017; Jones et al., 
2017; Tomar et al., 2010). 

SLT products are known to expose users to some of the same harmful 
chemicals found in cigarette smoke, including nicotine and some car-
cinogens (Campbell et al., 2015; Cheng et al., 2020; Rostron et al., 
2015). However, the overall health risks associated with cigarette 
smoking are considerably greater than those associated with the use of 
SLT because burning tobacco exposes the user to more toxicants (Cor-
nelius et al., 2020). Epidemiologic studies have suggested that SLT use 
may be associated with several adverse health outcomes, including 
cancer (e.g., oral cavity, pancreatic, and esophageal cancers), gum dis-
ease, and various types of cardiovascular disease (CVD) (i.e., myocardial 
infarction, stroke, congestive heart failure) (2020; US Department of 
Health and Human Services, 1986; US Department of Health and Human 
Services, 2010; Timberlake et al., 2017; Accortt et al., 2002; Fisher et al., 
2019; Henley et al., 2005; Inoue-Choi et al., 2019). Most of the evidence 
on the association of SLT and CVD outcomes is based upon studies 
conducted in Sweden where snus pouches have replaced cigarettes as 
the most popular form of tobacco consumed (Lee, 2007; Rostron et al., 
2018; Vidyasagaran et al., 2016; Boffetta and Straif, 2009; Gupta et al., 
2004; Piano et al., 2010). Swedish snus is a specially processed type of 
SLT that has been found to have fewer carcinogens than are typically 
found in moist snuff products sold in the U.S. (Stepanov et al., 2008). In 
Sweden, the results are mixed with one large occupational study sug-
gesting that the use of snus pouches was associated with an increased 
risk of myocardial infarction, with several other studies of snus pouch 
users failing to confirm this association (Asplund et al., 2003; Haglund 
et al., 2007; Bolinder et al., 1994; Hergens et al., 2005; Wennberg et al., 
2007; Johansson et al., 2005; Huhtasaari et al., 1992). However, given 
the difference in the content of snus pouches between products sold in 
Sweden and the U.S., it is unclear if the findings from Sweden can 
generalize to SLT users from the U.S. (Boffetta and Straif, 2009). 

Two prospective studies conducted in the U.S., the Cancer Preven-
tion Study I (CPS-I; initiated in 1959) and the Cancer Prevention Study II 
(CPS-II; initiated in 1982), observed that men who reported current use 
of SLT at the time of enrollment had significantly higher death rates 
during follow-up from all causes combined and from different cardio-
vascular endpoints (i.e., coronary heart disease, cerebrovascular dis-
ease, other CVDs) when compared to men who reported never using any 
tobacco product (Henley et al., 2005). However, the associations 
observed between CVD mortality and SLT were generally weaker in CPS- 
II compared to CPS-I. The authors of this study cautioned that the as-
sociation observed between SLT use and increased risk of CVD may not 
be causal, but instead may reflect confounding by unmeasured factors 
associated with the characteristics of those using SLT including differ-
ences in CVD risk factors and socioeconomic status (Henley et al., 2005). 
However, similar associations between SLT use and CVD have been 

reported in other U.S. studies (Inoue-Choi et al., 2019; Timberlake et al., 
2017; Accortt et al., 2002; Fisher et al., 2019; Yatsuya and Folsom, 2010; 
Mushtaq et al., 2010; Henley et al., 2007). 

Mechanistically, exposure to nicotine in SLT and other tobacco 
products may contribute to an increased risk of CVD through various 
pathways including influencing hemodynamics, endothelial dysfunc-
tion, inflammation, insulin resistance, hyperlipidemia, and arrhythmo-
genesis (Cheng et al., 2020; Rostron et al., 2015; US Department of 
Health and Human Services, 1986; US Department of Health and Human 
Services, 2010). It is well established that nicotine is associated with 
acute increases in blood pressure and heart rate (Gupta et al., 2004; 
Piano et al., 2010; Cheng et al., 2020; Rostron et al., 2015; US Depart-
ment of Health and Human Services, 1986; US Department of Health and 
Human Services, 2010). Nicotine may also contribute to atherosclerotic 
disease by actions on lipid metabolism and coagulation (Cheng et al., 
2020; Rostron et al., 2015; US Department of Health and Human Ser-
vices, 1986; US Department of Health and Human Services, 2010). 
Several studies have also examined the association between SLT and risk 
factors for CVD such as high blood pressure and type 2-diabetes with 
mixed findings (Siegel et al., 1992; Keith et al., 2016; Östenson et al., 
2012; Persson et al., 2000; Bolinder et al., 1992). Also, biomarkers of 
inflammation appear to be slightly altered in SLT users, although lower 
compared to biomarker levels found in cigarette smokers and concurrent 
users of both cigarettes and SLT (i.e., dual users) (Cheng et al., 2020; 
Rostron et al., 2015; Prasad et al., 2016; Sgambato et al., 2018). 

Understanding SLT use and potential health consequences has 
become even more pertinent after the passage of the 2009 Family 
Smoking Prevention and Tobacco Control Act, which gave the U.S. Food 
and Drug Administration the authority to regulate tobacco products, 
including SLT (US Food and Drug Administration, 2009). The purpose of 
this period prevalence study is to compare the self-reported prevalence 
of CVD across the first four waves of the PATH Study conducted between 
2013 and 2017 in U.S. adult males, ≥40 years, who were current/former 
established SLT users including exclusive SLT users or those who used 
SLT in combination with cigarettes to those who were: 1) never estab-
lished cigarette and SLT users, and 2) current/former established 
exclusive cigarette smokers, while controlling for known risk factors for 
CVD. This study advances the existing published literature on the health 
risks of SLT use by also exploring how the duration of regular SLT use 
(measured in years of use) relates to CVD prevalence. 

2. Methods 

2.1. Study design and population 

The study population was restricted to the 21,285 participants who 
participated in the first four waves of the PATH Study conducted be-
tween 2013 and 2017. Although the PATH Study is a longitudinal study, 
we were limited to a period prevalence design because the number of 
incident CVD cases that occurred among SLT users in the PATH Study 
Wave 1 Cohort followed up between 2013 and 2017 was too small to 
allow for meaningful analyses as shown in Fig. 1. In the analyses re-
ported herein, we focused on CVD prevalence maximizing CVD report-
ing by inclusion of data across all four waves. Tobacco exposure 
measures were based on self-reports obtained in Wave 4. The study 
population was restricted to males because of the low rate of established 
SLT use among females and to those ≥ 40 years of age because CVD 
prevalence is low in those under age 40 (Sharma et al., 2020). Complete 
responses for the tobacco exposure and CVD outcome measures across 
Wave 1–4 were required yielding 4,703 males ≥ 40 years of age. Missing 
data on sex was imputed as described in the PATH Study Restricted Use 
Files (RUF) User Guide at https://doi.org/10.3886/Series606. 

2.2. PATH Study procedures 

The PATH Study uses audio computer-assisted self-interviews 
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(ACASI) available in English and Spanish to collect self-reported infor-
mation on tobacco-use patterns and associated health behaviors in 
representative samples of adults and youth (Tomar et al., 2010; Camp-
bell et al., 2015; Cheng et al., 2020; Rostron et al., 2015; US Department 
of Health and Human Services, 1986; US Department of Health and 
Human Services, 2010) in the U.S. The study recruitment employed a 
stratified address-based, area-probability sampling design at Wave 1 
(Wave 1: September 12, 2013 to December 14, 2014) that oversampled 
adult tobacco users, young adults (Timberlake et al., 2017; Accortt et al., 
2002; Fisher et al., 2019; Henley et al., 2005; Inoue-Choi et al., 2019; 
Lee, 2007; Rostron et al., 2018), and African American adults. An in- 
person screener was used at Wave 1 to randomly select youths and 
adults from households for participation (Wave 1 Cohort). A probability 
replenishment sample of adults and youth was selected from the U.S. 
civilian noninstitutionalized population (CNP) at the time of Wave 4 
(Wave 4: December 1, 2016 through January 3, 2018), including per-
sons who were not in the CNP at the time of Wave 1 (recent immigrants 
or those returning from the military). Members of the Wave 1 Cohort 
who remained in the CNP at the time of Wave 4 were combined with the 
Wave 4 replenishment sample to form the new Wave 4 Cohort. This 
analysis only included adults from the Wave 1 Cohort. For the group 
originating at Wave 1, the weighted response rate for the Wave 1 
household screener was 54.0%. Among adults selected during screening, 
the weighted response rate at Wave 1 was 74.0% for the adult 
(18yearsandolder) interview. The weighted Wave 4 response rate for the 
Wave 1 Cohort, conditional upon Wave 1 participation, was 73.5% for 
adults. Full-sample and replicate weights that adjust for the complex 
sample design (e.g., oversampling of demographic groups) and nonre-
sponse were used. This analysis used Wave 4 all-waves weights to obtain 
statistically valid estimates from longitudinal analysis that examine the 
Wave 1 Cohort across Waves 1 through 4. Weighted estimates are 

representative of the Wave 1 civilian, noninstitutionalized population of 
the U.S. at Wave 4. 

Further details regarding the PATH Study design and methods for the 
Wave 1 Cohort are published elsewhere (Hyland et al., 2017; Kasza 
et al., 2017; Tourangeau et al., 2019). Details on interview procedures, 
questionnaires, sampling, weighting, response rates, and accessing the 
data are described in the PATH Study Restricted Use Files User Guide at 
https://doi.org/10.3886/Series606. The study was conducted by Westat 
and approved by the Westat Institutional Review Board. All respondents 
ages 18 and older provided informed consent. 

2.3. Measures 

Supplementary Table 1 provides a description of the measures used 
to assess CVD outcomes, lifetime SLT use, lifetime cigarette use, and 
various covariates that were considered in analyses. 

2.4. CVD outcome measures 

At Wave 1, all adult participants were asked, ‘Has a doctor or other 
health professional ever told you that you had any of the following 
conditions?’ Responses included congestive heart failure, stroke, heart 
attack (also called myocardial infarction), or needed bypass surgery 
with yes/no options. At subsequent waves, participants were asked, ‘In 
the past 12 months, has a doctor or other health professional told you 
that you had any of the following conditions?’ Participants who ever 
reported that they had been told they had congestive heart failure, 
stroke, or heart attack were classified as having a CVD condition. The 
outcome was defined as the report of any of the above-mentioned con-
ditions in any of the 4 waves of data. 

Fig. 1. Selection of unweighted analytic sample used in the study.  
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2.5. Smokeless and other tobacco use measures 

The PATH Study interviews ask about tobacco use behaviors for 
cigarettes, electronic nicotine delivery systems (ENDS), traditional ci-
gars, cigarillos, filtered cigars, pipe tobacco, hookah, snus pouches, and 
other SLT. The interview describes SLT as products which are put in the 
mouth and frequently chewed, sucked or spitted, and snus pouches, a 
type of SLT that comes in a small pouch that is put inside the lip. Generic 
pictures and descriptions of SLT products are displayed on the screen for 
respondents prior to questioning, and common brands such as Redman, 
Levi Garrett, Beechnut, Skoal, Grizzly, Nordic Ice, and Copenhagen, are 
provided as examples. 

2.6. Measures of SLT use 

Established users of SLT include those in Wave 4 who reported ever 
use of tobacco products which are put in the mouth and frequently 
chewed, sucked or spitted, and snus pouches fairly regularly, while 
never established users did not. Current users were those reporting daily 
or someday use, whereas former users had not used SLT or snus pouches 
in the past 12 months. Exclusive SLT users included those who only 
reported use of SLT or snus pouches and never established cigarette use 
during their lifetime. 

Current established SLT users were also asked about frequency of use 
of SLT and classified as either every day or some-day users. Former SLT 
users were not asked about frequency of past use of SLT. Current and 
former established SLT users were asked to indicate the approximate 
number of years they used SLT and/or snus pouches fairly regularly. 
Duration of SLT use was grouped into 1–19 years, 20–39 years, and ≥ 40 
years. These exposure cut-points divided the sample into three groups of 
approximately equal size. 

2.7. Measures of cigarette use 

Established cigarette smokers were defined as those in the Wave 4 
PATH Study interview who reported having smoked ≥ 100 cigarettes in 
their lifetime, while never established users did not exceed this 
threshold. Current established smokers were those reporting daily or 
some-day use, whereas former established smokers had not smoked the 
past 12 months. Both current and former established cigarette smokers 
were asked to report the approximate number of years they smoked 
cigarettes and the number of cigarettes smoked per day. Pack-year his-
tory of smoking was computed as the number of cigarette packs smoked 
per day multiplied by the number of years they have smoked fairly 
regularly. Never established cigarette smokers were defined as including 
those in Wave 4 of the PATH Study who had not smoked ≥ 100 ciga-
rettes in their lifetime and those who were classified as established 
cigarette smokers (i.e., ≥100 cigarettes in their lifetime) who reported 
having accumulated less than one pack-year of cigarette use during their 
lifetime. 

Cigarette exposure was grouped into 1–19 pack years, 20–39 pack 
years, and ≥ 40 pack years. These exposure cut-points divided the 
sample into three groups of approximately equal size. 

2.8. Measures of combined cigarette and SLT use 

A combined measure of cigarette smoking and SLT use was used to 
jointly characterize SLT and cigarette smoking as follows: 1) never 
established cigarette smoker and SLT users; 2) current/former estab-
lished exclusive SLT users; 3) current/former established exclusive 
cigarette smokers; 4) current/former established users of both cigarettes 
and SLT. 

2.9. Measures of regular non-cigarette combustible tobacco product use 

Wave 4 adult respondents who reported any level of current or 
former established use of any other combustible tobacco product 
(traditional cigars, cigarillos, filtered cigars, pipe or hookah) without 
consideration for cigarettes were coded as having a history of regular 
non-cigarette combustible tobacco product use. Those who reported not 
having current or former established use of all these products were 
coded as not having history of regular non-cigarette combustible to-
bacco product use. Those who had missing data on current or former 
established use of any of these products were coded as having missing 
history of regular non-cigarette combustible tobacco product use. 

2.10. Other covariates 

Covariates assessed in this study included reported current or past 
regular use of cigarettes (i.e., pack-years of exposure), and any regular 
use of non-cigarette combustible tobacco products (i.e., any mention of 
the following combustible tobacco products traditional cigars, cigarillos, 
filtered cigars, pipe or hookah). Other covariates considered in the an-
alyses include age categorized into four groups (i.e., 40–49 years of age, 
50–59 years of age, 60–69 years of age, 70 years of age and older), 
urbanicity (see Supplementary Table 1 for definition of urban and not- 
urban), educational attainment (less than high school or GED, high 
school graduate, some college (no degree) or Associates degree, Bach-
elor’s or advanced degree), race/ethnicity (Non-Hispanic White, Non- 
Hispanic Black, Non-Hispanic Other, Hispanic). 

Five CVD risk factors were assessed by asking respondents in the 
Wave 4 PATH Study interview to self-report having a history of: (Food 
and Administration, 2018) high blood pressure, (Chang et al., 2016) 
high cholesterol, (Cornelius et al., 2020) diabetes, (Levy et al., 2018) 
family history of premature cardiac disease, and (Chaffee et al., 2017) 
obesity (body mass index [BMI] ≥ 35). Adult participants were asked, 
‘Has a doctor or other health professional ever told you that you had any 
of the following conditions?’ Responses included high blood pressure, 
high cholesterol, and diabetes (including sugar diabetes, high blood 
sugar, or borderline diabetes). Family history of premature cardiac 
disease was assessed by asking participants, ‘Were any of your close 
biological or blood relatives ever told by a health professional that they 
had a heart attack or needed bypass surgery?’ If yes, ‘Were they told they 
had a heart attack or needed bypass surgery before the age of 50?’ 
Finally, obesity was determined by BMI ≥ 35 calculated for each 
participant based on self-reported height and weight. Responses to these 
items were used to create a risk factor index (range 0 [none reported] to 
5 [all 5 reported]). 

2.11. Data analysis 

Unweighted frequencies and weighted percentages were reported for 
categorical variables. Weighted means were provided for continuous 
variables and standard errors were reported for all variables. Weighted 
logistic regression models were implemented to determine the associa-
tion between tobacco use (independent variable) and CVD (dependent 
variable). Weighted odds ratios (OR) and 95% confidence intervals 
(95% CI) were reported for adjusted associations. Full sample weights 
and replicate weights were used to estimate the variance according to 
the balanced repeated replication method (BRR) (McCarthy, 1969; 
Judkins, 1990). All statistical analyses were performed in SAS 9.4 (SAS 
Institute, Cary, NC). 

In analyses comparing the prevalence of CVD in current/former 
established SLT users against never established cigarette and SLT users, 
lifetime use of cigarettes assessed by measuring pack-years of exposure 
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was included as a covariate. In analyses comparing the prevalence of 
CVD among current/former established exclusive cigarette smokers and 
current/former established exclusive SLT users with similar duration of 
exposure, years of use of SLT were compared to years of use of cigarettes 
rather than pack years for consistency. Duration of exclusive SLT use (e. 
g., 1–19 years) was compared to the same duration of exclusive ciga-
rettes use (e.g., 1–19 years) by a logistic regression model setting 1–19 
years of exclusive cigarettes use as the referent group. The same logistic 
regression model was run with alternative referent groups to compare 
20–39 years of exclusive SLT use to 20–39 years of exclusive cigarettes 
use, and ≥ 40 years of exclusive SLT use to ≥ 40 years of exclusive 
cigarettes use. 

We also performed a trend tests to evaluate how years of use of SLT 
related to CVD prevalence. Trend tests were run with years of use of SLT 
as a continuous variable and also and also as an ordinal variable where 
never users of SLT were given a value of 0, those who used SLT for a 
period of 1–19 years were given a value of 10, those who used SLT for a 
period of 20–39 years were given a value of 30, and those who used SLT 
for 40 years or more were given a value of 50. The results were the same 
regardless of whether years of use of SLT was treated as a continuous 
variable or ordinal variable. In this paper we have chosen to present the 
ordinal results where a logistic regression model was run with CVD 
prevalence as the dependent variable and the ordinal years of SLT 
exposure variable with 4 categories (0, 10, 30, 50) was the independent 
variable. The logistic regression model generated a type-3p-value for the 
ordinal variable which is the p-value for the linear trend test. 

3. Results 

Table 1 provides an overview of the study population of males ≥ 40 
years of age. The average age was 58.9 years. The prevalence of estab-
lished exclusive cigarette smoking (current and former users combined) 
was 36.4% and that of established exclusive SLT use (current and former 
combined) was 4.7%. The prevalence of established users of both ciga-
rettes and SLT (current and former users combined) was 8.1%; while 
50.7% were never established cigarette and SLT users. The average 
cigarette pack year history for males ≥ 40 years of age was 31.9 pack 
years (current established smokers = 33.1 pack years; former estab-
lished smokers = 31.2 pack-years). Among current established exclusive 
cigarette smokers, 86.3% were daily smokers. Among current/former 
established SLT users, the average duration of use was 23.1 years and 
was similar among current/former users of both (cigarettes and SLT) 
(22.2 years) and current/former established exclusive SLT users (24.5 
years). As expected, it was considerably longer among current estab-
lished SLT users (34.0 years) compared to former established SLT users 
(17.2 years) [data not shown]. About three-fourths of current estab-
lished SLT users (78.4%) were daily users. The prevalence of any CVD 
outcome among males ≥ 40 years of age was 12.0%; 4.7% congestive 
heart failure, 4.1% stroke, and 7.3% myocardial infarction. Among 
males ≥ 40 years of age, 72.7% had at least one CVD risk factor; 50.7% 
hypertension, 45.5% hypercholesterolemia, 27.6% type-2 diabetes, 
12.0% family history of premature heart disease, and 12.1% had BMI ≥
35. 

Supplementary Table 2 provides the unadjusted prevalence rates of 
CVD outcomes for multiple tobacco product user groups, including 
examining current and former tobacco users separately and compared 
exclusive SLT users to those who also smoked cigarettes at some time 
during their lifetime. The prevalence of any CVD outcome among the 
never established cigarette and SLT users was 8.2%, 12.6% among 
current/former established users of SLT, 10.8% among current/former 

established exclusive users of SLT, 13.7% among current/former 
established users of both (cigarettes and SLT), and 17.1% among cur-
rent/former established exclusive cigarette smokers. 

Table 2 shows the odds of having any type of CVD among current/ 
former established SLT users compared to never established cigarette 
and SLT users controlling for pack-years of smoking, any regular use of 
other combustible tobacco, age, urbanicity, educational attainment, 
race/ethnicity, and other CVD risk factors (OR = 1.2 [0.7–2.1]), which 
was not statistically significant. A non-significant association was also 
found when comparing current/former established exclusive SLT users 
to never established cigarettes and SLT users (OR = 1.7 [0.8–3.7]) after 
adjustment for covariates. 

By contrast, current/former established exclusive cigarette smokers 
had significantly elevated CVD prevalence compared to never estab-
lished cigarette and SLT users (OR = 1.6 [1.1–2.3]). 

Table 2 also shows the odds of having any type of CVD in current/ 
former established exclusive SLT users compared to current/former 
established exclusive cigarette smokers controlling for covariates. The 
association with CVD in current/former established exclusive SLT users 
was not significantly different compared to current/former established 
exclusive cigarette smokers (OR = 0.9 [0.5–1.8]). 

Table 2 also shows the dose–response associations between any CVD 
in those with different durations of established SLT use and/or estab-
lished cigarette smoking compared to those without an established 
history of SLT use and cigarette smoking. A consistent dose–response 
association between duration of established SLT use (measured by years 
of use) and risk of any CVD was not observed, with OR = 1.0 [0.5–1.9] 
for 1–19 years of established SLT use, OR = 1.2 [0.6–2.5] for 20–39 
years of established SLT use, and OR = 1.5 [0.8–3.1] for ≥ 40 years of 
established SLT use, when compared to never established cigarette and 
SLT users (p-trend = 0.24). The results were similar for established 
exclusive SLT users compared to never established cigarette and SLT 
users (p-trend = 0.10). 

Table 2 also shows the association between CVD in established 
exclusive cigarette smokers stratified by pack-years of exposure 
compared to those without an established history of SLT and cigarette 
smoking. A significant dose–response association (p-trend = 0.0004) 
was found between pack-years of cigarette exposure and prevalence of 
any CVD compared to never established cigarette and SLT users (OR =
1.3, [0.8–2.1] for 1–19 pack years; OR = 1.5, [1.0–2.4] for 20–39 pack 
years; OR = 2.1, [1.4–3.1] for ≥ 40 pack years). 

4. Discussion 

The published literature (Campbell et al., 2015; Cheng et al., 2020; 
Rostron et al., 2015; US Department of Health and Human Services, 
1986; US Department of Health and Human Services, 2010; Timberlake 
et al., 2017; Accortt et al., 2002; Fisher et al., 2019; Henley et al., 2005; 
Inoue-Choi et al., 2019; Lee, 2007; Rostron et al., 2018; Vidyasagaran 
et al., 2016; Boffetta and Straif, 2009; Gupta et al., 2004; Piano et al., 
2010; Asplund et al., 2003; Haglund et al., 2007; Bolinder et al., 1994; 
Hergens et al., 2005; Wennberg et al., 2007; Johansson et al., 2005; 
Huhtasaari et al., 1992; Yatsuya and Folsom, 2010; Mushtaq et al., 2010; 
Henley et al., 2007) on association between SLT use and CVD is mixed, 
with some studies showing a slight elevated risk of CVD compared to 
non-users and others reporting no association. The present study found 
that the unadjusted prevalence of having had any CVD was slightly 
elevated in current and former established SLT users compared to never 
established users of cigarettes and SLT. However, the association was 
not statistically significant after adjustment for covariates. The evidence 
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Table 1 
Weighted characteristics of adult males ≥ 40 years of age by tobacco use status in PATH Study Waves 1–4.  

Characteristic Total Never Established 
Cigarette and SLT 
Users 

Current/Former 
Established Exclusive 
SLT Users 

Current/Former 
Established Exclusive 
Cigarette Smokers 

Current/Former 
Established Users of Both 
(Cigarettes + SLT)  

N1 = 4703 n = 1579 (50.7%, 
1.0) 

n = 305 (4.7%, 0.4) n = 2235 (36.4%, 0.9) n = 584 (8.1%, 0.5) 

Age in years, Mean (SEM) 58.9 (0.2) 57.9 (0.3) 54.7 (0.9) 61.2 (0.3) 56.8 (0.7)  

Age in years, n (%, SE%)      
40–49 years 1397 (25.9, 0.7) 496 (28.4, 1.3) 122 (35.2, 3.8) 545 (19.0, 1.0) 234 (36.4, 2.5) 
50–59 years 1512 (29.7, 0.8) 510 (31.6, 1.4) 112 (41.4, 3.7) 716 (26.2, 1.1) 174 (26.1, 2.2) 
60–69 years 1137 (24.5, 0.9) 339 (21.8, 1.2) 43 (13.7, 2.4) 650 (30.6, 1.4) 105 (20.3, 2.8) 
≥70 years 657 (19.9, 0.5) 234 (18.2, 1.0) 28 (9.7, 2.6) 324 (24.2, 1.2) 71 (17.1, 2.5)  

Urbanicity, n (%, SE%)      
Urban 3428 (74.5, 2.0) 1282 (79.7, 2.0) 159 (57.9, 4.9) 1648 (73.5, 2.5) 339 (56.2, 3.2) 
Not urban 1275 (25.5, 2.0) 297 (20.3, 2.0) 146 (42.1, 4.9) 587 (26.5, 2.5) 245 (43.8, 3.2)  

Educational attainment, n (%, SE%)      
Less than high school or GED 1080 (18.4, 0.5) 231 (14.0, 0.8) 50 (12.1, 1.9) 636 (23.9, 1.1) 163 (24.8, 2.6) 
High school graduate 954 (22.7, 0.6) 255 (19.8, 1.2) 78 (29.4, 3.8) 492 (25.1, 1.3) 129 (25.9, 2.8) 
Some college (no degree) or associate degree 1388 (28.1, 0.6) 411 (25.6, 1.1) 100 (30.7, 3.3) 683 (29.9, 1.2) 194 (34.9, 3.1) 
Bachelor’s or advanced 1281 (30.8, 0.5) 682 (40.6, 1.1) 77 (27.8, 3.3) 424 (21.1, 1.3) 98 (14.3, 1.9)  

Race/Ethnicity, n (%, SE%)      
Non-Hispanic white 3174 (71.6, 0.8) 939 (65.4, 1.4) 257 (87.0, 3.2) 1498 (74.7, 1.2) 480 (87.5, 1.6) 
Non-Hispanic black 707 (11.7, 0.5) 271 (13.1, 0.9) 14 (3.2, 1.0) † 394 (12.6, 0.8) 28 (3.8, 0.9) 
Non-Hispanic other 286 (6.0, 0.6) 94 (7.1, 1.0) 21 (7.6, 3.2) † 120 (4.8, 0.8) 51 (4.3, 0.7) 
Hispanic 536 (10.7, 0.5) 275 (14.4, 0.8) 13 (2.2, 0.7) 223 (7.9, 0.7) 25 (4.5, 1.3)  

Any ever fairly regular use of non- 
cigarette combustible tobacco 
products, n (%, SE%)      

No 2201 (56.3, 0.9) 1000 (71.7, 1.2) 142 (48.3, 4.2) 889 (41.2, 1.4) 170 (32.1, 3.1) 
Yes 1368 (21.5, 0.9) 236 (8.2, 0.7) 71 (21.3, 3.1) 762 (33.7, 1.6) 299 (49.4, 3.3) 
Missing 1134 (22.3, 0.8) 343 (20.1, 1.2) 92 (30.4, 4.1) 584 (25.1, 1.3) 115 (18.5, 2.2)  

Average pack-year cigarette history 
(Mean SEM) 2, 3 

31.9 (0.9) NA NA 31.6 (1.0) 33.2 (1.9) 

Categorical pack-year cigarette history, n 
(%, SE%)      

1–19 pack-years 1099 (39.7, 1.3) NA NA 886 (40.2, 1.4) 213 (37.7, 2.5) 
20–39 pack-years 965 (32.9, 1.3) NA NA 750 (32.5, 1.4) 215 (35.0, 2.7) 
≥40 pack-years 755 (27.3, 1.4) NA NA 599 (27.3, 1.5) 156 (27.3, 2.3)  

Average pack-year cigarette history by 
category, Mean (SEM)      

1–19 pack years 9.7 (0.2) NA NA 9.6 (0.2) 10.1 (0.5) 
20–39 pack years 28.4 (0.3) NA NA 28.3 (0.3) 28.8 (0.6) 
≥40 pack-years 68.5 (2.2) NA NA 68.0 (2.3) 70.7 (4.2)  

Average duration of cigarette use in 
years, Mean (SEM) 3 

31.2 (0.4) NA NA 31.6 (0.5) 29.7 (0. 9) 

Categorical duration (years) of cigarette 
use, n (%, SE%)      

1–19 years 404 (23.6, 1.4) NA NA 304 (23.3, 1.4) 100 (25.0, 2.7) 
20–39 years 1285 (44.9, 1.4) NA NA 968 (43.5, 1.6) 317 (51.0, 2.7) 
≥40 years 1125 (31.2, 1.3) NA NA 959 (32.9, 1.6) 166 (23.8, 2.4)  

Average duration (years) of cigarette use 
by category, Mean (SEM)      

1–19 years 12.0 (0.3) NA NA 12.0 (0.3) 12.0 (0.6) 
20–39 years 29.5 (0.2) NA NA 29.5 (0.3) 29.7 (0.4) 
≥40 years 48.2 (0.2) NA NA 48.2 (0.3) 48.3 (0.8)  

Daily cigarette smokers among current 
established smokers, n (%, SE%)4 

1400 (85.6, 1.0) NA NA 1163 (86.3, 1.0) 237 (82.2, 3.1)  

Average duration (years) of SLT use, 
Mean (SEM) 3 

23.1 (0.7) NA 24.5 (1.4) NA 22.2 (0.8) 

Categorical duration (years) of SLT use, n 
(%, SE%)      

1–19 years 310 (39.6, 2.6) NA 71 (35.2, 4.2) NA 239 (42.2, 3.3) 
20–39 years 375 (40.2, 2.0) NA 156 (45.5, 3.8) NA 219 (37.0, 2.7) 
≥40 years 149 (12.9, 1.4) NA 69 (15.5, 2.5) NA 80 (11.3, 1.6)  

Average duration (years) of SLT by 
category, Mean (SEM)      

1–19 years 8.4 (0.4) NA 6.7 (0.9) NA 9.3 (0.5) 
20–39 years 29.3 (0.5) NA 30.3 (0.8) NA 28.6 (0.6) 
≥40 years 48.8 (0.9) NA 47.8 (1.0) NA 49.7 (1.5) 

(continued on next page) 
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favoring an association would have been strengthened if a dos-
e–response association was present. However, trend tests failed to show 
a clear-cut monotonic trend between years of exposure and the preva-
lence of any CVD. Consistent with other published studies, we did 
observe a significant dose–response relationship between the prevalence 
of any CVD and exclusive established cigarette smoking, based on pack- 
years of exposure (US Department of Health and Human Services, 2010). 

This period prevalence study of SLT use in relation to the prevalence 
of CVD outcome has some unique strengths. First, the study has a rare 
degree of external validity because it was based on a representative 
sample of U.S. males ≥ 40 years of age. Second, because the PATH Study 
focuses on tobacco use, the measurement of the tobacco use variables 
has a degree of precision that is rarely observed in population-based 
epidemiologic studies. Participants provided detailed information on 
life-time history of SLT and other tobacco use enabling exclusive SLT use 
to be distinguished from dual use of SLT and combustible tobacco 
cigarettes. 

There are limitations to the present study that need to be acknowl-
edged. First, this study relied upon self-reported histories of three types 
of CVD – myocardial infarction, stroke, and congestive heart disease– 
that were not validated by medical records. However, the reported 
prevalence rates for the three CVD diagnoses assessed were consistent 
with those that have been reported and validated in other national 
samples (Mahoney et al., 2020). Second, our study only includes prev-
alence of CVD, not incidence rates. Even though the PATH Study is a 
large study with multiple years of follow-up, there were only 202 inci-
dent cases of CVD in the sample of ≥40 year old males over the 
approximately four-year follow-up period, making it difficult to reliably 
assess the association between SLT use and CVD incidence. This may 
explain, for example, why CVD prevalence tended to be higher in 
established former versus current SLT users, as the diagnosis of CVD 
could have resulted in increased likelihood of quitting SLT use. A chal-
lenge to all studies that attempt to characterize the health effects of SLT 
use is the fact that SLT users often also smoke combustible tobacco 

Table 1 (continued ) 

Characteristic Total Never Established 
Cigarette and SLT 
Users 

Current/Former 
Established Exclusive 
SLT Users 

Current/Former 
Established Exclusive 
Cigarette Smokers 

Current/Former 
Established Users of Both 
(Cigarettes + SLT)  

N1 = 4703 n = 1579 (50.7%, 
1.0) 

n = 305 (4.7%, 0.4) n = 2235 (36.4%, 0.9) n = 584 (8.1%, 0.5)  

Daily SLT use among current established 
SLT users, n (%, SE%)5 

293 (78.4, 2.2) NA 156 (82.0, 3.1) NA 137 (74.9, 3.7) 

Ever CVD outcomes, n (%, SE%)      
Congestive Heart Failure 244 (4.7, 0.4) 50 (2.8, 0.5) 12 (2.5, 1.0) † 145 (7.5, 0.9) 37 (5.4, 1.2) 
Stroke 234 (4.1, 0.4) 56 (2.9, 0.5) 13 (4.0, 1.4) † 131 (5.6, 0.7) 34 (4.9, 1.1) 
Myocardial Infarction 343 (7.3, 0.5) 79 (4.8, 0.7) 18 (6.9, 2.1) † 194 (10.6, 1.1) 52 (9.0, 1.8) 
Any of the above 601 (12.0, 0.7) 137 (8.2, 0.9) 31 (10.8, 2.7) 347 (17.1, 1.2) 86 (13.7, 2.0)  

Number of ever CVD events, n (%, SE%)      
None 4102 (88.0, 0.7) 1442 (91.8, 0.9) 274 (89.2, 2.7) 1888 (82.9, 1.2) 498 (86.3, 2.0) 
One 416 (8.5, 0.6) 96 (6.2, 0.8) 19 (8.2, 2.6) † 244 (11.6, 1.0) 57 (9.1, 1.7) 
Two or more 185 (3.5, 0.4) 41 (2.0, 0.4) 12 (2.6, 0.9) † 103 (5.5, 0.8) 29 (4.6, 1.1)  

CVD risk factors, n (%, SE%)      
Hypertension 2411 (50.7, 0.9) 717 (45.5, 1.6) 154 (47.5, 3.5) 1210 (56.4, 1.6) 330 (59.2, 3.1) 
Hypercholesterolemia 2071 (45.5, 1.0) 654 (41.3, 1.7) 132 (45.0, 3.7) 1015 (50.5, 1.5) 270 (49.2, 2.8) 
Type 2 Diabetes 1287 (27.6, 0.9) 437 (27.0, 1.4) 79 (26.7, 3.4) 619 (28.4, 1.7) 152 (28.0, 2.5) 
Family history of premature heart disease 661 (12.0, 0.6) 176 (10.2, 0.9) 37 (10.9, 2.1) 321 (12.8, 0.9) 127 (20.9, 2.7) 
BMI ≥ 35 605 (12.1, 0.6) 207 (12.1, 0.9) 54 (16.1, 2.4) 258 (11.3, 1.0) 86 (13.4, 2.4) 
Any of the above 3426 (72.7, 0.8) 1110 (69.4, 1.4) 217 (70.0, 4.0) 1651 (76.8, 1.3) 448 (76.9, 2.6)  

Number of CVD risk factors overall, n (%, 
SE%)      

None 1230 (26.3, 0.8) 455 (29.7, 1.3) 87 (29.8, 4.0) 558 (22.4, 1.3) 130 (21.1, 2.4) 
One 1231 (26.2, 0.9) 443 (27.3, 1.3) 74 (24.2, 3.6) 562 (25.9, 1.5) 152 (22.2, 1.9) 
Two 1119 (24.4, 0.8) 343 (22.8, 1.3) 68 (21.3, 3.9) 573 (26.9, 1.4) 135 (25.3, 2.6) 
Three or more 1076 (22.1, 0.9) 324 (19.3, 1.2) 75 (24.4, 3.3) 516 (24.0, 1.5) 161 (29.4, 2.7) 

SEM: standard error of mean 
SE%: standard error of percent 
NA: Not applicable because the corresponding user group was not included in analyses for the measure. 
CVD: any cardiovascular disease defined as congestive heart failure, stroke, or heart attack 
SLT: tobacco products which are put in the mouth and frequently chewed, sucked or spitted, and snus pouches, a type of SLT that comes in a small pouch that is put 
inside the lip. 
N and n’s are unweighted; (%), SE%, mean, and SEM are weighted. 
1Frequencies may not add up to total N or user group n because of one or more of the following reasons: a) missing data, b) analyses were limited to selected subgroups, 
and c) using the categorical version of a measure as presented in this table. 
2The outliers of the pack-year cigarette history measure were trimmed down to the 99th percentile. 
3 Measures were fixed to zero for the Never Established Cigarette or SLT Users and Current/Former Established Exclusive users of a product as presented; User groups 
marked with “NA” were not included in analyses of the total estimates but still contribute to the regression analyses of Table 2. 
4There were a total 1616 current established smokers, 1336 exclusive smokers and 280 users of both (cigarettes + SLT). 
5There were a total 377 current established SLT users, 189 exclusive SLT users and 188 users of both (cigarettes + SLT). 
†: Estimate should be interpreted with caution because it has low statistical precision. It is based on a denominator sample size of less than 50, or the coefficient of 
variation of the estimate or its complement is larger than 30%. 
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cigarettes, making it difficult to isolate the association for SLT use. For 
example, 63.1% of SLT users had a history of established current and/or 
past cigarette smoking. A larger sample of exclusive SLT users would 
improve the reliability of the associations between SLT use and CVD, but 
this will be difficult to achieve in practice because the reality is that the 
majority of SLT users currently or previously smoked cigarettes and/or 
used other forms of combustible tobacco. Thus, the reported odds ratios 
for all SLT users regardless of past or current cigarette smoking are 
reasonable approximations of the risk of CVD as it might be observed in 
the general population. Fourth, while this study improves upon earlier 
published studies evaluating the health risks of SLT by incorporating a 
measure of duration of regular use, the PATH Study interview does not 
capture information on former SLT users’ frequency of SLT use nor type 
of SLT product used. Frequency and type of SLT product used were 
captured on current users only, but even in this group of current users, 
information available on product type and frequency may not reflect 
historical patterns of use (Stepanov et al., 2008). Nevertheless, despite 
these weaknesses, a measure of reassurance is provided by the associa-
tions between combustible cigarette smoking and CVD outcomes, which 
were of similar direction and magnitude as those typically observed in 
prospective cohort studies (Cornelius et al., 2020; Inoue-Choi et al., 
2019). Another challenge facing the field of research into the health 

effects of SLT is that given the evolution of the SLT market during the 
past several decades it is unclear whether a finding of an association 
between history of SLT use and disease risk would be relevant to newer 
products currently on the market (Stepanov et al., 2008). 

In summary, this study found that CVD prevalence was not signifi-
cantly higher in established users of SLT compared to never established 
users of cigarettes and SLT after adjustment for co-variates. Moreover, 
we did not observe a consistent dose–response trend for years of SLT use 
and prevalence of CVD, although this conclusion is weakened by the 
limited statistical power to test the dose–response trend. As the Wave 1 
of the PATH Study Cohort ages, the ability to test for associations be-
tween SLT use and CVD will be enhanced. 
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Table 2 
Weighted associations of SLT use and cigarette smoking with prevalence of any CVD.   

N4 OR (95% CI) 

Never Established Cigarette and SLT users1 1565 1.0 (ref.) 
Current/Former Established SLT users1, 2 827 1.2 (0.7–2.1) 
Years of SLT use   
1–19 308 1.0 (0.5–1.9) 
20–39 373 1.2 (0.6–2.5) 
≥40 146 1.5 (0.8–3.1) 
p-value for trend3  0.2371  

Current/Former Established Exclusive SLT users1 295 1.7 (0.8–3.7) 
Years of SLT use   
1–19 71 0.8 (0.1–4.9) 
20–39 156 2.7 (1.1–6.8) 
≥40 68 1.5 (0.5–4.2) 
p-value for trend3  0.1012  

Current/Former Established Exclusive Cigarette Smokers1 2209 1.6 (1.1–2.3) 
Pack years of cigarettes smoking   
1–19 872 1.3 (0.8–2.1) 
20–39 742 1.5 (1.0–2.4) 
≥40 595 2.1 (1.4–3.1) 
p-value for trend3  0.0004  

Current/Former Established Exclusive Cigarette Smokers 2205 1.0 (ref.) 
Current/Former Established Exclusive SLT users1 295 0.9 (0.5–1.8) 
Years of use   
1–19 years of exclusive SLT use (ref. 1–19 years of exclusive cigarettes smoking) 71 (ref. 300) 0.5 (0.1–3.7) 
20–39 years of exclusive SLT use (ref. 20–39 years of exclusive cigarettes smoking) 156 (ref. 952) 1.6 (0.7–4.0) 
≥40 years of exclusive SLT use (ref. ≥ 40 years of exclusive cigarettes smoking) 68 (ref. 953) 0.5 (0.2–1.4) 

N and n’s are unweighted; OR’s 95%CI’s are weighted 
OR: odds ratio 
CI: confidence interval 
CVD: any cardiovascular disease defined as congestive heart failure, stroke, or heart attack 
SLT: tobacco products which are put in the mouth and frequently chewed, sucked or spitted, and snus pouches, a type of SLT that comes in a small pouch that is put 
inside the lip 
1Covariates adjusted for include: age (40 s, 50 s, 60 s, 70 s + ), urbanicity (urban, not urban household residence created after cumulating total urban population and 
total population from the 2010 decennial census block-level data to the segment level. A segment was classified as “urban” if the majority of its total population resides 
in areas classified as urban according to the 2010 census, and “not urban” otherwise), educational attainment (less than high school or GED, high school graduate, some 
college (no degree) or associates degree, Bachelor’s or advanced degree), Race/Ethnicity (Non-Hispanic white, Non-Hispanic black, Non-Hispanic other, Hispanic), use 
of other combustible (Yes/No/Missing), and CVD risk factor score (0, 1, 2, 3 + ). 
2In addition to the covariates adjusted for above, we also adjusted for pack-years of cigarette smoking (only for current/former cigarette smokers; pack-years was fixed 
to 0 for Never Established Cigarette or SLT users and Current/Former Established Exclusive SLT users). 
3An ordinal form of the years-of-use variable (with categorical values coded as 0 years, 10 years, 30 years, and 50 years, respectively) was used in the logistic regression 
model as a continuous predictor, other covariates remained the same in the model. 
4Some observations were excluded due to listwise deletion analysis. 
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