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Abstract

Purpose: To provide tobacco product use patterns for US adults by sociodemographic group.

Design: A secondary analysis of Tobacco Use Supplement to the Current Population Survey (2014-15), National Health
Interview Survey (2015), and Population Assessment of Tobacco and Health (2015-16).

Setting: United States.

Sample: Three nationally representative samples of adults (N ¼ 28,070-155,067).

Measures: All possible combinations of cigarette, Electronic Nicotine Delivery Systems (ENDS), other combustible product, and
smokeless tobacco use, defined as current use every day or some days.

Analysis: Weighted population prevalence and proportion among tobacco users of exclusive, dual, and polyuse patterns by sex,
race/ethnicity, education, income, and age.

Results: Exclusive cigarette use was the most prevalent pattern (10.9-12.8% of US population). Dual and polyuse were less
prevalent at the population level (2.6-5.2% and 0.3-1.3%, respectively) but represented 16.7-25.5% of product use among tobacco
users. Cigarette plus ENDS use was similar by sex, but men were more likely to be dual users of cigarettes plus other com-
bustibles or smokeless tobacco. Among race/ethnic subgroups, non-Hispanic (NH) Whites were most likely to use cigarettes plus
ENDS, while NH Blacks were most likely to use cigarettes plus other combustibles. Dual and polyuse were generally less common
among adults with higher education, income, and age.

Conclusion: Differences in product use patterns by sociodemographic group likely represent different risk profiles with
important implications for resulting health disparities.
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Purpose

Tobacco use continues to be a leading behavioral risk factor for

cancer, chronic disease, and premature death.1 As the tobacco

market landscape rapidly changes, patterns of use, including

dual use (use of 2 products) and polyuse (use of 3 or more

products), are evolving. Although the long-term health conse-

quences of dual and polyuse are not well understood,2,3 the

concurrent use of multiple tobacco products influences nicotine

dependence,4-7 frequency of product use,5,8,9 and cessation

intentions.7,10

The majority of adult dual and polyuse consists of cigarette

smoking in combination with one or more other tobacco
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products.11 Cigarette smokers may use non-combustible prod-

ucts, such as Electronic Nicotine Delivery Systems (ENDS) or

smokeless tobacco, as a way to quit smoking.12-17 However,

dual and polyuse have been linked to greater nicotine depen-

dence than exclusive product use among adults4,5 and youth,6,7

potentially impacting cessation intentions and success.7,10

Moreover, cigarette smokers who are dual/polyusers may

smoke as many or more cigarettes per day as exclusive cigar-

ette smokers,5,8,9,18 thereby increasing their risk of poor health

outcomes by using additional tobacco products.

Since tobacco products fall on a risk continuum,19 there are

likely differential health effects for specific product combina-

tions. Concurrent use of multiple combustible products, such as

cigarettes and cigars, may be as or more hazardous than exclu-

sive use of either product. Dual users of cigarettes and smoke-

less tobacco may be at greater risk of cardiovascular disease

than exclusive cigarette smokers.20 Exclusive ENDS use may

be less harmful than exclusive cigarette use,21 although there is

controversy on the nature of these risks.22 Furthermore, ENDS

and cigarette dual use likely presents a different risk profile

than exclusive use of either product.

In addition, as there are well-established sociodemographic

disparities in the use of specific tobacco products and related

health outcomes,23 there are likely important differences in

dual and polyuse by sex, race/ethnicity, socioeconomic status,

and age. However, existing research on disparities in dual and

polyuse among adults is subject to important limitations.2

Studies often do not distinguish between dual and polyuse or

disaggregate product combinations by sociodemographic

group,24-28 limiting our ability to measure the prevalence of

specific product groupings and potential impact on health

disparities. Importantly, given their relatively recent emer-

gence, some recent studies on dual and polyuse do not include

information on ENDS.27,28 Including ENDS is critical to cap-

turing current patterns of multiple product use, as dual use of

cigarettes plus ENDS was the most common product combina-

tion among adult tobacco users between 2012-20144,11 and is

likely more common currently, given increasing ENDS use

among young adults in recent years.29 Additionally, estimates

of dual and polyuse that include ENDS provide important con-

text for understanding evolving tobacco and nicotine product

use patterns, particularly as youth, who increasingly use

ENDS,30 age into adulthood.

Recent studies on sociodemographic differences in dual and

polyuse employ a variety of surveys, including the National

Survey on Drug Use and Health (NSDUH),27 National Adult

Tobacco Survey (NATS),4,10 Population Assessment of

Tobacco and Health (PATH),24 National Health Interview Sur-

vey (NHIS),28 and GfK’s KnowledgePanel.25,26 Although each

of these surveys are designed to be nationally representative,

prevalence estimates of tobacco product use obtained from

each survey vary based on survey methodology.31,32 Moreover,

the wide range of dual and polyuse definitions used across

studies makes evidence summation challenging. The objective

of this study is to provide recent US prevalence estimates of

patterns of tobacco product use, including specific types of dual

and polyuse, for US adults by sex, race/ethnicity, socioeco-

nomic status, and age. To increase the utility of our estimates,

we apply the same product use definitions to 3 large nationally

representative surveys collected over a similar period, enabling

us to produce a range of comparable national estimates of

exclusive, dual, and polyuse.

Methods

Design

We used recent waves of 3 publicly available, nationally rep-

resentative surveys: Tobacco Use Supplement to the Current

Population Survey (TUS-CPS), 2014-2015; NHIS, 2015; and

PATH, Wave 3 (2015-2016). Supplemental Table 1 compares

methodology and tobacco product definitions for these surveys.

We chose these waves to produce recent estimates that were

temporally comparable across surveys. We did not include

other national surveys with information on tobacco use because

they lacked information on ENDS (NSDUH) or combustible

products besides cigarettes (Behavioral Risk Factor Surveil-

lance System), did not have sufficient sample size for stratified

analysis by sociodemographic subgroup (National Health and

Nutrition Examination Survey), or did not have data from the

relevant time period (NATS).

Sample

Briefly, TUS-CPS is a cross-sectional survey of the civilian,

non-institutionalized US population age 18 and older conducted

by the US Census Bureau as a supplement to the Current

Population Survey every 3-4 years beginning in 1992-1993.33

TUS-CPS respondents answer interviewer questions

about tobacco use using either Computer Assisted Telephone

Interviewing (CATI; about two-thirds of the sample) or Computer

Assisted Personal Interviewing (CAPI). NHIS is a cross-sectional

survey of US households and non-institutionalized group quarters

conducted annually since 1960 by the National Center for Health

Statistics at the Centers for Disease Control and Prevention.34

NHIS respondents answer interviewer questions on their health

status and behaviors, including tobacco use, using CAPI.

Although most NHIS surveys are conducted in-person, telephone

interviews are used if the respondent requests a telephone inter-

view, as a follow-up to complete an in-person interview, or when

travel logistics make completing an in-person interview by the

required deadline challenging.34 PATH is a longitudinal study of

the civilian, non-institutionalized US population age 12 and older

conducted by the National Institutes of Health and the Food and

Drug Administration beginning in 2013-2014.35 PATH respon-

dents directly enter answers to a series of detailed questions about

tobacco use using Audio Computer-Assisted Self-Interviewing

(ACASI). For this analysis, we selected the 2015-16

cross-sectional Wave 3 PATH survey and restricted the sample

to age 18 and older.
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Given the use of de-identified publicly available datasets,

the University of Michigan Institutional Review Board deemed

this project not regulated as human subjects research.

Measures

Following standard practice, we defined current cigarette

smokers as respondents who had smoked at least 100 cigar-

ettes in their lifetime (established use) and smoked cigarettes

every day or some days at the time of the survey. For the

remaining products (ENDS, traditional cigars, cigarillos, fil-

tered cigars, tobacco pipe, hookah, snus, dissolvable tobacco,

and other smokeless tobacco), we defined current use as use

every day or some days. To differentiate patterns of products

used, we classified products into 4 groups: cigarettes, ENDS,

other combustibles (traditional cigars, cigarillos, filtered

cigars, pipes, hookah), or smokeless tobacco (snus, dissolva-

ble tobacco, other smokeless tobacco). These groupings are

similar to the Tobacco Product Use Patterns (T-PUPs) model

developed by El-Toukhy and Choi,36,37 who recommend

3 groups—cigarettes, non-cigarette combustibles, and

non-combustibles (i.e., smokeless tobacco and ENDS)—to

reflect a decreasing risk continuum from cigarettes to

non-combustibles.19 Although some other combustible prod-

ucts, such as cigars, may be equally or more harmful than

cigarettes,38 they are generally used less frequently than

cigarettes,39 which is why they are placed in a separate cate-

gory on the T-PUPs risk continuum.36 Kasza et al. used

3 different groupings to examine multiple product transitions:

combustibles (i.e., cigarettes, cigars), ENDS, and other

non-combustibles (i.e., smokeless).40 We used 4 product

groupings (cigarettes, ENDS, other combustibles, and smoke-

less) because we felt it was important to separate cigarettes

from other combustibles and ENDS from smokeless. Addi-

tionally, 4 groups still resulted in a manageable number of

product combinations while providing sufficient sample size

to examine dual and polyuse.

We created a mutually exclusive, 16 category

patterns-of-use variable based on all possible combinations of

our 4 product groupings, including non-use, exclusive product

use, dual product use (2 product groups), or poly product use

(3 or more products groups). Respondents who were missing

information on the 16-category variable (due to missing infor-

mation on current use of any of the 4 product groups) were

excluded from the analysis (0.3% PATH; 1.6% TUS-CPS;

6.3% NHIS).

To examine sociodemographic differences, we included sex

(male, female), race/ethnicity (non-Hispanic (NH) White, NH

Black, NH Other, Hispanic), education (< high school, high

school degree/GED, some college, college degree or higher),

annual household income (<$50,000, $50,000-$99,999,

$100,000þ), and age (18-24, 25-34, 35-54, 55þ). We restricted

the education analysis to respondents age 25þ since

18-24 year-olds may not have had the opportunity to graduate

from high school or college yet. We selected cut-points for

education, income, and age based on common collapsed

response categories in the 3 public datasets and strata

sample size.

Analysis

For each survey, we calculated weighted prevalence of tobacco

product use patterns both for the population overall and among

tobacco users, accounting for the complex survey design of

each sample. We stratified by sociodemographic subgroups

to examine potential disparities across patterns of use. Among

users of other combustibles, we also examined the proportion

using each type of other combustible product to provide con-

text for interpreting results within the other combustibles

category. We did not provide a similar breakdown for the smo-

keless category since there were only 2 component questions in

TUS and PATH and only a single question about smokeless

products in NHIS. To assess the impact of our current use

definition, we conducted a sensitivity analysis examining

3 additional current use definitions based on past 30 days use

(1þ, 10þ or 25þ days in the past 30 days).

For PATH, we used the Wave 3 single-wave weight to

estimate weighted prevalence. For TUS-CPS, we combined the

3 samples taken between 2014-2015 and divided the resulting

weights by 3 to estimate weighted prevalence.33 We used

Balanced Repeated Replication with replicate weights for var-

iance estimation for both PATH and TUS-CPS, with Fay’s

adjustment set to 0.3.41 For NHIS, we used the Final Annual

weight to estimate weighted prevalence and Taylor Series

Linearization42 for variance estimation. Due to the large num-

ber of potential comparisons in prevalence of the 16 category

patterns-of-use variable across 17 sociodemographic strata and

3 surveys, we used confidence interval overlap as a guide when

assessing differences in point estimates. All analyses were con-

ducted using Stata version 15.43

Results

TUS-CPS had the largest analytic sample size (n ¼ 155,067),

followed by NHIS (n¼ 31,680) and PATH (n¼ 28,070). Since

all 3 surveys are nationally representative, the weighted distri-

butions of sociodemographic characteristics were generally

similar, with approximately 48% male, 70% aged 35 or older,

and 65% NH White (Table 1). However, there were differences

by socioeconomic status across surveys, with a higher weighted

proportion of NHIS respondents in the highest income category

compared to TUS-CPS and PATH.

Overall Patterns of Exclusive, Dual, and Polytobacco Use

The population prevalence of tobacco use ranged from

17.3% in TUS-CPS to 25.4% in PATH (Table 1). Exclusive

cigarette use was the most prevalent product use pattern

across all 3 surveys (TUS-CPS 10.9%; NHIS 11.4%; PATH

12.8%), followed by exclusive use of other combustibles

(TUS-CPS 1.6%; NHIS 2.3%; PATH 3.1%). Dual use ran-

ged from 2.6% (TUS-CPS) to 5.2% (PATH) across surveys.
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In TUS-CPS and NHIS, the most common dual use pattern

was cigarettes plus ENDS (1.3% and 1.6%, respectively),

followed by cigarettes plus other combustibles (0.8%
and 1.1%, respectively). Use of cigarettes plus other com-

bustibles was slightly more prevalent than cigarettes plus

ENDS in PATH (2.0% and 1.8%, respectively). Dual use

combinations without cigarettes were rare across surveys

(0.2-0.9%), as was polyuse (0.3-1.3%). Among tobacco

users, exclusive product use represented the majority of use

across surveys (74.5-83.3%; Supplemental Table 2). How-

ever, dual and polyuse combined accounted for 16.7- 25.5%
of product use among tobacco users.

Table 1. Sample characteristics for the Tobacco Use Supplement to the Current Population Survey (2014-2015), National Health Interview
Survey (2015), and Population Assessment of Tobacco and Health (2015-2016).

TUS-CPS (n ¼ 155,067) NHIS (n ¼ 31,680) PATH (n ¼ 28,070)

n %

95% CI

n %

95% CI

n %

95% CI

LB UB LB UB LB UB

Sex
Men 69,355 48.1 48.0 48.2 14,198 48.3 47.5 49.0 13,741 47.9 47.8 48.0
Women 85,712 51.9 51.9 52.0 17,482 51.7 51.0 52.5 14,303 52.1 52.0 52.2

Age group
18-24 10,483 13.0 12.9 13.0 2,747 12.5 11.8 13.2 8,435 12.4 12.2 12.6
25-34 25,359 17.7 17.7 17.7 5,409 17.4 16.8 18.1 5,813 17.5 17.0 18.1
35-54 53,464 34.2 34.1 34.2 10,137 34.1 33.3 34.9 7,748 33.3 32.6 34.0
55þ 65,761 35.2 35.1 35.3 13,387 36.0 35.1 36.9 6,072 36.8 36.3 37.3

Race/ethnicity
Non-Hispanic White 113,288 64.8 64.8 64.9 19,737 65.1 64.2 65.9 16,246 65.6 65.5 65.8
Non-Hispanic Black 15,451 11.7 11.6 11.7 4,092 11.5 10.9 12.1 4,060 11.2 11.1 11.3
Hispanic 16,370 15.6 15.6 15.7 5,262 15.7 15.0 16.4 5,226 15.5 15.4 15.6
Non-Hispanic Other 9,958 7.9 7.8 7.9 2,589 7.8 7.4 8.2 2,106 7.7 7.5 7.8

Education level (25þ years of age)
Less than high school diploma 14,609 10.8 10.7 11.0 4,045 12.6 12.0 13.1 2,506 11.2 10.7 11.7
High school diploma or GED 40,334 27.0 26.8 27.3 7,098 23.9 23.2 24.7 5,258 27.4 26.8 27.9
Some college 40,560 27.4 27.3 27.6 8,573 29.2 28.5 30.0 6,514 30.2 29.6 30.8
College degree 49,081 34.7 34.5 35.0 9,089 34.3 33.3 35.2 5,274 31.3 30.9 31.7

Household income level
<$50,000 76,171 49.7 49.4 50.0 16,816 42.7 41.8 43.6 16,244 53.5 52.5 54.5
$50,000-99,999 47,186 29.7 29.4 29.9 8,745 30.7 29.8 31.5 5,861 26.7 25.8 27.6
$100,000þ 31,710 20.7 20.4 20.9 6,119 26.7 25.7 27.6 3,910 19.8 18.8 20.8

Patterns of tobacco/nicotine product use
Non-user 127,579 82.7 82.6 82.9 25,105 79.7 79.0 80.3 15,693 74.6 73.9 75.2
Exclusive use 23,119 14.4 14.2 14.5 5,271 16.4 15.8 17.0 8,906 18.9 18.4 19.5

Cigarettes 17,740 10.9 10.8 11.0 3,897 11.4 10.9 11.9 6,089 12.8 12.3 13.3
ENDS 1,014 0.7 0.6 0.7 317 1.3 1.1 1.4 726 1.4 1.3 1.6
Other combustibles 2,352 1.6 1.6 1.7 635 2.3 2.1 2.6 1,416 3.1 2.9 3.3
Smokeless 2,013 1.2 1.1 1.2 422 1.4 1.2 1.6 675 1.6 1.5 1.8

Dual use 3,937 2.6 2.5 2.6 1,147 3.4 3.2 3.7 2,715 5.2 4.9 5.4
Cigarettes þ ENDS 2,142 1.3 1.3 1.4 543 1.6 1.4 1.8 904 1.8 1.7 2.0
Cigarettes þ other combustibles 1,093 0.8 0.7 0.8 388 1.1 0.9 1.3 1,049 2.0 1.8 2.1
Cigarettes þ smokeless 377 0.2 0.2 0.2 110 0.4 0.3 0.5 233 0.5 0.4 0.6
ENDS þ other combustibles 122 0.1 0.1 0.1 31 0.1 0.1 0.2 366 0.6 0.5 0.7
ENDS þ smokeless 41 0.0 0.0 0.0 12 0.0 0.0 0.1 35 0.1 0.0 0.1
Other combustibles þ smokeless 162 0.1 0.1 0.1 63 0.2 0.1 0.3 128 0.2 0.2 0.3

Polyuse 432 0.3 0.3 0.3 157 0.5 0.4 0.7 756 1.3 1.2 1.4
Cigarettes þ ENDS þ other combustibles 229 0.2 0.1 0.2 89 0.3 0.2 0.4 416 0.7 0.6 0.8
Cigarettes þ ENDS þ smokeless 71 0.1 0.0 0.1 20 0.1 0.0 0.1 71 0.1 0.1 0.2
Cigarettes þ other combustibles þ smokeless 92 0.1 0.1 0.1 34 0.1 0.1 0.2 121 0.2 0.2 0.3
ENDS þ other combustibles þ smokeless 6 0.0 0.0 0.0 4 0.0 0.0 0.0 42 0.1 0.0 0.1
All 4 groups 34 0.0 0.0 0.0 10 0.0 0.0 0.1 106 0.2 0.1 0.2

n ¼ unweighted sample size; % ¼ weighted percentage.
LB ¼ Lower Bound; UB ¼ Upper Bound.
ENDS ¼ Electronic Nicotine Delivery Systems.
Current use definitions: 100þ lifetime cigarettes and now smoke every day or some days; now use every day or some days for other products.
Missing patterns of tobacco product use information: TUS: 1.6% (n ¼ 2,468); NHIS: 5.8% (n ¼ 1,963); PATH: 0.3% (n ¼ 78).
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Patterns of Exclusive, Dual, and Polytobacco Use
by Sociodemographic Subgroup

The population prevalence of exclusive cigarette use was

higher for men than women in TUS-CPS, but similar for men

and women in NHIS and PATH (Figure 1, Supplemental Table

3a). For example, in NHIS, 11.5% of men exclusively smoked

cigarettes versus 11.2% of women. Across surveys, the popu-

lation prevalence of exclusive ENDS use, exclusive other com-

bustible use, and exclusive smokeless tobacco use was higher

for men than women. Men were also more likely to be dual

users of cigarettes plus other combustibles or cigarettes plus

smokeless tobacco than women. The prevalence of cigarettes

plus ENDS dual use was similar by sex (1.2-1.9% across sur-

veys for both men and women), although it accounted for a

higher proportion of tobacco use among female (9.7-10.6%) vs.

male tobacco users (5.5-6.7%; Supplemental Table 3b). The

prevalence of polyuse, which mostly consisted of concurrent

use of cigarettes with 2 or more other products, was higher

among men than women.

Racial/ethnic patterns of tobacco product use were generally

consistent across surveys, with slight differences in exclusive

cigarette use (Figure 2, Supplemental Table 4a). Although the

population prevalence of exclusive cigarette use was higher

among NH Black individuals in PATH (16.3% vs. 13.1%
among NH White individuals), prevalence estimates were sim-

ilar for NH Black and NH White individuals in TUS-CPS

(12.1% vs. 11.8%, respectively) and NHIS (12.9% vs. 12.3%,

respectively). Exclusive use of the remaining product groups

(ENDS, other combustibles, and smokeless tobacco) and dual

use of these products with cigarettes followed similar patterns

by race/ethnicity. Compared to NH Black and Hispanic indi-

viduals, NH White individuals generally had the highest pre-

valence of exclusive ENDS use and cigarette plus ENDS dual

use in all 3 surveys. Similarly, NH White individuals had the

highest prevalence of both exclusive smokeless tobacco use

and cigarette plus smokeless tobacco dual use. NH Black indi-

viduals had the highest prevalence of exclusive use of other

combustibles and cigarette plus other combustibles dual use. In

TUS-CPS and NHIS, NH White individuals had a slightly

higher prevalence of polyuse (0.4% and 0.7%) than NH Black

(0.2% and 0.1%) and Hispanic individuals (0.2% and 0.2%,

respectively). There were no clear differences in polyuse pre-

valence by race/ethnic groups in PATH (1.2-1.4%).

Patterns of tobacco product use were similar across surveys

by education level (Figure 3, Supplemental Table 5a) and

annual household income (Supplemental Table 6a). The pop-

ulation prevalence of exclusive cigarette use was less common

at successively higher levels of both education and household

income. Conversely, the prevalence of exclusive ENDS use

was generally higher as education level went from less than

high school to some college. However, college graduates had a

lower prevalence of exclusive ENDS use, equal to or less than

respondents without a high school degree. For example, in

TUS-CPS, the prevalence of exclusive ENDS use was 0.4%
for non-high school graduates, 0.7% for high school graduates,

0.9% for those with some college, and 0.4% for college

graduates. Dual use of cigarettes plus ENDS was less prevalent

among respondents with a college degree or higher income

level than respondents without a college degree or lower

income level, respectively. Although exclusive other combus-

tibles use was more prevalent at higher education and income

levels, cigarettes plus other combustibles dual use was more

prevalent at lower education and income levels. Polyuse was

also generally more prevalent at lower education and income

levels.

Patterns of tobacco product use also varied by age group

(Supplemental Table 7a). The population prevalence of exclu-

sive cigarette use was highest among individuals ages 25 to 54.

Exclusive ENDS use was highest among 18 to 24-year-olds and

successively less prevalent with increasing age group. For

example, in PATH, the population prevalence of exclusive

ENDS use was 3.1% for 18 to 24-year-olds, 1.8% for 25 to

34-year-olds, 1.2% for 35 to 54-year-olds, and 0.8% for those

55 and older. Age patterns of cigarettes plus ENDS dual use

differed by survey, with the highest prevalence among individ-

uals ages 25 to 54 (TUS-CPS and PATH), or 35 to 54 more

specifically (NHIS). Dual use of cigarettes plus other combus-

tibles or cigarettes plus smokeless tobacco was lowest among

individuals age 55 years and older. Polyuse was most prevalent

among individuals ages 18 to 24 (TUS-CPS 0.8%; NHIS 1.1%;

PATH 3.2%) and successively less prevalent for individuals

ages 25 to 34, 35 to 54, and 55 and over.

Supplemental Table 8 presents a breakdown of other com-

bustible use. Generally, cigar use was the most prevalent,

followed by hookah, and tobacco pipe. In TUS-CPS and NHIS,

approximately 80% of other combustible users were using tra-

ditional cigars, cigarillos, or filtered cigars. In PATH, which

asks about these products separately, traditional cigar use was

the most common (46.8%), followed by cigarillos (34.9%), and

filtered cigars (20.2%). Hookah use among other combustible

users ranged from 20.3% (TUS-CPS) to 30.8% (PATH), while

tobacco pipe use ranged from 9.4% (PATH) to 12.5%
(TUS-CPS).

Sensitivity Analyses

Supplemental Table 9 presents the sensitivity analysis compar-

ing patterns of product use utilizing different current use

definitions. The every day/some days definition (used in this

paper) defines the most respondents as current tobacco users,

although patterns are similar when defining current use as

1þ days in the past 30 days. There is a substantial difference

between the prevalence of dual and polyuse comparing the less

stringent definitions (every day/some days; 1þ days in past

30 days) to the more stringent definitions (10þ or 25þ days

in the past 30 days). For example, the population prevalence of

dual use from PATH is 5.2% using the every day/some days

definition, 4.3% using 1þ days in the past 30 days, 2.0% using

10þ days in the past 30 days, and 1.1% using 25þ days in the

past 30 days. The choice of current use definition will likely

vary based on the goal of the analysis. The less stringent

Hirschtick et al. 5



definitions capture more tobacco users, whereas the more strin-

gent definitions may be more suitable when examining the

health effects of tobacco product use.

Discussion

Our study provides estimates of adult patterns of tobacco prod-

uct use, including exclusive, dual, and polytobacco use, from

3 recent nationally representative surveys (2014-2016), with a

focus on differences between sociodemographic groups to pro-

vide insight into tobacco-related health disparities. Consistent

with recent studies on patterns of use,10,27 exclusive cigarette

use was the most common use pattern overall and across all

sociodemographic subgroups. Exclusive cigarette smokers

were more likely to be ages 25 to 54 (vs. 18 to 24 and 55þ)

and have lower (vs. higher) socioeconomic status. Exclusive

ENDS use was higher among men than women, 18 to

24-year-olds than older age groups, NH White individuals than

other racial/ethnic groups, and individuals with some college

education compared to other education levels. Among race/

ethnic subgroups, exclusive other combustible users were most

likely to be NH Black, whereas exclusive smokeless tobacco

users were most likely to be NH White.

Although exclusive product use represents the majority of

tobacco use,10,27 the changing landscape of the tobacco market

and tobacco control policies may lead to an increase in dual and
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Figure 1. Population prevalence of single, dual, and polytobacco use by sex: TUS-CPS (2014-2015), NHIS (2015), and PATH (2015-2016).
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polyuse, potentially impacting existing tobacco-related health

disparities. In our study, cigarettes plus ENDS was the most

prevalent dual use pattern in TUS-CPS and NHIS (1.3% and

1.6%, respectively). Moreover, NH White individuals were

more likely than NH Black or Hispanic individuals to be dual

users of cigarettes plus ENDS in all 3 surveys. If ENDS use

leads to a reduction in cigarettes consumed or eventual smok-

ing cessation,13,14,16 this finding, combined with previous

0.0 5.0 10.0 15.0 20.0 25.0

NH Other

Hispanic

NH Black

NH White

NH Other

Hispanic

NH Black

NH White

NH Other

Hispanic

NH Black

NH White

TU
S-

CP
S

N
HI

S
PA

TH

Si
ng

le Cigare�es

ENDS only

Other combus�bles

Smokeless

0.0 5.0 10.0 15.0 20.0 25.0

NH Other

Hispanic

NH Black

NH White

NH Other

Hispanic

NH Black

NH White

NH Other

Hispanic

NH Black

NH White

TU
S-

CP
S

N
HI

S
PA

TH

Du
al

Cigare�es + ENDS

Cigare�es + other combus�bles

Cigare�es + smokeless

ENDS + other combus�bles

ENDS + smokeless

Other combus�bles + smokeless

0.0 5.0 10.0 15.0 20.0 25.0

NH Other

Hispanic

NH Black

NH White

NH Other

Hispanic

NH Black

NH White
NH Other

Hispanic

NH Black

NH White

TU
S-

CP
S

N
HI

S
PA

TH

Po
ly

Cigare�es + ENDS + other combus�bles

Cigare�es + ENDS + smokeless

Cigare�es + other combus�bles + smokeless

ENDS + other combus�bles + smokeless

All four groups

Figure 2. Population prevalence of single, dual, and polytobacco use by race/ethnicity: TUS-CPS (2014-2015), NHIS (2015), and PATH
(2015-2016). NH ¼ Non-Hispanic.

Hirschtick et al. 7



evidence that NH Black and Hispanic cigarette smokers are

less likely to transition to dual use with ENDS44,45 or exclusive

use of ENDS,45 could lead to a potential widening of racial/

ethnic disparities in tobacco-related health outcomes.

Similar to other recent studies,10,27 cigarettes plus other

combustibles was the most common dual use pattern in PATH

(2.0%). Men (vs. women), NH Black individuals (vs. other

racial/ethnic groups), and those with lower (vs. higher) socio-

economic status were more likely to be dual users of cigarettes

plus other combustibles. Depending on intensity and frequency

of use, dual use of multiple combustibles may be more

hazardous than exclusive use of cigarettes since some other

combustibles, such as cigars, contain more toxicants that

cigarettes.38,46

Dual use of cigarettes and smokeless tobacco was less com-

mon, at 0.2-0.5% across surveys. Men (vs. women), NH White

individuals (vs. other racial/ethnic groups), and younger

(vs. older) individuals were more likely to be cigarette plus

smokeless tobacco dual users. Though some cigarette smokers

use smokeless tobacco as a cessation aide,15 potentially
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reducing their risk of poor health outcomes, there is prelimi-

nary evidence that dual users of cigarettes plus smokeless

tobacco might be at greater risk of cardiovascular disease than

exclusive cigarette smokers.20 Polyuse of 3 or more product

groups was more common among men (vs. women), younger

(vs. older) age groups, and individuals with lower (vs. higher)

socioeconomic status. Although dual and polyuse were rela-

tively rare in the general population (2.9-6.5%), they jointly

represented 16.7-25.5% of tobacco use in our study, falling

within the range of dual and polyuse among tobacco users

reported in other recent studies (14.2%27 to 32.5%4).

We included estimates from 3 nationally representative sur-

veys in an attempt to capture patterns of tobacco product use in

the US population, given the variation in estimates across dif-

ferent nationally representative surveys.47 Although there are

more recent waves of data available for the 3 surveys, we chose

to use data collected during a similar period to facilitate direct

comparisons across surveys. We also defined product use in a

consistent way across surveys, with equivalent product group-

ings whenever possible. Generally, the sociodemographic pat-

terns of tobacco use were similar across surveys. However,

there was considerable variation in prevalence estimates. In

particular, TUS-CPS generally had lower tobacco use preva-

lence estimates than PATH or NHIS. This may be because the

majority of TUS-CPS data are collected via telephone inter-

view, which is potentially more susceptible to social desirabil-

ity bias, or the underreporting of stigmatized behaviors such as

substance use, than the in-person interviews32,48 used by NHIS.

Social desirability bias is least likely when using

self-interviewing methods,49 as implemented by PATH, which

had the highest prevalence of any reported tobacco product use.

PATH also oversampled tobacco users.35 Although the PATH

weights account for this oversampling, there may be some

residual bias in estimates. Additionally, some differences in

reporting may stem from the disparate focus of each survey.

PATH is a dedicated tobacco survey, whereas NHIS is a more

general health survey and TUS is a supplement to a labor force

survey.

This study adds to the current literature on patterns of

tobacco product use, as all 3 surveys include information on

more recently available tobacco products, such as ENDS,

allowing us to characterize dual and polytobacco use based

on a wider array of products not captured in previous stud-

ies.27,28 However, the timing of the surveys predates the rise

in ENDS use among young adults after 201629 and likely

underestimates current ENDS prevalence, both exclusively and

in combination with other products. Additionally, although we

used the current use definition regularly employed by the Cen-

ter for Disease Control and Prevention,50 our definition did not

capture frequency (e.g., # of days used in the past 30 days) or

intensity (e.g., cigarettes smoked per day), which was not avail-

able for all products across surveys. Future studies incorporat-

ing intensity of product use are needed to distinguish health

risks related to exclusive, dual, and polytobacco use. Further-

more, by grouping other combustibles and smokeless tobacco

products, we are not capturing dual and polyuse within these

categories (e.g., use of traditional cigars plus hookah), and

potential sociodemographic differences in the use patterns of

other combustibles in particular. As risk profiles based on dual

and polyuse evolve, it is important to distinguish between prod-

ucts within the same category with varying risks, such as chew

and dissolvable tobacco. Nonetheless, as dual and polytobacco

use without cigarettes is relatively rare, our analyses provide a

picture of the majority of use.

In summary, this study considers the prevalence of single,

dual, and polytobacco use overall and by sociodemographic

subgroup across 3 nationally representative surveys. Although

exclusive product use was the most common tobacco use pat-

tern among US adults, dual and polytobacco use represented a

considerable proportion of tobacco product use and may

become more prominent as product availability and regulations

continue to evolve. Since unique product combinations may

have important implications for tobacco-related health risks

and cessation, researchers and regulators need to monitor dif-

ferences in use patterns by sociodemographic subgroup to

assess whether they impact tobacco-related health disparities.
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