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Abstract

Purpose.—To examine how youth multiple tobacco product (MTP) users differ relative to non-

users and to single-product users on risk factors at multiple levels of influence.

Methods.—We analyzed data on high school students from the North Carolina Youth Tobacco 

Survey, 2015 (n=2,922). Single- and MTP use were defined as use of one, or two or more tobacco 

products in the past month, respectively. Multinomial regressions estimated the association 

between risk factors and MTP use compared to single-product use and non-use of tobacco. Risk 

factors included intra-personal (e.g., harm perceptions), and interpersonal (e.g., household, peer 

tobacco use, secondhand smoke or vapor, and advertising) factors.

Results.—Of students, 12% and 13% were single product and MTP users, respectively. Many 

differences emerged between MTP users and non-tobacco users, with MTP users showing lower 

harm perceptions, higher perceived social benefits of smoking, significantly higher relative risk of 

having friends who use tobacco (RRR=4.79, 95% CI 3.42, 6.70), of exposure to secondhand e-

cigarette vapor (RRR=1.35, 95% CI 1.23, 1.48), and of being receptive to tobacco marketing 

(RRR=4.01, 95% CI 2.87, 5.61). Fewer differences emerged between MTP and single product 

users with MTP users having significantly higher relative risk of having friends who use tobacco 
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(RRR=2.31 95% CI 1.73, 3.07), of exposure to secondhand vapor (RRR=1.10, 95% CI 1.02, 1.18), 

and of being receptive to tobacco marketing (RRR=1.71, 95% CI 1.17, 2.50).

Conclusions.—Efforts that target multiple tobacco product use should increase youth tobacco-

related harm perceptions, and protect youth from social, peer, and industry influences.
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BACKGROUND

Multiple tobacco product (MTP) use (i.e., use of two or more tobacco products 

concurrently) has recently become widespread among young people.(1, 2). Despite 

decreases in overall tobacco use in recent years, concurrent use of multiple tobacco products 

is high and is estimated at about 50% among youth users of tobacco.(3, 4) In 2017, 19.6% of 

high school students in the US (estimated 2.95 million users) were current users of a tobacco 

product, including 9.2% (1.38 million; 46.8% of current tobacco users) who reported the 

concurrent use of ≥2 tobacco products.(5) Other studies have also estimated that the number 

of youth who concurrently use multiple tobacco products exceeds the number of youth who 

use a single product.(6–9) Thus, it is important to understand the characteristics and risk 

factors associated with this behavior.

Use of any tobacco product during adolescence is harmful to health as nicotine exposure 

harms the developing brain and causes addiction. (6, 8, 10–12) While no level of nicotine 

exposure is safe, use of multiple tobacco products concurrently exposes the developing 

adolescent brain to higher levels of nicotine relative to a single product use, thus exacerbates 

the risk for addiction and dependence. Indeed youth MTP users are more nicotine dependent 

and less likely to intend to quit using tobacco than single product users (8). This early-age 

dependence on nicotine increases the risk that youth MTP users will continue using tobacco 

well into adulthood. In addition, exposure, at a young age, to harmful and potentially 

harmful constituents and carcinogens from multiple combustible (e.g., cigarettes) and non-

combustible tobacco products (e.g., smokeless tobacco) increases the risk for immediate and 

long term negative health effects associated with tobacco use.(13, 14)

MTP use in youth is likely driven by the rise in OTPs (i.e. other tobacco products than 

cigarettes) in the U.S market, particularly those that offer enticing flavors such as e-

cigarettes, and hookah.(15, 16) A myriad of other potentially modifiable intra- and 

interpersonal risk factors, however, remain understudied. As a first step to dealing with this 

issue, studies are needed to characterize users and to identify risk factors associated with this 

behavior. Consistently studies show that, demographically, MTP use is more common in 

older, male, Hispanic and non-Hispanic White youth (7, 8, 17). In comparison to single 

product users and non-users of tobacco, MTP users have weaker harm perceptions of 

different tobacco products,(8, 18, 19) and are more likely to believe that young people who 

smoke have more friends.(8) Also at the Intrapersonal level, MTP use is positively 

associated with sensation seeking in youth.(4) Other potentially influential factors are those 

related to the social environment as it relates to tobacco use. For example, Ali, et al., (2016) 
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found that MTP users were more likely than single product users to smoke a cigarette if 

offered by a friend.(8) Cooper et al., (2016) found that MTP users differed from single-

product users most notably in their higher perceived use of tobacco products by close friends 

and dating partners.(19) At a higher level of influence, few studies have examined 

receptivity to tobacco promotions as a determinant of youth use of OTPs (20–22). Consistent 

with that, it has been shown in two previous studies that MTP users, among which OTP use 

is high, are more receptive to tobacco marketing than their counterparts.(18, 23) The vast 

majority of the aforementioned studies have examined primarily intrapersonal factors such 

as harm perceptions; and only few have examined factors at higher levels of influence 

(familial, community, or marketing).

In this study, we take an ecological model approach to examine variables at multiple levels 

of influence that may be associated with MTP use in North Carolina (NC) youth. The core 

premise of ecological models is that behaviors and behavior change are driven by factors at 

multiple levels of influence (intrapersonal, interpersonal, organizational, community, and 

policy factors) that are important to study. The model provides a comprehensive framework 

for understanding determinants of health behavior to inform the development of 

interventions that systematically target factors at each level of influence.(24) The factors we 

examine include intrapersonal (harm perceptions and beliefs about the social benefits of 

tobacco use), interpersonal (family and peers influences), community (exposure to smoking 

and vaping at community settings), and exposures to tobacco marketing and advertising 

(Figure 1). Results may inform tobacco prevention efforts that directly target the public 

health issue of MTP use in NC youth. The state of NC presents one of the highest youth 

smoking rates in the nation at 12.1%.(25) It is also the nation’s leading tobacco-growing and 

-manufacturing state, with over 1,680 active tobacco farms.(26) In addition, NC has some of 

the weakest tobacco control policies in the nation and the fifth lowest cigarette excise tax at 

$0.45 per cigarette pack (25). NC also has a statewide preemption regulation that blocks the 

passing of strict clean indoor air laws. In recent years, funding cuts to the statewide Teen 

Tobacco Use Prevention and Cessation Initiative have been threatening the delivery of 

community and school-based programs for youth, focused on education, prevention, and 

policy change to reduce tobacco use.(27) These factors put NC youth at a higher risk of 

tobacco-related exposures, behaviors, and illnesses.

METHODS

We analyzed data on high school students from the 2015 Wave of the North Carolina Youth 

Tobacco Survey (NC YTS), a repeat cross sectional, public and charter school-based survey, 

administered every two years since 1999, and includes middle and high school students.(28) 

The survey used a multi-stage cluster sampling design in three regions of the state (West, 

Central, and East). Within each region, schools were first selected with probability for 

selection proportional to the school’s enrollment size, and then classes were randomly 

selected within each school. Passive consent forms were utilized, unless an active consent 

form was required by the school policy. The overall response rate was 74.4%.

For this study, we analyzed data on high school students (n=3,420). We excluded Middle 

school students from the analyses because of small sample size of tobacco product users. 
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Students with missing values on study variables were excluded (n=498) resulting in a final 

analytic sample of n=2,922 students. This study uses secondary data analyses and does not 

constitute human subjects research as defined under federal regulations 45 CFR 46.102 (d or 

f) and 21 CFR 56.102(c)(e)(l), hence, did not require an institutional review board approval.

Measures

Non-use, single, and multiple tobacco product (MTP) use.—The survey assessed 

past month use of ten tobacco products including: cigarettes (including roll your own and 

flavored cigarettes); cigars (including cigars, little cigars, flavored cigars, and cigarillos); 

waterpipe; pipe tobacco; bidis; clove cigarettes (Kreteks) or clove cigars; electronic 

cigarettes; smokeless tobacco (SLT) (including chewing tobacco, snuff, or dip); snus, and 

dissolvable tobacco. Students were classified as current users of a product if they indicated 

using it on at least one day in the past month. Then an index of tobacco product use was 

created by summing up the number of tobacco products used in the past month 

(Minimum=0, Maximum=10). Students were then classified as (1) non-users if they did not 

use any of these tobacco products, (2) single product users if they used only one tobacco 

product, and (3) multiple tobacco product (MTP) users if they used two or more tobacco 

products.

Tobacco use risk factors

Individual level factors

Harm perceptions of tobacco, cigarettes, and e-cigarettes.: Three questions assessed 

students’ perceptions of tobacco product harms (1) How strongly do you agree with the 

statement: All tobacco products are dangerous? (‘0=strongly agree/agree’, ‘1=strongly 

disagree/disagree’), (2) Do you think that breathing smoke from other people’s cigarettes or 

other tobacco products is?, and (3) Do you think that breathing vapor from other people’s 

electronic cigarettes is? Responses to the latter two questions were coded as ‘0=very or 

somewhat harmful’, ‘1=not very harmful or not harmful at all’.

Perceived social benefits of smoking.: Students were asked (1) Do you think smoking 

cigarettes makes young people look cool or fit in?, and (2) Do you think young people who 

smoke cigarettes have more friends? Responses were coded as ‘1=definitely or probably 

yes’, ‘0=probably or definitely not’. Individual level factors also included demographic 

variables of age, sex, race, and amount of weekly discretionary income the student spends as 

covariates.

Household and peer social influences

Smoking rules at home, family and peer smoking.: Several questions assessed self-

reported exposure to smoking in the student’s social environment. Student were asked 

whether smoking is allowed (1) inside their home (2) in the vehicles that they and family 

members own or lease, and were coded as ‘1=smoking allowed in home or vehicle’ or 

‘0=smoking not allowed in either’. A third question assessed current use of 9 tobacco 

products by those who live with the student (i.e., cigarettes; cigars, cigarillos, or little cigars; 

smokeless tobacco; electronic cigarettes; waterpipe; tobacco pipe; snus; bidis; or dissolvable 
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tobacco. Students were coded as having family members who ‘0=do not use any product’, 

‘1=use one product’, and ‘2=use 2 ≥ products’. Lastly, student were asked how many of your 

four closest friends (1) smoke cigarettes and (2) Chew tobacco and were coded as ‘0=not 

having’ or ‘1=having’ friends who smoke or chew tobacco. Self-reported exposure to other 
people’ smoking behavior at home or in vehicle. Students were asked during the past 7 days, 

on how many days (1) did someone smoke tobacco products in your home while you were 

there? And (2) Did you ride in a vehicle where someone was smoking a tobacco product? (0 

days to 7 days). The two items were moderately correlated (r=.52) and were averaged.

School, work, and community environments

Self-reported exposure to secondhand smoke in school, workplace, or public 
places.: Students were asked during the past 7 days, on how many days did you breathe the 

smoke from someone who was smoking a tobacco product (1) at your school, (2) in the 

place where you work, and (3) in an indoor or outdoor public place?. Responses were 0 days 

to 7 days and were averaged across the three items.

Exposure to secondhand e-cigarette vapor in public places.: Students were asked during 

the past 7 days, on how many days did you breathe the vapor from someone who was using 

an electronic cigarette in an indoor or outdoor public place?. Responses were 0 days to 7 

days.

Receptivity and exposure to tobacco advertising

Receptivity to tobacco advertising:  Students were asked: How likely is it that you would 

ever use or wear something (such as a lighter, T-shirt, hat, or sunglasses) that has a tobacco 

company name or picture on it? Responses were coded as ‘1=very or somewhat likely’ and 

‘0=somewhat or very unlikely’.

Exposure to tobacco advertising was measured using two items, (1) when you are using the 

Internet, how often do you see ads for tobacco products, including electronic cigarettes?, and 

(2) when you go to a convenience store, supermarket, or gas station, how often do you see 

ads or promotions for cigarettes and other tobacco products? Responses were coded as 

‘0=never or rarely’, ‘1=sometimes, most of the time or always’.

Statistical analysis

We began with descriptive statistics to understand the data distributions and to describe the 

demographic characteristics of students who participated in the 2015 NC YTS. Using chi2 

tests, we examined differences in age, sex, and race distributions between non-users of 

tobacco, single, and MTP users (Table 1). Then, for each tobacco product, we examined the 

percentage of youth users across single and MTP users (Table 2).

We estimated multinomial multiple regression models to examine the association between 

all independent variables and MTP use (Table 3). The models were estimated twice, first 

comparing MTP users to non-users of tobacco products, and second comparing them to 

single product users. Independent variables included: individual level factors (i.e., 

demographics, harm perceptions, perceived social benefits of smoking), household and peer 
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social influences, school, work, and community related exposures, and receptivity and 

exposure to tobacco advertising variables. All models adjusted for age, sex, race, and 

student’s weekly discretionary income. We present relative risk ratios (RRR) and their 

associated confidence intervals. Analyses were conducted using STATA version 13 and were 

weighted to account for the complex survey design and sampling weights.

RESULTS

Sample characteristics

Of students, 25% were tobacco users, and 12% and 13% were single product and MTP 

users, respectively (Table 1). Statistically significant differences emerged between non-users, 

single, and MTP users by demographic characteristics. A higher percentage of youth MTP 

users were 17 years or older, male, and White, than youth non-users and single product 

users.

Products used

Among youth single product users, 52% used e-cigarettes and 22% used cigarettes in 2015 

(Table 2). Among MTP users, over two thirds reported using e-cigarettes (76%) and 

cigarettes (69%), over a half used cigar products (55%), and over a fourth reported using 

smokeless tobacco (37%), pipe tobacco (26%), and hookah (23%).

Risk factors for multiple tobacco product use

Relative to non-users (Table 3, Model 2), MTP users had higher relative risk of disagreeing 

that all tobacco products are dangerous (RRR 1.79, 95% CI 1.01, 3.18), of believing that 

exposure to secondhand vapor is not harmful (RRR 1.79, 95% CI 1.32, 2.45) and of 

believing that smokers are cool (RRR 1.70, 95% 1.11, 2.61). MTP users had higher relative 

risk than non-users of having family members who use tobacco products (RRR 1.51, 95% CI 

1.01, 2.26) and about five times higher relative risk of having friends who use tobacco (RRR 

4.79, 95% CI 3.42, 6.70). MTP users also had a higher relative risk of exposure to others 

smoking in their presence at home or while riding a vehicle (RRR 1.19, 95% CI 1.09, 1.30). 

Adjusting for all aforementioned factors, there was no difference in exposure to secondhand 

smoke in public places between MTP and non-tobacco users. MTP users, however, had 

higher relative risk than non-users of exposure to secondhand vapor in public places (RRR 

1.35, 95% CI 1.23, 1.48) and about 4 times higher relative risk of being receptive to tobacco 

marketing items (RRR 4.01, 95% CI 2.87, 5.61).

In comparison to single product users, MTP users had a significantly higher relative risk of 

having friends who use tobacco (RRR 2.31, 95% CI 1.73, 3.07). Further, MTP users were no 

different from single product users in their exposure to secondhand smoke in public places 

but had significantly higher relative risk of exposure to secondhand vapor in public places 

(RRR R 1.71, 95% CI 1.17, 2.50). There were no statistically significant differences between 

MTP users and single product users in harm perceptions of tobacco use, the belief that 

smokers are cool or have more friends, the risk of having family members who use tobacco, 

or the risk of having household rules that allow smoking (Table 3, Model 3).
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DISCUSSION

This study, informed by an ecological model approach, examined risk factors at multiple 

levels of influence that may be associated with multiple tobacco product use among high 

school youth in NC. Whereas MTP users differed from non-users of tobacco on factors at all 

levels of influence, fewer differences emerged between MTP and single product users. As 

such, in comparison to non-users of tobacco, MTP users had weaker tobacco harm 

perception, greater perceived social benefits of smoking (intrapersonal factors), higher 

relative risk of having family members and friends who use tobacco, and of exposure to 

smoking at home or family vehicle (interpersonal and primary groups factors). MTP users 

also had a higher risk of exposure to secondhand vapor from e-cigarettes at community 

settings (institutional and community factors), and a higher relative risk of being receptive to 

tobacco marketing (tobacco policy factors). In contrast, no differences were observed 

between MTP and single product users in harm perceptions of tobacco, perceived social 

benefits of smoking, family smoking or exposure to smoking at home or family vehicle. 

MTP users differed from single product users most notably in their higher relative risk of 

having friends who use tobacco, exposure to secondhand vapor from e-cigarettes, and in 

being more receptive to tobacco marketing.

Notably, single and MTP users did not differ on intrapersonal factors and had comparable 

tobacco-related harm perceptions. These findings are consistent with previous studies 

showing that youth tobacco users are less likely to perceive risks from their use than non-

users.(29, 30) A key issue is to understand youth harm perceptions of OTPs, particularly 

those most commonly used by single product and MTP users.(17) As we show, OTPs 

(including e-cigarettes, cigar products, smokeless tobacco, pipe, and hookah) are commonly 

used by youth MTP users. Evidence supports that youth perceive OTPs as less harmful than 

cigarettes, (31, 32) and that OTPs harm perceptions are weaker among tobacco users as 

compared to non-users. For example, in Cooper et al., (2016), youth MTP users were more 

likely to believe that cigars, e-cigarettes, hookah, and smokeless tobacco are not at all 

harmful compared to non-users.(19) Few other studies also showed weaker harm perceptions 

of e-cigarettes among tobacco users than non-users.(29, 33) Our results suggest that youth 

targeted communication campaigns should broaden their focus from cigarette specific 

prevention messages to communications clarifying OTP health risks that are equal to or 

greater than those of cigarettes. Furthermore, rather than communicating about the health 

effects of tobacco use in general, or focusing on a single product like cigarettes, campaigns 

may need to develop clear messages about the harmful health effects of concurrent use of 

multiple tobacco products.

Our findings underscore the importance of social influences to MTP use. Most notably, MTP 

users appear to have the highest risk of having friends who use tobacco. Peer influences and 

normative beliefs have been recognized as one aspect of the social environment that 

contributes to initiation of and sustaining cigarette smoking (9, 30). Limited evidence also 

suggests that peer use of OTPs is a major predictor of adolescent use of alternative tobacco 

products such as e-cigarettes. (30) Thus, peer use of OTPs may play a role in encouraging 

multiple product use (19) particularly because some OTPs (e.g., hookah, e-cigarettes, Juul) 

are perceived as social and interactive products used while relaxing with friends and family.
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(34) A challenging aspect of human behavior, social influence of peers and family, has yet to 

be addressed in tobacco related interventions.

Neither single product users nor MTP users differed from non-tobacco users with regard to 

exposure to secondhand smoke in community settings. Single and MTP users, however, 

were more at risk than non-users of exposure to secondhand vapor from e-cigarettes. 

Whereas smoke free policies has been effective in reducing secondhand smoke from 

cigarettes, these laws do not extend to e-cigarettes. Indeed, one of the key reasons for e-

cigarette use, particularly among smokers, is the ability to use them in places were smoking 

is banned.(35) Furthermore, our data illuminate that, in 2015, e-cigarettes were the most 

commonly used product among youth single product and MTP users. Given how ubiquitous 

e-cigarette use is among youth, this level of exposure to secondhand vapor is not surprising 

and is likely linked to the user’s own or peers’ vaping sessions. Concerns have been raised 

about potential unintended consequences of regulations that would restrict e-cigarette use, 

leading youth to continue smoking combustible products.(36) Notwithstanding these 

concerns, secondhand vapor from unregulated e-cigarette products contains nicotine, and 

other potentially harmful flavoring additives,(15) and should be restricted in settings that 

children and youth attend in NC and elsewhere.

Receptivity to items with tobacco marketing was strongly associated with MTP use in 

comparison to both non-use and single product use. This strong association endured even 

after adjusting for a myriad of other risk factors including demographics, harm perceptions, 

and social influences. Whereas previous studies showed that receptivity to tobacco 

advertising is associated with tobacco use and progression toward use in adolescence (22, 

37–39), this is the first study to show a strong association with MTP use and suggests a need 

to eliminating promotional campaigns for all tobacco products and OTPs.

LIMITATIONS

Data on tobacco use were self-reported and may be subject to related biases (e.g., recall or 

response biases). The NC YTS sample excluded youth dropouts or youth not enrolled in 

school, who may have higher rates of tobacco use. Thus, the findings from this study may 

not generalize to all high school-aged youth in NC or nationally. Single product use and 

MTP use estimates were calculated based on use data for 10 tobacco products. Students with 

missing data on any of these products were excluded from the analytic sample. Missing data 

on tobacco use variables were small however (0.3% – 3.5% for all products, 6% smokeless 

tobacco), hence we expect little or no impact on our estimates. The NC YTS survey has been 

administered to middle and high school students every two years since 1999. Questions are 

kept at a readability level and length that are appropriate for a young audience. Thus, some 

survey questions, such as those assessing harm perceptions, are general in nature and do not 

capture youth harm perceptions of specific tobacco products. Lastly, due to small sample 

sizes, we were unable to distinguish between Asians, American Indians or Alaska Natives, 

and Native Hawaiians or Other Pacific Islanders and those groups were combined into one 

race group. This classification may have prevented us from observing how each group 

differed relative to Whites, Blacks, and Hispanics as previous research has shown, for 

example, that Asian American have the lowest rates of tobacco use.(40) Students who 
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selected multiple race groups were assigned to a single race category based on a 

predetermined assignment rule. This approach to race categorization may have introduced 

some measurement error by retaining incomplete information about respondents’ reported 

races.

CONCLUSIONS

In an evolving and diversified tobacco product marketplace, it is imperative to prioritize 

protecting youth from becoming dependent on tobacco products. Understanding the unique 

risk factors that drive multiple tobacco product use in youth may help develop tailored novel 

strategies and regulations to prevent youth uptake of traditional and emerging tobacco 

products. This study underscores the importance of examining tobacco use risk factors at 

multiple levels of influence and shows that interpersonal factors such as social influences, 

community exposures, and receptivity to tobacco marketing affect multiple tobacco product 

use above and beyond the effects of intrapersonal factors such as demographics, harm 

perceptions, and beliefs about the social benefits of smoking. Interventions that specifically 

target youth risk and harm perceptions of OTPs and of concurrent tobacco product use, and 

protect youth from social, peer, and industry influences may help prevent multiple tobacco 

product use in youth.
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Highlights

• Intra and interpersonal factors are linked to youth multiple tobacco product 

use

• Youth multiple product users have weaker tobacco-related harm perceptions

• Youth multiple product users are more exposed to tobacco use by peers

• Youth multiple product users are more exposed to secondhand e-cigarette 

vapor

• Youth multiple product users are significantly more receptive to tobacco 

marketing
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FIGURE 1. 
Study ecological model representing factors at multiple levels of influence that impact 

tobacco use behavior.
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Table 1.

Demographic characteristics of students, NC YTS, 2015, weighted estimates

Total sample Non Tobacco users Single product users Multiple product users P value

(n=2,922) (n=2,191) (n=356) (n=375)

Age % % % %

14 or less 20 22 11 11 0.000

15 27 29 22 22

16 24 24 27 22

17 or older 29 25 40 45

Sex

 Male 49 47 51 63 0.000

Female 51 53 49 37

Race

Non-Hispanic White 55 52 57 68 0.0025

Non-Hispanic Black 25 27 23 16

Hispanic 13 13 13 11

Non-Hispanic other 7 8 7 5

Student’s weekly discretionary income

$ 1–10 29 32 21 17 0.000

$ 11–20 20 20 22 15

$21–50 20 20 17 26

$50+ 31 28 40 42

Note. P values are based on chi2 test of differences between non-users, single product users, and multiple product users.
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Table 2.

Percentages of users of each tobacco product by use categories

Tobacco Products Tobacco users (n=731) Single product users (n=356) Multiple product users (n=375)

% users % users % users

E-cigarettes 64 52 76

Cigarettes 46 22 69

Cigars (including cigarillos) 32 9.5 55

Smokeless tobacco 23 9 37

Pipe Tobacco 15 5 26

Hookah 12 2 23

Bidis 5 0.3 9

Clove cigarettes 6 0.4 12

Snus 6 0 12

Dissolvable tobacco 2 0 3.5
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