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The US Food and Drug Administration 
(FDA) has authorized the marketing and 
sale of, IQOS, a heat-not-burn (HNB) to-

bacco product, in the US as a modified risk tobacco 
product (MRTP). HNB products are promoted as 
safer alternatives to combustible cigarette smok-
ing.1 Existing studies2-4 on the health effects of 
HNB products, which presently tend to be spon-
sored mostly by the tobacco industry, suggest that 
HNB products are likely to expose users to lower 
levels of toxicants compared with combustible cig-
arettes – but, are not risk free. 

The public health effects of HNB products are 
unclear. Reduced toxicant exposure does not nec-
essarily guarantee reduced harm. Little is known 

about the effects of HNB products among users of 
other tobacco products such as cigarette and eciga-
rette, or non-users of tobacco products. Concerns 
have been raised that tobacco products that are 
considered safer alternatives may influence low-risk 
young people to initiate tobacco use.5 Furthermore, 
availability of a new tobacco product alternative 
may encourage concurrent use of multiple tobacco 
products among young people.6

Some data indicate that half or more of US youth 
and young adults who are current tobacco users are 
poly-tobacco users; that is, they engage in concur-
rent use of 2 or more tobacco products.7-10 Among 
young people, poly-tobacco users tend to show 
higher nicotine dependence,7 lower motivation and 
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self-efficacy to quit tobacco use,7,8 and greater gen-
eral positive attitudes toward tobacco.8,11 There are 
concerns that, among cigarette smokers, using one 
or more additional tobacco products may reduce 
the likelihood of smoking cessation.12 In addition, 
some data suggest that poly-tobacco use may ex-
pose users to higher levels of carcinogens.13 

To date, only one study14 has examined HNB 
product use in a sample of US young adults. In that 
cross-sectional study, researchers found that 5% of 
the sample reported lifetime HNB product use 
and 12% reported being aware of HNB products. 
Higher HNB product awareness and lifetime use 
were associated with greater use of all types of to-
bacco products, including cigarettes and ecigarettes, 
and with the tendency to use multiple tobacco 
products concurrently. Among cigarette smokers, 
higher nicotine dependence was associated with a 
greater likelihood of having tried an HNB prod-
uct, but no associations were found between HNB 
product use and cigarette quit attempts or inten-
tions to quit cigarette smoking. These findings are 
consistent with the results of studies based on adult 
samples from Japan and Korea.15,16 In a Korean 
sample, Hwang et al16 found that among current 
cigarette smokers, intentions to quit cigarettes in 
the next month were not associated with greater 
likelihood of using HNB products. Furthermore, a 
study17 with adolescents from Canada, the United 
Kingdom, and the US showed that 25% of the 
youth sampled were susceptible to trying IQOS, 
and susceptibility was strongly associated with cur-
rent cigarette smoking and ecigarette use.

As HNB products become increasingly avail-
able in the US market, there is a growing need to 
study the patterns, correlates, and predictors of 
HNB product use in young people so as to im-
prove understanding of the public health risks 
posed by HNB products. Specifically, there is a 
need to understand whether it is only cigarette-
smoking young people who are attracted to HNB 
products. The current study is one the first longitu-
dinal studies to examine the associations between 
current cigarette smoking, ecigarette use, and dual 
use of cigarette and e-cigarette and HNB product 
use onset 6 months later. We also examine concur-
rent associations between dual use, ecigarette and 
cigarette use, and lifetime HNB product use across 
the 2 time-points. In addition, among current ciga-

rette smokers, we examine the associations of HNB 
product use with cigarette dependence and smok-
ing cessation-related variables, namely motivation 
to quit, quitting self-efficacy, number of past quit 
attempts, duration of the most recent quit attempt, 
and use of ecigarette for quitting smoking. Overall, 
the study’s objectives are to test if (1) HNB prod-
uct use increases the risk for dual and poly-tobacco 
use among young adults, including ecigarette only 
users; and (2) predictors of smoking cessation such 
as motivation to quit, quitting self-efficacy, and re-
cent quit duration are associated with HNB prod-
uct use.

METHODS
Procedures

Data for the current study come from the third 
and fourth waves of a 4-wave longitudinal study 
originally designed to study the effects of e-ciga-
rette marketing on tobacco product use behavior 
among young adults. Participants for the parent 
study were recruited at baseline from 2 4-year and 
4 2-year colleges in Hawaii. To be eligible to par-
ticipate, participants had to be 18-25 years old at 
the time of recruitment. We obtained e-mail ad-
dresses of all 18-25-year-olds enrolled across the 
colleges, all of which belonged to the same univer-
sity system. E-mail invitation for participation in 
the study was sent to a random sample of e-mail 
addresses. The e-mail invitation contained a link to 
the screener survey, which included questions on 
age, sex, ethnicity, and cigarette smoking behavior. 
Potential participants received up to 3 reminders to 
complete the screener. The response rate was 60%. 
However, those who responded to the e-mail invi-
tation were predominantly women who had never 
smoked a cigarette. To obtain a sample that was 
more gender balanced and included proportions of 
cigarette smokers and experimenters comparable to 
or higher than the national distribution of smok-
ers in the 18-25 age group, we supplemented the 
e-mail recruitment with classroom-based recruit-
ment. We randomly selected on average 40 classes 
from each participating campus and presented the 
study in classrooms. Students approached in the 
classroom completed the paper-and-pencil version 
of the screener survey. The average response rate 
across classrooms was 80%. 

All eligible participants who provided written 
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consent to participate in the study were sent a link 
to the baseline survey via e-mail. The survey was 
programmed on Inquisit.18 A total of 2622 par-
ticipants completed the baseline survey, of whom 
54% were originally recruited through the e-mail 
method. These participants were contacted every 6 
months for 3 additional waves of data collection. 
Of the baseline participants, 2401 participants 
completed the second survey (91.5% retention); 
2327 completed the third survey (88.7% reten-
tion); and 2335 completed the fourth survey (89% 
retention). The current longitudinal analysis is 
based on the data from the third and fourth waves 
only, because HNB product use was not assessed in 
the earlier waves. Thus, participants who complet-
ed both the third and fourth surveys (N = 2229) 
were included in the study. Approximately 15% of 
the baseline sample was not included in the cur-
rent longitudinal analysis. We compared baseline 
participants who were not included in the present 
analysis (N = 393) with those who are included in 
the analysis on key demographic and tobacco prod-
uct use characteristics at baseline. Compared to 
those included in this analysis, those not included 
tended to represent a significantly higher propor-
tion of current cigarette smokers (34% vs 20%) 
and current ecigarette users (42% vs 30%). There 
were no other statistically significant differences.

Measures
Demographics. For demographic data, we col-

lected information about age, sex, ethnicity, and 
family/household income. We used single-item 
indicators for all of these variables except ethnic-
ity, which we assessed with 2 questions. The first 
provided participants with a list of ethnic back-
grounds, for which they were asked to select all 
that applied to them. The second asked to select 
one ethnic background that best defined the par-
ticipant. Both responses were considered while de-
termining a participant’s ethnic background.

Cigarette smoking. Was measured with the stan-
dard measures of lifetime use (“How many ciga-
rettes have you smoked in your entire life?” “None, 
I have never smoked a cigarette,” “Less than 100,” 
“100 or more”) and past-30-day use (“In the past 
30 days, on how many days did you smoke a ciga-
rette?” “0 days, 1-2 days, 3-5 days,…, 20-29 days, 
All 30 days”). In addition, we asked participants: 

“Do you currently smoke cigarettes?” with the re-
sponse options “No, I don’t,” “Yes, occasionally,” 
and “Yes, regularly.” Current use was determined 
based on this last question and past-30-day use.

Ecigarette use. Was assessed e-cigarette lifetime 
use (eg, “Have you ever used an ecigarette or a 
similar device?”) and past-30-day use (eg, “In the 
past 30 days, on how many days did you use an 
ecigarette or a similar vaping device?” “0 days,” 
“1-2 days,” “3-5 days,”…, “20-29 days,” “All 30 
days”). We also asked: “How often, if at all, do you 
currently use an ecigarette?” (Response options: 
“Daily,” “Less than daily, but at least once a week,” 
“Less than weekly, but at least once a month,” “Less 
than monthly,” “Not at all”).19 Current use was de-
termined based on this last question and past-30-
day use. Just preceding the lifetime ecigarette use 
question, pictures of a gamut of ecigarette products 
were shown to participants to illustrate ecigarette 
or vaping devices.

HNB product use. We measured lifetime and 
past-30-day HNB product use, employing items 
similar to the ones used for ecigarette use. IQOS 
and Eclipse were provided as examples of HNB 
products. For participants’ benefit, a picture of 
IQOS was shown preceding the items. 

Cigarette dependence. To estimate cigarette de-
pendence, we used the Fagerström Test for Nicotine 
Dependence (FTND).20 A continuous nicotine de-
pendence index (range 0-10) was created by sum-
ming up responses across the 6 FTND items [eg, 
“How soon after you wake up do you smoke your 
first cigarette?” (0: After 60 minutes, 1: 31-60 min-
utes; 2: 6-30 minutes; 3: within 5 minutes); How 
many cigarettes per day do you smoke? (0:10 or 
less, 1: 11-20; 2: 21-30; 3: 31 or more)]. 

E-cigarette dependence. We assessed e-cigarette 
dependence with the Penn State E-cigarette De-
pendence Index (PSEDI). A continuous e-cigarette 
dependence scale (range: 0-20) was created by 
summing up responses across the 10 PSEDI items 
[eg, “How many times per day do you usually use 
your e-cigarette? (0: 0-4 times, 1: 5-9; 2: 10-14; 3: 
15-19; 4: 20-29; 5: ≥30)].

Motivation to quit cigarette smoking. We as-
sessed motivation to quit cigarette smoking with a 
5-item measure (eg, “Do you want to quit cigarette 
smoking?” “Do you intend to quit cigarette smok-
ing?”) for which we calculated a Cronbach’s α= 
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.80.21 Each item was measured on a 5-point scale 
(“No, definitely not”… “Yes, definitely”). The re-
sponses across items were averaged to create a scale 
of motivation to cigarette smoking.

Past year cigarette quit attempts, quitting self-
efficacy, and recent quit duration. We assessed 
these variables with a single item for each: “How 
many times have you quit smoking for 24 hours 
in the past 12 months?” (5-point scale: “0 times” 
to “9 or more”); “How confident are you that you 
will quit smoking in the next 6 months?” (5-point 
scale: “Not at all” to “Extremely”), and “How long 
did your most recent quit attempt last?” (6-point 
scale: “I have never tried to quit,” “More than a day 
but less than a week,”…. “One year or more”).21

Ecigarette use for help with smoking cessation. 
We assessed this variable with a single item: “Are 
you currently using an ecigarette to quit smoking?” 
(Yes, No).22

Data Analysis
We used SAS statistical software for data analy-

sis.23 We performed 4 sets of analyses using logis-
tic regression. First, we performed cross-sectional 
analysis in the entire sample at each time-point, 
testing the associations between cigarette-only use, 
ecigarette-only use, dual use of cigarette and eciga-
rette, and lifetime HNB product use, adjusting for 
age, sex, ethnicity, college type (4-year vs 2-year), 
and family/household income. We classified cur-
rent users of both ecigarettes and cigarettes as dual 
users. Next, we performed longitudinal analysis in 
the entire sample, examining the associations be-
tween cigarette-only use, ecigarette-only use, dual 
use of cigarette and e-cigarette at baseline (ie, base-
line for the current analysis), and HNB product 
initiation 6 months later, adjusting for age, sex, 
ethnicity, college type (4-year vs 2-year), and fam-
ily/household income. This analysis was performed 
for HNB product never users at baseline. Next, 
we performed cross-sectional analysis among cur-
rent cigarette smokers at each time-point, testing 
the associations between cigarette smoking charac-
teristics (ie, occasional vs regular, nicotine depen-
dence), smoking cessation-related characteristics 
(ie, motivation to quit, past year quit attempts, 
recent quit duration, quitting self-efficacy, and 
use of ecigarettes for cessation help), and lifetime 
HNB product use. Lastly, we performed longitu-

dinal analysis among baseline (ie, baseline for the 
current analysis) cigarette smokers who had never 
used HNB product, testing the associations be-
tween cigarette smoking characteristics, smoking 
cessation-related characteristics, and HNB product 
initiation 6 months later. Across all steps, we ex-
cluded cases with missing data from the analysis.

RESULTS
Participants

Table 1 shows the characteristics of the overall 
sample. Women and 4-year college students were 
represented slightly more than men and 2-year col-
lege students. The 9% “other” ethnic category repre-
sented in the sample could be further broken down 
into Hispanics (4%), African Americans (2%), 
American Indians (1%), and others (2%). There 
was little change in prevalence of cigarette-only use, 
ecigarette-only use, and dual use of cigarette and 
ecigarette between the 2 data collection time-points 
(Wave 1 and Wave 2). Lifetime HNB product use 
increased by 3%, from 4% to 7%, between Wave 1 
and Wave 2. Past-30-day HNB product use was at 
1% at both time-points. Analyses that focused on 
current cigarette smokers were performed among all 
current cigarette smokers, including dual users and 
cigarette-only smokers. The prevalence of current 
cigarette smoking at both time-points was approxi-
mately 16%. Among current cigarette smokers at 
Wave 1 and Wave 2, lifetime HNB product preva-
lence was 13% and 18%, respectively.

 
Associations of HNB Product Use with 
Cigarette Use, E-cigarette Use, and Dual Use

Table 2 shows the results of the cross-sectional 
and longitudinal analyses examining the associa-
tions of cigarette-only use, ecigarette-only use, and 
dual use with lifetime HNB product use and HNB 
product use onset. Cross-sectional analysis showed 
that being a woman was inversely associated with 
the likelihood of lifetime HNB product use. Ex-
cept for older age in Wave 2, no other demograph-
ic variable was statistically significantly associated 
with increased likelihood of lifetime HNB product 
use. At both time-points, cigarette-only use was the 
strongest correlate of increased likelihood of HNB 
product use, followed by dual use, and ecigarette-
only use. For example, in Wave 2, those who were 
current cigarette-only smokers, relative to non-us-
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ers of either cigarette or ecigarette, were 10 times 
more likely to have tried an HNB product. Similar-
ly, dual users and ecigarette-only users were 7 and 
5 times more likely to have tried an HNB product, 
respectively.

Longitudinal analysis did not find a statistically 
significant association between cigarette-only use at 
baseline and HNB product use initiation 6 months 
later. Baseline dual use and ecigarette-only use were 
significant predictors of HNB product use initia-

Table 1
Demographic Characteristics of Participants (N = 2229)

SD/Percent

Agea 21.1 (2.1)

Sex

Women 55%
Men 45%

Ethnicity

White 24%
Asian 28%
Filipino 19%
NHPI 20%
Other 9%

Family incomea

$0 - $39,999 22%
$40K - $79,999 34%
$80K - $119,999 26%
$120K - $159,999 10%
Over $160K 8%

College type

4 year 57%
2 year 43%

Wave 1 Wave 2

Lifetime cigarette use 50% 51%

Lifetime e-cigarette use 63% 64%

Lifetime HNB product use 4% 7%

Current cigarette only use 6% 5%

Current e-cigarette only use 20% 20%

Current dual use 9% 10%

Current (past-30-day) HNB product use 1% 1%

Note.
a Baseline age and income. 
SD = Standard deviation. NHPI = Native Hawaiian and other Pacific Islanders. HNB = Heat-
not-burn. Wave 1 and Wave 2 refer to the 2 waves of data utilized in the current study.
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tion 6 months later. Those who were dual users at 
baseline, relative to non-users of either cigarette 

or ecigarette, were 9 times more likely to initiate 
HNB product use. Similarly, those who were ecig-

Table 2
Cross-sectional and Longitudinal Associations among Current Cigarette Smoking, E-cigarette 

Use, Dual Use, and Lifetime HNB Product Use and Use Onset

Independent Variables

Cross-sectionala Longitudinalb

Wave 1
(N = 2327)

Wave 2
(N = 2335) (N = 2229)

Odds Ratio (95% Confidence interval)

Age 1.03 (0.92-1.14) 1.09 (1.01-1.18)* 1.07 (0.95-1.21)

Sex

Men 1 1 1

Women 0.44 (0.27-0.71)*** 0.57 (0.40-0.81)** 0.70 (0.41-1.20)

Ethnicity

White 1 1 1

Asian 0.98 (0.51-1.88) 0.69 (0.42-1.12) 0.42 (0.19-0.94)

Filipino 0.89 (0.43-1.86) 0.81 (0.48-1.38) 0.69 (0.32-1.51)

NHPI 0.74 (0.37-1.50) 0.71 (0.43-1.18) 0.57 (0.26-1.24)

Other 1.23 (0.52-2.88) 1.05 (0.57-1.93) 0.95 (0.38-2.37)

Family income 0.99 (0.90-1.09) 0.97 (0.89-1.03) 0.97 (0.85-1.07)

College type

4-year 1 1 1

2-year 1.25 (0.77-2.03) 1.20 (0.84-1.71) 1.03 (0.58-1.81)

Current cigarette/
e-cigarette use status

No use 1 1 1

Cigarette only 18.9 (8.90-40.2)*** 10.3 (5.99-17.8)*** 2.32 (0.76-7.06)

E-cigarette only 6.2 (3.10-12.3)*** 4.94 (3.17-7.70)*** 2.69 (1.35-5.4)**

Dual use 13.7 (6.81-27.6)*** 6.89 (4.24-11.2)*** 8.89 (4.61-17.2)***

* p < .05, ** p < .01, *** p < .001

Note. 
NHPI = Native Hawaiian and other Pacific Islander. Dual use refers to dual use of cigarette and e-cigarette. HNB = 
Heat-not-burn. 
a Dependent variable: lifetime HNB product use
b Longitudinal analysis was performed among participants who had never used an HNB product in Wave 1. 
Dependent variable was lifetime HNB product use at Wave 2.
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arette-only users at baseline were almost 3 times 
more likely to initiate HNB product use.

Associations of HNB Product Use with 
Cigarette Smoking and Cessation-related 
Characteristics 

Table 3 shows the results of the cross-sectional 
and longitudinal analyses examining the associa-
tions of HNB product use with smoking and smok-
ing cessation-related characteristics among current 
cigarette smokers. We did not find any statistically 
significant association between smoking or smoking 
cessation-related variables and HNB product use for 
Wave 1. Motivation to quit cigarette smoking was 
significantly and inversely associated with lifetime 
HNB product use in Wave 2. That is, a unit increase 
in motivation to quit cigarette smoking was associ-
ated with 8% reduced likelihood of lifetime HNB 
product use. Other cessation-related variables such 
as quit attempts, recent quit duration, and quitting 
self-efficacy did not show significant concurrent as-

sociations with lifetime HNB product use. 
The longitudinal analysis showed that higher 

cigarette nicotine dependence was significantly as-
sociated with increased odds of HNB product use 
initiation 6 months later. In a separate analysis 
with current e-cigarette users at baseline, we found 
a significant effect of higher e-cigarette dependence 
on higher odds of HNB product use behavior at 
follow-up [Odds Ratio = 1.13, 95% Confidence 
Interval: 1.02-1.24, p < .05]. We found higher re-
cent quit duration at baseline to be predictive of 
HNB product use initiation at 6-month follow-up. 
That is, one unit increase in recent quit duration at 
baseline increased the likelihood of HNB product 
use at 6 months by 32%. Lastly, those who used 
ecigarette for help with quitting smoking at base-
line were 6 times more likely to initiate HNB prod-
uct use 6 months later.

DISCUSSION
This is one of the first studies to examine the lon-

Table 3
Concurrent and Longitudinal Associations of Cigarette Smoking and Smoking 

Cessation-related Characteristics with Lifetime HNB Product Use and Use Onset 
among Current Cigarette Smokers

Cross-sectionala Longitudinalb

Wave 1 (N = 371) Wave 2 (N = 368) (N = 322)

Odds Ratio (95% Confidence Interval)

Occasional vs. regular use 1.33 (0.68-2.63) 1.30 (0.74-2.30) 1.69 (0.71-1.06)

Nicotine dependence 0.97 (0.85-1.11) 1.08 (0.96-1.23) 1.25 (0.99-1.60)*

Motivation to quit 0.96 (0.91-1.02) 0.92 (0.89-0.98)** 1.00 (0.93-1.09)

Quitting self-efficacy 0.88 (0.69-1.12) 0.96 (0.79-1.18) 0.88 (0.64-1.22)

Past year quit attempts 0.99 (0.81-1.21) 1.12 (0.94-1.35) 1.10 (0.84-1.44)

Duration of last quit attempt 1.14 (0.94-1.38) 0.99 (0.85-1.17) 1.32 (1.02-1.72)*

Current use of ecigarette for smoking cessation 1.04 (0.48-2.29) 1.61 (0.84-3.07) 6.16 (2.31-16.4)***

* p ≤ .05, ** p < .01, *** p < .001

Note.
All models adjusted for the following variables: age, sex, family/household income, and ethnicity. Models with cessa-
tion-related variables as an independent variable also adjusted for nicotine dependence. 
a Dependent variable: lifetime HNB product use
b Longitudinal analysis was performed among participants who had never used an HNB product in Wave 1. 
Dependent variable was lifetime HNB product use at Wave 2. 
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gitudinal predictors of HNB product use among 
US young adults. The prevalence of lifetime HNB 
product use in the current sample was comparable 
to what Dunbar et al14 reported for their sample 
of young adults. HNB products are promoted by 
manufacturers such as Phillip Morris International 
as safer alternatives to cigarette smoking. We at-
tempted to find out whether young adults who do 
not smoke cigarettes exclusively also are attracted 
to using HNB products. In addition, we intend-
ed to find out if only individuals who are serious 
about quitting cigarette smoking are attracted to 
using HNB products. 

We found that not only cigarette smokers, but 
also ecigarette-only users and dual users were more 
likely to show higher concurrent use of HNB 
product. In fact, although we did not find cigarette 
smoking to be predictive of HNB product use lon-
gitudinally, baseline ecigarette-only use and dual 
use were predictive of HNB product use 6 months 
later. This finding indicates that young adults who 
are using ecigarette exclusively or are using both 
cigarette and ecigarette are at risk for initiating 
HNB product use. That we did not find a longi-
tudinal association between cigarette-only smok-
ing at baseline and HNB product use 6 months 
later, may need to be considered alongside the fact 
that the cigarette-only using group in the current 
sample was small. There was more room for error 
in statistical inferences regarding cigarette-only use 
as a predictor. The odds ratios for cigarette-only use 
and e-cigarette-only use as predictors were similar, 
even though only the odds ratio for e-cigarette-
only use was statistically significant. Regardless, 
the findings show that current ecigarette-only us-
ers and dual users are at high risk for HNB prod-
uct use, thereby suggesting that access to HNB 
product may encourage dual and poly-tobacco use 
among young adults.

Except for motivation to quit smoking at Wave 
2, we did not find any cessation-related variables 
concurrently associated with HNB product use. 
At Wave 2, higher motivation to quit smoking was 
inversely associated with lifetime HNB product 
use. However, this association was not replicated 
longitudinally, which may have been because of 
the relatively small number of HNB product on-
set cases. Longitudinally, we found higher nicotine 
dependence and longer recent quit duration as-

sociated with higher likelihood of HNB product 
use. Additionally, we found that use of ecigarette 
to quit smoking at baseline was predictive of HNB 
product use at 6-month follow-up. We did not find 
past-year quit attempts and quitting self-efficacy to 
be associated with HNB product use onset.

The findings that higher nicotine dependence 
and longer recent quit duration were associated 
with HNB product use initiation may be interpret-
ed in different ways. These findings may suggest 
that cigarette smokers who are dependent on nico-
tine and are trying to quit smoking seriously might 
try HNB products for help with cessation. Alterna-
tively, the findings might suggest that smokers who 
are likely to successfully quit smoking, based on 
their history of longer quit duration, might forgo 
complete cessation by opting for HNB products. 

Our finding that use of e-cigarette by smokers 
for help with smoking cessation was predictive of 
HNB product use onset 6 months later further in-
dicates the risk of dual and poly-tobacco use posed 
by the availability of HNB product. Similar to 
ecigarettes, HNB product are promoted as a safer 
alternative to combustible cigarettes. Based on cur-
rently available evidence, HNB products appear to 
be intermediate in risk, in terms of toxicant expo-
sure, between combustible cigarette (higher risk) 
and ecigarette.24 However, studies25-27 show that 
HNB products tend to deliver nicotine more ef-
ficiently and smokers tend to rank HNB products 
higher than ecigarettes on satisfaction and product 
preference. IQOS use motives28 such as smoking 
reduction and cessation, social acceptability, and 
sensorimotor satisfaction are similar to those noted 
for ecigarette use.29 Thus, it is plausible that smok-
ers drawn to ecigarettes for smoking cessation help, 
also may be drawn to HNB products and use all 3 
products opportunistically, matching the products’ 
relative advantages and disadvantages to different 
contexts.30 

There are some limitations to this study. This 
study is based on secondary data analysis; there-
fore, we could not ask detailed questions on HNB 
product use experience. We lack data on the types 
of products used and where were they accessed. 
In addition, data are lacking on frequency of use 
other than lifetime and past-30-day use. Second-
ly, this study is based on young adults. The find-
ings may not generalize to adolescents and older 
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adults. Thirdly, because HNB product use is still 
a rare behavior, the frequency of use was low in 
the sample, which limited our ability to perform 
subgroup analyses. In addition, the low rate of ini-
tiation was of some concern in regard to the ciga-
rette smoker subsample, for which 5% initiation 
rate equaled only 16 new users. In general, because 
of the relatively low HNB product use frequency, 
some of the confidence intervals of our findings are 
large, and we may have failed to detect some of 
the smaller effects as statistically significant. Thus, 
our findings should be interpreted cautiously as 
some of the first findings in the area. Lastly, due to 
participant attrition, the current sample included 
fewer cigarette smokers and ecigarette users than 
the baseline of the original study. This may have 
introduced some sampling bias, even though the 
overall attrition rate was low. Thus, it is a possible 
that results might have differed if sample attrition 
had not been an issue.

Implications for Policies and Interventions
Despite these limitations, this is an important 

study. This is one of the few existing studies on 
HNB product use behavior among young adults. 
Using data from a longitudinal study, we showed 
that not only cigarette smokers but also exclusive 
ecigarette users and dual users are likely to initiate 
HNB product use. Among current cigarette smok-
ers, we found that those who are currently using 
ecigarettes to quit smoking showed increased like-
lihood of also using HNB products in the future. 
Overall, our findings suggest that access to HNB 
products may encourage dual and poly-tobacco use 
among young adults. 

These findings may have implications for regula-
tion of HNB products as MRTPs, and for future 
tobacco use prevention and cessation programs tar-
geting youths and young adults. In lights of the cur-
rent data, the approval of IQOS as an MRTP may 
need to be coupled with a system of surveillance so 
that the long-term of effects of HNB products on 
usage patterns of tobacco products among young 
people may be ascertained. If indeed HBN prod-
ucts are associated with poly-tobacco use among 
young people, then appropriate regulatory actions 
might be needed to discourage the misuse of HBN 
products. For example, accessibility to HBN prod-
ucts may be managed better and the marketing 

messages of HBN products may be strictly regu-
lated. Regarding use prevention among youth, to-
bacco control programs may need to address HNB 
products in addition to other tobacco forms. Cur-
rently, HNB products appear not to have garnered 
enough attention to be targeted in prevention pro-
grams or tobacco control campaigns. However, as 
the use of HNB products become more prevalent 
among young people, such attention may be in-
creasingly necessary.

Human Subject Statement
This study was approved by the University of Ha-

waii Institutional Review Board (CHS #23645 and 
IRB2018-00005). Informed consent was obtained 
from all participants prior to data collection.

Conflict of Interest Statement
All authors declare no conflicts of interest.

Acknowledgements
We thank Brooke Bennett, Tony Lam, Simone 

Schmid, and Rachel Taketa for their help with data 
collection. This research was supported by grants 
from the National Cancer Institute (R01CA202277 
& R01CA228905).

References
  1. Leas EC, Cohen JE, Ayers JW. A Philip Morris advertise-

ment for its heated tobacco product IQOS sets a trou-
bling precedent. Tob Control. 2020;29(e1):e168-e170.

  2. Simonavicius E, McNeill A, Shahab L, Brose LS. Heat-
not-burn tobacco products: a systematic literature review. 
Tob Control. 2019;28(5):582-594.

  3. Jankowski M, Brozek GM, Lawson J, et al. New ideas, old 
problems? Heated tobacco products – a systematic review. 
Int J Occup Med Environ Health. 2019;32(5):595-634.

  4. Kopa PN, Pawliczak R. IQOS – a heat-not-burn (HnB) 
tobacco product – chemical composition and possible 
impact on oxidative stress and inflammatory response. A 
systematic review. Toxicol Mech Methods. 2020;30(2):81-
87.

  5. Glantz SA. Heated tobacco products: the example of 
IQOS. Tob Control. 2018;27(Suppl 1):S1-S6

  6. Osibogun O, Taleb ZB, Bahelah R, et al. Correlates of po-
ly-tobacco use among youth and young adults: findings 
from the Population Assessment of Tobacco and Health 
study, 2013-2014. Drug Alcohol Depend. 2018;187:160-
164.

  7. Ali M, Gray TR, Martinez DJ, et al. Risk profiles of youth 
single, dual, and poly tobacco users. Nicotine Tob Res. 
2016;18(7):1614-1621.

  8. Little MA, Bursac Z, Derefinko KJ, et al. Types of dual 



Heat-not-burn Tobacco Products and the Increased Risk for Poly-tobacco Use

204

and poly-tobacco users in the US military. Am J Epide-
miol. 2016;184(3):211-218.

  9. Huh J, Leventhal AM. Progression of poly-tobacco 
product use patterns in adolescents. Am J Prev Med. 
2016;51(4):513-517.

10. Mantey DS, Omega-Njemnobi O, Montgomery L. Fla-
vored tobacco use is associated with dual and poly tobacco 
use among adolescents. Addict Behav. 2019;93:269-273.

11. Kowitt SD, Patel T, Ranney LM, et al. Poly-tobacco use 
among high school students. Int J Environ Res Public 
Health. 2015;12(11):14477-14489. 

12. Choi K, Inoue-Choi M, McNeel TS, Freedman ND. 
Mortality risks of dual- and poly-tobacco product users in 
the United States. Am J Epidemiol. 2019 Jun 21;kwz143. 
doi:10.1093/aje/kwz143

13. Choi K, Sabado M, El-Toukhy S, et al. Tobacco product 
use patterns, and nicotine and tobacco-specific nitrosa-
mine exposure: NHANES 1999-2012. Cancer Epidemiol 
Biomarkers Prev. 2017;26(10):1525-1530.

14. Dunbar MS, Seelam R, Tucker JS, et al. Correlates of 
awareness and use of heated tobacco products in a sample 
of US young adults in 2018-2019. Nicotine Tob Res. 2020 
Feb 12;ntaa007. doi:10.1093/ntr/ntaa007

15. Sutanto E, Miller C, Smith DM, et al. Prevalence, use 
behaviors, and preferences among users of heated tobacco 
products: findings from the 2018 ITC Japan Survey. Int J 
Environ Res Public Health. 2019;16(23):4630.

16. Hwang JH, Ryu DH, Park SW. Heated tobacco products: 
cigarette complements, not substitutes. Drug Alcohol De-
pend. 2019;204:107576.

17. Czoli CD, White CM, Reid JL, et al. Awareness and 
interest in IQOS heated tobacco products among 
youth in Canada, England and the USA. Tob Control. 
2020;29(1):89-95.

18. Millisecond Software. Inquisit. Version 4. Seattle, WA: 
Millisecond Software; 2015.

19. Pearson JL, Hitchman SC, Brose LS, et al. Recommended 
core items to assess e-cigarette use in population-based 
surveys. Tob Control. 2018;27(3):341-346.

20. Heatherton TF, Kozlowski LT, Frecker RC, Fagerström 
KO. The Fagerström Test for Nicotine Dependence: a re-

vision of the Fagerström Tolerance Questionnaire. Br J 
Addict. 1991;86(9):1119-1127.

21. Herzog TA, Pokhrel P. Ethnic differences in smoking 
rate, nicotine dependence, and cessation-related variables 
among adult smokers in Hawaii. J Community Health. 
2012;37(6):1226-1233.

22. Pokhrel P, Fagan P, Little MA, et al. Smokers who try e-
cigarettes to quit smoking: findings from a multiethnic 
study in Hawaii. Am J Public Health. 2013;103(9):e57-
e62.

23. SAS [Computer software]. Version 9.4. Cary, NC: SAS 
Institute Inc; 2016.

24. Farsalinos KE, Yannovits N, Sarri T, et al. Carbonyl emis-
sions from a novel heated tobacco product (IQOS): com-
parison with an e-cigarette and a tobacco cigarette. Addic-
tion. 2018;113(11):2099-2106.

25. Adriaens K, Gucht DV, Baeyens F. IQOS vs. e-cigarette 
vs. tobacco cigarette: a direct comparison of short-term 
effects after overnight-abstinence. Int J Environ Res Public 
Health. 2018;15(12):2902.

26. Farsalinos KE, Yannovits N, Sarri T, et al. Nicotine de-
livery to the aerosol of a heat-not-burn tobacco product: 
comparison with a tobacco cigarette and e-cigarettes. 
Nicotine Tob Res. 2018;20(8):1004-1009.

27. Maloney S, Eversole A, Crabtree M, et al. Acute effects of 
JUUL and IQOS in cigarette smokers. Tob Control. 2020 
Feb 10;tobaccocontrol-2019-055475. doi:10.1136/to-
baccocontrol-2019-055475

28. Tompkins CNE, Burnley A, McNeill A, Hitchman 
SC. Factors that influence smokers’ and ex-smokers’ 
use of IQOS: a qualitative study of IQOS users and 
ex-users in the UK. Tob Control. 2020 Jan 15;tobac-
cocontrol-2019-055306. doi:10.1136/tobaccocon-
trol-2019-055306

29. Pokhrel P, Herzog TA, Muranaka N, Fagan P. Young 
adult e-cigarette users’ reasons for liking and not lik-
ing e-cigarettes: a qualitative study. Psychol Health. 
2015;30(12):1450-1469.

30. Pokhrel P, Herzog TA, Muranaka N, et al. Contexts of 
cigarette and e-cigarette use among dual users: a qualita-
tive study. BMC Public Health. 2015;15:859.


	Heat-Not-Burn Tobacco Products and The increased Risk for Poly-Tobacco Use
	List of Tables
	Table 1 Demographic Characteristics of Participants (N = 2229)
	Table 2 Cross-sectional and Longitudinal Associations among Current Cigarette Smoking, E-cigarette- Use, Dual Use, and Lifetime HNB Product Use and Use Onset
	Table 3 Concurrent and Longitudinal Associations of Cigarette Smoking and Smoking Cessation-related Characteristics with Lifetime HNB Product Use and Use Onset among Current Cigarette Smokers

	Objectives
	Methods
	Procedures
	Measures
	Demographics
	Cigarette smoking
	Ecigarette use
	HNB product use
	Cigarette dependence
	E-cigarette dependence
	Motivation to quit cigarette smoking
	Past year cigarette quit attempts, quitting self-efficacy, and recent quit duration

	Data Analysis

	Results
	Participants
	Associations of HNB Product Use with Cigarette Use, E-cigarette Use, and Dual Use
	Associations of HNB Product Use with Cigarette Smoking and Cessation-related Characteristics

	Discussion
	Implications for Policies and Interventions
	Human Subject Statement
	Conflict of Interest Statement

	Acknowledgements
	References




