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Abstract

Background Health warning labels (HWLs) represent an evidence-based tobacco control strategy; however, their
application to heated tobacco products (HTPs) and related impacts are understudied. This study examined the impact
of HTP HWLs on HTP use intentions and risk perceptions among current tobacco users.

Methods We analyzed cross-sectional survey data from adults in the US and Israel reporting past-month tobacco use
and awareness of HTPs (N=424). Multivariate analyses examined: (1) sociodemographics in relation to self-reported
impact of HTP HWLs (i.e., more concerned about HTP use, reassured, no effect [referent]) among those who noticed
HTP HWLs (multinomial regressions); and (2) HWL impacts in relation to HTP use intentions and perceived addictive-
ness and harm (linear regressions).

Results Among participants who noticed HTP HWLs (n=372, 87.7%), 27.7% reported HWLs increased their concerns
about HTP use, 22.6% were reassured about use, and 49.7% reported no effect. Factors associated with increased con-
cern (vs. no effect) included other tobacco product use (@OR=2.10, 95% Cl 1.21-3.64) and being female @OR=1.77,
95% Cl 1.03-3.05). Factors associated with being reassured about HTPs use (vs. no effect) included current HTP use
(@OR=2.11,95% Cl 1.11-4.00) and being from Israel (vs. US: aOR=3.85, 95% Cl 1.85-7.69), female (@OR=1.91, 95%
Cl11.07-3.42), and less educated (< college education: aOR=2.57, 95% Cl 1.42-4.63). Reporting that HWLs on HTPs
increased concern (3=0.46, 95% Cl 0.03-0.89) and reassured of use (3=0.94, 95% Cl 0.47-1.41) were positively associ-
ated with HTP use intentions; no associations with risk perceptions were found.

Conclusions Findings indicate that most tobacco users noticed HWLs on HTPs, but the majority reported no effect
or being reassured of using HTPs, effects that were magnified for specific subgroups. Both increased concern

and reassurance correlated with greater use intentions. Additional research should evaluate HTP HWL impacts

and ensure effectiveness in communicating risks and discouraging use.
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Background

Over the past decade, the global tobacco market has
undergone significant changes with the introduction of
products like heated tobacco products (HTPs) [1]. HTPs
differ from regular cigarettes, as they heat tobacco to
produce an inhalable aerosol instead of combusting it,
and differ from e-cigarettes which vaporize an e-liquid
(most often containing nicotine) [1, 2]. IQOS, the global
HTP leader manufactured by Philip Morris International,
was first released in 2014 and has been promoted exten-
sively in over 70 countries [1]. Other major HTP brands
include “glo” from British American Tobacco, “Ploom
TECH” from Japan Tobacco, “Mok” from China National
Tobacco, and “Pulze” from Imperial Brands [3]. While
initial research suggests that HTPs might expose users
to fewer harmful chemicals than traditional combustible
cigarettes [4, 5], the overall public health impact of HTPs
remains uncertain [1, 6].

In Israel, IQOS was introduced in 2016 with no regu-
latory oversight, followed by weak regulation from 2017
to 2018, and then increased regulation including adver-
tising restrictions (since 2019) and plain packaging (since
2020) [7]. In the United States (US), IQOS was launched
in October 2019 and expanded across 4 states (i.e., Geor-
gia, North Carolina, South Carolina, Virginia [8, 9]). In
July 2020, the US Food and Drug Administration (FDA)
authorized IQOS to use messages in its marketing
regarding “reduced exposure” to harmful chemicals in
comparison to cigarettes, but not referencing “reduced
risk” [10]. A patent-infringement lawsuit against a rival
company led to the cease of IQOS sales in the US in
November 2021 [11]; however, Philip Morris will likely
continue promoting the product globally and pursue
HTP sales in the US [12, 13].

Health warning labels (HWLs) play a crucial role in
informing consumers of the health risks associated with
tobacco products in order to discourage use [14]. The
most effective HWLs highlight specific and severe health
risks like cancer, stroke, and heart disease. Furthermore,
pictorial HWLs have been shown to be more effective
than textual HWLs, particularly among certain dispro-
portionately-impacted populations [15-17].

Only 6 countries (Canada, Georgia, Israel, Moldova,
New Zealand, Ukraine) have specific regulations for HTP
HWLs, most commonly required HWLs regarding the
product’s health harms and addictiveness [18]. In Israel,
all tobacco products, including IQOS, are mandated to
display text HWLs that cover 65% of the product packag-
ing (Hebrew on the front and Arabic on the back). There
are 13 prescribed warnings, 8 of which reference smok-
ing (e.g., “Medical studies conclude that 85% of all lung
cancer cases are due to smoking”), and 5 of which refer-
ence cigarettes (e.g., “Cigarettes cause heart disease and
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stroke”). Additionally, in Israel, plain packaging is obliga-
tory for all tobacco products (except cigars and pipe
tobacco sold in specialty shops), which might enhance
the visibility of HWLs [3]. In the US, the 2016 FDA deem-
ing rule required all tobacco products to include HWLs
on packaging and advertisements beginning in 2018
[19]. HTPs are required to display 2 HWLs that cover
at least 30% of the front and back sides of the packaging
[19]. These HWLs include one of the 3 rotating Surgeon
General’s warnings for cigarettes (e.g., “Smoking causes
lung cancer, heart disease, emphysema, and may com-
plicate pregnancy”) and an addictiveness statement (i.e.,
“WARNING: This product contains nicotine. Nicotine is
an addictive chemical” [20]). Currently, neither country
mandates pictorial HWLs or has HTP-specific HWLs. In
the US, tobacco industry litigation has repeatedly delayed
the implementation of a 2020 rule requiring pictorial
HWLs on cigarette packages [21]. See Additional file 1:
Table S1 for an overview of HTP HWL requirements in
Israel versus the US.

Recent research indicates that noticing tobacco prod-
uct HWLs regarding addiction may enhance consum-
ers understanding and recall of health risks [22-24].
Nonetheless, it is also important to study the differential
effects of HWLs, as it is plausible that, outside of their
anticipated effects (i.e., increasing concern about use),
they could have unanticipated effects, such as have no
effect or reassuring consumers about use. One longitudi-
nal study found that people who reported that cigarette
HW.Ls increased their concerns about cigarette use were
more likely to quit smoking in the future [25]. However,
there is limited evidence regarding who notices HWLs on
HTPs or their effects on HTP use intentions and risk per-
ceptions. Evidence indicates that these aspects are cor-
related with HTP use behaviors [26], making it a critical
area for research the differential effects of HWLs on HTP
use intentions and risk perceptions. Notably, while the
International Tobacco Control Project surveys include
assessments of the impact of HWLs of e-cigarettes and
HTPs including increased concern or reassurance about
use [27], little research has examined correlates of report-
ing reassurance despite some participants reporting
being reassured [28, 29]. This is plausible given the mar-
keting of these products as harm reduction products and
the possibility of reactance to HWLs, as demonstrated in
the literature regarding HWLs on traditional cigarettes
[30-33].

Investigating the potential effects of HTP HWLs is
especially crucial, considering their ongoing global
expansion [34]. It is particularly important to study
IQOS, given that it is the HTP market leader globally
[35], in Israel (since it was the only HTP sold in Israel
until recently [36]), and in the US (until sales were
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discontinued in 2021 [37]). Furthermore, IQOS FDA
authorization to use reduced exposure marketing claims
in the US adds to the importance of studying this specific
product [38]. One concern related to this authorization
is that consumers may misunderstand reduced exposure
claims to mean reduced risk [38]. Additionally, Philip
Morris has used IQOS’ reduced exposure authorization
in its advertising in multiple countries [37] and may use
messaging attempting to distance IQOS from traditional
cigarettes in order to undermine health warnings [39].
Given that HTP HWLs may impact consumers’ inten-
tions to use and risk perceptions [39], it is critical to
examine the impacts of HTP HWLs among current and
potential HTP users. This study used survey data of US
and Israel adults who reported current tobacco use and
HTP awareness, and examined: (1) individual factors
associated with (a) noticing HWLs on HTPs and (b) per-
ceived effects of HWLs (increased concern of HTP use,
reassured use, vs. no effect); and (2) the perceived effects
of HWLs in relation to HTP use intentions and risk
perceptions.

Methods

Data and study sample

This cross-sectional study utilized online survey data col-
lected via Ipsos Panel from October to December 2021
in the US and Israel (detailed elsewhere [40]). Eligibil-
ity criteria included: citizen of the respective countries,
ages 18-45, English-speaking for US participants, and
Hebrew- or Arabic-speaking for Israeli participants. Pur-
posive sampling was used to obtain ~40% tobacco users
and sufficient representation of racial/ethnic minorities
to allow subgroup analyses. The final sample comprised
2222 participants (US n=1128; Israel n=1094).

At the beginning of the questionnaire, we stated: “The
following questions are aimed at learning more about
your perceptions of heated tobacco products. These
products heat tobacco but do not actually burn it” In
addition, we displayed images of IQOS devices, device
chargers, and heatsticks, without presenting any ads,
packaging, or HWLs. We asked participants, “Had you
heard of heated tobacco products, like IQOS, which heat
sticks of tobacco instead of burning it?” Current analysis
was limited to participants who were aware of HTPs and
reported currently using cigarettes, e-cigarettes, HTPs,
hookah, cigars, pipe, or smokeless tobacco (total n=424;
US n=125; Israel n=299). This study was approved
by the institutional review boards of George Washing-
ton University (NCR213416) and Hebrew University
(27062021). Findings are reported following Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) guidelines for cross-sectional studies.
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Measures

All measures were adopted or adapted from the Interna-
tional Tobacco Control Project [27] or the Global Adult
Tobacco Survey [41].

Noticing HWLs and perceived HWL effects. We adapted
measures from the International Tobacco Control Project
[27] that assess whether participants notice HTP HWLs
and their impact. Participants were asked, “What effect
have health warnings had on your thoughts about using
heated tobacco products (like IQOS)? have not seen or
noticed them, made me concerned about using them,
reassured me about using them, had no effect, don't
know” [27]. Responses of “don’t know” and “no effect”
were collapsed, and 2 variables were created: (1) noticing
HW Ls: noticed versus had not noticed; and (2) perceived
HWL effects among those who noticed HWLs: increased
concern, reassured, or had no effect.

HTP use intentions and risk perceptions. Use intention
was assessed by asking, “How likely are you to try or con-
tinue to use HTPs in the next year?” [27, 41]. Perceived
harm and addictiveness of HTPs was measured by ask-
ing, “How harmful to your health do you think the use
of HTPs (such as IQOS) is?” and “How addictive do you
think HTPs (such as IQOS) are?” [27, 41]. Response
options were 1 =not at all to 7=extremely.

Tobacco use. Four past 30-day tobacco use variables
were included in the analysis, including use of HTDs,
cigarettes, e-cigarettes, and other tobacco products.
Tobacco use was assessed by asking participants to
indicate lifetime use of cigarettes, e-cigarettes, HTDPs,
hookah, cigar products, pipe tobacco, and smokeless
tobacco [27, 41]. Among those reporting lifetime use of
each product, number of days used in the past 30 days
was assessed (any vs. none, for each) [27, 41]. Hookah,
cigar, pipe, and smokeless tobacco use was collapsed into
a single measure, represented as “other tobacco” use.

Sociodemographics. Covariates included age (18-25,
26-35, and 36-45), sex (male, female), sexual orientation
(heterosexual, sexual minority), race/ethnicity (in the US:
White, Black, Asian, Hispanic; in Israel: Jewish, Arab),
and educational attainment (<college degree,> college
degree).

Data analysis

Data management and analyses were conducted using
Stata 15.1 (StataCorp). In order to focus on the group of
adults for whom HTPs would be most relevant, we ana-
lyzed data from participants who reported current use of
any tobacco product and being aware of HTPs (N =424).
Descriptive and bivariate analyses were conducted to
characterize participants who noticed HTP HWLs ver-
sus had not, and who reported different perceived HTP
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HWL effects. Chi-square tests were used for categorical
variables; t-tests or ANOVAs were used for continuous
variables.

Multivariable logistic regression analyses were con-
ducted to examine sociodemographic and tobacco use
characteristics in relation to: (1) noticing HTP HWLs
(binary: yes vs. no) and (2) HTP HWL effects among
those who noticed them (multinomial: increased con-
cerns about use vs. no effect, reassured them about use
vs. no effect, reassured vs. increased concerns). Multi-
variable linear regression analyses were conducted to
estimate the associations between HWL effects and HTP
use intentions and risk perceptions (i.e., addictiveness,
harm), controlling for individual sociodemographics and
tobacco use status. Country-specific models were also
conducted; results were generally similar, so total sam-
ple models were presented. Any distinct country-specific
model findings are noted as footnotes in the tables. All
statistical tests were 2-tailed, and the significance level
was set at a=0.05.

Note that preliminary analyses informed subsequent
analytic decisions. First, we examined the distribution
of responses across outcomes (i.e., didn't notice HTP
HWLs n=52 [12.2%] vs. noticed n=372 [87.8%]; among
those who noticed, greater concern n=103 [27.7%] vs.
reassured n=284 [22.6%] vs. no effect n=140 [37.6%] vs.
don’t know n=45 [12.1%]). Then, we examined whether
and how to include “don’t know” responses to HTP HWL
impact assessments. In bivariate analyses, correlates of
responding “don’t know” and “no effect” were very simi-
lar; furthermore, in multivariable analyses including ver-
sus excluding “don’t know” from the “no effect” outcome,
findings did not change (except in some cases where sig-
nificant findings became marginally significant due to
reduced power). Thus, we collapsed responses of “don’t
know” and “no effect” for multivariable regression analy-
sis. Second, we also examined key stratification variables
(e.g., by country, HTP use status), and results were largely
the same although some significant results became mar-
ginally significant due to power issues. (Also note that
there was considerable overlap between HTP use and use
of cigarettes and e-cigarettes [40], so the distinct contri-
bution of the HTP variable was minimal.) Thus, we chose
to present overall models.

Results

Sample characteristics

As shown in Table 1, among the 424 adult tobacco users
aware of HTPs (US n=125; Israel n=299), 34.7% were
female, 24.3% aged 18-25 years, 38.9% aged 2635 years,
15.3% identified as sexual minorities, and 46.9% had less
than a college education. The proportions reporting past
30-day use were: 78.2% cigarette, 56.0% e-cigarette, 24.8%
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HTP, and 53.5% other tobacco products. Of adult tobacco
users aware of HTPs, the majority (87.7%) reported ever
noticing HTP HWLs; roughly the same proportion of
current cigarette, e-cigarette, and HTP users noticed
HTP HWLs (87.5%, 86.1%, and 88.6%, respectively).
Of those who noticed HTP HWLs, 27.7% reported the
HWLs increased their concerns about use, 22.6% were
reassured about HTPs use, and 49.7% were categorized
as reporting no effect (including “don’t know” responses).
Additional file 1: Table S2 provides country-specific data.

Factors associated with noticing HTP HWLs and HTP HWL
perceived effects

Multivariable binary logistic regression (Table 2) indi-
cated no statistically significant associations between
current tobacco use status or sociodemographics and
noticing HTP HWLs. Factors associated with reporting
greater concern (vs. no effect) included other tobacco
product use (aOR=2.10, 95% CI 1.21-3.64) and being
female (aOR=1.77, 95% CI 1.03-3.05), controlling for
other variables. Factors associated with being reassured
about HTPs (vs. no effect) included current HTP use
(aOR=2.11, 95% CI 1.11-4.00), being from Israel (vs. US:
aOR=3.85, 95% CI 1.85-7.69), being female (aOR=1.91,
95% CI 1.07-3.42), and being less educated (aOR=2.57,
95% CI 1.42-4.63). Factors associated with being reas-
sured about HTPs (vs. greater concern) included cur-
rent HTP use (aOR=2.11, 95% CI 1.04-4.27), being from
Israel (vs. US: aOR=3.23, 95% CI 1.45-7.14), and being
less educated (aOR=3.03, 95% CI 1.58-5.83).

HTP HWL effects in relation to HTP use intentions and risk
perceptions
As shown in Fig. 1, average use intention was high-
est among those indicating reassurance by HTP
HWLs (Mean=4.02, SD=1.98), followed by concern
(Mean=3.01, SD=2.18) and no effect (Mean=2.48,
SD=1.77). Average perceived harm was highest among
those reporting concern (Mean=5.28, SD=1.80) and no
effect (Mean=>5.12, SD=1.77) followed by reassurance
(Mean=4.64, SD=1.96). There were no significant dif-
ferences across groups regarding perceived addictiveness.
Multivariable linear regression (Table 3) indicated that,
compared to reporting no effect of HTP HWLs, report-
ing that HTP HWLs increased their concern about HTPs
(B=0.46, 95% CI 0.03, 0.89) or reassured them of HTPs
(B=0.94, 95% CI 0.47, 1.41) were both positively associ-
ated with greater use intentions. Additionally, being from
Israel (vs. US: =0.61, 95% CI 0.21, 1.00), being female
(B=0.55, 95% CI 0.19, 0.92), and reporting current use
of cigarettes (3=0.90, 95% CI 0.48, 1.32), e-cigarettes
(p=1.07, 95% CI 0.72, 1.41), or HTPs ($=0.97, 95% CI
0.56, 1.38) were associated with greater use intentions.
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Table 1 Bivariate analysis examining factors associated with noticing HTP HWLs among current tobacco users who were aware of
HTPs (N =424) and with HWL effects among those who had noticed HWLs (N=372)

Overall Noticed HTP HWLs p HWL effect on HTP use (among those who P
noticed HWLs)
No Yes Concerned No effect Reassured

N=424(100%) N=52(12.3%) N=372(87.7%) N=103(27.7%) N=185(49.7%) N=84(22.6%)

n (%) n (%) n (%) n (%) n (%) n (%)

Current tobacco use status

Cigarettes 329(78.2) 41 (80.4) 288 (77.8) 679 76 (74.5) 143(77.7) 69 (82.1) 459
No 92 (21.9) 10 (19.6) 82(22.2) 26 (25.5) 41 (22.3) 15(17.9)

E-cigarettes 237 (56.0) 33 (63.5) 204 (55.0) 249 55(534) 93 (50.5) 56 (66.7) .045
No 186 (44.0) 19 (36.5) 67 (45.0) 48 (46.6) (49 5) 28(33.3)

Heated tobacco products 105 (24.8) 12 (23.1) 93 (25.1) 756 26(25.2) 7(20.1) 30 (35.7) .024
No 8(75.2) 40 (76.9) 278 (74.9) 77 (74.8) 47 (79.9) 4 (64.3)

Other tobacco* 227 (53.5) 32(61.5) 195 (52.4) 217 66 (64.1) 87 (47.0) 42 (50.0) .019
No 197 (46.5) 20 (38.5) 177 (47.6) 37 (35.9) 98 (53.0) 42 (50.0)

Demographics

Country
us 125 (29.5) 15(28.9) 110 (29.6) 915 32(31.1) 65 (35.1) 13(15.5) .004
Israel 299 (70.5) 37(71.2) 262 (70.4) 71 (68.9) 120 (64.9) 71(84.5)

Age
18-25 103 (24.3) 3(25.0) 90 (24.2) 598 26 (25.2) 43(23.2) 21 (25.0) 899
26-35 165 (38.9) 23 (44.2) 142 (38.2) 42 (40.8) 68 (36.8) 32(38.1)
36-45 156 (36.8) 6(30.8) 140 (37.6) 35 (34.0) 74 (40.0) 31(36.9)

Gender
Female 147 (34.7) 23 (44.2) 124 (33.3) 122 38(36.9) 51(27.6) 35(41.7) 050
Male 277 (65.3) 29 (55.8) 248 (66.7) 65 (63.1) 134 (72.4) 49 (58.3)

Sexual orientation
Heterosexual 359 (84.7) 43(82.7) 316 (85.0) 673 83(80.6) 159 (86.0) 74 (88.1) 312
Sexual minorities 65 (15.3) 9(17.3) 56 (15.1) 20(19.4) 26 (14.1) 10(11.9)

Educational attainment
Less than college degree 199 (46.9) 21 (404) 178 (47.9) 312 42 (40.8) 86 (46.5) 50 (59.5) .034
College degree or more 225 (53.1) 31(59.6) 194 (52.2) 61(59.2) 99 (53.5) 34 (40.5)

" Other tobacco includes hookah, cigar, pipe, and smokeless tobacco. Bold indicates p <.05. Race/ethnicity was not associated with noticing HTP HWLs or effects in the
US or Israel

There were no associations between self-reported
effects of HTP HWLs and risk perceptions. Current use
of cigarettes (p=0.45, 95% CI 0.02, 0.88) was associ-
ated with greater perceived addictiveness, while being
18-25 years old (vs. 36-45: f=-0.57, 95% CI —1.05,
—0.10) and current use of HTPs (p=-0.90, 95% CI
—1.33, —0.48) were associated with lower perceived
addictiveness. Factors associated with lower perceived
harm included being a sexual minority (p=-0.60,
95% CI —1.07, —0.12), less than college educated
(B=-0.48, 95% CI —0.83, —0.13), and current use of
HTPs (p=-1.09, 95% CI —1.49, —0.68).

Discussion

This study is among the first to investigate the effects
of HTP HWLs among adults, specifically tobacco users
in a sample comprised of US and Israel adults. In this
sample, 87.7% of current tobacco users who were aware
of HTPs reported ever noticing HWLs on HTPs, which
is higher than the documented rates of noticing HWLs
on other tobacco products [28, 42, 43]. For instance,
one study using Population Assessment of Tobacco
and Health Study (2018-2019) found that about 16%
of cigar nonusers and 40-55% of cigar users noticed
HWTLs on cigar product in the past month [42]. Another
study analyzing the 2017 International Tobacco Control
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Table 2 Multivariable logistic regression analyses examining correlates of noticing HTP HWLs among current tobacco users who were
aware of HTPs (N=424) and of HWL effects among those who noticed HWLs (N=372)

Noticed HTP HWLs HWL effect (among those who noticed HWLs)
Concerned Reassured Reassured
[Ref: no effect] [Ref: no effect] [Ref: concerned]
aOR 95% ClI aOR 95% ClI aOR 95% ClI aOR 95% ClI
Current tobacco use status
Cigarettes (Ref: no) 0.81 0.38,1.73 092 0.51,1.67 1.07 0.53,2.17 1.16 0.54,2.49
E-cigarettes (Ref: no) 0.65 035,1.23 1.04 063,1.72 1.66 0.94,2.94 1.60 0.85,3.01
Heated tobacco products (Ref: no) 1.60 0.76,3.37 1.00 0.54,1.86 2.11 1.11,4.00 2.11 1.04,4.27
Other tobacco products* (Ref: no) 0.64 0.34,1.23 2.10 1.21,3.64 1.26 0.69, 2.30 0.60 031,1.18
Demographics
Israel (Ref: US) 1.00 0.50, 2.00 0.83 068,2.13 3.85 1.85,7.69 3.23 1.45,7.14
Age (Ref: 36-45)
18-25 0.88 0.38,2.02 1.06 0.54,2.10 0.86 041,1.80 0.81 0.35,1.84
26-35 0.84 042,1.71 1.15 0.65,2.05 1.05 0.56, 1.98 0.91 045, 1.85
Female (Ref: male) 0.60 033,1.12 1.77 1.03, 3.05 1.91 1.07,3.42 1.08 0.57,2.04
Sexual minorities (Ref: heterosexual) 1.06 0.46, 2.45 1.08 0.54,2.16 057 0.24,1.34 0.52 0.21,1.29
< College degree (Ref:>College degree) 1.35 0.72,2.52 0.85 0.50, 1.44 2.57 1.42,4.63 3.03 1.58,5.83

Binary logistic regression for noticing HWLs. Multinomial logistic regression for effects (ref: no effect). *Other tobacco includes hookah, cigar, pipe, and smokeless
tobacco. Bold indicates p <.05. In US-specific models, being Asian (vs. White) was associated with concerned (vs. no effect) and reassured (vs. no effect), but was not
included in the table. No other country-specific differences in results in the US- or Israel-specific models

HWL effects on use intentions and risk perceptions

507 496 >78 siz
f 455 4:64
492
391
2.f8
0

Use intentions*

[6,]

S

w

N

[N

Addictiveness Harm*

u Concerned No effect = Reassured

Average response (O=not at all to 7=extremely)

Fig. 1 HWL effects on use intentions and risk perceptions. Notes: Response options for each assessment: 1=not at all to 7 =extremely. *ANOVA

p <.05 for use intentions and perceived harm. Standard errors for use intentions by HWL effect were 0.22, 0.13, 0.22, respectively. Standard errors
for perceived addictiveness by HWL effect were 0.18, 0.13, 0.20, respectively. Standard errors for use perceived harm by HWL effect were 0.18, 0.13,
0.21, respectively

Project Youth Tobacco and E-cigarette Survey among
16 to 19-year-olds in Canada, England, and the US
found that 33.9% of dual cigarette/e-cigarette users
and 21.4% of exclusive e-cigarette users reported notic-
ing e-cigarette health warnings in the past 30 days
[43]. Another study using 2016 International Tobacco

Control Project data among adults in Australia, Can-
ada, England and the US showed that 15.5% of current
cigarette/e-cigarette users reported noticing e-cigarette
HWLs in the past month [28]. The high proportion
of participants reporting they noticed tobacco prod-
uct HWLs in our study is likely due to the different
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Table 3 Multivariable linear regression analyses examining noticing HWL and their effects in relation to HTP use intentions and risk
perceptions among current tobacco users who were aware of HTPs (n=424)

Use intentions

Risk perceptions

Addictiveness Harm
B 95% Cl B 95% Cl B 95% Cl

HWL effect (Ref: No effect)
Didn't notice 0.04 —0.51,0.60 -0.11 —0.68,0.46 —-0.05 —0.60,0.50
Concerned 0.46 0.03,0.89 0.16 —0.28,0.60 0.17 -0.26,0.59
Reassured 0.94 0.47,1.41 -0.24 —0.73,0.24 —-0.32 -0.78,0.14
Current tobacco use status
Cigarettes (Ref: no) 0.90 0.48,1.32 0.45 0.02,0.88 0.34 -0.07,0.75
E-cigarettes (Ref: no) 1.07 0.72,1.41 -0.03 -0.39,033 -0.11 —046,0.23
Heated tobacco products (Ref: no) 0.97 0.56, 1.38 -0.90 —-1.33,-0.48 -1.09 —-1.49,-0.68
Other tobacco products* (Ref: no) 030 —0.07,0.66 -0.15 —-0.52,0.22 -0.10 —0.46,0.25
Demographics
Israel (Ref: US) 0.61 0.21,1.00 —-0.06 —046,0.35 0.00 —-0.38,0.39
Age (Ref: 36-45)

18-25 -0.28 —0.74,0.19 -0.57 -1.05,-0.10 -0.31 -0.77,0.14

26-35 -032 —-0.71,0.07 0.01 —0.39,042 —-0.09 —047,030
Female (Ref: male) 0.55 0.19,0.92 0.14 —0.24,0.51 0.25 -0.10,0.61
Sexual minorities (Ref: heterosexual) -0.15 —-063,0.33 -021 —-0.70,0.29 —-0.60 -1.07,-0.12
<College degree (Ref:> college degree) 033 —0.03,0.69 -033 —0.69,0.04 -0.48 -0.83,-0.13

A Comparing reassured to concerned (ref), reassured was associated with greater use intentions and lower perceived addictiveness and harm. * Other tobacco
includes hookabh, cigar, pipe, and smokeless tobacco. Boldface indicates p <.05. In Israel-specific models, being Arabic (vs. Jewish) was positively correlated with
intention to use for HTPs. No other country-specific differences in results in the US- or Israel-specific models

measures used (i.e., ever noticing vs. past 30-day notic-
ing) and the nature of the sample analyzed, specifically
adults who reported current tobacco use and awareness
of HTPs.

Among the most important findings from this study
is that roughly equal proportions (~ one-fourth) of par-
ticipants reported that HTP HWLs increased their con-
cern about HTPs use (27.7%) or reassured them about
HTPs use (22.6%), and about half reported no effect
of HTP HWLs. Additionally, participants residing in
Israel (vs. the US) were more likely to report reassur-
ance from HTP HW.Ls. Notably, Israel implemented
plain packaging and progressive advertising restrictions
in 2020, while the US does not have plain packaging
requirements and has less comprehensive advertising
restrictions (e.g., no point-of-sale display bans). These
contextual differences, paired with the longer history
and familiarity with IQOS in Israel, may contribute to
Israeli participants reporting greater reassurance. Fur-
thermore, self-reported effects of HTP HWLs were not
associated with HTP risk perceptions. Together, these
findings suggest limited effectiveness of HTP HWLs
in informing consumers about HTP-related risks and
underscore the need to further examine characteristics

of HTP HWLs and the extent to which they might
interact with packaging and advertising elements.
Additionally, current HTP users were more likely to be
reassured of using HTPs after being exposed to HWLs,
which is consistent with literature documenting nega-
tive associations between product use and harm per-
ceptions [43, 44]. Notably, HTP ads may target certain
groups of people [20]. In this study, females reported
greater use intentions and were more likely to report that
HTP HWLs reassured them and increased their concern
about HTP use (vs. no effect), implying that males had
lower use intentions and were more likely than females to
report no effect. These findings may reflect some litera-
ture suggesting that males pay less attention to messages
on health warning labels [45]. In addition, those with less
education were more likely to report that HTP HWLs
reassured them of HTP use and reported lower HTP risk
perceptions, and those who were younger and identified
as a sexual minority reported lower HTP risk percep-
tions. Collectively, these findings highlight the potentially
differential impact of HTP marketing on perceptions
and use among these groups, the need for prospective
research to examine such impacts, and the importance
of targeted interventions (e.g., prevention campaigns,
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cessation efforts) that address the specific factors that
may place different groups at high risk for using the vari-
ous tobacco products (e.g., males).

Interestingly, participants reporting that HTP HWLs
increased their concern or reassured them of HTPs both
indicated greater use intentions. One possible explana-
tion is the context of the HTP HWLs, particularly the
HTP advertising and labeling that surrounds the HWLs
[46]. HTP marketing often emphasizes the distinction of
HTPs from cigarettes [7, 37], and in the US, the dominant
HTP at the time of the survey, IQOS, was authorized to
use reduced exposure messaging in its advertising, which
was a core message used once authorized [20]. This
study found no significant correlations between HTP
HWL effects and risk perceptions, similar to previous
research examining health warnings for e-cigarettes [47,
48], which may suggest that such HWLs are dismissed or
ignored. Additionally, one experimental study found that
certain HWL messages, like those promoting “quitting”
may be misperceived as only referencing traditional cig-
arettes [39]. However, HTP HWLs emphasizing disease
risk were correlated with increased HTP risk percep-
tions and lower use intentions [39], suggesting the need
for additional research regarding the impacts of different
HWL messages.

Policy implications
Our study findings have important implications for pub-
lic health practice and policy.

Specifically, we found that half of participants reported
no effect of HWLs, while roughly one-fourth reported
that HTP HWLs increased their concern about HTPs
use or reassured them. Moreover, self-reported effects
of HTP HWLs were not associated with HTP risk per-
ceptions, and participants reporting that HTP HWLs
increased their concern or reassured them of HTPs
both indicated greater use intentions. Finally, certain
subpopulations (e.g., females) are distinctly impacted
by HTP HWLs. These findings suggest that the current
HTP HWLs, which use similar language as those used
for combustible cigarette packaging, may create confu-
sion among consumers regarding how such messages
should be interpreted (e.g., as applying to HTPs or not
[39]). Paired with HTP marketing which often empha-
sizes their distinction from cigarettes, the lack of HTP
HWL specificity may lead consumers to dismiss or mis-
perceive the HWLs [37], and ultimately be reassured
about using HTPs. Thus, research is needed to examine
how consumers interpret different HWL messages in the
context of real-world advertising content and packag-
ing, particularly content using reduced exposure or risk
messaging [37]. In addition, further research, including
cross-country and experimental studies (e.g., randomized
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controlled trials), are needed to assess the effectiveness of
various types of HTP HWLs (e.g., HWLs on plain pack-
aging, pictorial HWLs, HWL size) on consumers’ per-
ceptions and use behaviors, such as initiating or quitting
HTP use, product switching, and poly-product use [16,
24, 49]. Such research should also attend to subpopula-
tion differences, as they may be differentially impacted by
specific HWLs [45]. In sum, ongoing research regarding
the impact of HTP marketing and HWLs is needed to
inform global regulatory efforts, which could include spe-
cific regulations requiring HWLs to address the harmful
effects of HTP use and/or restricting HTP advertising
content (considering its potential to undermine HWLs
(39)).

Limitations

Study limitations include the use of cross-sectional data
and self-reported measures, inherently precluding causal
inference and introducing potential bias [50]. Findings
also have limited generalizability, given that participants
were recruited through panels in the US and Israel, and
analyses were limited to current tobacco users who were
aware of HTPs (done intentionally to ensure findings
were relevant to the population examined). Additionally,
the inclusion of participants reporting “don’t know” in
the “no effect” outcome category may also raise concern
[51]; however, preliminary bivariate and multivariable
analyses indicated that results excluding versus includ-
ing “don’t know” responses were similar, with differences
likely impacted by reduced power (resulting from exclud-
ing 40 participants). Finally, although we controlled for a
wide variety of covariates in the analyses, some unknown
confounders may not be accounted for (e.g., mental
health conditions, other substance use).

Conclusions

In this sample of US and Israeli adult tobacco users, a
high proportion noticed HWLs on HTPs; however, half
reported that the HTP HWLs had no effect on them,
and roughly equal proportions (about one-fourth)
reported that the HTP HWLs made them concerned
about HTPs or reassured them about HTPs use. In
addition, participants who reported feeling reassured
by HWLs were more likely to report an increased inten-
tion to use HTPs in the next year, while self-reported
HTP HWL effects were not associated with risk percep-
tions. Moreover, certain subpopulations (i.e., females,
young adults, those less educated) may be particularly
likely to use HTPs. Findings from this study and from
future research building on this work must inform HTP
regulatory efforts globally. Such efforts may consider
varied approaches to HTP HWLs targeting certain
high-risk subpopulations, requiring HWLs to address
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the harmful effects of HTP use, and/or restricting HTP
advertising content, which may have particular impli-
cations for the US FDA to reconsider its modified risk
tobacco product authorizations.
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