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ARTICLE INFO ABSTRACT

Keywords: Background: There is limited long-term and independent research on heated tobacco products (HTPs). We
Smoking compared people who used HTPs with those who used nicotine vaping products (NVP) or cigarettes on smoker
Vaping identity, indicators of effectiveness and, among NVP/HTP users, perceptions of these products.

Z‘Z‘;;C:ett‘::acco Methods: Adults exclusive cigarette smokers (N = 45) and ex-smokers with medium/long-term (>3months) NVP

(N = 46) or HTP use (N = 45) were recruited in London, UK. Participants completed a questionnaire assessing
socio-demographics, smoking characteristics, smoker identity, dependence, intention to stop and attitudes to-
wards HTP/NVP.

Results: In adjusted analysis, people who used cigarettes (Mean Difference (MD) = 1.4, 95%Confidence Intervals
(CD 0.7,2.0) and HTPs (MD = 0.8, 95%CI 0.1, 1.5) reported stronger smoker identities than those who used
NVPs. Compared with smokers, HTP/NVP users had lower cravings for cigarettes (MD = 3.0, 95%CI 1.6, 4.3; MD
= 3.1, 95%CI 1.9, 4.3, respectively), and higher intention to stop product use (MD = —0.8, 95%CI —1.7,-0.01;
MD = —1.2, 95%CI —2.0, -0.3, respectively). People using HTPs or NVPs reported similar perceived product
satisfaction (HTP:M = 3.4, 95%CI 2.8, 3.9; NVP:M = 3.0, 95%CI 2.5, 3.5), efficacy for smoking cessation (HTP:M
= 4.5, 95%CI 4.2, 4.9; NVP:M = 4.6, 95%CI 4.3, 4.9) and safety (HTP:M = 2.1, 95%CI 2.0, 2.2; NVP:M = 2.0,
95%CI 1.8, 2.1). HTP users reported greater perceived addictiveness than NVPs (MD = 0.3, 95%CI 0.2, 0.6).
Conclusions: HTP and NVP users perceived products to be similarly acceptable and effective suggesting that HTPs,
like NVPs, may support smoking cessation. However, since HTP use appears to maintain a stronger smoker
identity and perceived addiction, this may suggest a more limited role of HTP for a permanent transition away
from cigarettes.

Urge to smoke
Smoker identity
Nicotine dependence

1. Introduction (e.g., Nicotine Replacement Therapy; NRT) is more effective in helping

people to achieve prolonged smoking abstinence than attempting to quit

Smoking cessation is the modifiable health behaviour that has the
greatest impact on mortality (Pirie et al., 2013). Many smokers attempt
to quit, though most quit attempts result in relapse to smoking. Both
short- (Piasecki, 2006) and long-term relapse following abstinence is
common (Ferguson et al., 2005), with approximately 75% of quit at-
tempts not maintained beyond four weeks and most smokers experi-
encing multiple relapses before they are able to remain abstinent for
good (Chaiton et al., 2016). Research aimed at tackling this problem has
found that behavioural support in combination with pharmacotherapy

* Corresponding author.
E-mail address: dimitra.kale.09@ucl.ac.uk (D. Kale).

https://doi.org/10.1016/j.addbeh.2023.107933

without help (Stead et al., 2016). However, approximately half of
smokers - at least in high income countries (e.g., US, UK) - make an
independent, unassisted quit attempt every year, with less than 5% of
such attempts being maintained a year later (Edwards et al., 2014). For
this reason, methods to help smokers remain abstinent from combustible
cigarettes (thereafter cigarettes), which are not only effective but also
popular, are urgently needed.
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1.1. Novel nicotine products

During the last decade, new products such as nicotine vaping prod-
ucts (NVPs; also known as e-cigarettes) and heated tobacco products
(HTPs) have been introduced as alternatives to cigarettes. NVPs and
HTPs are available in UK and most other European countries, and USA.
NVPs are banned in Asian countries such as Japan, North Korea and both
products are banned without prescription in Australia (Glantz, 2021;
Global Tobacco Control, 2023; Gomez, 2022). Both products are avail-
able in England and currently the adult NVP and HTP use prevalence in
England is 12.3% and 0.4% respectively (West et al., 2023).

1.2. Nicotine vaping products

NVPs are battery operated aerosolizing devices using liquids that
most commonly contain a mixture of glycerol and propylene glycol,
flavours, and nicotine. NVPs are a less harmful alternative to cigarettes
because no combustion occurs, and thus produce much lower quantities
of toxicants known to cause smoking related disease (Hartmann-Boyce
et al., 2020; McNeill et al., 2022). Epidemiological data also suggest that
there have been reductions in incidents of cardiovascular diseases in
exclusive NVP users relative to cigarette smokers (Hirschtick et al.,
2023).

Evidence from randomised controlled trials (Hajek et al., 2019;
Hartmann-Boyce et al., 2022; Walker et al., 2020) and observational
studies (Beard et al., 2019; Jackson et al., 2019) suggests that NVPs
increase the likelihood that people will succeed in their attempts to stop
smoking cigarettes compared with NRT, nicotine-free electronic ciga-
rettes, behavioural support or no support. NVPs have also become the
most popular aid to quitting smoking, with around a third of adult
smokers in England reporting having used an NVP in their most recent
quit attempt (West et al., 2022), and are perceived as more helpful than
NRT, for example, in controlling withdrawal symptoms (Hajek et al.,
2019; Nelson et al., 2015). The longer-term use of NVPs after smoking
cessation, though, remains controversial as the long-term health effects
of vaping are unknown and may not be clearly established for many
years. Although studies have suggested that the medium-term health
impact of exclusive switching to vaping may be comparable to NRT use
(Shahab et al., 2017), there are concerns that vaping may renormalise
smoking behaviours and encourage more people to smoke or those who
have quit to relapse (Szbg & Scheffels, 2017).

1.3. Heated tobacco products

HTPs are battery-powered devices designed to heat processed to-
bacco without combustion to produce a nicotine-containing aerosol that
is inhaled. Similar to NVPs, HTPs are considered less harmful alterna-
tives to cigarettes based on research by the tobacco industry (i.e., Haziza
etal., 2016; Martin et al., 2016). Though emerging evidence suggest that
HTPs are likely more harmful than NVPs, with some estimates ranging
from 1.5 to 2 times more harmful than NVPs (Farsalinos et al., 2018;
McNeill et al., 2022). There is currently little evidence on the effec-
tiveness of HTPs in replacing cigarette smoking in any country McNeill
et al., 2022; Simonavicius et al., 2019; Tattan-Birch et al., 2022), apart
from Japan (Stoklosa et al., 2020) and Italy (Caponnetto et al., 2023). In
Japan one observational study suggests that the introduction of HTPs led
to a reduction in cigarette sales (Pesola et al., 2023; Stoklosa et al.,
2020), while in Italy a randomised control trial comparing the effec-
tiveness of HTPs and NVPs on cigarette substitution found that switching
to HTPs elicited a reduction in cigarette consumption which was com-
parable to NVPs (Caponnetto et al., 2023).

1.4. Psychosocial factors that contribute to quit success

In investigating the potential of NVPs and HTPs for smoking cessa-
tion, it is important to study the proximal outcomes (i.e., mood and
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physical symptoms, cravings) of the main psychosocial factors (i.e., so-
cial and environmental cues, smoker identity) that contribute to a suc-
cessful quit attempt or relapse to cigarette smoking. These include mood
and physical symptoms, cravings, behavioural, social and environ-
mental cues to smoke (Buczkowski et al., 2014; Caraballo et al., 2014;
Piasecki, 2006; West et al., 1989), and concepts that cut across psy-
chological and social domains, such as smoker identity (Notley, 2016;
Tombor et al., 2013). Identity encompasses an individual’s mental
representation of the self in addition to feelings attached to such rep-
resentations (Cheek, 1989). It has been demonstrated that having a
smoker or non-smoker identity plays an important role in maintaining or
stopping smoking (Tombor et al., 2013) and establishing a strong non-
smoker identity is an important factor protecting against the momen-
tary want or need to smoke that could lead to late relapse (Vangeli et al.,
2010).

Current smokers exhibit a stronger smoker identity than ex-smokers
(Tombor et al., 2013), including those who use NVPs (Nelson et al.,
2015). This suggests that NVPs may not undermine self-identification as
an ex- or non-smoker, which may help maintain abstinence from ciga-
rettes (Nelson et al., 2015). Additionally, NVP compared with NRT use is
associated with less severe cravings for cigarettes and mood and phys-
ical symptoms, higher perceived helpfulness of the product and lower
intentions to stop using the product (Hajek et al., 2019; Nelson et al.,
2015). There is only limited research related to HTPs, and what research
exists is mainly tobacco-industry funded (i.e., Goldenson et al., 2022),
and from Japan (i.e., Xu et al., 2020), where these products are popular
and NVPs are not available (Tabuchi et al., 2016).

1.5. The current study

Since evidence suggests that NVPs are effective for smoking cessation
and have a specific impact on psychopharmacological outcomes (i.e.,
smoker identity, indicators of dependence), and since research on HTP is
limited, the present study seeks to evaluate the psychopharmacological
impact of medium-to long-term use of HTP compared with medium-to
long-term use of NVP, and also cigarette smoking. We compare NVP
use and HTP use as it can be assumed that if HTPs perform similarly to
NVPs (i.e., in alleviating cigarette cravings) they may also be effective in
helping smokers to quit cigarettes and, if not, this may suggest they are
less effective. Ideally, all factors that are likely to influence the product-
contingent effects would be assessed prospectively and with random
allocation. However, given the length of time needed to evaluate the use
of NVP and HTP for harm reduction appropriately, this study used a
pragmatic approach, purposively selecting participants who were
smokers, had stopped smoking and switched to NVP or HTP for at least
three months. Additionally, the present study includes users of the three
products from the same location (Greater London, UK), where all three
products are available.

1.6. Aim

The aim of the present study is to evaluate the association of exclu-
sive cigarette, NVP or HTP use with psychopharmacological outcomes.
Specifically, this study assesses the association of exclusive cigarette
smoking, medium-to long-term NVP or HTP use with smoker identity,
effectiveness, intention to stop product use and, among NVP and HTP
users only, perceptions of these products.

2. Methods
2.1. Study design

This cross-sectional analysis forms part of a wider study assessing the
possible health effects of using novel nicotine and tobacco-containing

products compared with smoking cigarettes and not smoking at all
(please see supplementary material regarding the methodology used in
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the larger study). This cross-sectional analysis focuses on baseline psy-
chopharmacological assessments measured with a questionnaire at a
single laboratory visit at University College London, lasting approxi-
mately 1 h. Participants were asked to avoid using the toilet and to
refrain from alcohol, eating and product use one hour before the visit,
but we did not assess the exact time since last product use. The wider
study also involved the collection of biological samples, not reported
here. For this cross-sectional analysis, smokers, and ex-smokers using
NVP or HTP (thereafter NVP or HTP users) regularly for at least three
months before their visit were purposively recruited. Participants were
reimbursed for time and travel. The study received ethical approval from
the University College London Ethics Committee (Project ID 12621/
001).

2.2. Study sample and recruitment

Participants were recruited in the Greater London (UK) area between
March 2018 and February 2022, with a pause between March 2020 and
September 2021 due to the Covid-19 pandemic. Various recruitment
methods were used to access a diverse sample in terms of key socio-
demographic characteristics (age and sex). These included adverts in
newspapers, social media, online NVP forums, approaching users on the
street, email mailouts, as well as use of marketing companies.

Participants were screened for eligibility via an online questionnaire.
Inclusion criteria required >3 months of regular exclusive NVP or HTP
use to control for a noted learning curve in effective NVP and HTP use (e.
g., Bullen et al., 2013). Ex-smokers with NVP or HTP use had also to have
stopped smoking cigarettes for at least three months. Smokers had to
smoke an average of five or more cigarettes per day for at least six
months and not have regularly used NVP or HTP. Current smoking status
was verified using a breathalyser to assess expired air carbon-monoxide
(CO). Due to collection of biological samples for the wider study (not
reported here), participants were excluded if they were younger than 18
years old, had a history of heart or lung disease, were pregnant, or had
bleeding gums, illness, or infection within 24 h of their scheduled
appointment.

Forty-five participants were recruited into each of the three groups
(an additional NVP user was recruited due to a scheduling error). Data
for all participants (N = 136) are provided in Table 1. This sample
provides >95% power, with alpha = 0.05 in two-sided analysis to detect
large differences (d = 1) observed in a previous study (Nelson et al,
2015) in smoker identity and effectiveness between current smokers,
NVP or HTP users.

3. Measures
3.1. Outcome measures

Smoker identity: Based on work establishing the validity of simple
measure of smoker identity (e.g., Tombor et al., 2013), the present study
used an established item to determine smoker identity strength (Shadel
& Mermelstein, 1996): participants were asked to rank their agreement
with the statement, ‘Smoking is a part of me’ on a 5-point Likert scale (1
= ‘not at all’ to 5 = ‘complete agree’).

Effectiveness: Withdrawal symptoms related to cigarettes were
assessed in all three groups. We used the Mood and Physical Symptoms
Scale (MPSS, West & Hajek, 2004; West et al., 2006) which assesses
cravings in the past 24 h using two items; cigarette craving strength and
frequency; range 0-5 per item, from ‘no urges’/‘not at all’ to ‘extremely
strong’/‘all the time’. We also assessed product-specific cravings using
the same two items related to specific product use, and other general
mood and symptoms related to withdrawal symptoms specific to each
product (seven items; being irritable, restless, depressed, hungry,
anxious, subjected to poor sleep, poor concentration; range 1-5 per
item; 1 = ‘not at all’ to 5 = ‘extremely).

Intention to stop product use: Intention to stop product use was
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Table 1
Socio-demographic, smoking and product use characteristics.
Total (N Smokers (N NVP users HTP users
=136) =45) (N = 46) (N = 45)
Socio-demographics
Mean age (SD) 37.1 35.7 (15.0) 42.7 (14.2)  32.8(10.1)
(13.9) : b :
% Male (N) 66.2 (90) 60.0 (27) 60.9 (28) 77.8 (35)
% White (N) 77.2 66.7 (30) 80.4 (37) 84.4 (38)
(105)
% Married/Cohabiting 26.5 (36) 15.6 (7) * 43.5(20) ° 20.0 (9) °
™)
% Post-16 qualifications ~ 65.4 (89) 57.8 (26) 65.2 (30) 73.3(33)
™)
Smoking characteristics
Mean length of smoking, 16.7 15.7 (13.4) 22.1 (13.7) 12.2 (8.4)
years (SD) (12.7) “ b @
Mean cigarettes per day 14.3 121 (9.1)° 17.2 (9.1) 13.7 (7.1)
(SD) 8.7) b :
Mean age of starting 18.4 19.7 (6.2) 17.4 (7.3) 18.1 (3.8)
smoking, years (SD) (6.0)
Mean CO level in ppm 42(52) 9.1(06)° 1.00.7)"  2208°"
(SD)
Mean length stopped 32.2 (26.1) 17.6 (13.1)
smoking, months (SD) “ “
Product use characteristics
Mean length of product 35.0 (25.1) 17.6 (12.9)
use, months (SD) 4 a
Mean product use, 45.0 (43.0) 53.9 (30.4)
nicotine mg/day (SD)
Mean product use, 14.56
HEETS/day (SD) (8.21)
%Productusewithinlh ~ 69.1(94)  44.4(20)°  87.0(40)"  75.6(34)"
of waking (N)
Mean MTTS (SD) 5.0 (1.6) 4.5(1.6)° 5.5(1.4)" 5.0 (1.6)

SD = Standard difference, N = number of participants, MTTS = Motivation to
stop scale for each product use (scores 1-7 with higher score presenting higher
motivation to stop product use).

2P Different letters indicate significant differences between groups.

measured using a modified version of the motivation to stop scale
(MTTS, Kotz et al., 2013), replacing the term ‘cigarette’ with ‘NVP’ or
‘HTP’, with higher values indicating greater motivation to stop use
(seven response options; ranging from ‘I don’t want to stop’ to ‘I really
want to stop and intend to in the next month’).

Perceptions of NVPs/HTPs: Using 5-point Likert scales, NVP and HTP
users only were asked whether they found the product helpful in
enabling them to refrain from smoking (‘not at all helpful’ to ‘extremely
helpful’), whether they would recommend the product to a friend who
wanted to stop smoking (‘definitely not’ to ‘definitely’), whether they
would use the product outdoors (‘definitely not’ to ‘definitely’), indoors
at home (‘definitely not’ to ‘definitely’), indoors at work/public spaces
(‘definitely not’ to ‘definitely’), how pleasant they found the product to
use (‘not at all pleasant’ to ‘extremely pleasant’), and how embarrassing
they found the product to use in the company of others (‘not at all’ to
‘extremely’). Finally, NVP and HTP users were asked whether -
compared with cigarettes - they found their product safer for their health
(‘yes absolutely safe’, ‘no but they are safer than cigarettes’, ‘no they are
as dangerous as cigarettes’, ‘no they are more dangerous than ciga-
rettes’), whether they thought the NVPs/HTPs are addictive (‘no,
absolutely not’, ‘yes but they are less addictive than cigarettes’, ‘yes,
they are as addictive as cigarettes’, ‘yes, they are more addictive than
cigarettes’), and how satisfying the NVP/HTP was compared with cig-
arettes (‘much less than usual’, ‘a little less than usual’, ‘the same as
usual’, ‘a little more than usual’, ‘much more than usual’). All these
measures have been used in previous research (Nelson et al., 2015).
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3.2. Covariates

Socio-demographics included age (continuous), sex (male vs other),
ethnicity (white vs other), education (post-16 qualification/education
after the age of 16 years old vs not), and marital status (married/
cohabiting vs other).

Smoking-related characteristics included length of current/past
cigarette smoking (in years), current/past number of cigarettes smoked
per day, age started smoking regularly, cigarette dependence (measured
with time to first cigarette (Fagerstrom, 2012). Similarly, equivalent
product-related use characteristics were assessed for HTP and NVP.
Participants were asked to indicate the length of use (in months), and —
as an indicator of dependence — latency to use the product after waking.
Consumption was assessed by asking NVP users about the type of
product they used; those using first generation NVP and those using
second or third generation NVP (refillable or advanced personal
vaporisers) were asked to indicate, respectively, either the nicotine
content of the cartridge/pod or the concentration of the e-liquid used as
well as the quantity used per day. HTP users were also asked the type
and the number of tobacco sticks (HEETS) they used per day. Based on
previous research, we calculated that each HEET contains approxi-
mately 3.7 mg/stick nicotine (Begic et al., 2023). All participants were
also asked to report time of last product use.

3.3. Statistical analysis

Descriptive statistics were calculated to characterise the overall
sample and for each of the three study groups of different product users.
Differences between study groups and socio-demographic variables,
smoking-related characteristics and product use characteristics were
assessed with one-way ANOVAs or independent t-tests.

Linear regressions were used to compare people who used the
different products (cigarette (referent category) with NVP and HTP, and
NVP (referent category) with HTP) on smoker identity, effectiveness,
intention to stop product use, and attitudes towards the product,
adjusting for relevant covariates (sociodemographic and smoking-
related characteristics; and time of last product use only for the ana-
lyses related to effectiveness) and method of recruitment (marketing
companies vs all other). Based on recommendation by Montgomery
et al. (2018) on the bias introduced by adjusting for post-treatment
variables, the present analyses were not adjusted for product-related
characteristics. We ran each model twice, first with cigarette smokers
as the referent category and then with NVP users, to obtain estimates of
difference between each of the three groups.

Analyses were conducted with SPSS version 27.

4. Results

Table 1 displays socio-demographic, smoking and product use
characteristics by study group. The mean age of the sample was 37.1
years (Standard deviation (SD) = 13.9), with more men than women
included in the sample. Almost two thirds of participants had post-16
qualifications, one third were married/cohabiting and just over two
thirds were of white ethnicity. On average participants started smoking
at age 18 and had smoked 14 cigarettes per day for almost 17 years. NVP
and HTP users had stopped cigarette smoking 32 and 18 months ago,
having used their products for an average of 35 months and 18 months,
respectively, consuming an estimated average 45 and 54 mg/day nico-
tine. Consistent with cessation of cigarette smoking, they had much
lower levels of CO than current cigarette smokers. The three groups
differed in age and marital status, with NVP users being older and more
likely to be married/cohabiting than cigarette smokers and HTP users.
Regarding differences in smoking and product-specific characteristics,
NVP users recalled smoking for longer and consuming more cigarettes
per day before quitting than HTP users or cigarette smokers. NVP and
HTP users were more likely to use their product in the first hour of
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waking than cigarette smokers.
4.1. Smoker identity

Cigarette smokers and HTP users reported a stronger smoker identity
than NVP users (Mean Difference (MD) = 1.4, 95%Confidence Intervals
(CD 0.7, 2.0; MD = 0.8, 95%CI 0.1, 1.5, respectively, Table 2).

4.2. Effectiveness

The three groups did not differ notably in mood and physical
symptoms and product-specific cravings (Table 2). Though cigarette-
specific cravings were higher for cigarette smokers than HTP or NVP
users (MD = 3.0, 95%CI 1.6, 4.3; MD = 3.1, 95%CI 1.9, 4.3, respec-
tively), with little difference between the latter two groups (MD = -0.1,
95%CI —1.2, 0.9).

4.3. Intention to stop product use

HTP users reported similar level of intention to stop product use to
NVP users, which for both was significantly higher than for cigarette
smokers (Table 2; MD = —0.8, 95%CI —1.7, —0.01; MD = —1.2, 95%CI
—2.0, —0.3, respectively).

4.4. Attitudes towards NVPs/HTPs

Table 3 shows NVP and HTP users’ attitudes towards their products.
After adjustment, NVP and HTP users had similar attitudes regarding
recommending their product to a friend who wanted to stop smoking
(MD = 0.3, 95%CI —0.1, 0.6), using the products outdoors (MD = 0.2,
95%CI —0.1, 0.4), and indoors at home (MD = 0.2, 95%CI —0.2, 0.5).
However, HTP users were more likely to use their product at work or in
public spaces than NVP users (MD = —0.8, 95%CI —1.5, —0.2). NVP and
HTP users reported similar levels of perceived pleasantness or embar-
rassment of product use (MD = 0.3, 95%CI —0.1, 0.7; MD = 0.8, 95%CI
—0.4,0.6, respectively). Compared with cigarette smoking, NVP and
HTP users reported similar levels of perceived product satisfaction (MD
= —0.4, 95%CI —1.0, 0.3), efficacy for smoking cessation (MD = 0.01,
95%CI —0.4, 0.4) and safety (MD = —0.1, 95%CI —0.3, 0.01) for their
product. However, using cigarette addictiveness as a reference point,
HTP users reported higher levels of perceived addictiveness of their
product than NVP users (MD = —0.3, 95%CI —0.6, —0.2).

5. Discussion

In this cross-sectional study of London-based adults, we assessed the
association of exclusive cigarette smoking and of ex-smokers’ medium-
to long-term exclusive use of NVP or HTP with smoker identity, effec-
tiveness and intention to stop product use. HTP and NVP users exhibited
low levels of cigarette-specific cravings, and these were much lower than
for cigarette smokers. The three groups reported similar average levels
of product-specific dependence and mood and physical symptoms. HTP
and NVP users also reported high levels of intention to stop their product
use, which were higher than for cigarette smokers. Cigarette smoking
and HTP use was associated with greater smoker identity than NVP use.
Among NVP and HTP users, most attitudes towards their products were
similar, though HTP users were more likely to use their product at work
or in public spaces, and they rated their product higher in addictiveness
relative to cigarettes than NVP users.

Consistent with previous findings demonstrating reliable nicotine
delivery using NVPs and HTPs, our results indicated that people re-
ported both products were effective in reducing cravings from cigarettes
and producing withdrawal relief. Since our study suggested that HTPs
and NVPs performed similarly on cigarette-related withdrawal relief,
and the wider literature indicates that NVPs are effective for cigarette
smoking reduction and cessation (Hajek et al., 2019; Hartmann-Boyce
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Table 2
Comparisons between all three groups in smoker identity, indicators of dependence and intention to stop product use.
Smokers NVP users M HTP users M Smokers vs NVP users Smokers vs HTP users MD NVP vs HTP users MD
M (95%CI) (95%CI) (95%CI) MD (95%CI) (95%CI) (95%CI)
Smoker identity* (range 1-5) 3.4 (2.9, 3.9) 2.0 (1.6, 2.4) " 2.8(2.3,3.3)" 1.4 (0.7, 2.0) 0.6 (-0.1,1.2) —0.8 (-1.5, —0.1)
MPPS craving product-specific** 5.1 (4.3,5.9) 5.6 (4.9, 6.3) 5.0 (4.3,5.8) —0.6 (-1.7,0.4) 0.1 (-0.9,1.0) 0.6 (-0.5,1.8)
(range 1-10)
MPPS mood and physical 12.6 (10.7, 14.1 (12.4, 14.0 12.3, -1.5(-4.1,1.2) -1.4(-4.2,1.49) 0.1(-2.2,24)
symptoms** (range 7-35) 14.6) 15.8) 15.8)
MPPS craving cigarette-specific** 5.3 (4.4,6.2) 2.2 (1.4, 3.0) b 2.3(1.5,3.2) b 3.1 (1.9, 4.3) 3.0 (1.6, 4.3) —0.1(-1.2,0.9)
(range 1-10) a
Intention to stop using product*® 4.2 (3.5, 4.8)" 5.4 (4.8, 5.9) b 5.0 (4.4, 5.5) b -1.2 (2.0, —-0.3) -0.8 (1.7, —0.01) 0.4 (-0.3,1.1)

(range 1-7)

M = mean, MD = Mean Difference, CI = Confidence Interval, MPPS = Mood and Physical Symptoms Scale *Estimated marginal means and mean differences are
adjusted for age, gender, ethnicity, marital status, education, method of recruitment, product use, number of cigarettes smoked per day, age started smoking.
**Estimated marginal means and mean differences are adjusted for age, gender, ethnicity, marital status, education, method of recruitment, product use, number of

cigarettes smoked per day, age started smoking, time of last product use.
b Different letters indicate significant differences between groups.

Table 3
Comparisons between NVP and HTP users in attitudes towards their products.
NVP users HTP users NVP vs HTP
M (95% M (95% users MD
(@] Cch (95%CI)
Recommend product to a friend who 4.7 (4.4, 4.4 (4.1, 0.3(-0.1,0.6)
wants to stop cigarette smoking 5.0) 4.7)
(range 1-5)
Product use outdoors (range 1-5) 5.0 (4.8, 4.8 (4.6, 0.2(-0.1,0.49)
5.2) 5.0)
Product use indoors at home (range 4.7 (4.4, 4.6 (4.2, 0.2(-0.2,0.5)
1-5) 5.1) 4.9)
Product use indoors at work/public 2.0(1.5, 2.8 (2.3, —-0.8 (1.5,
places (range 1-5) 2.5)* 3.4)* —0.2)
Pleasantness of product use (range 4.0 (3.7, 3.7 (3.3, 0.3(-0.1,0.7)
1-5) 4.4) 4.1)
Embarrassment of product use 1.6 (1.2, 1.5 (1.1, 0.8(-0.4,0.6)
(range 1-5) 2.0) 2.0)
Product efficacy for cigarette 4.6 (4.3, 4.5 (4.2, 0.01 (—0.4,
smoking cessation (range 1-5) 4.9) 4.9) 0.4)
Product addictiveness compared 2.3 (2.0, 2.6 (2.3, -0.3 (-0.6,
with cigarettes (range 1-4) 2.5)* 2.8)* -0.2)
Product satisfaction compared with 3.0 (2.5, 3.4 (2.8, -0.4 (1.0,
cigarettes (range 1-4) 3.5) 3.9) 0.3)
Product safety compared with 2.0 (1.8, 2.1 (2.0, -0.1 (-0.3,
cigarette smoking (range 1-4) 2.1) 2.2) 0.01)

M = Mean, MD = Mean Difference, CI = Confidence Intervals.

Estimated marginal means and mean differences are adjusted for age, gender,
ethnicity, marital status, education, method of recruitment, product use, number
of cigarettes smoked per day, age started smoking.

For product addictiveness, satisfaction and safety compared with cigarette,
lower values indicate that the products are less addictive, less satisfactory, and
less harmful than cigarettes.

*Indicate significant differences between the two groups.

etal., 2022; Jackson et al., 2019), then it may be that HTPs and NVPs are
similarly effective for smoking cessation. Additionally, in our sample,
HTP and NVP users reported high levels of intention to stop their
product use, and this was significantly higher than for cigarette smokers,
who reported a residual intention to stop cigarette smoking (scores just
over midpoint of the scale). It has been documented that many ex-
smoker NVP users are interested in eventually quitting product use,
since NVP use is often initiated to quit cigarettes (Ma et al., 2018; Palmer
et al., 2021). Our results show that this appears similarly true for ex-
smokers who use HTPs.

Smoking identity can impact smoking abstinence and identity
change is thought to be critical to sustained smoking cessation that
might be resistant to environmental cues to smoke (Tombor et al., 2013;
Vangeli et al., 2010). Retaining a sense of oneself as a smoker despite
quitting may be an explanatory factor underpinning smoking relapse

(Vangeli et al., 2010). Our results suggest that ex-smokers HTP users
appear were more likely to report a residual smoker identity (scores
around mid-point of the scale) similar to cigarette smokers, while ex-
smokers NVP users viewed themselves as not having a strong smoker
identity (scores below mid-point of the scale). Such findings may further
suggest that there is a greater chance of relapse to smoking and/or
concurrent use of cigarettes among HTP users. Indeed, emerging evi-
dence from 2018 International Tobacco Control survey in Japan sug-
gests that only one quarter of HTP user had completely transitioned from
cigarette smoking to HTP use (Gravely et al., 2023). Our findings also
support previous research demonstrating that ex-smoker NVP users
embrace a unique identity, which is culturally and socially acceptable
and distinct from smoker identity (Notley et al., 2018). On the other
hand, consistent with our findings, HTP users still keep a fluidity be-
tween HTP user and smoker identity (East et al., 2023).

Our examination of attitudes towards NVPs and HTPs, suggests that
HTPs are perceived as more similar to cigarettes in terms of addictive-
ness, which may mean longer maintained product use and greater dif-
ficulty stopping compared with NVPs. For both NVPs and HTPs to
become a viable quitting aid or long-term substitute for smokers, they
need to be perceived as effective in managing withdrawal symptoms, as
well as being enjoyable, socially acceptable, and safe. Indeed, our
findings indicate that in our sample of ex-smokers, both NVP and HTP
use resulted in similarly high perceived acceptability, satisfaction and
perceived effectiveness.

All results obtained should be seen in the light of the following
limitations. First, the results and their interpretations are based on a
small convenience sample of London-based adults. Although diverse
recruitment methods were used, the sample was purposively selected on
smoking status and thus findings may not generalise to the general
population. Additionally, smokers included in the present study had
comparatively low CO levels (normally this would be above 10 ppm, e.
g., Maga et al., 2017) and started smoking relatively late around 19
years of age (most UK smokers report taking up smoking before the age
of 18; Department of Health and Social Care, 2017). Additionally, par-
ticipants especially NVP and HTP users were predominantly of white
ethnicity. Future studies with more racially/ethnically samples are
needed. Second, although smoking status was verified and validated, a
number of other self-report measures were used; these may not be able
to capture fully complex concepts such as smoker identity. We also used
a single question to measure smoker identity, which may not be as
reliable and valid as other scales with more items(i.e., 6-item Smoker
Identity Scale by Dupont et al.,2015), though the item used in the cur-
rent study is an established item to determine smoker identity strength
(Shadel & Mermelstein, 1996) and previous research has established the
validity of a simple measure of smoker identity (e.g., Tombor et al.,
2013). Third, due to the cross-sectional design, it is not possible to
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determine the direction of the association between product use and
outcome variables as these may be due to self-selection. While a longi-
tudinal study would be preferable, given the relatively novelty of HTPs
and the associated lack on data on this topic, we chose this pragmatic
design to assess associations with long-term use now which can be
further investigated in future longitudinal studies.

To conclude, HTP and NVP users reported comparable product
dependence and nicotine intake, that their product use was similarly
effective in controlling cigarette cravings and withdrawal symptoms,
and that they perceived their respective products as similarly safe,
satisfying and helpful for smoking cessation. These findings suggest that
HTPs may support smoking cessation, though the extent to which this is
the case would need to be established using appropriate experimental
studies. Finally, compared with NVP use, HTP use was associated with
maintenance of a stronger smoker identity and perceived addiction,
which may suggest a more limited role of HTP for a permanent transition
away from cigarettes.
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