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ABSTRACT
Objectives Japan is currently the biggest market of
heated tobacco products (HTPs) in the world. Little is
known about nicotine dependence among HTP users.
Thus, the objective was to assess the association of type
of tobacco use and time-to-first-use, a marker of nicotine
dependence.
Methods A cross-sectional analysis of the 2019 data
from an internet cohort study was conducted. The
analytical sample consisted of 2147 current (≥1 day use
in the past 30 days) HTP and/or conventional cigarette
users, aged 25+ years. Marginal structural binomial
regression was used to estimate nicotine dependence
prevalence ratios (PRs) for each category of tobacco use
(exclusive daily cigarette, exclusive HTP (≥1 day), dual
HTP+daily cigarette, dual HTP+non-daily cigarette),
relative to exclusive, non-daily cigarette smoking.
Results Using a 5 min cut-off for time-to-first-use, the
prevalence of nicotine dependence was higher among
dual users of HTP and daily cigarettes (PR=1.38; 95%
CI: 1.05 to 1.82) and exclusive, daily cigarette users
(PR=1.48; 95% CI: 1.15 to 1.91), relative to exclusive,
non-daily cigarette users. However, nicotine dependence
among exclusive HTP users, and dual HTP+non-daily
cigarette users, did not differ from that of exclusive,
non-daily cigarette users. When using 15 and 30 min
cut-offs, all types of users, including exclusive HTP, had
higher levels of nicotine dependence relative to exclusive,
non-daily cigarette users.
Conclusions Regardless of HTP use, daily cigarette
users had higher prevalence of nicotine dependence
compared with non-daily cigarette users. Exclusive HTP
users had similar (or potentially higher) dependence
compared with exclusive, non-daily cigarette users.
Longitudinal studies are needed to interrogate the public
health implications of growing HTP use worldwide.
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Heated tobacco products (HTPs) are electronic
devices that heat tobacco leaf and generate a
nicotine-
containing aerosol for inhalation.1 The
Japanese National Health and Nutrition Survey
from 2018 reported that 22.1% of male and
14.8% of female current tobacco users were heated
tobacco users.2 IQOS, an HTP from Philip Morris,
began its roll out in Japan in November 2014, and
is reportedly accounting for 17.6% of the overall
Japanese tobacco market sales (by product units)
as of December 2019.3 By Philip Morris’ own estimates, they currently have the largest global HTP
market share with its core market in Japan.4 British

American Tobacco (glo series) and Japan Tobacco
(Ploom series) introduced competing products
soon after IQOS’ initial introduction, and currently
account for 19.6%5 and 9%6 of sales in the HTP
category, respectively. Imperial Tobacco Japan
released PULZE in October 2019.
Recent studies have shown that the introduction of HTP in Japan was likely responsible for
the concurrent reduction in conventional cigarette
term public
consumption.7 8 However, the long-
health impact of switching from conventional cigarettes to HTP remains to be determined. First, the
extent of switching is unknown: are HTP users
completely quitting conventional cigarettes, or do
HTP users sustain the use of some level of conventional cigarette smoking; that is, dual use?9 HTPs
have been described as a ‘better alternative to cigarettes’ and ‘reduced risk product(s)’ by tobacco
companies.3 5 6 Indeed, Philip Morris filed an application with the US Food and Drug Administration
(FDA) for IQOS to be classified as a modified risk
tobacco product in the USA so that it could be
marketed with claims of reduced risk and exposure
relative to traditional cigarettes.10 11 Recently, the
FDA granted IQOS permission to be marketed as
a product with ‘reduced exposure’, but denied it to
be marketed with ‘reduced risk’ claims considering
the lack of evidence.11
Current research suggests that harmful and
potentially harmful constituents (HPHCs) such as
tobacco-
specific nitrosamines (TNSAs) and volatile organic compounds, some of which are known
carcinogens, were still found in mainstream aerosol
of IQOS.12 13 Compared with conventional cigarettes, the levels of many HPHCs were lower.13
However, there were a number of HPHCs detected
in IQOS emissions that had high levels, and some
of these have unknown health risks.10 Therefore,
additional studies are needed to better understand
the health implications of HTP use. Independently,
even if decreased exposure to HPHCs from
switching could prove to be less harmful, dual use
that sustains a low level of cigarette would still have
deleterious health effects.14
Common to addictions of other substances, social
and economic influences, gender, genetic predispositions, psychiatric disorders and behavioural/
sensory cues are some of the important determinants of tobacco addiction.15 In this study, however,
we focus on nicotine dependence; to understand
the potential interactions of HTP use and conventional cigarette smoking, information is needed
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on the degree of nicotine dependence. The level of nicotine
measured in mainstream aerosol of HTP has been found to be
slightly lower than that of conventional cigarettes,1 16 17 but these
can deliver levels of nicotine similar to conventional cigarettes
according to peak plasma concentration measurements.17 The
ability of HTPs to serve as a substitute for conventional cigarettes, in part, depends on the degree of nicotine dependence,
which would influence the patterns of use. A randomised
controlled trial showed that e-cigarettes have the potential to
substitute convention cigarettes for some users.18 Higher rates
of substitution might occur if products such as e-cigarettes and
HTP could resemble the nicotine delivery profile of a conventional cigarette.19 Other than a clinical study among 25 cigarette smokers switching to IQOS over a short period,20 we are
not aware of other assessments of nicotine dependence among
HTP users that compared exclusive daily and non-daily cigarette
smokers and dual HTP and cigarette users. The time-to-first-
cigarette after waking up, an item from the Fagerström Test for
Nicotine Dependence (FTND), has been shown to be a valid
predictor of smoking cessation among conventional cigarette
smokers.21 22 Therefore, we estimated and compared the prevalence of nicotine dependence using three different cut-offs of
time-
to-
first-
smoke—under 5, 15 and 30 min—of exclusive
daily cigarette, dual daily cigarette+HTP (≥1 day), dual non-
daily cigarette+HTP (≥1 day) and exclusive HTP users, relative
to exclusive non-daily cigarette users.

METHODS
Data source

We used data from the Japan ‘Society and New Tobacco’ Internet
Survey (JASTIS), an annual internet-
based cohort study that
began in 2015. The purpose of JASTIS is to examine the use
and perceptions of conventional tobacco products, HTPs, and
electronic cigarettes, and relevant socioeconomic indicators.23
Participants were recruited from a large survey panel managed
by Rakuten Insight, a major internet agency in Japan.23 The
panel was drawn from a pool of 2.3 million people that considered wide-ranging socioeconomic variables, including education,
housing and marital status, as defined by the Japan census.23
More in-depth details of the sampling methods for the JASTIS
cohort have been described elsewhere.23 For this study, we used
data from the 2019 wave of JASTIS (collected from January to
February 2019) and focused on adults 25 years old and above. We
restricted the analysis to participants aged 25 years and older as
we also considered education (ie, avoiding collinearity), and for
comparability with other studies. Initially, we had included e-cigarette users in the analysis, but the numbers were low, which was
reflective of low e-cigarette use in Japan. Therefore, we further
excluded the following from our analytical sample: 33 exclusive
e-cigarette users, 58 dual cigarette+e-cigarette users and 32 dual
HTP+e-cigarette users. Our analysis was then limited to those
who smoked HTP and/or cigarettes (and no other tobacco products) for at least 1 day in the past 30 days (n=2146). Figure 1 is a
detailed flow chart that describes the derivation of the analytical
sample.

Measures
Outcome

Nicotine dependence was assessed by time-to-first-use of tobacco
in the morning, the first item from the FTND.21 The following
question was asked in the survey: ‘After waking up, within how
much time do you smoke/use a tobacco product? The type of
tobacco product does not matter.’ Possible responses: within 5
2

Figure 1 Data flow (*irregular responses refer to respondents who
answered with the same number over an entire set of questions). HTP,
heated tobacco product.
min, 6–15 min, 16–30 min, 31–60 min and more than an hour.
We used the first three responses as cut-offs to define increasing
severity of nicotine dependence, where ‘yes’ would be classified as being ‘dependent’: within 5 min (yes/no), 15 min (yes/
no) and 30 min (yes/no). See online supplemental material 1 for
the wording of the survey questions, translated from Japanese
to English.

Exposure: definition of tobacco use

Participants were asked the question: ‘In the past 30 days, how
many days did you smoke/use the following?’ (please refer to
online supplemental material 1 for the full list of products). Past30-day use (≥1 day), daily past-30-day use and non-daily use in
the past 30 days have been employed in other tobacco cohort
studies that describe patterns of exclusive, dual product and
polytobacco use.24–26 Together with the distribution of responses
to the survey question (see online supplemental material 2), we
categorised the following types of tobacco use, among those who
reported smoking 1+days in the past 30 days: (1) exclusive, non-
daily (<30 days) cigarette; (2) exclusive HTP (≥1 day); (3) dual
HTP (≥1 day) and non-daily cigarette; (4) dual HTP (≥1 day)
and daily (30 days) cigarette; and (5) exclusive, daily cigarette.
Lau YK, et al. Tob Control 2021;0:1–7. doi:10.1136/tobaccocontrol-2020-056237
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Statistical analyses

Crude prevalence ratios (PRs) were calculated with log-binomial
regression. However, as the multivariate models had convergence problems, we used a marginal structural binomial model
to estimate standardised PRs.27 Exclusive, non-daily cigarette
use was used as the referent category for the analysis since it
had the lowest overall prevalence of the outcome of interest.
Propensity scores and inverse probability weights were estimated using generalised boosted models, based on 3000 regression trees.28 The underlying propensity model included the
following pretreatment covariates/potential confounders: age
(continuous), quit attempt in the past year (yes/no), sex (male/
rated health (good/bad), self-
reported mental
female), self-
illness (yes/no), geographical region (Hokkaido+Tohoku, Kita-
Kanto+Tokyo-ken, Chubu+Hokuriku+Chukyo-ken, Kinki
(Osaka-
ken+Keihan), Chugoku+Shikoku, Kyushuu+Okinawa), educational attainment (high school, junior college,
university), marital status (married, not married, widowed/
divorced), household income quartiles, living alone (yes/no),
and type of housing (standalone property, private apartment,
public housing/company dormitory/other). We report the standardised bias/absolute standardised mean difference for each
covariate as a diagnostic to check the balance between the
different tobacco use categories.28 Crude PRs of nicotine dependence by tobacco use types were compared with the results of
the weighted analysis. We additionally subsetted the analytical
dataset to include only exclusive, daily cigarette users, and dual
HTP+daily cigarette users; with the former as the referent category, PRs of nicotine dependence were calculated. Exclusive
HTP users were further divided by daily versus non-daily as a
supplementary analysis.
All analyses were performed using R V.3.6.3. Inverse probability weights were calculated using the R package twang,29
which were subsequently used in weighted log-binomial models
from the survey package.30

RESULTS

Table 1 shows the characteristics of the analytical sample
(N=2146) before inverse probability weighting, with the
following categories of tobacco users: 15.9% exclusive, non-
daily cigarette; 14.8% exclusive HTP; 13.2% dual HTP+non-
daily cigarette; 21.6% dual HTP+daily cigarette and 34.5%
exclusive daily cigarette users. Notably, all exclusive HTP users
were all non-current cigarette smokers (ie, did not smoke cigarettes in the past 30 days in 2019 and were not never smokers in
the earlier waves of follow-up).
On average, exclusive HTP users were younger (aged 47.4
years) than exclusive cigarette users (50.2 years for non-daily
and 53.1 years for daily). More dual users reported having at
least one quit attempt (for conventional cigarettes) in the past
12 months (37.1% HTP+non-daily cigarette and 31.0% HTP+daily cigarette) compared with exclusive product users (13.5%
non-
daily cigarette, 18.5% daily cigarette and 10.4% HTP).
There were proportionally more women who were single-
product users (either cigarette or HTP) compared with dual
users. In terms of educational attainment, there was a higher
proportion of university graduates among those with some HTP
use (49.1% exclusive HTP, 55.1% dual HTP+non-daily cigarette
and 56.5% dual HTP+daily cigarette) compared with exclusive
cigarette use (45.2% among non-daily and 40.8% among daily
smokers). Exclusive cigarette smokers had higher proportions in
the lowest income quartile (19.4% non-daily and 21.4% daily)
relative to those with some HTP use (14.2% exclusive HTP,
Lau YK, et al. Tob Control 2021;0:1–7. doi:10.1136/tobaccocontrol-2020-056237

14.8% dual HTP+non-daily cigarette and 13.1% dual HTP+daily cigarette).
Regarding nicotine dependence: when time-
to-
first-
smoke
was within 5 min of waking up, the tobacco use category with
the highest proportion with nicotine dependence was exclusive,
daily smokers (29.7%), followed by dual HTP+daily cigarette
(27.6%), dual HTP+non-
daily cigarette (21.2%), exclusive,
non-daily cigarette (19.9%) and exclusive HTP users (19.8%).
The ranking changed when the cut-off was 15 min, where the
highest was instead dual HTP+daily cigarette (60.6%) users,
then exclusive daily cigarette (57.8%), exclusive HTP (50.0%),
dual HTP+non-daily cigarette (48.4%) and exclusive, non-daily
cigarette users (40.2%). This ranking was the same when 30 min
was used as the cut-off, but with higher proportions classified as
being nicotine dependent across the tobacco use categories.
Baseline differences between the different categories (‘populations’) of tobacco use after applying inverse probability weights
were 0.11 or less (>0.2 is an indication of imbalance).28 A graphical inspection of box plots of propensity scores showed sufficient overlap of the distribution of propensity scores between
the categories (data not shown).
Figure 2 describes the PRs using log-binomial models standardised with inverse probability weights (for reference, crude
PRs are provided in online supplemental material 3(table S3.1).
Using the 5 min cut-off, the prevalence of nicotine dependence
was the highest among exclusive, daily cigarette users (PR=1.48,
95% CI: 1.15 to 1.91), followed by dual HTP+daily cigarette
(PR=1.38, 95% CI: 1.05 to 1.82), relative to exclusive, non-
daily cigarette users. However, a difference in the prevalence of
nicotine dependence was not detected in dual HTP+non-daily
cigarette users and exclusive HTP users, relative to exclusive,
non-daily cigarette users.
When the 15 min cut-off was used, nicotine dependence was
higher across the different categories of tobacco use, relative to
exclusive, non-daily smoking. Specifically, the prevalence was
1.38 times (95% CI: 1.19 to 1.61) higher among exclusive daily
cigarette users, 1.47 times (95% CI: 1.25 to 1.72) higher among
dual HTP+daily cigarette users, 1.24 times (95% CI: 1.02 to
1.51) higher among dual HTP+non-daily cigarette users, and
1.23 times (95% CI: 1.02 to 1.47) higher among exclusive HTP
users. A similar trend can be seen when the 30 min cut-off was
used to define nicotine dependence.
Analysis of the subset of daily cigarette smokers (exclusive
and dual HTP) is depicted in figure 3. Regardless of the cut-off
used, there was no discernible difference of nicotine dependence
between the two groups of daily cigarette users as the PRs across
the different cut-offs all crossed the null. When exclusive HTP
users in the main analysis (ie, figure 2) were split into daily and
non-daily, the PR for exclusive non-daily HTP users crossed the
null (online supplemental table 4.2).

DISCUSSION

This study examined the prevalence of nicotine dependence
among different groups of tobacco users (relative to exclusive, non-
daily smokers) namely: exclusive, daily cigarette;
dual HTP+daily cigarette; dual HTP+non-daily cigarette and
exclusive HTP users. To the best of our knowledge, this is the
first paper to examine nicotine dependence among HTP users.
We found that exclusive daily cigarette users and dual users of
HTP+daily cigarettes had higher prevalence of nicotine dependence relative to exclusive non-daily cigarette smokers, across
all cut-offs for time-to-first-smoke. Exclusive HTP users showed
higher levels of nicotine dependence than non-daily cigarette
3
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Table 1

Descriptive statistics by tobacco use categories (n=2146)
Maximum standardised
difference*

Tobacco use categories
Exclusive, non-
daily cigarette Exclusive HTP

Dual HTP and non- Dual HTP and
daily cigarette
daily cigarette

Exclusive, daily
cigarette

318 (14.8%)

283 (13.2%)

464 (21.6%)

740 (34.5%)

2146

 25–34

33 (9.7%)

51 (16.0%)

49 (17.3%)

39 (8.4%)

35 (4.7%)

207 (9.6%)

 35–44

84 (24.6%)

80 (25.2%)

79 (27.9%)

88 (19.0%)

123 (16.6%)

454 (21.2%)

 45–54

93 (27.3%)

96 (30.2%)

82 (29.0%)

147 (31.7%)

246 (33.2%)

664 (30.9%)

 55–64

87 (25.5%)

72 (22.6%)

54 (19.1%)

129 (27.8%)

219 (29.6%)

561 (26.1%)

 65+

44 (12.9%)

19 (6.0%)

19 (6.7%)

61 (13.1%)

117 (15.8%)

260 (12.1%)

 Continuous; mean (SD)

50.2 (11.4)

47.4 (11.0)

46.4 (11.4)

51.3 (11.0)

53.1 (10.6)

50.5 (11.2)

0.37

0.08

 No

295 (86.5%)

285 (89.6%)

178 (62.9%)

320 (69.0%)

671 (90.7%)

1749 (81.5%)

0.55

0.11

 Yes

46 (13.5%)

33 (10.4%)

105 (37.1%)

144 (31.0%)

69 (9.3%)

397 (18.5%)
0.16

0.1

341 (15.9%)

Total

Before

After

NA

Age
NA

Quit attempt in past 12
months

Gender
 Women

89 (26.1%)

75 (23.6%)

44 (15.5%)

78 (16.8%)

171 (23.1%)

457 (21.3%)

 Men

252 (73.9%)

243 (76.4%)

239 (84.5%)

386 (83.2%)

569 (76.9%)

1689 (78.7%)

 High school

102 (29.9%)

100 (31.4%)

80 (28.3%)

142 (30.6%)

290 (39.2%)

714 (33.3%)

0.19

0.06

 Junior college

85 (24.9%)

62 (19.5%)

47 (16.6%)

60 (12.9%)

148 (20.0%)

402 (18.7%)

0.19

0.09

 University

154 (45.2%)

156 (49.1%)

156 (55.1%)

262 (56.5%)

302 (40.8%)

1030 (48.0%)

0.22

0.06

 Married

202 (59.2%)

220 (69.2%)

194 (68.6%)

291 (62.7%)

432 (58.4%)

1339 (62.4%)

0.16

0.07

 Not married

105 (30.8%)

63 (19.8%)

69 (24.4%)

123 (26.5%)

225 (30.4%)

585 (27.3%)

0.2

0.08

 Widowed/divorced

34 (10.0%)

35 (11.0%)

20 (7.1%)

50 (10.8%)

83 (11.2%)

222 (10.3%)

0.12

0.02

 Lowest

66 (19.4%)

45 (14.2%)

42 (14.8%)

61 (13.1%)

158 (21.4%)

372 (17.3%)

0.16

0.08

 Lower

69 (20.2%)

54 (17.0%)

57 (20.1%)

101 (21.8%)

150 (20.3%)

431 (20.1%)

0.09

0.06

 Higher

75 (22.0%)

65 (20.4%)

71 (25.1%)

112 (24.1%)

147 (19.9%)

470 (21.9%)

0.09

0.03

 Highest

63 (18.5%)

97 (30.5%)

82 (29.0%)

131 (28.2%)

154 (20.8%)

527 (24.6%)

0.17

0.06

 Unknown

68 (19.9%)

57 (17.9%)

31 (11.0%)

59 (12.7%)

131 (17.7%)

346 (16.1%)

0.16

0.04

 Bad

49 (14.4%)

37 (11.6%)

29 (10.2%)

63 (13.6%)

107 (14.5%)

285 (13.3%)

0.10

0.04

 Good

292 (85.6%)

281 (88.4%)

254 (89.8%)

401 (86.4%)

633 (85.5%)

1861 (86.7%)

 None

315 (92.4%)

297 (93.4%)

266 (94.0%)

424 (91.4%)

674 (91.1%)

1976 (92.1%)

0.08

0.08

 Yes

26 (7.6%)

21 (6.6%)

17 (6.0%)

40 (8.6%)

66 (8.9%)

170 (7.9%)

 Hokkaido+Tohoku

44 (12.9%)

47 (14.8%)

35 (12.4%)

57 (12.3%)

90 (12.2%)

273 (12.7%)

0.07

0.03

 Kita-Kanto+Tokyo-ken

119 (34.9%)

137 (43.1%)

108 (38.2%)

176 (37.9%)

288 (38.9%)

828 (38.6%)

0.11

0.05

 Chubu+Hokuriku+Chukyo- 58 (17.0%)
ken

40 (12.6%)

45 (15.9%)

73 (15.7%)

114 (15.4%)

330 (15.4%)

0.09

0.03

 Kinki (Osaka-ken+Keihan)

63 (18.5%)

50 (15.7%)

54 (19.1%)

77 (16.6%)

123 (16.6%)

367 (17.1%)

0.06

0.03

 Chugoku+Shikoku

26 (7.6%)

20 (6.3%)

11 (3.9%)

43 (9.3%)

60 (8.1%)

160 (7.5%)

0.16

0.07

 Kyushuu+Okinawa

31 (9.1%)

24 (7.5%)

30 (10.6%)

38 (8.2%)

65 (8.8%)

188 (8.8%)

0.07

0.03

 No

284 (83.3%)

269 (84.6%)

232 (82.0%)

371 (80.0%)

565 (76.4%)

1721 (80.2%)

0.15

0.11

 Yes

57 (16.7%)

49 (15.4%)

51 (18.0%)

93 (20.0%)

175 (23.6%)

425 (19.8%)

 Standalone property

188 (55.1%)

154 (48.4%)

147 (51.9%)

257 (55.4%)

412 (55.7%)

1158 (54.0%)

0.13

0.03

 Private apartment

131 (38.4%)

132 (41.5%)

110 (38.9%)

173 (37.3%)

262 (35.4%)

808 (37.7%)

0.09

0.06

 Public housing, company
dormitory, other

22 (6.5%)

32 (10.1%)

26 (9.2%)

34 (7.3%)

66 (8.9%)

180 (8.4%)

0.08

0.08

 <5 min

68 (19.9%)

63 (19.8%)

60 (21.2%)

128 (27.6%)

220 (29.7%)

539 (25.1%)

NA

 6–15 min

69 (20.2%)

96 (30.2%)

77 (27.2%)

153 (33.0%)

208 (28.1%)

603 (28.1%)

Education

Marital status

Household income

Good self-rated health

Self-reported mental illness

Geographical region

Live alone

Type of housing

Time-t o-first-smoke

Continued

4
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Table 1

Continued
Maximum standardised
difference*

Tobacco use categories
Exclusive, non-
daily cigarette Exclusive HTP

Dual HTP and non- Dual HTP and
daily cigarette
daily cigarette

Exclusive, daily
cigarette

Total

 16–30 min

40 (11.7%)

50 (15.7%)

37 (13.1%)

72 (15.5%)

120 (16.2%)

319 (14.9%)

 31–60 min

48 (14.1%)

36 (11.3%)

48 (17.0%)

65 (14.0%)

93 (12.6%)

290 (13.5%)

 >1 hour

116 (34.0%)

73 (23.0%)

61 (21.6%)

46 (9.9%)

99 (13.4%)

395 (18.4%)

  
No

273 (80.1%)

255 (80.2%)

223 (78.8%)

336 (72.4%)

520 (70.3%)

1607 (74.9%)

  Yes

68 (19.9%)

63 (19.8%)

60 (21.2%)

128 (27.6%)

220 (29.7%)

539 (25.1%)

  
No

204 (59.8%)

159 (50.0%)

146 (51.6%)

183 (39.4%)

312 (42.2%)

1004 (46.8%)

  Yes

137 (40.2%)

159 (50.0%)

137 (48.4%)

281 (60.6%)

428 (57.8%)

1142 (53.2%)

  
No

164 (48.1%)

109 (34.3%)

109 (38.5%)

111 (23.9%)

192 (25.9%)

685 (31.9%)

  Yes

177 (51.9%)

209 (65.7%)

174 (61.5%)

353 (76.1%)

548 (74.1%)

1461 (68.1%)

Before

After

 
Under 5 min
NA

 
Under 15 min
NA

 
Under 30 min
NA

*Maximum absolute standardised mean difference before and after inverse probability weighting.
†The groupings comprise of the following prefectures:.‘Hokkaido+Tohoku’: Hokkaido, Aomori, Iwate, Miyagi, Akita, Yamagata,Fukushima,‘Kita-Kanto+Tokyo-ken’: Ibaraki,
Tochigi, Gunma, Saitama, Chiba, Tokyo,Kanagawa, ‘Chubu+Hokuriku+Chukyo-ken’: Niigata, Toyama, Ishikawa, Fukui,Yamanashi, Nagano, Gifu, Shizuoka, Aichi, Mie, ‘Kinki
(Osaka-ken+Keihan)’: Shiga, Kyoto, Osaka, Hyogo, Nara, Wakayama, ‘Chugoku+Shikoku’: Tottori, Shimane, Okayama, Hiroshima, Yamaguchi,Tokushima, Kagawa, Ehime, Kochi,
‘Kyushuu+Okinawa’: Fukuoka, Saga, Nagasaki, Kumamoto, Oita, Miyazaki,Kagoshima, Okinawa.
HTP, heated tobacco product; NA, not available.

smokers when using the 30 and 15 min cut-offs, but not when
using the 5 min cut-off. A similar pattern is observed for dual
HTP+non-daily cigarette users, relative to non-daily cigarette
smokers.
The potential individual and population health effects of
HTP use are still unknown. First, while lower levels of known
carcinogens (TNSAs and volatile organic compounds) have
been detected in HTP aerosol relative to conventional cigarette smoke, much higher levels of HPHCs of unknown health
risks have been found in HTPs.12 Furthermore, lower levels of
harmful compounds do not translate to proportionally lower
levels of health risk.31 Therefore, the relative risks of HTPs versus
conventional cigarettes are still uncertain. Second, if HTPs did
truly have lower risks compared with conventional cigarettes,
and current exclusive, daily cigarette users do end up smoking

fewer cigarettes and eventually quit; or, people who would have
been exclusive conventional cigarette users never end up starting
smoking cigarettes as a result of using HTPs, then HTP use could
result in net health gains. However, if HTP users were to sustain
cigarette smoking alongside HTP use, making it more difficult
to quit tobacco altogether, then HTP use could end up resulting
in net harms. Similarly, if HTP use were to lead to conventional
cigarette smoking in otherwise never smokers, then these would
result in a net harm. Nicotine delivery and dependence are some
of the factors that are likely to play a key role in the interplay
between smoking and HTPs, and the eventual health impacts of
HTPs.
With the rapid growth of HTP in Japan and its steady introduction around the world, it is critical to continue monitoring
individual and population use of these products and their
potential public health impact. Longitudinal studies of HTP use
and cigarette smoking are especially needed to help us better
understand the potential health consequences of HTP use and
how it is affecting cigarette smoking. In particular, it is critical
to determine if dual use is a transitional period, for example
from exclusive smoking to exclusive HTP use, or back to exclusive smoking, or a more permanent use state. Interestingly, in

Figure 2 Nicotine dependence prevalence ratios by categories of
tobacco use, and 5, 15 and 30 min cut-offs from time-to-first tobacco
use after waking up (N=2146). HTP, heated tobacco product.

Figure 3 Nicotine dependence prevalence ratio of dual HTP and daily
cigarette users by 5, 15 and 30 min cut-offs from time-to-first tobacco
use after waking up (N=1204). HTP, heated tobacco product.
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our sample, all exclusive HTP users were non-current cigarette
smokers who reported not having smoked cigarettes the past 30
days, suggesting that switching is indeed a possibility. However,
we cannot rule out an eventual relapse to cigarettes among exclusive HTP users, particularly if nicotine addiction is sustained.
While the higher nicotine dependence among daily cigarette
smokers versus non-daily cigarette smokers found in this study
may be unsurprising, the role of HTP is less clear. As the study
design is cross-sectional in nature, we cannot assess whether a
particular baseline level of nicotine dependence determined a
particular pattern of tobacco use. We also could not account
for a smoking history as a sizeable proportion of the participants were not asked about when they first started smoking,
although current age could be thought of as an imperfect proxy
for the duration smoked. Moreover, our definition of nicotine
dependence was based on the first item of FTND,21 which is the
most informative single item to assess dependence and has been
validated as a marker of dependence for conventional cigarette
smoking. However, this marker has not been validated for exclusive HTP or dual use. It is possible that time-to-first product use
varies by product due to environmental or other factors rather
than dependence per se. For example, HTP users who might
be less nicotine dependent than an exclusive non-daily, cigarette
smoker might take shorter time-to-first-use because HTP can be
used indoors. Similarly, product-specific use latencies (ie, time-
to-use) may have differential validity as a measure of dependence
in dual users. Further research would be required to account for
patterns of tobacco use with HTPs and nicotine dependence
assessment specific for these products. Intensity of product use
would also be an important determinant of nicotine dependence.
However, we did not account for the frequency of use of each
product smoked per day as we could not determine the cut-offs
for HTP that would be appropriate relative to conventional
cigarettes. Determining an equivalence between HTP sticks with
conventional cigarette sticks is an important direction for future
research. Different HTPs have different nicotine concentration

What this paper adds

CONCLUSIONS
Dual users of heated tobacco and daily cigarettes were as heavily
nicotine dependent as exclusive daily cigarette users. Exclusive
heated tobacco users were as heavily as, or potentially even more
heavily nicotine dependent, compared with non-daily cigarette
users, but less dependent than dual or exclusive daily cigarette
users. Further studies are needed to understand the implications
of the level of nicotine addiction on the patterns of HTP use and
cigarette smoking, and the potential for HTPs to be an alternative to cigarettes.
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Data availability statement The JASTIS data can be accessed via the
corresponding author, Takahiro Tabuchi, upon reasonable request.

products with a substantial market in Japan, and are being
steadily introduced around the world.
►► Nicotine dependence is an important factor in tobacco
addiction.
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►► Heated tobacco products are relatively novel tobacco

What important gaps in knowledge exist on this topic

►► Little is known about nicotine dependence in heated tobacco

products, and the interplay between them and conventional
cigarette smoking.
►► The net public health impact of heated tobacco products will
depend on their patterns of use and on their ability to serve
as a substitute for conventional cigarettes, which in part
depends on nicotine dependence.
What this paper adds

►► Using time-to-first-use to approximate nicotine dependence,

we found that dual users of heated tobacco and daily
cigarettes were as heavily nicotine dependent as exclusive,
daily cigarette users.
►► Exclusive heated tobacco users were as heavily nicotine
dependent compared with non-daily cigarette users, but less
dependent than dual or exclusive, daily cigarette users.
6

and delivery,17 which may be associated with different degrees
of nicotine dependence. In our analysis, we did not differentiate
between different products, although most were IQOS users.
Lastly, these study results may not be generalisable to other
countries as the leading market of HTPs in the world is Japan
where the prevalence and patterns of tobacco product use would
differ as a result. Despite these limitations, this dataset is from
2019 and provides a timely and informative perspective of a
relatively unknown topic.
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Supplementary Material 1: Survey questions used from the JASTIS follow-up survey,
Japan, 2019 (translated from Japanese)
Live alone
Q3. How many people do you live or share a livelihood with? Even if you work away from home,
if you return once every three months, this is also considered as co-habitation.
___ person(s)

Marital status
Q4. Do you have a spouse (husband or wife)? This includes partners who you may share a life
with even if you are not officially married.
1. Has spouse
2. Not married
3. Widowed
4. Divorced

Household income
Q8. What was your approximate annual household income (before tax)?
1. None
2. Under 500,000 yen
3. 500,000 to 999,999 yen
4. 1 to <2 million
5. 2 to <3 million
6. 3 to <4 million
7. 4 to <5 million
8. 5 to <6 million
9. 6 to <7 million
10. 7 to <8 million
11. 8 to <9 million
12. 9 to <10 million
13. 10 to <12 million
14. 12 to <14 million
15. 14 to <16 million
16. 16 to <18 million
17. 18 to <20 million
18. 20+ million
19. Would rather not say
20. Do not know
Education
Q12. What school did you last graduate (or attended)?
1. Middle school
2. Private high school
3. National public high school
4. Special training school / community college
5. Junior / vocational / polytechnic college
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6. Private university
7. National university
8. Local public university
9. Graduate school
10. Other
Q12-1. With regards to the school you chose, what was the status that applied?
1. Graduated
2. Dropped out
3. Still attending
Type of housing
Q13. Which describes your current living situation? Please choose one.
1. Home owner (standalone property)
2. Home owner (apartment)
3. Rental (private apartment)
4. Rental (public housing)
5. Boarding
6. Company or government housing/dormitory
7. Other

Smoking status
Q30. In the past 30 days, how many days did you smoke/use the following?
Cigarettes
Roll-your-own cigarettes
Ploom Tech
Ploom Tech+
Ploom S
IQOS
glo
E-cigarettes (with nicotine)
E-cigarettes (no nicotine)
E-cigarettes (nicotine content unknown)
Cigar
Pipe
Kiseru (Japanese smoking pipe)
Chewing tobacco
Snus
Hookah

__ days
__ days
__ days
__ days
__ days
__ days
__ days
__ days
__ days
__ days
__ days
__ days
__ days
__ days
__ days
__ days

Time to first smoke
Q37. In the morning, within in how much time do you use your first tobacco product after waking
up? The type of tobacco does not matter.
1. Within 5 minutes
2. 6-15 minutes
3. 16-30 minutes
4. 31-60 minutes
5. After more than an hour
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Quit attempt
[survey participants who indicated that they had smoked cigarettes at least once in the past year
were asked this question]
Q45. In the past year, have you tried any of the following to quit smoking cigarettes?
[For each option, the possible responses are: “No”, “Yes”]
1. Bought nicotine gum at a pharmacy and used it to quit
2. Bought nicotine patch at a pharmacy and used it to quit
3. Used heated tobacco products (IQOS, Ploom Tech, glo) to quit
4. Used e-cigarettes (different from heated tobacco) to quit
5. Visited a smoking cessation clinic (only counselling, no medication)
6. Received treatment that contains no nicotine (e.g. Champix) from the smoking cessation
clinic
7. Received treatment that contains nicotine (e.g. Nicorette) from the smoking cessation clinic
8. Did not use any of the above but tried to stop smoking on my own (including books that
provide advice for quitting smoking)
Self-rated health
Q61. How is your health now? Please choose one of the following that describes it best.
1. Good
2. Fine
3. Normal
4. Not good
5. Bad
Mental health
Q66. Do you have any of the following illnesses now?
[For each option, the possible responses are: “No”, “Visiting a hospital for treatment”, or “Have
the condition but not visiting a hospital for treatment.”]
1. Hypertension
2. Diabetes
3. Asthma
4. Bronchitis, pneumonia
5. Atopic dermatitis
6. Periodontal disease
7. Otitis media
8. Stenosis
9. Myocardial infarction
10. Stroke
11. COPD
12. Cancer, malignant tumour
13. Chronic pain
14. Depression
15. Mental illness other than depression
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Supplementary Material 2: Distribution of days used past 30 days by product use
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Supplementary Material 3: Crude prevalence ratios
Table S3.1: Crude prevalence ratios of nicotine dependence relative to exclusive, nondaily cigarette users
Variable
5 min
(Ref: Exclusive, non-daily cigarette users)
Exclusive, daily cigarette
Dual HTP+daily cigarette
Dual HTP+non-daily cigarette
Exclusive HTP
15 min
(Ref: Exclusive, non-daily cigarette users)
Exclusive, daily cigarette
Dual HTP+daily cigarette
Dual HTP+non-daily cigarette
Exclusive HTP
30 min
(Ref: Exclusive, non-daily cigarette users)
Exclusive, daily cigarette
Dual HTP+daily cigarette
Dual HTP+non-daily cigarette
Exclusive HTP

Prevalence Ratio (95% CI)

1.49 (1.18-1.91)
1.38 (1.07-1.80)
1.06 (0.78-1.45)
0.99 (0.73-1.35)

1.44 (1.25-1.67)
1.51 (1.30-1.76)
1.20 (1.01-1.44)
1.24 (1.05-1.48)

1.43 (1.28-1.60)
1.47 (1.31-1.65)
1.18 (1.03-1.36)
1.27 (1.11-1.44)

Table S3.2: Crude prevalence ratios of nicotine dependence of dual HTP and daily
cigarette users relative to exclusive, daily cigarette users
Variable
5 min
Dual
15 min
Dual
30 min
Dual

Prevalence Ratio (95% CI)
0.93 (0.77-1.11)
1.05 (0.95-1.15)
1.03 (0.96-1.10)
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Supplementary Material 4: Sensitivity analysis distinguishing daily vs non-daily, exclusive HTP
users
Table S4.1 Frequency of smoker types (N = 2048)*
Exclusive, non-daily cigarette users (reference category)
Exclusive, daily cigarette
Dual daily HTP+daily cigarette
Dual non-daily HTP+daily cigarette
Dual daily HTP+non-daily cigarette
Dual non-daily HTP+non-daily cigarette
Exclusive daily HTP
Exclusive non-daily HTP

% (n)
16.7% (341)
36.1% (740)
8.8% (180)
13.9% (284)
4.2% (86)
9.6% (197)
6.8% (139)
4.0% (81)

* Some exclusive HTP users report using more than one HTP product and these users have been excluded (n = 98),
resulting in a smaller sample size than the main analysis (n = 2146). The current survey questions in JASTIS do not
allow one to distinguish those who may smoke multiple heated tobacco products on a non-daily basis vs those
smoking different products daily (see also Supplementary Materials 1, question 30 for the exact wording).
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Table S4.2: Inverse probability weighted prevalence ratios of nicotine dependence
relative to exclusive, non-daily cigarette users
Variable
5 min
(Ref: Exclusive, non-daily cigarette users)
Exclusive, daily cigarette
Dual daily HTP+daily cigarette
Dual non-daily HTP+daily cigarette
Dual daily HTP+non-daily cigarette
Dual non-daily HTP+non-daily cigarette
Exclusive non-daily HTP
Exclusive daily HTP
15 min
(Ref: Exclusive, non-daily cigarette users)
Exclusive, daily cigarette
Dual daily HTP+daily cigarette
Dual non-daily HTP+daily cigarette
Dual daily HTP+non-daily cigarette
Dual non-daily HTP+non-daily cigarette
Exclusive non-daily HTP
Exclusive daily HTP
30 min
(Ref: Exclusive, non-daily cigarette users)
Exclusive, daily cigarette
Dual daily HTP+daily cigarette
Dual non-daily HTP+daily cigarette
Dual daily HTP+non-daily cigarette
Dual non-daily HTP+non-daily cigarette
Exclusive non-daily HTP
Exclusive daily HTP

Prevalence Ratio (95% CI)

1.47 (1.14, 1.9)
1.46 (1.04, 2.05)
1.4 (1.04, 1.88)
1.51 (0.95, 2.41)
0.96 (0.63, 1.46)
0.78 (0.43, 1.43)
1.2 (0.8, 1.78)

1.38 (1.18, 1.6)
1.46 (1.21, 1.76)
1.46 (1.24, 1.73)
1.05 (0.76, 1.47)
1.25 (1.01, 1.54)
0.96 (0.69, 1.34)
1.39 (1.13, 1.71)

1.38 (1.22, 1.55)
1.44 (1.25, 1.65)
1.44 (1.27, 1.63)
1.15 (0.91, 1.47)
1.21 (1.03, 1.42)
1.04 (0.81, 1.32)
1.42 (1.23, 1.65)
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