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Abstract 

Background  Smoking cessation is the most important intervention in chronic obstructive pulmonary disease 
(COPD), asthma, and asthma-COPD overlap (ACO); however, high rates of current cigarette smoking are observed 
in adults with these respiratory diseases. Meanwhile, rapidly increasing use of heated tobacco products (HTPs) 
is observed in Japan; however, the status of HTPs use has not been fully understood in adults with COPD, asthma, 
and ACO. This study aimed to reveal the association between COPD, asthma, and ACO and HTPs use in adults.

Methods  Data on Japanese individuals ≥ 40 years old obtained from the Japan Society and New Tobacco Internet 
Survey were analyzed. The prevalence of HTPs use in adults with COPD, asthma, and ACO, among individuals cat-
egorized into three groups according to cigarette smoking (never, former, and current), was calculated and the rela-
tionship between each disease and HTPs use were evaluated. The clinical diagnosis of these diseases was based 
on the self-reported diagnosis, as obtained from questionnaires.

Results  A total of 19,308 individuals were included. The proportions of never, past, and current cigarettes smokers 
were 10,900 (56.5%), 4,903 (25.4%), and 3,505 (18.2%), respectively, and that of HTPs use was 1,813 (9.4%). In current 
cigarettes smokers, the adjusted odds ratios (ORs) of HTPs use was 2.88 (95% CI [confidence interval], 1.86–4.47), 
1.23 (95% CI, 0.99–1.52), and 5.81 (95% CI, 3.12–10.82) in adults with COPD, asthma, and ACO compared to those 
without these respiratory diseases, respectively. Meanwhile, in past cigarettes smokers, the adjusted ORs of HTPs 
use was 0.51 (95% CI, 0.24–1.08), 0.69 (95% CI, 0.53–0.88), and 0.25 (95% CI, 0.06–1.07) in adults with COPD, asthma, 
and ACO, respectively.

Conclusions  HTPs use is more prevalent among current cigarettes smokers with COPD, asthma, and ACO compared 
to those without these respiratory diseases. Complete cessation of smoking both cigarettes and HTPs is the only way 
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to achieve complete smoking cessation, therefore, adults with COPD, asthma, and ACO need to make greater efforts 
to quit smoking.

Keywords  Asthma-COPD overlap, Chronic obstructive pulmonary disease, Dual use, Heated tobacco products, 
Smoking cessation

Introduction
Cigarette smoking is widely known to be harmful for 
adults with chronic obstructive pulmonary disease 
(COPD) and asthma. Cigarette smoking is the most 
important risk factor in the pathogenesis and progres-
sion of COPD and causes a decline of forced expiratory 
volume in one second (FEV1.0) and an increase in COPD 
exacerbation and/or mortality [1–4]. Additionally, it leads 
to poor symptom control, decreased FEV1.0, an attenuat-
ing effect of corticosteroid therapy, and increase in acute 
exacerbation in adults with asthma [5, 6]. Despite the 
above effects, high rates of current cigarette smoking 
are observed in adults with COPD (12.5%–45.1%) and 
asthma (5.8%–25.7%) [7–10].

Heated tobacco products (HTPs) are electronic 
devices that heat tobacco leaves, and aerosols from 
HTPs include nicotine, carcinogens, additives, and fla-
vored substances [11]. Japan is one of the first countries 
to launch HTPs and is also one of the major countries 
for HTPs sales worldwide [12, 13]. Short and long-term 
adverse effects of HTPs use remain unelucidated [14]; 
however, some studies reported the adverse effects of 
HTPs related to endothelial function, oxidative stress, 
and platelet activation, similar to those observed with 
traditional cigarette smoking [15, 16]. Additionally, 
HTPs are associated with the pathogenesis of pulmo-
nary emphysema in mice [17] and poor respiratory 
symptoms in clinical practice [18, 19].

According to the Japan “Society and New Tobacco” 
Internet Survey (JASTIS) study, the number of HTP 
users in Japan increased about 50-fold from 0.2% in 2015 
to 10.9% in 2020 [20, 21]. The Japanese cigarette makers 
promote HTPs to quit smoking in spite of claim that their 
use itself leads to a strong association for relapse of and/
or restarting regular cigarette smoking [13]. Smoking 
cessation is the most important intervention for adults 
with chronic respiratory diseases, such as COPD and 
asthma [10, 22]; however, the status of HTPs use in adults 
with these respiratory diseases remains unelucidated. In 
addition, the frequencies of HTPs use also vary by age 
group and the prevalence of HTPs use is significantly dif-
ferent between adults 40 years or older and those under 
40 years old in Japan [21, 23]. To the best of our knowl-
edge, no reports targeting the association between the 
status of HTPs use and COPD and asthma in middle-
aged and older adults exist.

In the present study, we enrolled adults over 40  years 
old and aimed at revealing the current status of HTPs use 
in adults with COPD, asthma, and asthma and COPD 
overlap (ACO), which is newly proposed and character-
ized by persistent airflow limitation with overlapping fea-
tures of COPD and asthma [24, 25], using internet survey.

Methods
Data source
The present study aimed to reveal the current status 
of HTPs use in adults aged over 40  years with COPD, 
asthma, and ACO. It was conducted with the data from 
the JASTIS, an ongoing longitudinal internet cohort 
study designed to investigate the prevalence and differ-
ent ways of smoking conventional cigarettes, HTPs, and 
e-cigarettes in Japan and was also recorded information 
on the demographics, socioeconomic status, and health 
conditions of participants [26]. Briefly, participants were 
randomly recruited from the total number of major 
nationwide large survey panels (Rakuten Insight, Inc., 
Tokyo, Japan) with a pool of 2.3 million panelists cover-
ing all social categories as defined by the Japanese cen-
sus, and the survey was continued until the number of 
participants who completed the questionnaire reached 
the target number. Participants answered the question-
naire after reading the survey explanation and provided 
web-based written informed consent on registration. The 
JASTIS 2022 survey was performed between February 1, 
2022, to February 28, 2022. Using its data, the study was 
approved by the Research Ethics Committee of the Osaka 
International Cancer Institute (No. 1412175183) and the 
National Institute of Public Health (NIPH-IBRA#12112), 
and was performed according to the Declaration of 
Helsinki.

Inclusion and exclusion criteria
The data of all responders (33,000) of the 2022 survey, 
except those whose responses were inconsistent with the 
information in the earlier survey (2015 to 2021), were 
included. Briefly, 28,776 participants were recruited from 
the follow-up survey (response rate 71.9%), and 4,224 
participants with aged 18–49 were newly collected from 
the panel in the 2022 survey. Further detailed informa-
tion is described in the study profile [26]. In this study, 
responders under 40  years old and those with straight-
lining or discrepancies were excluded from this study to 
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maintain the validity of the survey. Invalid responses were 
defined as follows: not choosing the second answer from 
the bottom after the question “Please choose the second 
option from the bottom out of five options”; reporting 
use of all drug in the question “Do you use either drug 
out of eight items”; and having all items in the question 
“Do you currently have any chronic diseases”, similar to a 
previous report [26].

Definition of COPD, asthma, and ACO
Participants were asked the question, “Do you currently 
have any chronic diseases?” and were defined to have 
COPD or asthma when they confirmed of having either 
one of them, and to have ACO when they confirmed on 
having both COPD and asthma.

Definition of cigarettes and HTPs use
The types of tobacco products were classified as follows: 
cigarette use (paper-wrapped and/or roll-your-own ciga-
rettes) and HTPs (Ploom TECH, IQOS, glo, and/or lil 
HYBRID). Participants were asked two questions, “Have 
you used each tobacco product during the past 30 days?” 
and “How many cigarettes do (did) you use per day at 
present (or in the past)?”, and they were categorized into 
three groups according to the following definitions: indi-
viduals who had used cigarettes in the past 30 days were 
classified as “current cigarettes smokers”; individuals 
who had ever smoked more than one cigarette and who 
had not used cigarettes in the past 30  days were classi-
fied as “former cigarettes smokers”; and individuals who 
had never smoked a cigarette before were classified as 
“never  cigarettes smokers”. The participants were also 
asked the same two questions about HTPs use and those 
who had used HTPs in the past 30 days selected “HTPs 
use”, all other respondents selected “no HTPs use”, as 
described in a previous report [11].

Other variables
Participants were classified into four age groups (40–49, 
50–59, 60–69, and 70–81  years). Educational attain-
ment was classified into three groups; junior high or high 
school, vocational school or college, and university or 
graduate school. Equivalent household income was cal-
culated by the household income divided by the square 
root of the household, and the population was divided 
into quartiles, and the 25th, median, and 75th equivalent 
household income of the study population were 1,500, 
3,000, and 4,500 thousand-yen, respectively. The drinking 
status was divided into three groups; never, occasionally, 
and regular, as a previous report [11].

Statistical analyses
First, respondents were stratified into three groups pre-
viously defined, and the number and percent of demo-
graphic characteristics were calculated for each. Second, 
in each stratum, we evaluated the association between 
the current history of COPD, asthma, or ACO and HTPs 
use with the Chi-square test or Fisher’s exact test. Finally, 
multivariable logistic regression analyses were performed 
to calculate adjusted odds ratios (ORs) and 95% confi-
dence intervals (CIs) for these associations. We adjusted 
for sex, age, educational attainment, equivalent house-
hold income, and alcohol intake according to the relevant 
study [11]. All P-values were two-sided, and the statisti-
cal significance was set at P < 0.05. We used Stata/SE 16.1 
(Stata, Corp, College Station, TX, USA) for all analyses.

Results
Among 33,000 participants, 10,822 of ≤ 39  years of age 
and 2,870 with invalid responses were excluded and a 
total of 19,308 adults of ≥ 40 years of age were eventually 
included in this study (Fig.  1). The demographic char-
acteristics of these adults are summarized in Table  1. 
Among these 19,308 adults, 9,679 (50.1%) were women, 
and 9,629 (49.9%) were men. The proportions of never, 
past, and current cigarettes smokers were 10,900 (56.5%), 
4,903 (25.4%), and 3,505 (18.2%), respectively. Meanwhile, 
the number of adults who used HTPs was 1,813 (9.4%) as 
a whole, and the usage for each type of HTPs was as fol-
lows: 809 (4.2%) for Ploom TECH, 919 (4.8%) for IQOS, 
712 (3.7%) for glo, and 110 (0.6%) for lil HYBRID. The 
incidence of COPD, asthma, and ACO were 258 (1.3%), 
2,327 (12.1%), and 113 (0.6%), respectively.

The proportion of HTPs use in adults with COPD, 
asthma, and ACO as per the cigarette smoking status 
is shown in Fig. 2. The proportions of HTPs use were 2 
(3.0%), 7 (0.6%), and 0 (0.0%) in never cigarettes smokers, 
8 (7.8%), 83 (13.2%), and 2 (4.4%) in past cigarettes smok-
ers, and 45 (50.6%), 161 (16.8%), and 34 (68.0%) in those 
with COPD, asthma, and ACO, respectively.

The results of the analyzed associations between 
HTPs use and COPD, asthma, and ACO by each ciga-
rette smoking status are demonstrated in Table  2. After 
adjusting for sex, age, educational attainment, equiva-
lent household income, and alcohol intake, the adjusted 
ORs and 95% CIs of HTPs use in never cigarettes smok-
ers were 3.64 (0.86–15.46) for COPD and 0.61 (0.28–
1.33) for asthma compare to those without each disease, 
respectively. No significant differences were reported 
between each disease and HTPs use.

After adjusting for confounders, the adjusted ORs and 
95% CIs of HTPs use in past cigarettes smokers were 0.51 
(0.24–1.08) for COPD, 0.69 (0.53–0.88) for asthma, and 
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0.25 (0.06–1.07) for ACO compared to those without 
each disease, respectively. A significant decrease in HTPs 
use was observed in adults with asthma.

After adjusting for confounders, the adjusted ORs and 
95% CIs of HTPs use in current cigarettes smokers were 
2.88 (1.86–4.47) for COPD, 1.23 (0.99–1.52) for asthma 
and 5.81 (3.12–10.82) for ACO compared to those with-
out each disease, respectively. A significant increase in 
HTPs use was observed in adults with COPD and ACO.

Discussion
In the present study, we evaluated the association 
between HTPs use and COPD, asthma, and ACO in 
adults aged 40 years or older among never, past, and cur-
rent cigarettes smokers. The results of this study indicate 
significantly higher HTPs use in current cigarettes smok-
ers with COPD and ACO compared to those without 
these respiratory diseases, although this difference is not 
significant in those with asthma.

In 2018, the National Health and Nutrition Survey 
reported that 22.1% of male and 14.8% of female cur-
rent cigarette smokers were HTP users [27]. Our study 
indicated a higher HTPs use in current cigarettes smok-
ers with COPD, asthma, and ACO, in particular, current 
cigarettes smokers with COPD and ACO had HTPs use 
of more than 50%, although its proportion was 0.8% and 
15.6% as a whole in never and past cigarettes smokers, 
respectively. Previous reports showed that the dual use 
of HTPs and cigarette was 13.9%–18.4% in Korea [28, 29] 
and 10.5% in Japan [23], and demonstrated that HTPs use 
was significantly higher among current cigarette smokers 
compared to former and never cigarette smokers with or 
without respiratory diseases [30] and current cigarette 
smoking itself was the strongest concurrent predictor of 

HTPs use [31]. As the reason they are easily becoming 
dual users of cigarettes and HTPs, Lau et al. showed that 
daily cigarette users and exclusive HTP users were both 
heavily nicotine-dependent compared with exclusive, 
non-daily cigarette users [27]. HTPs might be used more 
often as a way for cigarette smokers and dual users to 
quit smoking [21, 27] but HTP users or dual users were 
less likely to quit tobacco compared to exclusive cigarette 
smokers (risk ratio, 0.77; 95% CI, 0.61–0.97) in a Japanese 
workplace [32]. Thus, dual users of cigarettes and HTPs 
may be less likely to attempt quitting both products and 
show lower motivation and self-efficacy to quit HTPs use 
[28, 31].

Our study showed higher rates of HTPs use and/or 
dual-use among adults with COPD, asthma, and ACO 
compared to those without these respiratory diseases. In 
particular, a significant increase in the adjusted ORs of 
HTPs use in adults with COPD and ACO and an increase 
in the tendency (adjusted OR, 1.23; 95% CI, 0.99–1.52, 
P = 0.057) in those with asthma was shown, despite being 
extremely important for quitting smoking in adults with 
these respiratory diseases. Similarly, participants aged 
15–73  years in the JASTIS 2019 study showed that the 
adjusted OR of both cigarettes and HTPs use for COPD 
and asthma was 7.46 (3.76–14.80) and 1.69 (1.18–2.41), 
respectively [11]. Meanwhile, a Korean study targeting 
adolescents showed that the rate of HTPs use among 
asthmatic smokers was approximately 4.4 times higher 
(12.0%) than that in non-asthmatic smokers, and the dual 
use of HTPs and cigarettes was strongly associated with 
an increased risk of asthma (OR, 4.38; 95% CI, 2.44–7.87) 
[33, 34]. Thus, adults with these respiratory diseases 
tend to continue to smoke cigarettes, despite cigarette 
smoking being a major cause of COPD and ACO, which 

Fig. 1  This figure illustrates the entry flow chart
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might be explained by a stronger nicotine dependence by 
long-term exposure to cigarette smoke in these adults, 
although this explanation might not be necessarily appli-
cable to those with asthma.

A higher proportion of HTPs use in adults with COPD, 
asthma, and ACO may be an important clinical issue. 
Hirai et al. reported that the behavior of switching from 
cigarettes to HTPs is a common reason for not quitting 
smoking in current cigarette smokers with COPD [9]. 
Meanwhile, HTPs use was negatively associated with 
abstinence from cigarettes, and a complete replacement 
of cigarettes with HTPs was unlikely [35, 36], although 
there is a report that nearly 60% of patients with COPD 
using HTPs abstained completely from cigarette smoking 

[37]. Therefore, our results indicate that not just switch-
ing from using cigarettes to HTPs, but quitting both 
cigarette smoking and HTPs is important, although the 
association between each type of HTP and these respira-
tory diseases may be evaluated in further studies.

Our data showed that former cigarettes  smokers with 
COPD, asthma, and ACO were less likely to use HTPs 
compared to those without these respiratory diseases. 
Despite the importance of quitting smoking, Kioi et  al. 
showed the rate of having no intention to quit smok-
ing among current smokers to be 40.0% and 44.7% in 
those with COPD and asthma, respectively [7], whereas 
Odani et al. reported no significant changes in HTPs use 
between current smokers with and without an intention 

Table 1  Demographic characteristics of participants

ACO Asthma and COPD Overlap, COPD Chronic obstructive pulmonary disease, HTPs Heated tobacco products, JPY Japanese Yen

Never cigarettes smokers Past cigarettes smokers Current cigarettes smokers Total

HTPs (-) HTPs ( +) HTPs (-) HTPs ( +) HTPs (-) HTPs ( +)

(n = 10,809) (n = 91) (n = 4,140) (n = 763) (n = 2,546) (n = 959) (n = 19,308)

Sex

  Women 7,328 (67.8) 31 (34.1) 1,104 (26.7) 192 (25.2) 814 (32.0) 210 (21.9) 9,679 (50.1)

  Men 3,481 (32.2) 60 (65.9) 3,036 (73.3) 571 (74.8) 1,732 (68.0) 749 (78.1) 9,629 (49.9)

Age (years)

  40–49 3,028 (28.0) 37 (40.7) 829 (20.0) 313 (41.0) 727 (28.6) 390 (40.7) 5,324 (27.6)

  50–59 2,440 (22.6) 28 (30.8) 892 (21.5) 244 (32.0) 713 (28.0) 300 (31.3) 4,617 (23.9)

  60–69 2,552 (23.6) 21 (23.1) 1,180 (28.5) 157 (20.6) 634 (24.9) 205 (21.4) 4,749 (24.6)

  70–81 2,789 (25.8) 5 (5.5) 1,239 (29.9) 49 (6.4) 472 (18.5) 64 (6.7) 4,618 (23.9)

Educational attainment

  Junior high or high school 3,409 (31.5) 23 (25.3) 1,273 (30.7) 258 (33.8) 864 (33.9) 297 (31.0) 6,124 (31.7)

  Vocational school or college 2,938 (27.2) 23 (25.3) 761 (18.4) 156 (20.4) 519 (20.4) 159 (16.6) 4,556 (23.6)

  University or graduate school 4,462 (41.3) 45 (49.5) 2,106 (50.9) 349 (45.7) 1,163 (45.7) 503 (52.5) 8,628 (44.7)

Equivalent household income (JPY)

  < 1,500,000 1,777 (16.4) 6 (6.6) 752 (18.2) 76 (10.0) 377 (14.8) 115 (12.0) 3,103 (16.1)

  1,500,000–2,999,999 2,717 (25.1) 28 (30.8) 1,137 (27.5) 163 (21.4) 626 (24.6) 184 (19.2) 4,855 (25.1)

  3,000,000–4,499,999 1,769 (16.4) 19 (20.9) 741 (17.9) 175 (22.9) 495 (19.4) 233 (24.3) 3,432 (17.8)

  ≥ 4,500,000 2,023 (18.7) 25 (27.5) 784 (18.9) 212 (27.8) 545 (21.4) 304 (31.7) 3,893 (20.2)

  Unknown 2,523 (23.3) 13 (14.3) 726 (17.5) 137 (18.0) 503 (19.8) 123 (12.8) 4,025 (20.8)

Alcohol intake

  Never 5,737 (53.1) 39 (42.9) 1,304 (31.5) 270 (35.4) 950 (37.3) 315 (32.8) 8,615 (44.6)

  Occasionally 3,430 (31.7) 31 (34.1) 1,205 (29.1) 219 (28.7) 662 (26.0) 299 (31.2) 5,846 (30.3)

  Regular 1,642 (15.2) 21 (23.1) 1,631 (39.4) 274 (35.9) 934 (36.7) 345 (36.0) 4,847 (25.1)

Type of HTP

  Ploom TECH - 31 (34.1) - 236 (30.9) - 542 (56.5) 809 (4.2)

  IQOS - 42 (46.2) - 391 (51.2) - 486 (50.7) 919 (4.8)

  glo - 26 (28.6) - 255 (33.4) - 431 (44.9) 712 (3.7)

  lil HYBRID - 4 (4.4) - 4 (0.5) - 102 (10.6) 110 (0.6)

COPD 64 (0.6) 2 (2.2) 95 (2.3) 8 (1.0) 44 (1.7) 45 (4.7) 258 (1.3)

Asthma 1,193 (11.0) 7 (7.7) 547 (13.2) 83 (10.9) 336 (13.2) 161 (16.8) 2,327 (12.1)

ACO 18 (0.2) 0 (0.0) 43 (1.0) 2 (0.3) 16 (0.6) 34 (3.5) 113 (0.6)
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to quit smoking [21]. In addition, HTPs use may strongly 
lead to the relapse of and/or reusing of cigarettes among 
long term smokers that have quit smoking smokers and 
never smokers [13]. Therefore, it is difficult to quit HTPs 
in current cigarette smokers, and adults with these res-
piratory diseases must understand that quitting cigarette 
smoking is important in order to avoid HTPs use and 
that quitting cigarette smoking alone is the effective way 
to not be HTPs and/or dual users in adults with COPD, 
asthma, and ACO.

This study included a relatively large sample size and 
nationwide sampling design and demonstrated the cur-
rent status of HTPs use and the importance of quitting 
smoking among middle-aged and older adults with these 
respiratory diseases in Japan.

This study has several limitations. First, this study was 
a self-reported internet survey and the clinical diagnosis 
was self-reported as obtained from questionnaires. Pre-
viously, it was reported the self-reported diagnosis of 
asthma correlated well with the diagnosis of asthma [38], 

Fig. 2  HTPs use in COPD, asthma, and ACO adults by never, past and current smoking status

Table 2  Association between COPD, Asthma, and ACO and HTPs use

ACO Asthma and COPD Overlap, COPD Chronic obstructive pulmonary disease, HTPs Heated tobacco products, OR odds ratio, CI confidence interval
* Fisher’s exact test
a Adjusted for sex, age, educational attainment, equivalent household income, and alcohol intake

Univariate Adjusteda

OR (95% CI) P-value OR (95% CI) P-value

Never cigarettes smokers

  COPD 3.77 (0.91–15.65) 0.105* 3.64 (0.86–15.46) 0.08

  Asthma 0.67 (0.31–1.46) 0.31 0.61 (0.28–1.33) 0.215

  ACO - - - - - -

Past cigarettes smokers

  COPD 0.45 (0.22–0.93) 0.027 0.51 (0.24–1.08) 0.078

  Asthma 0.80 (0.63–1.02) 0.077 0.69 (0.53–0.88) 0.003

  ACO 0.25 (0.61–1.04) 0.021* 0.25 (0.06–1.07) 0.062

Current cigarettes smokers

  COPD 2.80 (1.84–4.27) < 0.001 2.88 (1.86–4.47) < 0.001

  Asthma 1.33 (1.08–1.63) 0.007 1.23 (0.99–1.52) 0.057

  ACO 5.81 (3.19–10.58) < 0.001 5.81 (3.12–10.82) < 0.001
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whereas, the self-reported diagnosis of COPD might have 
low sensitivity despite having high specificity [39]. Thus, 
the number might be over- or under-estimated. How-
ever, we selected adults over 40  years of age to confirm 
the diagnosis of COPD and ACO, and responders with 
discrepancies or inconsistencies in their answer were 
excluded to improve the accuracy of the study, there-
fore, we believe that the internet validity of the findings 
has been improved. In addition, the incidence of COPD 
in this study was only 1.3%, but the reported prevalence 
of COPD in 2017 was 0.2% according to the Japanese 
Ministry of Health, Labour and Welfare patient survey, 
although the prevalence of COPD in Japanese individuals 
over 40 years of age was estimated to be 8.6% [40]. There-
fore, the extraction rate of COPD in the present study 
may be reasonable. However, we need to be very careful 
about the possibility of under- or over-estimation and the 
potential for a significant bias with regard to the specific 
diagnosis. Second, an internet survey is beneficial and can 
gather a large number of participants, but may involve a 
participant bias. In other words, the study participants 
might not be generalizable to the population with limited 
internet access or internet literacy and might not be fully 
representative of the general population. Thus, the dis-
tribution of the population might be imperfect and may 
involve a selection bias. Third, ACO was defined based 
on the presence of both COPD and asthma, but it may 
be unclear whether the definition of ACO used in this 
study accurately represents patients with ACO in actual 
clinical practice. Furthermore, we think that the concept 
of ACO is clinically meaningful due to significant differ-
ences in the treatment strategies [41], but we need to pay 
attention to the fact that there exists active discussion 
about the significance of ACO [42]. Finally, this research 
is based on cross-sectional data, which makes it difficult 
to consider causal inference; thus, further investigation 
by longitudinal studies should be considered.

In conclusion, adults with COPD, asthma, and ACO 
aged 40  years or older are more frequent HTP users 
among current cigarettes  smokers and less HTP users 
among former cigarettes  smokers compared to those 
without these respiratory diseases. Thus, we believe that 
complete cessation of both cigarettes smoking and HTPs 
use is the only way to achieve complete smoking cessa-
tion in adults with COPD, asthma, and ACO, and adults 
with these respiratory diseases need to make greater 
efforts to quit smoking.

Abbreviations
COPD	� Chronic obstructive pulmonary disease
ACO	� Asthma-COPD overlap
HTPs	� Heated tobacco products
JASTIS	� Japan Society and New Tobacco Internet survey
CI	� Confidence interval

OR	� Odds ratio
FEV1.0	� Forced expiratory volume in one second

Acknowledgements
Not applicable.

Authors’ contributions
SN designed the study, had full access to all the data in this study, performed 
statistical analysis and wrote the initial draft. TI and TT gave advice on the study 
design and performed statistical analysis. KY, and YF substantially contributed 
to the conception and design of the study. TI, KY, and TT participated in draft-
ing and critically revising the article for important intellectual content. TT was 
attributable for the final responsibility for the decision to submit the article for 
publication. All authors have read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used for the current study are available from the corresponding 
author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Research Ethics Committee of the Osaka 
International Cancer Institute (No. 1412175183) and the National Institute of 
Public Health (NIPH-IBRA#12112). All participants provided web-based written 
informed consent on registration.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Respiratory Medicine, Tobata General Hospital, 1‑3‑33, 
Fukuryugi, Tobata‑Ku, Kitakyushu‑City, Fukuoka 804‑0025, Japan. 2 Department 
of Respiratory Medicine, University of Occupational and Environmental Health, 
Japan, 1‑1 Iseigaoka, Yahatanishi‑Ku, Kitakyushu‑City, Fukuoka 807‑8555, 
Japan. 3 Department of Environmental Epidemiology, Institute of Industrial 
Ecological Sciences, University of Occupational and Environmental Health, 
Japan, 1‑1 Iseigaoka, Yahatanishi‑Ku, Kitakyushu‑City, Fukuoka 807‑8555, 
Japan. 4 Cancer Control Center, Osaka International Cancer Institute, 3‑1‑69 
Otemae, Chuo‑Ku, Osaka 541‑8567, Japan. 

Received: 11 February 2023   Accepted: 21 September 2023

References
	1.	 Anthonisen NR, Connett JE, Kiley JP, Altose MD, Bailey WC, Buist AS, Con-

way WA Jr, Enright PL, Kanner RE, O’Hara P, et al. Effects of smoking inter-
vention and the use of an inhaled anticholinergic bronchodilator on the 
rate of decline of FEV1. The Lung Health Study Jama. 1994;272:1497–505.

	2.	 Scanlon PD, Connett JE, Waller LA, Altose MD, Bailey WC, Buist AS, Tashkin 
DP. Smoking cessation and lung function in mild-to-moderate chronic 
obstructive pulmonary disease. The Lung Health Study. Am J Respir Crit 
Care Med. 2000;161:381–90.

	3.	 Anthonisen NR, Skeans MA, Wise RA, Manfreda J, Kanner RE, Connett JE. 
The effects of a smoking cessation intervention on 14.5-year mortality: a 
randomized clinical trial. Ann Intern Med. 2005;142:233–9.

	4.	 Josephs L, Culliford D, Johnson M, Thomas M. Improved outcomes in 
ex-smokers with COPD: a UK primary care observational cohort study. Eur 
Respir J. 2017;49:1602114.

	5.	 Lange P, Parner J, Vestbo J, Schnohr P, Jensen G. A 15-year follow-up 
study of ventilatory function in adults with asthma. N Engl J Med. 
1998;339:1194–200.



Page 8 of 8Noguchi et al. BMC Pulmonary Medicine          (2023) 23:365 

	6.	 Osborne ML, Pedula KL, O’Hollaren M, Ettinger KM, Stibolt T, Buist AS, 
Vollmer WM. Assessing future need for acute care in adult asthmatics: 
the Profile of Asthma Risk Study: a prospective health maintenance 
organization-based study. Chest. 2007;132:1151–61.

	7.	 Kioi Y, Tabuchi T. Electronic, heat-not-burn, and combustible cigarette 
use among chronic disease patients in Japan: a cross-sectional study. Tob 
Induc Dis. 2018;16:41.

	8.	 Montes de Oca M. Smoking Cessation/Vaccinations. Clin Chest Med. 
2020;41:495–512.

	9.	 Hirai K, Tanaka A, Homma T, Kawahara T, Oda N, Mikuni H, Uchida Y, Saito 
H, Fukuda Y, Fujiwara A, et al. Characteristics of and reasons for patients 
with chronic obstructive pulmonary disease to continue smoking, 
quit smoking, and switch to heated tobacco products. Tob Induc Dis. 
2021;19:85.

	10.	 Saito H, Tsuchiya K, Chiba S, Ogata T, Imase R, Yagi T, Mishima Y, Jinta T, 
Saito K, Taki R, et al. Treatment of asthma in smokers: a questionnaire 
survey in Japanese clinical practice. Respir Investig. 2019;57:126–32.

	11.	 Nakama C, Tabuchi T. Use of heated tobacco products by people with 
chronic diseases: The 2019 JASTIS study. PLoS ONE. 2021;16:e0260154.

	12.	 Sugiyama T, Tabuchi T. Use of Multiple Tobacco and Tobacco-Like 
Products Including Heated Tobacco and E-Cigarettes in Japan: A Cross-
Sectional Assessment of the 2017 JASTIS Study. Int J Environ Res Public 
Health. 2020;17:2161.

	13.	 Matsuyama Y, Tabuchi T. Heated tobacco product use and combustible 
cigarette smoking relapse/initiation among former/never smokers 
in Japan: the JASTIS 2019 study with 1-year follow-up. Tob Control. 
2022;31:520–6.

	14.	 Tattan-Birch H, Hartmann-Boyce J, Kock L, Simonavicius E, Brose L, 
Jackson S, Shahab L, Brown J. Heated tobacco products for smoking ces-
sation and reducing smoking prevalence. Cochrane Database Syst Rev. 
2022;1:Cd013790.

	15.	 Ito Y, Oshinden K, Kutsuzawa N, Kohno C, Isaki S, Yokoyama K, Sato 
T, Tanaka M, Asano K. Heat-Not-Burn cigarette induces oxidative 
stress response in primary rat alveolar epithelial cells. PLoS ONE. 
2020;15:e0242789.

	16.	 Loffredo L, Carnevale R, Battaglia S, Marti R, Pizzolo S, Bartimoccia S, 
Nocella C, Cammisotto V, Sciarretta S, Chimenti I, et al. Impact of chronic 
use of heat-not-burn cigarettes on oxidative stress, endothelial dysfunc-
tion and platelet activation: the SUR-VAPES Chronic Study. Thorax. 
2021;76:618–20.

	17.	 Nitta NA, Sato T, Komura M, Yoshikawa H, Suzuki Y, Mitsui A, Kuwasaki E, 
Takahashi F, Kodama Y, Seyama K, Takahashi K. Exposure to the heated 
tobacco product IQOS generates apoptosis-mediated pulmonary 
emphysema in murine lungs. Am J Physiol Lung Cell Mol Physiol. 
2022;322:L699-l711.

	18.	 Wang L, Chen J, Leung LT, Mai ZM, Ho SY, Lam TH, Wang MP. Characteri-
zation of Respiratory Symptoms Among Youth Using Heated Tobacco 
Products in Hong Kong. JAMA Netw Open. 2021;4:e2117055.

	19.	 Imura Y, Tabuchi T. Exposure to Secondhand Heated-Tobacco-Product 
Aerosol May Cause Similar Incidence of Asthma Attack and Chest Pain to 
Secondhand Cigarette Exposure: The JASTIS 2019 Study. Int J Environ Res 
Public Health. 2021;18:1766.

	20.	 Hori A, Tabuchi T, Kunugita N. Rapid increase in heated tobacco product 
(HTP) use from 2015 to 2019: from the Japan “Society and New Tobacco” 
Internet Survey (JASTIS). Tob Control. 2020;30:474–5.

	21.	 Odani S, Tabuchi T. Prevalence of heated tobacco product use in Japan: 
the 2020 JASTIS study. Tob Control. 2022;31:e64–5.

	22.	 Tashkin DP. Smoking Cessation in Chronic Obstructive Pulmonary Dis-
ease. Semin Respir Crit Care Med. 2015;36:491–507.

	23.	 Adamson J, Kanitscheider C, Prasad K, Camacho OM, Beyerlein E, Bhaga-
van YK, Proctor C, Murphy J. Results from a 2018 cross-sectional survey in 
Tokyo, Osaka and Sendai to assess tobacco and nicotine product usage 
after the introduction of heated tobacco products (HTPs) in Japan. Harm 
Reduct J. 2020;17:32.

	24.	 Gibson PG, Simpson JL. The overlap syndrome of asthma and COPD: 
what are its features and how important is it? Thorax. 2009;64:728–35.

	25.	 Yanagisawa S, Ichinose M. Definition and diagnosis of asthma-COPD 
overlap (ACO). Allergol Int. 2018;67:172–8.

	26.	 Tabuchi T, Shinozaki T, Kunugita N, Nakamura M, Tsuji I. Study Profile: The 
Japan “Society and New Tobacco” Internet Survey (JASTIS): A Longitudinal 
Internet Cohort Study of Heat-Not-Burn Tobacco Products, Electronic 

Cigarettes, and Conventional Tobacco Products in Japan. J Epidemiol. 
2019;29:444–50.

	27.	 Lau YK, Okawa S, Meza R, Katanoda K, Tabuchi T. Nicotine dependence 
of cigarette and heated tobacco users in Japan, 2019: a cross-sectional 
analysis of the JASTIS Study. Tob Control. 2022;31:e50–6.

	28	 Lee CM, Kim CY, Lee K, Kim S. Are Heated Tobacco Product Users Less 
Likely to Quit than Cigarette Smokers? Findings from THINK (Tobacco and 
Health IN Korea) Study. Int J Environ Res Public Health. 2020;17:8622.

	29.	 Kim J, Lee S, Kimm H, Lee JA, Lee CM, Cho HJ. Heated tobacco product 
use and its relationship to quitting combustible cigarettes in Korean 
adults. PLoS ONE. 2021;16:e0251243.

	30.	 Hussain S, Sreeramareddy CT. Smoking cessation behaviors and reasons 
for use of electronic cigarettes and heated tobacco products among 
Romanian adults. Sci Rep. 2022;12:5446.

	31.	 Pokhrel P, Herzog TA, Kawamoto CT, Fagan P. Heat-not-burn Tobacco 
Products and the Increased Risk for Poly-tobacco Use. Am J Health Behav. 
2021;45:195–204.

	32.	 Kanai M, Kanai O, Tabuchi T, Mio T. Association of heated tobacco product 
use with tobacco use cessation in a Japanese workplace: a prospective 
study. Thorax. 2021;76:615–7.

	33	 Kim S, Jo K. Multiple Tobacco Product Use among Adolescents with 
Asthma in Korea. Int J Environ Res Public Health. 2022;19:9633.

	34.	 Lee A, Lee SY, Lee KS. The use of heated tobacco products is associated 
with asthma, allergic rhinitis, and atopic dermatitis in Korean adolescents. 
Sci Rep. 2019;9:17699.

	35.	 Xia W, Li WHC, Luo YH, Liang TN, Ho LLK, Cheung AT, Song P. The associa-
tion between heated tobacco product use and cigarette cessation 
outcomes among youth smokers: a prospective cohort study. J Subst 
Abuse Treat. 2022;132:108599.

	36	 Ryu DH, Park SW, Hwang JH. Association between intention to quit 
cigarette smoking and use of heated tobacco products: application of 
smoking intensity perspective on heated tobacco product users. Int J 
Environ Res Public Health. 2020;17:8471.

	37.	 Polosa R, Morjaria JB, Prosperini U, Busà B, Pennisi A, Gussoni G, Rust S, 
Maglia M, Caponnetto P. Health outcomes in COPD smokers using heated 
tobacco products: a 3-year follow-up. Intern Emerg Med. 2021;16:687–96.

	38.	 Mirabelli MC, Beavers SF, Flanders WD, Chatterjee AB. Reliability in report-
ing asthma history and age at asthma onset. J Asthma. 2014;51:956–63.

	39.	 Murgia N, Brisman J, Claesson A, Muzi G, Olin AC, Torén K. Validity of a 
questionnaire-based diagnosis of chronic obstructive pulmonary disease 
in a general population-based study. BMC Pulm Med. 2014;14:49.

	40.	 Fukuchi Y, Nishimura M, Ichinose M, Adachi M, Nagai A, Kuriyama T, 
Takahashi K, Nishimura K, Ishioka S, Aizawa H, Zaher C. COPD in Japan: 
the Nippon COPD Epidemiology study. Respirology. 2004;9:458–65.

	41.	 Suzuki Y, Nagase H, Toyota H, Ohyatsu S, Kobayashi K, Takeshita Y, Uehara 
Y, Hattori S, Ishizuka M, Sakasegawa H, et al. Questionnaire for diagnos-
ing asthma-COPD overlap in COPD: Development of ACO screening 
questionnaire (ACO-Q). Allergol Int. 2023;72:394–401.

	42.	 Roman-Rodriguez M, Kaplan A. GOLD 2021 Strategy Report: Implica-
tions for Asthma-COPD Overlap. Int J Chron Obstruct Pulmon Dis. 
2021;16:1709–15.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Association of cigarette smoking with increased use of heated tobacco products in middle-aged and older adults with self-reported chronic obstructive pulmonary disease, asthma, and asthma-COPD overlap in Japan, 2022: the JASTIS study
	List of Figures
	Fig. 1 This figure illustrates the entry flow chart
	Fig. 2 HTPs use in COPD, asthma, and ACO adults by never, past and current smoking status

	List of Tables
	Table 1 Demographic characteristics of participants
	Table 2 Association between COPD, Asthma, and ACO and HTPs use

	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Data source
	Inclusion and exclusion criteria
	Definition of COPD, asthma, and ACO
	Definition of cigarettes and HTPs use
	Other variables
	Statistical analyses

	Results
	Discussion
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	References
	Publisher’s Note




