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Abstract

IMPORTANCE Heated tobacco products (HTPs) are promoted as less harmful than combustible
cigarettes but epidemiological evidence is scarce, especially in youth.

OBJECTIVE To investigate the associations of persistent respiratory symptoms with HTP use,
cigarette use, and dual use among Hong Kong youth.

DESIGN, SETTING, AND PARTICIPANTS This was a territorywide cross-sectional school-based
survey conducted from October 2018 to July 2019 using an anonymous questionnaire. Schools were
randomly invited from a proportionate stratified sample in all 18 districts of Hong Kong. Poisson
regression models using generalized estimating equations yielded adjusted prevalence ratios (APRs)
of respiratory symptoms in (1) former and current HTP (vs never) users in the whole sample and
stratified by cigarette use status and (2) exclusive HTP and dual users vs exclusive cigarette users.
Statistical analysis was performed from October 2020 to March 2021.

EXPOSURES Former and current use of cigarettes, HTPs, e-cigarettes, and other tobacco products.

MAIN OUTCOMES AND MEASURES Respiratory symptoms for 3 consecutive months in the past
12 months.

RESULTS The study included 33 627 students with a mean (SD) age of 14.8 (1.9) years; 51.3% (18 171)
were boys. Respiratory symptoms were reported by 16.3% (n = 5549) of all students, 29.3%
(n = 226) of current users of e-cigarettes, 31.2% (n = 314) of current users of cigarettes, and 33.5%
(n = 179) of current users of HTPs. Respiratory symptoms were associated with former (APR, 1.30;
95% CI, 1.06-1.59) and current (APR, 1.59; 95% CI, 1.23-2.06) vs never HTP use and current vs never
cigarette use (APR, 1.50; 95% CI, 1.30-1.74) after adjusting for various tobacco use. Associations
between respiratory symptoms and current vs never HTP use were observed in never (APR, 1.88;
95% CI, 1.36-2.59) and former (APR, 2.15; 95% CI, 1.12-4.12) cigarette users, but not in current
cigarette users (APR, 1.24; 95% CI, 0.97-1.59). Respiratory symptoms were associated with exclusive
ever HTP use (APR, 1.46, 95% CI, 1.15-1.86) and ever dual use (APR, 1.29; 95% CI, 1.08-1.54) vs
exclusive ever cigarette use. There was no association between exclusive current HTP (vs cigarette)
use and respiratory symptoms (1.40; 95% CI, 0.93-2.11).

CONCLUSIONS AND RELEVANCE This cross-sectional study found that former and current HTP use
were associated with persistent respiratory symptoms among youth, especially among never and
former cigarette users. Respiratory symptoms were more prevalent in ever exclusive HTP users and
ever dual users than ever exclusive cigarette users. These findings suggest that using HTPs instead of
cigarettes may not reduce health risks.
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Key Points
Question Is heated tobacco product

(HTP) use associated with fewer

respiratory symptoms when compared

with cigarette smoking in youth?

Findings In this cross-sectional study

with 33 627 youths from 88 secondary

schools, persistent respiratory

symptoms were more prevalent in HTP

users than nonusers, especially among

never and former cigarette smokers.

Persistent respiratory symptoms were

associated with exclusive ever HTP use

and ever dual use vs exclusive ever

cigarette smoking, and comparable in

current users of HTPs and cigarettes.

Meaning Youth HTP and cigarette use

were similarly associated with

respiratory symptoms, suggesting that

both HTP and cigarette use should be

prevented in youth.
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Introduction

Heated tobacco products (HTPs) heat processed tobacco to generate an aerosol for inhalation and
have been marketed as less harmful than combustible cigarettes. Studies have shown that exposure
to harmful and potentially harmful chemicals can be significantly reduced if smokers switch
completely from combustible cigarettes to HTPs.1 However, whether reduced exposure would result
in reduced harms to human health has not been confirmed.

The potential for harm reduction by instead using HTPs is controversial. Laboratory tests
showed that nicotine and total particulate matter in mainstream HTP aerosol were comparable to
cigarette smoke.2 HTPs generated chemicals that were present in cigarette smoke, although at lower
levels, but also chemicals that were absent in cigarette smoke, such as glycerol and the lethal
formaldehyde cyanohydrin.3-5 Experiments on rats conducted by the tobacco industry have shown
that exposure to HTP aerosol was associated with substantial pulmonary inflammation and
immunomodulation.6 In addition, rats exposed to HTP aerosol had similar impairments of vascular
endothelial function, and their serum nicotine levels (immediately after exposure) were 3.5-fold
higher than those exposed to cigarette smoke (70.3 [SD, 26.3] ng/mL in the HTP group and 15.0 [SD,
7.7] ng/mL in the cigarette group).7

Evidence on the health effects of HTP use in humans is limited. Glantz8 conducted a secondary
analysis with the trial results submitted by the industry, and found no differences in most of the
biomarkers of potential harm (23 of 24 in US adults, 10 of 13 in Japanese adults) between cigarette
smokers and those who switched to HTPs. Moazed et al6 also analyzed these documents and found
no improvements in pulmonary inflammation or lung function in cigarette smokers who switched to
HTPs. Another trial in 50 males by Pataka et al9 showed significant decrease in oximetry (oxygen
saturation), and increase in exhaled carbon monoxide and airway resistance immediately after HTP
use in both cigarette smokers and nonsmokers. In an online survey of 102 former or current smoking
adults who used HTPs, sore throat (n = 5), cough (n = 3), and headache (n = 3) were reported after
using HTPs.10 Another online survey of 8784 Japanese individuals aged 15 to 73 years showed that
asthma attack and chest pain were associated with exposure to secondhand smoke of HTPs (vs
cigarettes) in the past year.11 Recently, 3 acute eosinophilic pneumonia cases have been linked to HTP
use—2 male youths aged 16 and 20 years old,12,13 and a woman aged 47 years who switched from
cigarettes to HTPs.14 By searching “(heated tobacco product OR heat-not-burn) AND (child OR
adolescent)” in PubMed and Web of Science until May 8, 2021, we only found 2 studies,15,16 both
based on the Korea Youth Risk Behavior Survey in 2018, with statistical test results, showing that ever
use of HTPs was associated with current asthma (adjusted odds ratio [AOR], 3.8; 95% CI, 1.5-9.6) in
never users of cigarettes and e-cigarettes, but not with current allergic rhinitis.

The tobacco industry has sought to launch HTPs in Hong Kong with a much lower tax than
cigarettes, but no HTPs have been licensed to be sold (as tobacco products).17,18 However, untaxed
HTPs are available in online and physical stores;18 among Hong Kong youth, 2.3% had ever used HTPs
and 0.5% currently used HTPs in 2019.19 As youth are more vulnerable to air pollutants and tobacco
smoke than adults,20 youth HTP use is a great public health concern. Therefore, we aimed to
investigate the associations between HTP use and respiratory symptoms considering other tobacco
use in Hong Kong youth.

Methods

Study Design and Participants
The School-Based Survey on Smoking is the largest territorywide biennial smoking survey in
secondary school students (US grades 7 to 12) in Hong Kong. The present round was conducted from
October 2018 to July 2019. Details of the survey methods have been reported.21,22 Briefly, schools
were invited from a stratified random sample in all 18 districts in Hong Kong, in proportion to the total
number of schools in each district. Each participating school was compensated with a book coupon
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worth HK $500 (US $65). Parental consent was sought before the survey. All the parents from
participating schools received an invitation letter via students, and declining parents were to ask
students to return a blank answer sheet during the survey. Students’ participation was voluntary
even with parental consent. Students answered a paper-and-pencil questionnaire in classrooms
within one class session. At least one trained research assistant per grade was available to coordinate
and answer students’ enquiries. To encourage candid reporting, teachers avoided patrolling near
students, and a separate anonymous answer sheet was used. Completed answer sheets were
immediately sealed in front of the students and collected by research assistants. In total, 34 063
students in 88 schools returned the answer sheets, with a response rate of 94% at student-level and
23% at school-level. Given that most students were ethnic Hong Kong/Cantonese but born in
different places (eg, Hong Kong, mainland China, Macau), we asked their place of birth instead of
race/ethnicity. Ethics approval of this survey was obtained from the institutional review board of the
University of Hong Kong/Hospital Authority Hong Kong West Cluster. This study followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline for cross-sectional studies.23

Tobacco Use Measures
In the beginning of the questionnaire, we provided a brief introduction to each tobacco product:
electronic cigarettes refer to electronic devices that heat a chemical solution to produce an aerosol;
heated tobacco products refer to electronic devices that heat up tobacco sticks to produce an
aerosol. Then the use of combustible cigarettes (CCs), HTPs, e-cigarettes and other tobacco products
(eg, waterpipe, cigar, snus, etc.) were separately assessed by “Please choose one sentence which
suits you most regarding the product” (options: “I have never used it,” “I have used it once or a few
times,” “I used to use it occasionally, but have quit now,” “I used to use it every day, but have quit
now,” “I use it occasionally,” or “I use it every day”). Ever use was defined as any use or trying of the
product,24 and thus students who chose “I have never used it” were classified as never users, and
otherwise as ever users. Current use of each product was assessed by “On how many of the past 30
days did you use the product?” (options: 0, 1-2, 3-5, 6-9, 10-19, 20-29, or 30 days). Ever users who
used the product for at least 1 day in the past 30 days was classified as current users, and otherwise
as former users.24

Outcome Ascertainment
We asked whether students had frequent cough or phlegm for 3 consecutive months in the past 12
months (options: yes or no). Daily respiratory symptoms such as cough, congestion, or phlegm, for at
least 3 months in a row are indicative of chronic bronchitis in children.25 These persistent symptoms
have been associated with environmental pollutants and cigarette smoking, which can reflect
pulmonary health and predict chronic respiratory diseases.26-28 Therefore, we used them as a simple
and practical indicator of short-term health impacts of HTP use.22

Covariates
We also assessed exposure to secondhand smoke at home by “On how many of the past 7 days has
someone used smoking products near you at home?” (options: 0, 1, 2, 3, 4, 5, 6, or 7 days) and alcohol
drinking by “Did you drink any alcoholic beverages in the past 12 months?” (options: yes or no).
Sociodemographic characteristics included sex, age, grade, and perceived family affluence.29,30

Statistical Analysis
We calculated the proportions of respiratory symptoms by sociodemographic characteristics,
secondhand smoke exposure at home, and alcohol drinking, weighted by sex, age, and grade
distribution of the underlying population provided by the Education Bureau of the Hong Kong Special
Administrative Region Government. As other tobacco use is linked to both HTP use and respiratory
symptoms,28,31 we examined the associations between HTP use and respiratory symptoms in 3 ways:
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(1) associations between HTP use (former and current vs never) and respiratory symptoms, adjusting
for other tobacco use; (2) associations between HTP use (former and current vs never) and
respiratory symptoms by CC use status (never, former, and current), adjusting for other tobacco use;
and (3) associations of exclusive HTP use and dual use with respiratory symptoms compared with
exclusive CC use, separately for ever and current use, and adjusting for other tobacco use. In
association analyses, Poisson regression models were fitted and robust standard errors were
calculated using generalized estimation equations accounting for school clustering effects32,33 with
R version 4.0.0 (R Project for Statistical Computing) package gee (version 4.13-20). We also adjusted
for the background characteristics which were associated with respiratory symptoms, as they were
common confounders in the association between tobacco use and health, including sex, perceived
family affluence, number of days exposed to secondhand smoke at home in the past 7 days, and
alcohol drinking in the past 12 months.34-36 The present analysis excluded 72 students (0.2% of
34 063) with higher than 50% missing items and 364 students (1.1% of 34 063) with missing data on
respiratory symptoms, leaving a total of 33 627 students included in the study. Missing rates were
less than 0.3% for all other variables used in the present analyses.

All statistical tests were 2-sided with P < .05 indicating statistical significance. Statistical analysis
was performed from October 2020 to March 2021.

Results

The study sample of 33 627 students had a mean (SD) age of 14.8 (1.9) years; 18 171 (51.3%) were
boys. Respiratory symptoms were reported by 16.3% of the students (n = 5549), and the proportions
were higher in boys (3253 [17.8%]), the least-affluent families (1736 [18.6%]), students with more
mean (SD) days of exposure to secondhand smoke at home (1.6 [2.7] days vs 1.4 [2.6] days), and
alcohol drinkers (2868 [18.1%]) (P values < .001), but did not differ by age or grade (Table 1).

Respiratory symptoms were reported by 31.2% (n = 314) of current users of cigarettes, 33.5%
(n = 179) of current users of HTPs, and 29.3% (n = 226) of current users of e-cigarettes. Models 1 and
2 in Table 2 show that respiratory symptoms were associated with former and current use of any
tobacco products. After mutually adjusting for use of each product (model 3), respiratory symptoms
were associated with former (adjusted prevalence ratio [APR], 1.30; 95% CI, 1.06–1.59) and current
(APR, 1.59; 95% CI, 1.23–2.06) (vs never) HTP use (P value for trend < .001), and with current (vs

Table 1. Background Characteristics and Respiratory Symptoms of the Sample

Characteristic
All respondents, No. (%)a

(N = 33 627)
Students with respiratory
symptoms, No. (%)a (n = 5549) P valueb

Sex

Boys 18 171 (51.3) 3253 (17.8)
<.001

Girls 15 456 (48.7) 2296 (14.6)

Age, mean (SD), y 14.8 (1.9) 14.8 (1.9) .71

Grade, secondary

1 6206 (17.9) 1024 (16.5)

.74

2 6563 (17.1) 1082 (16.6)

3 6666 (16.6) 1056 (15.6)

4 6197 (16.4) 1068 (17.0)

5 5527 (16.1) 922 (16.3)

6 2468 (15.9) 397 (15.6)

Perceived family affluence

Relatively poor 9132 (27.1) 1736 (18.6)

<.001Average 19 611 (58.7) 3000 (15.2)

Relatively rich 4779 (14.2) 791 (16.5)

SHS exposure, mean (SD), dc 1.4 (2.6) 1.6 (2.7) <.001

Alcohol drinking 15 460 (47.0) 2868 (18.1) <.001

Abbreviation: SHS, secondhand smoke.
a Proportions unless otherwise stated, weighted by

sex, age, and grade distribution of the underlying
population provided by the Education Bureau of the
Hong Kong SAR Government.

b P values were differences of respiratory symptoms
by sex, perceived family affluence, and alcohol
drinking from χ2 test, and linear trends of respiratory
symptoms by age, grade, and days of secondhand
smoke exposure.

c Mean (SD) days of secondhand smoke exposure at
home in the past 7 days in all respondents and in
those who experienced respiratory symptoms.
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never) cigarette use (APR, 1.50; 95% CI, 1.30–1.74). No interactions of tobacco use with secondhand
smoke exposure or sex were found in the associations. Former and current use of e-cigarettes were
not independently associated with respiratory symptoms after adjusting for use of cigarettes and
HTPs. Therefore, we only classified the sample by cigarette and HTP use in the following analyses,
and included use of e-cigarettes and other tobacco products as a covariate in the fully
adjusted models.

Table 3 shows that, in never CC users, former (APR, 1.69; 95% CI, 1.30-2.20) and current (APR,
1.88, 1.36-2.59) HTP use were associated with respiratory symptoms compared with never HTP use.
In former CC users, current (vs never) HTP use was associated with respiratory symptoms (APR, 2.15;
95% CI, 1.12-4.12), but there was no association for former (vs never) HTP use (APR, 1.29; 95% CI,
0.95-1.75) (P = .10). In current CC users, the APRs of respiratory symptoms in former (APR, 1.10; 95%
CI, 0.78-1.54) and current (APR, 1.24; 95% CI, 0.97-1.59) (v never) HTP users were not statistically
significant. The APRs of respiratory symptoms increased with HTP use status (never, former and

Table 2. Associations of Respiratory Symptoms With Various Tobacco Product Use

Product
Students with respiratory
symptoms, No. (%)

Model 1, PR
(95% CI)a

Model 2, PR
(95% CI)b

Model 3, PR
(95% CI)c

CC

Never 4812 (15.8) 1 [Reference] 1 [Reference] 1 [Reference]

Former 416 (19.8) 1.26 (1.14-1.38) 1.11 (1.01-1.23) 1.07 (0.96-1.20)

Current 314 (31.2) 1.98 (1.78-2.19) 1.75 (1.58-1.94) 1.50 (1.30-1.74)

P for trend NA <.001 <.001 <.001

HTP

Never 5255 (16.1) 1 [Reference] 1 [Reference] 1 [Reference]

Former 107 (27.9) 1.74 (1.46-2.07) 1.52 (1.28-1.80) 1.30 (1.06-1.59)

Current 179 (33.5) 2.08 (1.80-2.41) 1.87 (1.61-2.17) 1.59 (1.23-2.06)

P for trend NA <.001 <.001 <.001

e-Cigarettes

Never 4946 (16.0) 1 [Reference] 1 [Reference] 1 [Reference]

Former 369 (20.2) 1.26 (1.14-1.40) 1.13 (1.02-1.25) 0.98 (0.88-1.10)

Current 226 (29.3) 1.84 (1.58-2.13) 1.63 (1.40-1.88) 0.96 (0.78-1.19)

P for trend NA <.001 <.001 .75

Other tobacco
products

Never 5181 (16.1) 1 [Reference] 1 [Reference] 1 [Reference]

Former 176 (24.4) 1.52 (1.30-1.77) 1.33 (1.14-1.55) 1.09 (0.91-1.30)

Current 182 (30.0) 1.86 (1.59-2.18) 1.67 (1.43-1.95) 0.86 (0.66-1.12)

P for trend NA <.001 <.001 .84

Abbreviations: CC, combustible cigarette; HTP, heated
tobacco product; NA, not applicable; PR,
prevalence ratio.
a Adjusted for school clustering.
b Adjusted for model 1 variable, sex, perceived family

affluence (categorical), days of secondhand smoke
exposure, and alcohol drinking. No interactions
between secondhand smoke exposure and use of
CCs, e-cigarettes, HTPs, or other tobacco products.
No interactions between sex and use of CCs,
e-cigarettes, HTPs, or other tobacco products.

c Adjusted for model 2 variables and use of CCs,
e-cigarettes, HTPs, and other tobacco products
(never, former, and current). No interactions
between secondhand smoke exposure and use of
CCs, e-cigarettes, HTPs, or other tobacco products.
No interactions between sex and use of CCs,
e-cigarettes, HTPs, or other tobacco products.

Table 3. Associations Between HTP Use and Respiratory Symptoms by Cigarette Use

CC HTP
Students with respiratory
symptoms, No. (%)

Model 1, PR
(95% CI)a

Model 2, PR
(95% CI)b

Model 3, PR
(95% CI)c

Never Never 4755 (15.7) 1 [Reference] 1 [Reference] 1 [Reference]

Former 30 (29.1) 1.86 (1.43-2.41) 1.67 (1.29-2.15) 1.69 (1.30-2.20)

Current 27 (33.8) 2.15 (1.66-2.78) 1.93 (1.47-2.53) 1.88 (1.36-2.59)

P for trend NA <.001 <.001 <.001

Former Never 362 (19.1) 1 [Reference] 1 [Reference] 1 [Reference]

Former 39 (23.9) 1.25 (0.94-1.67) 1.20 (0.91-1.59) 1.29 (0.95-1.75)

Current 13 (36.1) 1.89 (1.11-3.22) 1.92 (1.12-3.28) 2.15 (1.12-4.12)

P for trend NA .008 .01 .008

Current Never 142 (29.2) 1 [Reference] 1 [Reference] 1 [Reference]

Former 38 (31.4) 1.09 (0.78-1.52) 1.08 (0.76-1.55) 1.10 (0.78-1.54)

Current 153 (32.8) 1.13 (0.93-1.37) 1.22 (1.00-1.50) 1.24 (0.97-1.59)

P for trend NA .13 .22 .21

Abbreviations: CC, combustible cigarette; HTP, heated
tobacco product; NA, not applicable; PR,
prevalence ratio.
a Adjusted for school clustering.
b Adjusted for model 1 variable, sex, perceived family

affluence (categorical), days of secondhand smoke
exposure, and alcohol drinking. No interactions
between secondhand smoke exposure and use of
CCs or HTPs. No interactions between sex and use of
CCs or HTPs.

c Adjusted for model 2 variables and use of CCs, HTPs,
and other tobacco products (eg, e-cigarettes) (never,
former, and current). No interactions between
secondhand smoke exposure and use of CCs, HTPs,
or other tobacco products. No interactions between
sex and use of CCs, HTPs, or other tobacco products.
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current) among never and former CC users (P values for trends � .01), but showed no marked trend
among current CC users (P for trend = .21). When using never users of both products as the
reference, any use of HTPs or cigarettes was associated with respiratory symptoms (eTable in the
Supplement).

Table 4 shows that respiratory symptoms were associated with exclusive ever HTP use (APR,
1.46; 95% CI, 1.15-1.86) and ever dual use (APR, 1.29; 95% CI, 1.08-1.54) vs exclusive ever CC use. As
regards current use, the APRs were not statistically significant for exclusive current HTP use (APR,
1.40; 95% CI, 0.93-2.11) and current dual use (APR, 1.19; 95% CI, 0.94-1.49) compared with exclusive
current CC use.

Discussion

To our knowledge, this cross-sectional study provided the first evidence that former and current HTP
use were associated with respiratory symptoms in youth, especially in never cigarette users. In
former cigarette users, respiratory symptoms were associated with current HTP use, but were not
associated with former HTP use. We also compared the prevalence of respiratory symptoms
between HTP use and cigarette use, and found that exclusive ever HTP users and ever dual users of
both products had even higher APRs of respiratory symptoms than exclusive ever cigarette users.
HTP use in Hong Kong appeared later than many Western countries, and young users might have
shorter use history on average, but using persistent respiratory symptoms as the outcome has
allowed us to detect its health hazards. Only the Korea Youth Risk Behavior Survey in 2018 reported
the health impacts of HTP use in youth,15,16 showing that ever HTP use (never cigarette and
e-cigarette use, regardless of other tobacco use) was associated with past-year asthma, but not with
past-year allergic rhinitis.

We found former and current HTP use were associated with respiratory symptoms after
adjusting for use of cigarettes, e-cigarettes, and other tobacco products. In never cigarette users, the
prevalence of respiratory symptoms in former and current HTP users increased by 69% and 88%
compared with never HTP users. In former cigarette users, current HTP use was still associated with
higher risks of respiratory symptoms, suggesting that switching from combustible cigarette smoking
to HTP use did not eliminate the adverse health outcomes. In current cigarette users, the risks of
respiratory symptoms for HTP use were not significantly greater, suggesting that HTP use did not
provide protection for current smokers who dually used HTPs and combustible cigarettes. These
results were consistent with those of a 90-day trial conducted by the tobacco industry showing that
switching to HTPs did not change pulmonary inflammation or function in cigarette smokers.6 Both
the International Tobacco Control Survey in Japanese adults and our previous study in Hong Kong
youth showed that HTPs may reinforce nicotine dependence rather than serving as a cessation aid,

Table 4. Respiratory Symptoms in Exclusive and Dual Users of Cigarettes and HTPs

Variable
Students with respiratory
symptoms, No. (%)

Model 1, PR
(95% CI)a

Model 2, PR
(95% CI)b

Model 3, PR
(95% CI)c

Ever use status

Exclusive CC use 507
(21.3)

1 [Reference] 1 [Reference] 1 [Reference]

Exclusive HTP use 47
(32.2)

1.52
(1.21-1.91)

1.52
(1.21-1.91)

1.46
(1.15-1.86)

Dual use 217
(31.0)

1.46
(1.24-1.71)

1.44
(1.24-1.68)

1.29
(1.08-1.54)

Current use status

Exclusive CC use 180
(29.7)

1 [Reference] 1 [Reference] 1 [Reference]

Exclusive HTP use 26
(38.8)

1.31
(0.90-1.91)

1.37
(0.92-2.04)

1.40
(0.93-2.11)

Dual use 153
(32.8)

1.11
(0.93-1.32)

1.20
(1.00-1.44)

1.19
(0.94-1.49)

Abbreviations: CC, combustible cigarette; HTP, heated
tobacco product; PR, prevalence ratio.
a Adjusted for school clustering.
b Adjusted for model 1 variable, sex, perceived family

affluence (categorical), days of secondhand smoke
exposure, and alcohol drinking. No interactions
between secondhand smoke exposure and use of
CCs or HTPs. No interactions between sex and use of
CCs or HTPs.

c Adjusted for model 2 variables and use of CCs, HTPs,
and other tobacco products (including e-cigarettes)
(never, former, and current). No interactions
between secondhand smoke exposure and use of
CCs, HTPs, or other tobacco products. No
interactions between sex and use of CCs, HTPs, or
other tobacco products.
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because cigarette consumption did not vary between exclusive smokers and those who partially
switched to HTPs.37,38

The APR of respiratory symptoms for exclusive ever HTP use was even larger than that for
exclusive ever cigarette use. A similar pattern was reported in the Korean youth study: the AOR of
past-year asthma was 3.59 (95% CI, 1.47-8.78) in exclusive HTP users and 1.30 (95% CI, 1.08-1.56) in
exclusive cigarette users.16 The potential health hazards of youth HTP use in real-world conditions
could be drastically underestimated if they were to be labeled as modified risk tobacco products.

Lower concentrations of toxicants do not necessarily lead to less risk. First, due to less
harshness than combustible cigarettes and kid-friendly flavors, HTPs can be easier to initiate and
more appealing to youth who do not use or lightly use nicotine, and facilitate persistent and frequent
use.39-41 Second, despite no flames, the I Quit Original Smoking (IQOS) tobacco product sticks (Philip
Morris International), with similar ingredients to cigarettes, are always charred because of pyrolysis
and generate volatile and semi-volatile toxicants as in cigarette smoke, challenging the claim of “heat
but not burn.”4 Third, harmful constituents are increasingly confirmed in HTPs. Many harmful and
potentially harmful substances in the aerosol of IQOS are more than 50% higher than cigarette
smoke, such as glycerol, α,β-unsaturated carbonyl compounds, 1,2-dicarbonyl compounds, furans
and epoxides.3,5 HTPs also contain highly toxic formaldehyde cyanohydrin that is absent in cigarette
smoke.4 Finally, HTP use would have detrimental effects similar to cigarette smoking. Evidence has
shown that HTP aerosol impairs human airway cell homeostasis by increasing oxidative stress,
inflammation and airway remodeling, which plays a key role in many chronic respiratory diseases
caused by cigarette smoke.42 Despite scarce evidence from population-based studies, potential
adverse health effects of HTP use have been shown by in vitro and in vivo experiments, case reports
and a few small-scale human trials.6-9,12-14

The outbreak of e-cigarette or vaping product use-associated lung injury (EVALI) in the US was
linked to inhaled Vitamin E acetate and/or tetrahydrocannabinol,43 and the pathology of the 3 HTP
use-related acute eosinophilic pneumonia cases remain undetermined,12-14 alerting that we know
little about the hazards of new tobacco products, especially their long-term effects. Our results in
Hong Kong youth found that the health risks of e-cigarette use were mainly associated with dual use
of cigarettes and HTPs, but use of new tobacco products mimics the hand-to-month smoking
behaviors, which can renormalize tobacco use and act as a gateway to cigarette smoking.44 The
Hong Kong Special Administrative Region Government proposed a total ban of e-cigarettes and HTPs
in February 2019, but the bills encountered strong opposition from the tobacco industry and had not
been approved as of May 8, 2021. Governmental approval of HTPs may encourage the tobacco
industry to market their HTPs all over the world, despite the statement that these products are not
safe. Although more research is needed to understand the short- and long-term health effects of
HTPs, prompt actions should be taken to prevent further HTP use in youth, and a total ban would be
the most effective solution.

Limitations
This study had some limitations. First, self-reported tobacco use was subject to social desirability
bias, although the anonymous questionnaire, separate answer sheet, and other procedures to instill
confidence should encourage candid reporting.21,22 The associations could be overestimated due to
recall bias if students with persistent respiratory symptoms were more likely to recall tobacco use,
but such bias would occur similarly for different tobacco products and have little effect on the
comparison between HTP and cigarette use. Second, higher risks of HTP use than cigarette use could
be explained by reverse causality if cigarette users who experienced severe respiratory symptoms
switched to HTPs. However, reverse causality cannot explain the associations between HTP use and
respiratory symptoms in never cigarette users. Third, the low response rate at school level (23%)
could lead to selection bias, although nonparticipation of schools was usually because of difficulties
in arrangements rather than smoking-related issues. Finally, although respiratory symptom is a useful
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and sensitive outcome for even short-term HTP use in youth, more serious harms may only manifest
themselves after long-term use.

Conclusions

To our knowledge, this study is the first to report that former and current HTP use in youth were
associated with respiratory symptoms, especially in never cigarette users. In former cigarette users,
respiratory symptoms were associated with current HTP use. In current cigarette users, concurrent
use of HTP was not associated with respiratory symptoms. Respiratory symptoms were more
prevalent in ever exclusive HTP users and ever dual users than ever exclusive cigarette users. The
prevalence of respiratory symptoms in exclusive current HTP users and exclusive current cigarette
users was comparable. Using HTPs instead of cigarettes may not reduce health risks. Our results lend
support to banning HTPs to protect youth health.

ARTICLE INFORMATION
Accepted for Publication: May 11, 2021.

Published: July 14, 2021. doi:10.1001/jamanetworkopen.2021.17055

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2021 Wang L
et al. JAMA Network Open.

Corresponding Author: Daniel Sai Yin Ho, PhD, School of Public Health, University of Hong Kong, 2/F, Patrick
Manson Bldg (North Wing), 7 Sassoon Rd, Pokfulam, Hong Kong, China (syho@hku.hk).

Author Affiliations: School of Public Health, University of Hong Kong, Hong Kong, China (L. Wang, Chen, Leung,
Mai, Ho, Lam); Department of Epidemiology, Mailman School of Public Health, Columbia University, New York,
New York (Chen); School of Nursing, University of Hong Kong, Hong Kong, China (M. P. Wang).

Author Contributions: Sai Yin Ho, PhD, had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

Concept and design: L. Wang, Leung, Ho, Lam.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: L. Wang, Ho, M. Wang.

Critical revision of the manuscript for important intellectual content: All authors.

Statistical analysis: L. Wang, Lam.

Obtained funding: Leung, Ho, M. Wang.

Administrative, technical, or material support: Leung, Lam.

Supervision: Ho, Lam.

Conflict of Interest Disclosures: None reported.

Funding/Support: This study was funded by the Food and Health Bureau, the Government of Hong Kong Special
Administrative Region; Sir Robert Kotewall Professorship.

Role of the Funder/Sponsor: The funding sources had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Additional Contributions: We sincerely thank the secondary schools and students for their participation to
the survey.

REFERENCES
1. U.S. Food and Drug Administration. FDA authorizes marketing of IQOS tobacco heating system with ‘Reduced
Exposure’ information. Published July 7, 2020. Accessed November 25, 2020. https://www.fda.gov/news-events/
press-announcements/fda-authorizes-marketing-iqos-tobacco-heating-system-reduced-exposure-information

2. Mallock N, Böss L, Burk R, et al. Levels of selected analytes in the emissions of “heat not burn” tobacco products
that are relevant to assess human health risks. Arch Toxicol. 2018;92(6):2145-2149. doi:10.1007/s00204-018-
2215-y

JAMA Network Open | Public Health Characterization of Respiratory Symptoms Among Youth Using Heated Tobacco Products in Hong Kong

JAMA Network Open. 2021;4(7):e2117055. doi:10.1001/jamanetworkopen.2021.17055 (Reprinted) July 14, 2021 8/10

Downloaded From: https://jamanetwork.com/ on 07/20/2021

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.17055&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.17055
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.17055
mailto:syho@hku.hk
https://www.fda.gov/news-events/press-announcements/fda-authorizes-marketing-iqos-tobacco-heating-system-reduced-exposure-information
https://www.fda.gov/news-events/press-announcements/fda-authorizes-marketing-iqos-tobacco-heating-system-reduced-exposure-information
https://dx.doi.org/10.1007/s00204-018-2215-y
https://dx.doi.org/10.1007/s00204-018-2215-y


3. Simonavicius E, McNeill A, Shahab L, Brose LS. Heat-not-burn tobacco products: a systematic literature review.
Tob Control. 2019;28(5):582-594. doi:10.1136/tobaccocontrol-2018-054419

4. Davis B, Williams M, Talbot P. iQOS: evidence of pyrolysis and release of a toxicant from plastic. Tob Control.
2019;28(1):34-41. doi:10.1136/tobaccocontrol-2017-054104

5. St Helen G, Jacob Iii P, Nardone N, Benowitz NL. IQOS: examination of Philip Morris International’s claim of
reduced exposure. Tob Control. 2018;27(suppl 1):s30-s36. doi:10.1136/tobaccocontrol-2018-054321

6. Moazed F, Chun L, Matthay MA, Calfee CS, Gotts J. Assessment of industry data on pulmonary and
immunosuppressive effects of IQOS. Tob Control. 2018;27(suppl 1):s20-s25. doi:10.1136/tobaccocontrol-2018-
054296

7. Nabavizadeh P, Liu J, Havel CM, et al. Vascular endothelial function is impaired by aerosol from a single IQOS
HeatStick to the same extent as by cigarette smoke. Tob Control. 2018;27(suppl 1):s13-s19. doi:10.1136/
tobaccocontrol-2018-054325

8. Glantz SA. PMI’s own in vivo clinical data on biomarkers of potential harm in Americans show that IQOS is not
detectably different from conventional cigarettes. Tob Control. 2018;27(suppl 1):s9-s12. doi:10.1136/
tobaccocontrol-2018-054413

9. Pataka A, Kotoulas S, Chatzopoulos E, et al. Acute effects of a heat-not-burn tobacco product on pulmonary
function. Medicina (Kaunas). 2020;56(6):292. doi:10.3390/medicina56060292

10. Queloz S, Etter JF. An online survey of users of tobacco vaporizers, reasons and modes of utilization, perceived
advantages and perceived risks. BMC Public Health. 2019;19(1):642. doi:10.1186/s12889-019-6957-0

11. Lee J, Thompson LA, Salloum RG. Heated tobacco product use among US adolescents in 2019: The new
tobacco risk. Tob Prev Cessat. 2021;7:01. doi:10.18332/tpc/130502

12. Kamada T, Yamashita Y, Tomioka H. Acute eosinophilic pneumonia following heat-not-burn cigarette smoking.
Respirol Case Rep. 2016;4(6):e00190. doi:10.1002/rcr2.190

13. Aokage T, Tsukahara K, Fukuda Y, et al. Heat-not-burn cigarettes induce fulminant acute eosinophilic
pneumonia requiring extracorporeal membrane oxygenation. Respir Med Case Rep. 2018;26:87-90.

14. Tajiri T, Wada C, Ohkubo H, et al. Acute eosinophilic pneumonia induced by switching from conventional
cigarette smoking to heated tobacco product smoking. Intern Med. 2020;59(22):2911-2914. doi:10.2169/
internalmedicine.4746-20

15. Chung SJ, Kim BK, Oh JH, et al. Novel tobacco products including electronic cigarette and heated tobacco
products increase risk of allergic rhinitis and asthma in adolescents: analysis of Korean youth survey. Allergy.
2020;75(7):1640-1648. doi:10.1111/all.14212

16. Deputy NP, Sharma AJ, Bombard JM, et al. Quality of maternal height and weight data from the revised birth
certificate and pregnancy risk assessment monitoring system. Epidemiology. 2019;30(1):154-159. doi:10.1097/
EDE.0000000000000936

17. Food and Health Bureau, Department of Health, Customs and Excise Department. Bills Committee on Smoking
(Public Health) (Amendment) Bill 2019. list of follow-up actions arising from the discussion at the meeting on 4
May 2020. May 2020. Accessed December 2, 2020. https://www.legco.gov.hk/yr18-19/english/bc/bc54/papers/
bc5420200602cb2-1096-2-e.pdf

18. Wu YS, Wang MP, Ho SY, et al. Heated tobacco products use in Chinese adults in Hong Kong: a population-
based cross-sectional study. Tob Control. 2020;29(3):277-281.

19. The Government of the Hong Kong Special Administrative Region. Thematic household survey report no.
70—pattern of smoking. Hong Kong. 2020. Accessed December 21, 2020. https://www.statistics.gov.hk/pub/
B11302702020XXXXB0100.pdf

20. Salvi S. Health effects of ambient air pollution in children. Paediatr Respir Rev. 2007;8(4):275-280. doi:10.
1016/j.prrv.2007.08.008

21. Leung LT, Ho SY, Wang MP, Lam TH. Secondhand smoke from multiple sources, thirdhand smoke and
respiratory symptoms in Hong Kong adolescents. Nicotine Tob Res. 2018;20(2):192-198.

22. Wang MP, Ho SY, Leung LT, Lam TH. Electronic cigarette use and respiratory symptoms in Chinese adolescents
in Hong Kong. JAMA Pediatr. 2016;170(1):89-91. doi:10.1001/jamapediatrics.2015.3024

23. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP; STROBE Initiative. Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting
observational studies. BMJ. 2007;335(7624):806-808. doi:10.1136/bmj.39335.541782.AD

24. Wang TW, Gentzke AS, Creamer MR, et al. Tobacco product use and associated factors among middle and high
school students—United States, 2019. MMWR Surveill Summ. 2019;68(12):1-22. doi:10.15585/mmwr.ss6812a1

JAMA Network Open | Public Health Characterization of Respiratory Symptoms Among Youth Using Heated Tobacco Products in Hong Kong

JAMA Network Open. 2021;4(7):e2117055. doi:10.1001/jamanetworkopen.2021.17055 (Reprinted) July 14, 2021 9/10

Downloaded From: https://jamanetwork.com/ on 07/20/2021

https://dx.doi.org/10.1136/tobaccocontrol-2018-054419
https://dx.doi.org/10.1136/tobaccocontrol-2017-054104
https://dx.doi.org/10.1136/tobaccocontrol-2018-054321
https://dx.doi.org/10.1136/tobaccocontrol-2018-054296
https://dx.doi.org/10.1136/tobaccocontrol-2018-054296
https://dx.doi.org/10.1136/tobaccocontrol-2018-054325
https://dx.doi.org/10.1136/tobaccocontrol-2018-054325
https://dx.doi.org/10.1136/tobaccocontrol-2018-054413
https://dx.doi.org/10.1136/tobaccocontrol-2018-054413
https://dx.doi.org/10.3390/medicina56060292
https://dx.doi.org/10.1186/s12889-019-6957-0
https://dx.doi.org/10.18332/tpc/130502
https://dx.doi.org/10.1002/rcr2.190
https://www.ncbi.nlm.nih.gov/pubmed/30560050
https://dx.doi.org/10.2169/internalmedicine.4746-20
https://dx.doi.org/10.2169/internalmedicine.4746-20
https://dx.doi.org/10.1111/all.14212
https://dx.doi.org/10.1097/EDE.0000000000000936
https://dx.doi.org/10.1097/EDE.0000000000000936
https://www.legco.gov.hk/yr18-19/english/bc/bc54/papers/bc5420200602cb2-1096-2-e.pdf
https://www.legco.gov.hk/yr18-19/english/bc/bc54/papers/bc5420200602cb2-1096-2-e.pdf
https://www.ncbi.nlm.nih.gov/pubmed/31005892
https://www.statistics.gov.hk/pub/B11302702020XXXXB0100.pdf
https://www.statistics.gov.hk/pub/B11302702020XXXXB0100.pdf
https://dx.doi.org/10.1016/j.prrv.2007.08.008
https://dx.doi.org/10.1016/j.prrv.2007.08.008
https://www.ncbi.nlm.nih.gov/pubmed/27807126
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2015.3024&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.17055
https://dx.doi.org/10.1136/bmj.39335.541782.AD
https://dx.doi.org/10.15585/mmwr.ss6812a1


25. McConnell R, Berhane K, Gilliland F, et al. Prospective study of air pollution and bronchitic symptoms in
children with asthma. Am J Respir Crit Care Med. 2003;168(7):790-797. doi:10.1164/rccm.200304-466OC

26. Kalhan R, Dransfield MT, Colangelo LA, et al. Respiratory symptoms in young adults and future lung disease.
The CARDIA Lung Study. Am J Respir Crit Care Med. 2018;197(12):1616-1624. doi:10.1164/rccm.201710-2108OC

27. de Marco R, Accordini S, Cerveri I, et al. Incidence of chronic obstructive pulmonary disease in a cohort of
young adults according to the presence of chronic cough and phlegm. Am J Respir Crit Care Med. 2007;175
(1):32-39. doi:10.1164/rccm.200603-381OC

28. Gold DR, Rotnitzky A, Damokosh AI, et al. Race and gender differences in respiratory illness prevalence and
their relationship to environmental exposures in children 7 to 14 years of age. Am Rev Respir Dis. 1993;148
(1):10-18. doi:10.1164/ajrccm/148.1.10

29. Chen J, Ho SY, Leung LT, Wang MP, Lam TH. Associations of unhappiness with sociodemographic factors and
unhealthy behaviours in Chinese adolescents. Eur J Public Health. 2017;27(3):518-524. doi:10.1093/eurpub/ckx015

30. Schnohr CW, Kreiner S, Due EP, Currie C, Boyce W, Diderichsen F. Differential item functioning of a family
affluence scale: validation study on data from HBSC 2001/02. Soc Indic Res. 2007;89(1):79-95. doi:10.1007/s11205-
007-9221-4

31. Kang SY, Lee S, Cho H-J. Prevalence and predictors of heated tobacco product use and its relationship with
attempts to quit cigarette smoking among Korean adolescent. Tob Control. 2021;30:192-198. doi:10.1136/
tobaccocontrol-2019-055114

32. Barros AJ, Hirakata VN. Alternatives for logistic regression in cross-sectional studies: an empirical comparison
of models that directly estimate the prevalence ratio. BMC Med Res Methodol. 2003;3(1):21. doi:10.1186/1471-
2288-3-21

33. Hardin JW. Generalized estimating equations (GEE). In: Everitt BS, Howell DC, eds. Encyclopedia of Statistics
in Behavioral Science. John Wiley & Sons Ltd; 2005. doi:10.1002/0470013192.bsa250

34. Loring B. Tobacco and inequities: Guidance for addressing inequities in tobacco-related harm. World Health
Organization. Regional Office for Europe; 2014.

35. Loring B. Alcohol and inequities: guidance for addressing inequities in alcohol-related harm. World Health
Organization Copenhagen; 2014.

36. Nihlen U, Greiff LJ, Nyberg P, Persson CGA, Andersson M. Alcohol-induced upper airway symptoms:
prevalence and co-morbidity. Respir Med. 2005;99(6):762-769. doi:10.1016/j.rmed.2004.11.010

37. Sutanto E, Miller C, Smith DM, et al. Concurrent daily and non-daily use of heated tobacco products with
combustible cigarettes: findings from the 2018 ITC Japan Survey. Int J Environ Res Public Health. 2020;17
(6):2098. doi:10.3390/ijerph17062098

38. Wang L, Ho SY. Nicotine dependence in adolescent exclusive cigarette users and concurrent users of new
tobacco products. Poster part 13 presented at: 5th Asian Pacific Problem Gambling and Addiction Conference;
November 27-28, 2020; Hong Kong.

39. Tompkins CNE, Burnley A, McNeill A, Hitchman SC. Factors that influence smokers’ and ex-smokers’ use of
IQOS: a qualitative study of IQOS users and ex-users in the UK. Tob Control. 2021;30(1):16-23. doi:10.1136/
tobaccocontrol-2019-055306

40. Czoli CD, White CM, Reid JL, OConnor RJ, Hammond D. Awareness and interest in IQOS heated tobacco
products among youth in Canada, England and the USA. Tob Control. 2020;29(1):89-95. doi:10.1136/
tobaccocontrol-2018-054654

41. McKelvey K, Baiocchi M, Halpern-Felsher B. PMI’s heated tobacco products marketing claims of reduced risk
and reduced exposure may entice youth to try and continue using these products. Tob Control. 2020;29(e1):
e18-e24. doi:10.1136/tobaccocontrol-2019-055318

42. Sohal SS, Eapen MS, Naidu VGM, Sharma P. IQOS exposure impairs human airway cell homeostasis: direct
comparison with traditional cigarette and e-cigarette. ERJ Open Res. 2019;5(1):00159-02018. doi:10.1183/
23120541.00159-2018

43. Yao R, Park BY, Foster SE, Caughey AB. The association between gestational weight gain and risk of stillbirth:
a population-based cohort study. Ann Epidemiol. 2017;27(10):638-644.e1. doi:10.1016/j.annepidem.2017.09.006

44. Primack BA, Soneji S, Stoolmiller M, Fine MJ, Sargent JD. Progression to traditional cigarette smoking after
electronic cigarette use among US adolescents and young adults. JAMA Pediatr. 2015;169(11):1018-1023. doi:10.
1001/jamapediatrics.2015.1742

SUPPLEMENT.
eTable. Associations of Respiratory Symptoms With Cigarette And HTP Use vs Never Use of Both Products

JAMA Network Open | Public Health Characterization of Respiratory Symptoms Among Youth Using Heated Tobacco Products in Hong Kong

JAMA Network Open. 2021;4(7):e2117055. doi:10.1001/jamanetworkopen.2021.17055 (Reprinted) July 14, 2021 10/10

Downloaded From: https://jamanetwork.com/ on 07/20/2021

https://dx.doi.org/10.1164/rccm.200304-466OC
https://dx.doi.org/10.1164/rccm.201710-2108OC
https://dx.doi.org/10.1164/rccm.200603-381OC
https://dx.doi.org/10.1164/ajrccm/148.1.10
https://dx.doi.org/10.1093/eurpub/ckx015
https://dx.doi.org/10.1007/s11205-007-9221-4
https://dx.doi.org/10.1007/s11205-007-9221-4
https://dx.doi.org/10.1136/tobaccocontrol-2019-055114
https://dx.doi.org/10.1136/tobaccocontrol-2019-055114
https://dx.doi.org/10.1186/1471-2288-3-21
https://dx.doi.org/10.1186/1471-2288-3-21
https://dx.doi.org/10.1002/0470013192.bsa250
https://dx.doi.org/10.1016/j.rmed.2004.11.010
https://dx.doi.org/10.3390/ijerph17062098
https://dx.doi.org/10.1136/tobaccocontrol-2019-055306
https://dx.doi.org/10.1136/tobaccocontrol-2019-055306
https://dx.doi.org/10.1136/tobaccocontrol-2018-054654
https://dx.doi.org/10.1136/tobaccocontrol-2018-054654
https://dx.doi.org/10.1136/tobaccocontrol-2019-055318
https://dx.doi.org/10.1183/23120541.00159-2018
https://dx.doi.org/10.1183/23120541.00159-2018
https://dx.doi.org/10.1016/j.annepidem.2017.09.006
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2015.1742&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.17055
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2015.1742&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.17055

