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ABSTRACT
INTRODUCTION Combustible cigarette (CC) smoking is a risk factor for chronic 
obstructive pulmonary disease (COPD) and asthma, and some studies reported 
that tobacco smoking might affect the development or symptom control of allergic 
rhinitis, sinusitis, and atopic dermatitis. However, evidence on the health risks 
of heated tobacco products (HTPs) is lacking. We investigated the prevalence of 
respiratory and allergic diseases according to tobacco use types in Korean adults. 
METHODS We used data from 18230 adults in the Korea National Health and 
Nutrition Examination Survey. Multiple logistic regression analyses were 
performed to assess the prevalence of respiratory and allergic diseases according 
to tobacco use types (current exclusive CC use, current exclusive HTPs use, and 
dual use of CC and HTPs).
RESULTS The prevalence of exclusive CC users, exclusive HTPs users, dual users of 
CC and HTPs was 15% (n=2740), 1% (n=182), and 2.4% (n=435), respectively. 
The prevalence of COPD was higher among past tobacco users (AOR=2.37; 95% 
CI: 1.02–5.51) versus no tobacco use group. The prevalence of asthma was higher 
among past tobacco users or exclusive CC users (AOR=1.73; 95% CI: 1.26–2.38, 
and AOR=1.57; 95% CI: 1.08–2.26) versus non-users of tobacco. The prevalence 
of allergic rhinitis was higher among past tobacco users versus non-users of 
tobacco (AOR=1.33; 95% CI: 1.13–1.57), and the prevalence of allergic rhinitis 
was higher among exclusive HTPs users versus non-users of tobacco or exclusive 
CC users (AOR=1.60; 95% CI: 1.06–2.42, and AOR=1.74; 95% CI: 1.14–2.66). 
The adjusted odds of sinusitis and atopic dermatitis were not significantly different 
between tobacco use types. 
CONCLUSIONS Exclusive use of HTPs was associated with allergic rhinitis in Korean 
adults. Further longitudinal studies are needed to clarify the health risk of HTPs. 
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INTRODUCTION
Combustible cigarette (CC) smoking is a risk factor for chronic obstructive 
pulmonary disease (COPD) and asthma1,2. Moreover, previous studies reported 
that tobacco smoking might affect the development or symptom control of allergic 
rhinitis, sinusitis, and atopic dermatitis3-5. Recently, tobacco companies developed 
heated tobacco products (HTPs), which contain an electrical heating component 
to heat tobacco leaves up to 350°C. Most toxicants and carcinogens of cigarettes 
are formed during combustion. HTP is also called a ‘Heat-not-Burn’ product, and 
it was marketed as reduced exposure to toxic materials compared with CC. In 
South Korea, the consumption of HTPs has increased rapidly since their launch in 
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2017, and, to date, they have been introduced in more 
than 50 countries worldwide6. HTPs appeal to youth 
and young adults because of their unique design and 
odorless nature7. Some studies reported that switching 
from CC to HTPs reduced harmful and potentially 
harmful compounds8; however, even some substances 
including propylene glycol, acetol, glycidol, and 
2-propen-1-ol were higher in aerosol emitted HTPs 
than in CCs9. Further, aerosol emitted from HTPs 
contains tobacco-specific nitrosamines, which are 
one of the tobacco carcinogens10, and devices of HTPs 
release formaldehyde cyanohydrin at 90°C11. An in 
vitro study showed that HTPs caused lung damage 
and proinflammatory changes that were similar to 
the exposure to combustible cigarettes in mice12. In 
Japan, a case of acute eosinophilic pneumonia was 
reported, which developed after switching from CCs to 
HTPs13. To date, there is no evidence about the long-
term health outcomes of HTPs. The World Health 
Organization (WHO) has stated that the marketing 
of HTPs should not be permitted until there is 
conclusive evidence of reduced health risks of HTPs 
compared with CCs14. Two recent Korean adolescent 
studies demonstrated the association between HTPs 
and allergic diseases15,16. Another concern of HTPs is 
dual use with other tobacco products such as CCs or 
e-cigarettes (ECs). Dual use is more common than 
exclusive HTPs use in adolescent smokers. According 
to Korea Youth Risk Behavior Survey 2019, the 
prevalence of exclusive HTPs use, dual use of CCs 
+ HTPs, and ECs + HTPs were 1.5%, 8.6%, and 
2.5%, respectively, among 4028 adolescent smokers7. 
The Korea Disease Control and Prevention Agency 
(KDCA) had investigated smoking prevalence through 
the Korea National Health and Nutrition Examination 
Survey (KNHANES) of Korean population, and it has 
included a questionnaire related to HTPs since 2018. 
In this regard, using KNHANES 2018–2020 data, we 
aimed to investigate: 1) the prevalence of exclusive 
HTPs use and dual use of CCs and HTPs; and 2) the 
prevalence of respiratory (COPD and sinusitis) and 
allergic diseases (asthma, allergic rhinitis, and atopic 
dermatitis) according to tobacco types in Korean 
adults.  

METHODS
Study participants
The present study evaluated data from the KNHANES 

VII-3, VIII-1, and VIII-2, which is a nationally 
representative survey conducted between 2018 
and 2020 by the KDCA. The KDCA selected 31261 
individuals, and of the selected population, 23461 
agreed to participate, yielding a response rate of 75%. 
This study included 19228 participants (aged ≥19 
years) to evaluate the relationship between tobacco 
use type and respiratory and allergic diseases in 
Korean adults. We excluded participants who had 
missing survey records for smoking-related variables 
(n=998). Finally, 18230 participants were selected 
for the present study.

All procedures were performed in accordance with 
the Declaration of Helsinki, and signed informed 
consent was obtained from all KNHANES participants, 
and the KNHANES data are publicly available. 
KNHANES was approved by the KDCA Institutional 
Review Board (IRB: 2018-01-03-P-A, 2018-01-03-C-
A, 2018-01-03-2C-A).

Tobacco use type
Participants were asked the following questions: 
1. Have you ever smoked more than 100 CCs in your 

lifetime?
2. Have you ever smoked CCs in the past 1 month?
3. Have you ever used HTPs in your lifetime?
4. Have you ever used HTPs in the past 1 month?

Participants who answered ‘no’ to first and third 
questions were categorized into ‘no tobacco use’. 
Participants who answered ‘yes’ to first and ‘no’ to 
second questions or ‘yes’ to third and ‘no’ to fourth 
questions were categorized into ‘past tobacco use’. 
Participants who answered ‘yes’ to first and second 
questions and ‘no’ to fourth question were categorized 
into ‘current exclusive CC use’. Participants who 
answered ‘yes’ to third and fourth questions and ‘no’ 
to second question were categorized into ‘current 
exclusive HTPs use’. Participants who answered ‘yes’ 
to first, second, third, and fourth questions were 
categorized into ‘current dual use’. 

Respiratory and allergic diseases
The prevalence of respiratory and allergic diseases 
was determined through the following questions:
·	 Have you ever been diagnosed with COPD by a 

doctor in your life?
·	 Have you ever been diagnosed with asthma by a 
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doctor in your life?
·	 Have you ever been diagnosed with allergic rhinitis 

by a doctor in your life?
·	 Have you ever been diagnosed with sinusitis by a 

doctor in your life?
·	 Have you ever been diagnosed with atopic 

dermatitis by a doctor in your life?

Other variables
The following data were collected as confounding 
variables: age, sex, education level (≤ elementary 
school, middle school, high school, or ≥ college), 

household income (quartile), alcohol intake (drinking 
alcohol at least once a month), adequate aerobic 
physical activity (moderate physical activity ≥150 
min/week or vigorous physical activity ≥75 min/
week), obesity status (body mass index ≥25 kg/
m2), and comorbidities (defined by questionnaires 
regarding doctor-diagnosed chronic diseases such as 
hypertension, diabetes, or dyslipidemia)17,18.

Statistical analysis
KNHANES data were extracted using two-stage 
stratified cluster sampling, therefore, the complex 

Table 1. General characteristics of the participants by tobacco use type, South Korea, 2018–2020

Characteristics No tobacco 
use 

(N=11244)

n (%)

Past tobacco 
use 

(N=3629)

n (%)

Current 
exclusive 
CC use 

(N=2740)
n (%)

Current 
exclusive 
HTPs use 
(N=182)
n (%)

Current dual 
use 

(N=435)
n (%)

p

Age (years), mean ± SD 47.55 ± 0.28b,c,d,e 53.07 ± 0.35a,c,d,e 45.45 ± 0.35a,b,d,e 39.60 ± 0.71a,b,c 36.03 ± 0.55a,b,c <0.001

Sex <0.001

Male 2183 (19.41) 3127 (86.17) 2254 (82.26) 149 (81.87) 371 (85.29) 　

Female 9061 (80.59) 502 (13.83) 486 (17.74) 33 (18.13) 64 (14.71) 　

Education level <0.001

≤Elementary school 2250 (21.08) 577 (16.88) 321 (12.48) 0 (0.00) 4 (0.94) 　

Middle school 968 (9.07) 409 (11.97) 282 (10.96) 3 (1.69) 17 (4.01) 　

High school 3373 (31.60) 1132 (33.12) 1132 (44.01) 61 (34.27) 172 (40.57) 　

≥College 4084 (38.26) 1300 (38.03) 837 (32.54) 114 (64.04) 231 (54.48) 　

Monthly income <0.001

Q1 2647 (23.64) 860 (23.76) 870 (31.83) 33 (18.13) 106 (24.42) 　

Q2 2754 (24.60) 906 (25.03) 737 (26.97) 38 (20.88) 107 (24.65) 　

Q3 2848 (25.44) 922 (25.47) 615 (22.50) 54 (29.67) 119 (27.42) 　

Q4 2947 (26.32) 932 (25.75) 511 (18.70) 57 (31.32) 102 (23.50) 　

Alcohol consumption <0.001

< once a month 6602 (58.73) 1243 (34.25) 674 (24.60) 31 (17.03) 61 (14.02) 　

≥ once a month 4639 (41.27) 2386 (65.75) 2066 (75.40) 151 (82.97) 374 (85.98) 　

Physical activity (min/week) <0.001

Moderate <150 or vigorous <75 6210 (58.22) 1934 (56.63) 1535 (59.68) 92 (51.69) 195 (45.99) 　

Moderate ≥150 or vigorous ≥75 4457 (41.78) 1481 (43.37) 1037 (40.32) 86 (48.31) 229 (54.01) 　

Body mass index (kg/m2) <0.001

<25 7532 (67.63) 2111 (58.66) 1700 (62.45) 99 (54.40) 227 (52.30) 　

≥25 3605 (32.37) 1488 (41.34) 1022 (37.55) 83 (45.60) 207 (47.70) 　

Hypertension 2739 (24.36) 1220 (33.62) 617 (22.52) 26 (14.29) 36 (8.28) <0.001

Diabetes 1026 (9.13) 516 (14.22) 291 (10.62) 12 (6.59) 18 (4.14) <0.001

Dyslipidemia 2311 (20.56) 843 (23.24) 486 (17.74) 22 (12.09) 40 (9.20) <0.001

CC: combustible cigarette. HTPs: heated tobacco products. Post hoc analysis using one-way analysis of variance and χ2 tests. a p<0.05 versus no tobacco use. b p<0.05 versus past 
tobacco use. c p<0.05 versus current exclusive CC use. d p<0.05 versus current exclusive HTPs use. e p<0.05 versus current exclusive dual use. 
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sampling weights are reflected in the data analyses19. To 
compare the general characteristics and the prevalence 
of respiratory and allergic diseases according to tobacco 
use type, we used one-way analysis of variance and 
χ2 tests. Multiple logistic regression analyses were 
performed to evaluate the prevalence of respiratory 
and allergic diseases according to tobacco use type. 
Adjusted odds ratios (AORs) and 95% confidence 
intervals (CIs) were calculated after accounting 
for potential confounding variables such as age, 
sex, education level, household income, monthly 
alcohol consumption, physical activity, obesity status, 
comorbidities (hypertension, diabetes, or dyslipidemia). 
All statistical analyses were conducted using Stata/MP 
version 14.0 (StataCorp.; College Station, TX, USA)18. 
All statistical tests were two-sided, and a p<0.05 was 
considered statistically significant.

RESULTS
General characteristics
Of the 18230 participants in the present study, 55.7% 
were women, and the mean age was 47.80 ± 0.24 
years. Table 1 shows the general characteristics of 

the participants according to tobacco use type. The 
prevalence of current exclusive CC users, current 
exclusive HTPs users, dual users of CCs and HTPs 
was 15% (n=2740), 1% (n=182), and 2.4% (n=435), 
respectively. The highest proportion of men and the 
highest prevalence of hypertension, diabetes, and 
dyslipidemia were observed in past tobacco users. 
The highest proportion of highly educated participants 
(≥ high school) and the highest proportion of high-
income participants were observed in current exclusive 
HTPs users. The youngest age, highest proportion of 
alcohol drinkers, highest proportion of participants 
who performed moderate to severe intensity physical 
activity, and highest proportion of participants with 
obesity were observed in current dual users.

Prevalence of respiratory and allergic diseases
Table 2 shows the prevalence of diseases according to 
tobacco use type. The prevalence of allergic rhinitis 
was the highest in current exclusive HTPs users 
(p<0.001), and the prevalence of allergic rhinitis 
was higher in current dual users (16%) and current 
exclusive HTPs users (25.28%) compared to current 

Table 2. Comparison of the prevalence of diseases by tobacco use type, South Korea, 2018–2020

Disease No tobacco use 
(N=11244)

n (%)

Past tobacco use 
(N=3629)

n (%)

Current 
exclusive 
CC use 

(N=2740)
n (%)

Current 
exclusive 
HTPs use 
(N=182)
n (%)

Current dual 
use 

(N=435)

n (%)

p

COPD 0.033

No 5313 (99.57) 1995 (98.96) 1265 (99.29) 59 (100) 124 (100)

Yes 23 (0.43) 21 (1.04) 9 (0.71) 0 (0) 0 (0)

Asthma 0.076

No 10397 (97.05) 3297 (96.18) 2491 (96.63) 175 (98.31) 409 (96.24)

Yes 316 (2.95) 131 (3.82) 87 (3.37) 3 (1.69) 16 (3.76)

Allergic rhinitis <0.001

No 9000 (84.03) 2968 (86.61) 2268 (87.98) 133 (74.72) 357 (84.00)

Yes 1711 (15.97) 459 (13.39) 310 (12.02) 45 (25.28) 68 (16.00)

Sinusitis 0.423

No 9954 (92.93) 3192 (93.14) 2413 (93.64) 164 (92.13) 388 (91.29)

Yes 757 (7.07) 235 (6.86) 164 (6.36) 14 (7.87) 37 (8.71)

Atopic dermatitis <0.001

No 10327 (96.41) 3347 (97.67) 2487 (96.47) 169 (94.94) 397 (93.41)

Yes 384 (3.59) 80 (2.33) 91 (3.53) 9 (5.06) 28 (6.59) 　

CC: combustible cigarette. HTPs: heated tobacco products. COPD: chronic obstructive pulmonary disease. 
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exclusive CC users (12.02%) (p=0.022 and p<0.001). 
The prevalence of atopic dermatitis was the highest 
in current dual users (p<0.001), and the prevalence 
of atopic dermatitis was higher in current dual users 
(6.59%) compared to current exclusive CC users 
(3.53%) (p=0.003).

Multiple logistic regression for the prevalence of 
respiratory and allergic diseases by tobacco use 
types
The results of logistic regression analyses for the 

prevalence of chronic respiratory diseases according 
to tobacco use type are shown in Table 3. After 
accounting for potential confounders, compared to 
non-users of tobacco, the past tobacco users had a 
higher prevalence for COPD (AOR=2.37; 95% CI: 
1.02–5.51). Also, the past tobacco users or current 
exclusive CC users had a higher prevalence for asthma 
compared to non-users of tobacco (AOR=1.73; 95% 
CI: 1.26–2.38, and AOR=1.57; 95% CI: 1.08–2.26). 
The past tobacco users or current exclusive HTPs 
users had a higher prevalence for allergic rhinitis 

Table 3. Multiple logistic regression for the prevalence of diseases by tobacco use type, South Korea, 2018–
2020

COPD Asthma Allergic rhinitis Sinusitis Atopic dermatitis

AOR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI)

Model 1 　 　

No tobacco use (Ref.) 1 1 1 1 1

Past tobacco use 2.37 (1.02–5.51) 1.73 (1.26–2.38) 1.33 (1.13–1.57) 1.05 (0.85–1.29) 0.98 (0.69–1.38)

Current exclusive CC use 1.42 (0.50–4.00) 1.57 (1.08–2.26) 0.92 (0.78–1.09) 0.89 (0.70–1.13) 0.97 (0.72–1.32)

Current exclusive HTPs use NA 0.59 (0.15–2.33) 1.60 (1.06–2.42) 0.87 (0.48–1.58) 1.21 (0.57–2.56)

Current dual use NA 1.54 (0.82–2.90) 1.01 (0.74–1.37) 1.11 (0.73–1.68) 1.10 (0.65–1.85)

Model 2 　 　 　 　 　

No tobacco use 0.70 (0.25–1.98) 0.64 (0.44–0.92) 1.08 (0.91– 1.29) 1.12 (0.89–1.42) 1.03 (0.76–1.40)

Past tobacco use 1.67 (0.56–4.95) 1.10 (0.79–1.55) 1.45 (1.20–1.75) 1.18 (0.93–1.49) 1.00 (0.71–1.42)

Current exclusive CC use (Ref.) 1 1 1 1 1

Current exclusive HTPs use NA 0.38 (0.10–1.50) 1.74 (1.14–2.66) 0.97 (0.53–1.80) 1.24 (0.59–2.64)

Current dual use NA 0.98 (0.52–1.86) 1.09 (0.80–1.50) 1.25 (0.81–1.92) 1.13 (0.69–1.87)

COPD: chronic obstructive pulmonary disease. CC: combustible cigarette. HTPs: heated tobacco products. AOR: adjusted odds ratio; adjusted for age, sex, education level, average 
monthly household income, monthly alcohol consumption, physical activity, obesity status, and comorbidities. 

Figure 1. Adjusted odds ratios for COPD, asthma, and allergic rhinitis (A, B, C, respectively) compared to no 
tobacco use group

AOR: adjusted odds ratios. COPD: chronic obstructive pulmonary disease. CC: combustible cigarette. HTPs: heated tobacco products.
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compared to non-users of tobacco (AOR=1.33; 95% 
CI: 1.13–1.57, and AOR=1.60; 95% CI: 1.06–2.42) 
(Figure 1). When we defined the current exclusive 
CC users as a reference group, the past tobacco 
users or current exclusive HTPs users had a higher 
prevalence for allergic rhinitis (AOR=1.45; 95% 
CI: 1.20–1.75, and AOR=1.74; 95% CI: 1.14–2.66) 
(Figure 2). The adjusted ORs of sinusitis and atopic 
dermatitis were not significantly different between 
tobacco use types. 

DISCUSSION
In this large representative Korean study, current 
exclusive HTPs use was associated with higher 
odds of allergic rhinitis compared with non-users 
of tobacco and current exclusive CC users. There 
is no conclusive evidence on how HTPs affect the 
development of allergic rhinitis. However, recent 
studies revealed that HTPs contain unknown 
chemicals not found in CCs20, and even some harmful 
and potentially harmful chemicals (HPHCs), including 
propylene glycol, acetol, glycidol, and 2-propen-1-ol 
are significantly higher in HTPs than in CCs9,11. A 
previous study reported that short exposure (over 1 
min) to propylene glycol caused ocular and upper 
airway symptoms, but not lower airway symptoms in 
healthy volunteers21. In addition, considering that 
occupational rhinitis caused by various chemicals such 
as chlorine, formaldehyde, etc., was often preceded by 
occupational asthma, we speculated that substances 

from HTPs could initially affect the upper airways and 
induce inflammation in the lower airways later22,23. 
This study showed that current exclusive HTPs use 
was associated with allergic rhinitis, but not bronchial 
asthma. However, future long-term experimental 
studies are needed to demonstrate the relationship 
between chronic exposure to aerosol emitted from 
HTPs and the development and symptoms of allergic 
rhinitis and asthma. 

Recent studies with Korean adolescents, using the 
data from the Korea Youth Risk Behavior Survey 2018, 
demonstrated the association between HTPs and 
allergic diseases18,19. They reported that ever exclusive 
HTPs use was related to asthma, and dual use of HTPs 
and CCs was related to asthma and atopic dermatitis 
compared with non-use of tobacco. Moreover, triple-
use of HTPs, CCs, and ECs was associated with 
asthma, atopic dermatitis, and allergic rhinitis15. In this 
study, current exclusive CC use and past tobacco use 
were associated with asthma compared with non-use 
of tobacco. Several studies have reported that current 
and former smokers had a higher risk of developing 
asthma24,25, which is linked to our study results. 
Meanwhile, we found no significant association 
between HTPs use and asthma in Korean adults. In 
Korea, HTPs were released in 2017; therefore, the 
relatively short period of use might not be sufficient to 
examine the impact of HTPs on asthma. The possible 
reason for the difference from previous adolescent 
research results might be the difference in prevalence 

Figure 2. Adjusted odds ratios for COPD, asthma, and allergic rhinitis (A, B, C, respectively) compared to 
current exclusive CC use group

AOR: adjusted odds ratios. COPD: chronic obstructive pulmonary disease. CC: combustible cigarette. HTPs: heated tobacco products.
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and phenotypes of asthma in the age group of the 
study subjects. The incidence of allergic asthma is 
the highest in childhood, whereas the incidence of 
non-allergic asthma peaks in late adulthood26,27. 
Additionally, unlike previous adolescent studies that 
defined ‘ever’ use of HTPs, our study was limited to 
‘current’ HTPs users. Further longitudinal studies are 
needed to clarify the association between HTPs use 
and asthma. 

We found no association between tobacco use and 
atopic dermatitis in Korean adults. There have been 
mixed results regarding the relationship between 
tobacco use and atopic dermatitis. Some previous 
cross-sectional studies have reported that smoking is 
related to atopic dermatitis4,28; however, a recent large 
cohort study of US women reported no significant 
association between smoking and incident atopic 
dermatitis29.

In this study, past tobacco use was related to COPD, 
as already reported by several studies2. However, in 
our study subjects, none of the HTPs users had COPD, 
and we could not evaluate the association between 
HTPs use and COPD. A recent Korean nationwide 
cohort study evaluated the risk of non-combustible 
nicotine or tobacco products (NNTPs) use and COPD 
risk30. NNTPs included nicotine vaping products 
which vaporize nicotine-containing fluids and HTPs. 
They reported that dual users of CCs and NNTPs had 
a lower risk of COPD compared with continual CC 
users. However, long-term (≥5 years) CC quitters 
with NNTPs use increased the risk of COPD compared 
with long-term CC quitters without NNTPs use. 
Because they did not analyze HTPs separately from 
NNTPs, their results cannot be used to determine the 
impact of only HTPs use and the risk of COPD. An 
Italian study reported that switching to HTPs use from 
CCs for 3 years improved respiratory symptoms and 
exercise tolerance in COPD smokers31. Meanwhile, 
chronic respiratory symptoms (cough, phlegm, or 
congestion) for ≥3 months were more common in 
ever exclusive HTPs users and ever dual users than 
in ever exclusive CC users among Hong Kong youth32. 
Therefore, further long-term studies are needed to 
elucidate the impact of HTPs on the development of 
chronic respiratory diseases and symptom control.

Strengths and limitations
To the best of our knowledge, this research is the first 

work that evaluated the association between HTPs 
use and respiratory and allergic diseases in Korean 
adults. In this study, current exclusive HTPs use was 
significantly associated with allergic rhinitis compared 
with non-users of tobacco and current exclusive CC 
users. We added evidence of HTPs use and allergic 
diseases.

However, this study has several limitations. First, 
due to the cross-sectional study design, a causal 
relationship between HTPs use and the risk of 
diseases was not guaranteed. Further longitudinal 
studies are necessary to confirm the impact of HTPs 
use and respiratory and allergic diseases. Second, our 
categorization of tobacco use type could not reflect the 
intermittent or fluctuating use of tobacco products. 
Also, since the data on the duration and the number 
of HTPs used were not available in the questionnaire, 
we could not assess the cumulative effects of HTPs 
and health outcomes. Third, despite the difference in 
HPHCs according to types of HTPs (IQOS, Glo, and 
Lil), data on the types of HTPs were not available 
in the questionnaire. It was not possible to analyze 
whether there were different associations with health 
outcomes by type of HTPs. Fourth, the diagnosis of 
respiratory and allergic diseases was not performed 
by medical doctors, and it was based on self-reported 
information by the study participants. This might lead 
to misclassification bias when participants incorrectly 
reported or are unaware of their health conditions. In 
addition, diagnoses were on a lifetime basis, which 
could be influenced by past health issues unrelated 
to tobacco use. Also, the data on the severity of the 
symptoms, and frequency of disease exacerbation, 
were not available. It was not possible to determine 
the course of the diseases according to the change 
in the tobacco products used. Fifth, despite the fact 
that we adjusted for a wide range of confounding 
variables, there might be unmeasured confounders 
such as occupational or environmental exposures 
affecting the prevalence of respiratory and allergic 
diseases. Finally, in this study, the relatively small 
number of HTPs users might limit statistical power. 
However, the sales of heated tobacco products have 
increased sharply from 363 million packs in 2019 to 
540 million packs in 2022, and they accounted for 
15% of all cigarette sales in South Korea33. Therefore, 
elucidating the health impact of HTPs is of great 
public health importance.  
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CONCLUSIONS
Current exclusive HTPs use was associated with 
allergic rhinitis among Korean adults. Future studies 
on specific components of HTPs related to allergic 
rhinitis need to be conducted. Also, to clarify the 
health impact of HTPs, more longitudinal studies of 
HTPs on various health outcomes are needed. 

REFERENCES
1. 	 Decramer M, Janssens W, Miravitlles M. Chronic obstructive 

pulmonary disease. Lancet. 2012;379(9823):1341-1351. 
doi:10.1016/S0140-6736(11)60968-9

2. 	 Hylkema MN, Sterk PJ, de Boer WI, Postma DS. Tobacco 
use in relation to COPD and asthma. Eur Respir J. 
2007;29(3):438-445. doi:10.1183/09031936.00124506

3. 	 Bousquet PJ, Cropet C, Klossek JM, Allaf B, Neukirch F, 
Bousquet J. Effect of smoking on symptoms of allergic 
rhinitis. Ann Allergy Asthma Immunol. 2009;103(3):195-
200. doi:10.1016/S1081-1206(10)60181-0

4. 	 Kantor R, Kim A, Thyssen JP, Silverberg JI. Association 
of atopic dermatitis with smoking: a systematic review and 
meta-analysis. J Am Acad Dermatol. 2016;75(6):1119-
1125.e1. doi:10.1016/j.jaad.2016.07.017

5. 	 Wolf JS, Papadimitriou JC, Morales RE, et al. The 
association of active and passive tobacco smoke 
exposure with chronic rhinosinusitis symptom severity: 
a cross-sectional study. Int Forum Allergy Rhinol. 
2022;12(3):278-285. doi:10.1002/alr.22887

6. 	 Lee CM. The impact of heated tobacco products on 
smoking cessation, tobacco use, and tobacco sales in 
South Korea. Korean J Fam Med. 2020;41(5):273-281. 
doi:10.4082/kjfm.20.0140

7. 	 Kwon M, Chung SJ, Lee J. Use of single, dual, and poly tobacco 
products in Korean adolescents. Asia Pac J Public Health. 
2021;33(5):571-578. doi:10.1177/10105395211022950

8. 	 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

9. 	 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

10. 	Leigh NJ, Palumbo MN, Marino AM, O’Connor RJ, 
Goniewicz ML. Tobacco-specific nitrosamines (TSNA) in 
heated tobacco product IQOS. Tob Control. 2018;27(Suppl 
1):s37-s38. doi:10.1136/tobaccocontrol-2018-054318

11. 	Bravo-Gutiérrez OA, Falfán-Valencia R, Ramírez-Venegas 
A, Sansores RH, Ponciano-Rodríguez G, Pérez-Rubio G. 
Lung damage caused by heated tobacco products and 
electronic nicotine delivery systems: a systematic review. 
Int J Environ Res Public Health. 2021;18(8):4079. 
doi:10.3390/ijerph18084079

12. 	Bhat TA, Kalathil SG, Leigh N, et al. Acute effects of 

heated tobacco product (IQOS) aerosol inhalation on lung 
tissue damage and inflammatory changes in the lungs. 
Nicotine Tob Res. 2021;23(7):1160-1167. doi:10.1093/
ntr/ntaa267

13. 	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

14. 	WHO Regional Office for Europe. Heated Tobacco 
Products: A Brief. WHO;  2020. Accessed August 18, 
2023. https://www.who.int/europe/publications/i/item/
WHO-EURO-2020-4571-44334-62636

15. 	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(1):17699. doi:10.1038/s41598-019-54102-4

16. 	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

17. 	Korea National Health and Nutrition Examination 
Survey. Guide for data users of Korea National Health 
and Nutrition Examination Survey. In Korean. KDCA; 
2021. Accessed August 11, 2023. https://knhanes.kdca.
go.kr/knhanes/sub03/sub03_06_02.do

18. 	Seo YG, Lee S, Lim MK, Paek Y-J. Heated tobacco 
product use and mental health: Korean National Health 
and Nutrition Examination Survey (2018–2020). Int J 
Ment Health Addiction. 2022. doi:10.1007/s11469-022-
00907-w

19. 	Seo YG, Song HJ, Song YR. Fat-to-muscle ratio as a 
predictor of insulin resistance and metabolic syndrome 
in Korean adults. J Cachexia Sarcopenia Muscle. 
2020;11(3):710-725. doi:10.1002/jcsm.12548

20. 	Kopa PN, Pawliczak R. IQOS - a heat-not-burn (HnB) 
tobacco product - chemical composition and possible 
impact on oxidative stress and inflammatory response. A 
systematic review. Toxicol Mech Methods. 2020;30(2):81-
87. doi:10.1080/15376516.2019.1669245

21. 	Wieslander G, Norbäck D, Lindgren T. Experimental 
exposure to propylene glycol mist in aviation emergency 
training: acute ocular and respiratory effects. Occup 
Environ Med. 2001;58(10):649-655. doi:10.1136/
oem.58.10.649

22. 	Moscato G, Vandenplas O, Van Wijk RG, et al. EAACI 
position paper on occupational rhinitis. Respir Res. 
2009;10(1):16. doi:10.1186/1465-9921-10-16

23. 	Stevens WW, Grammer LC 3rd. Occupational rhinitis: 
an update. Curr Allergy Asthma Rep. 2015;15(1):487. 
doi:10.1007/s11882-014-0487-8

24. 	Kim SY, Sim S, Choi HG. Active and passive smoking 
impacts on asthma with quantitative and temporal 
relations: a Korean Community Health Survey. Sci Rep. 



Research Paper
Tobacco Induced Diseases 

Tob. Induc. Dis. 2023;21(November):146
https://doi.org/10.18332/tid/174130

9

2018;8(1):8614. doi:10.1038/s41598-018-26895-3
25. 	Stapleton M, Howard-Thompson A, George C, Hoover 

RM, Self TH. Smoking and asthma. J Am Board Fam Med. 
2011;24(3):313-322. doi:10.3122/jabfm.2011.03.100180

26. 	Jamrozik E, Knuiman MW, James A, Divitini M, Musk 
AW. Risk factors for adult-onset asthma: a 14-year 
longitudinal study. Respirology. 2009;14(6):814-821. 
doi:10.1111/j.1440-1843.2009.01562.x

27. 	Pakkasela J, Ilmarinen P, Honkamäki J, et al. Age-specific 
incidence of allergic and non-allergic asthma. BMC Pulm 
Med. 2020;20(1):9. doi:10.1186/s12890-019-1040-2

28. 	Kim SY, Sim S, Choi HG. Atopic dermatitis is associated 
with active and passive cigarette smoking in adolescents. 
PLoS One. 2017;12(11):e0187453. doi:10.1371/journal.
pone.0187453

29. 	Morra DE, Cho E, Li T, Camargo CA Jr, Qureshi 
AA, Drucker AM. Smoking and risk of adult-onset 
atopic dermatitis in US women. J Am Acad Dermatol. 
2021;84(2):561-563. doi:10.1016/j.jaad.2020.07.077

30. 	Choi S, Lee K, Park SM. Combined associations 
of changes in noncombustible nicotine or tobacco 
product and combustible cigarette use habits with 
subsequent short-term cardiovascular disease risk 
among South Korean men: a nationwide cohort study. 
Circulation. 2021;144(19):1528-1538. doi:10.1161/
circulationaha.121.054967

31. 	Polosa R, Morjaria JB, Prosperini U, et al. Health outcomes 
in COPD smokers using heated tobacco products: a 3-year 
follow-up. Intern Emerg Med. 2021;16(3):687-696. 
doi:10.1007/s11739-021-02674-3

32. 	Wang L, Chen J, Leung LT, et al. Characterization of respiratory 
symptoms among youth using heated tobacco products 
in Hong Kong. JAMA Netw Open. 2021;4(7):e2117055. 
doi:10.1001/jamanetworkopen.2021.17055

33. 	Ministry of Economy and Finance. Tobacco Market Trends 
for 2022. Website in Korean. Ministry of Economy and 
Finance; 2023. Accessed August 11, 2023. https://www.
moef.go.kr/nw/nes/detailNesDtaView.do?searchBb-
sId1=MOSFBBS_000000000028&searchNttId1=MOS-
F_000000000062809&menuNo=4010100 

CONFLICTS OF INTEREST
The authors have completed and submitted the ICMJE Form for 
Disclosure of Potential Conflicts of Interest and none was reported.

FUNDING
There was no source of funding for this research.

ETHICAL APPROVAL AND INFORMED CONSENT
All procedures were approved by the ethics committee of the KDCA 
Institutional Review Board (Approval numbers: 2018-01-03-P-A, 
2018-01-03-C-A, 2018-01-03-2C-A; Date: 12 January 2018). KNHANES 
participants provided informed consent.

DATA AVAILABILITY
The data supporting this research are available from the following link: 
https://knhanes.kdca.go.kr/knhanes/main.do 

AUTHORS’ CONTRIBUTIONS 
YGS and YJP conceptualized the article. YGS and HMN discussed the 
methodology of the article. YGS performed the statistical analysis. YGS 
and HMN curated data and wrote the main manuscript text. YJP, JKK 
and JHK supervised, reviewed, and edited the manuscript. All authors 
read and approved the final manuscript.

PROVENANCE AND PEER REVIEW 
Not commissioned; externally peer reviewed.


	Relationship between heated tobacco product use and allergic rhinitis in Korean adults
	List of Tables
	Table 1. General characteristics of the participants by tobacco use type, South Korea, 2018–2020
	Table 2. Comparison of the prevalence of diseases by tobacco use type, South Korea, 2018–2020
	Table 3. Multiple logistic regression for the prevalence of diseases by tobacco use type, South Korea, 2018–2020

	List of Figures
	Figure 1. Adjusted odds ratios for COPD, asthma, and allergic rhinitis (A, B, C, respectively) compared to no tobacco use group
	Figure 2. Adjusted odds ratios for COPD, asthma, and allergic rhinitis (A, B, C, respectively) compared tocurrent exclusive CC use group


	ABSTRACT
	INTRODUCTION
	METHODS
	Study participants
	Tobacco use type
	Respiratory and allergic diseases
	Other variables
	Statistical analysis

	RESULTS
	General characteristics
	Prevalence of respiratory and allergic diseases
	Multiple logistic regression for the prevalence of respiratory and allergic diseases by tobacco use types

	DISCUSSION
	Strengths and limitations

	CONCLUSIONS
	REFERENCES
	CONFLICTS OF INTEREST
	FUNDING
	ETHICAL APPROVAL AND INFORMED CONSENT
	DATA AVAILABILITY
	AUTHORS’ CONTRIBUTIONS
	PROVENANCE AND PEER REVIEW



