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ORIGINAL RESEARCH ARTICLE

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

Seulggie Choi, MD; Kiheon Lee , MD, PhD; Sang Min Park , MD, PhD, MPH

BACKGROUND: The associations of changes in noncombustible nicotine or tobacco product (NNTP) and combustible cigarette 
(CC) use habits with subsequent cardiovascular disease (CVD) risk are still unclear.

METHODS: The study population consisted of 5 159 538 adult men who underwent health screening examinations during both 
the first (2014–2015) and second (2018) health screening periods from the Korean National Health Insurance Service 
database. All participants were divided into continual CC-only smokers, CC and NNTP users, recent (<5 years) CC quitters 
without NNTP use, recent CC quitters with NNTP use, long-term (≥5 years) CC quitters without NNTP use, long-term CC 
quitters with NNTP use, and never smokers. Propensity score matching analysis was conducted to further compare CVD risk 
among CC quitters according to NNTP use. Starting from the second health screening date, participants were followed up 
until the date of CVD event, death, or December 31, 2019, whichever came earliest. Multivariable Cox proportional hazards 
regression was used to determine the adjusted hazard ratios (aHRs) and 95% CIs for CVD risk according to changes in 
NNTP and CC smoking habits.

RESULTS: Compared with continual CC-only smokers, CC and NNTP users (aHR, 0.83 [95% CI, 0.79–0.88]) and initial 
CC smokers who quit CCs and switched to NNTP use only (recent CC quitters with NNTP use, aHR, 0.81 [95% CI, 
0.78–0.84]) had lower risk for CVD. After propensity score matching, recent CC quitters with NNTP use (aHR, 1.31 
[95% CI, 1.01–1.70]) had higher risk for CVD than recent CC quitters without NNTP use. Similarly, compared with 
long-term CC quitters without NNTP use, long-term CC quitters with NNTP use (aHR, 1.70 [95% CI, 1.07–2.72]) had 
higher CVD risk.

CONCLUSIONS: Switching to NNTP use among initial CC smokers was associated with lower CVD risk than continued CC 
smoking. On CC cessation, NNTP use was associated with higher CVD risk than CC quitting without NNTPs. Compared with 
CC smokers who quit without NNTP use, CC quitters who use NNTPs may be at higher future CVD risk.
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Noncombustible nicotine or tobacco products 
(NNTPs) are novel forms of nicotine consump-
tion composed of nicotine vaping products 

(NVPs) that vaporize nicotine-containing fluids, and 
heated tobacco products (HTPs) that heat tobacco 
products without combustion.1 NNTPs have recently 
gained in popularity because of their portrayal as safer 
modes of smoking compared with traditional combus-
tible cigarettes (CCs).2 An overwhelming amount of 
evidence shows that CC smoking is associated with a 
wide range of diseases including respiratory diseases, 
cancer, and cardiovascular disease (CVD).3,4 More-

over, CC smoking has been shown to be one of the 
major factors in CVD global burden.5 As such, NNTP-
producing companies have marketed their products to 
imply that NNTPs lead to lower health risks compared 
with CCs.2 For example, Philip Morris, the maker of an 
HTP called IQOS, claimed that their product is safer 
than CCs, a statement that is not entirely supported 
in their own clinical data.6,7 Because of the lack of 
enough evidence on the safety of NNTPs along with 
their growing popularity, there is an increasing need 
for studies that investigate the effects of NNTP on 
health, especially CVD risk.8 In particular, whether 
NNTP use on CC cessation is associated with CVD 
risk needs to be evaluated to determine the viability of 
NNTPs as a tool for tobacco-related harm reduction 
among CC quitters.

Although many previous studies have explored the 
association of NNTPs with cardiovascular health, most 
assessed either toxic chemical exposure or interme-
diate markers related to cardiovascular health rather 
than actual CVD incidence.8,9 Taken together, these 
past studies suggest that NVP or HTP use increases 
exposure to smoking-related toxic constituents, albeit 
not as much as when exposed to CCs.10,11 Further-
more, previous studies have demonstrated that NNTP 
use is associated with worsening cardiovascular 
health, such as increased heart rate and blood pres-
sure, arterial stiffness, oxidative stress, and reduced 
vascular endothelial cell function.8,12 However, most of 
these studies are limited in the small study population 
size or cross-sectional study design. There is a lack of 
evidence on (1) whether switching to NNTPs among 
CC smokers leads to lower CVD risk than continued 
CC use and (2) whether NNTP use on CC cessation 
is associated with higher CVD risk than CC quitting 
without NNTPs using actual CVD events as the pri-
mary outcome.

In South Korea, NNTPs have increasingly gained 
popularity in the past 4 to 5 years.13 The elevated 
tobacco tax on CCs starting in 2015, coupled with the 
introduction of HTPs such as IQOS in 2017, has led 
to increased NNTP use in South Korea, in particular, 
among previous CC smokers, making South Korea an 
ideal setting to study CVD risk according to changes 
in CC and NNTP use.13,14 In 2018, the South Korean 
market shares for CC, HTP, and NVP were 86.5%, 
13.1%, and 0.4%, respectively.15 In this nationwide 
population-based study, the association of transitions 
in NNTP and CC use habits with CVD risk among 
South Korean men was determined using the Korean 
National Health Insurance Service (NHIS) database. 
The study aimed to assess (1) whether there was a 
difference in CVD risk between initial CC smokers 
who transitioned to NNTP use compared with con-
tinual CC-only smoking and (2) the CVD risk on CC 
cessation according to NNTP use.

Clinical Perspective

What Is New?
• Among 5 159 538 adult men from a nationwide 

cohort, the association of transitions in combus-
tible cigarette (CC) and noncombustible nicotine 
or tobacco product (NNTP) use with subsequent 
cardiovascular disease (CVD) development was 
determined.

• Initial CC smokers who subsequently quit CCs 
and converted to NNTP use was associated with 
lower incident CVD risk compared with continual 
CC users.

• Compared with CC quitting without NNTPs, CC 
cessation with NNTP use was associated with 
higher CVD risk.

What Are the Clinical Implications?
• Compared with continual CC smoking, those who 

quit CCs and switch to NNTPs may benefit from 
lower future CVD risk.

• Nonetheless, NNTP use on CC cessation may lead 
to higher CVD risk compared with quitting CCs 
without NNTP use.

• Although NNTP use may be associated with lower 
CVD risk compared with CC smoking, CC users 
who quit without NNTPs may benefit the most in 
reducing the risk of developing future CVD events.

Nonstandard Abbreviations and Acronyms

aHR adjusted hazard ratio
CC combustible cigarette
CVD cardiovascular disease
HTP heated tobacco product
ICD-10  International Classification of Diseases, 

Tenth Revision 
NHIS National Health Insurance Service 
NNTP  noncombustible nicotine or tobacco 

product
NVP nicotine vaping product
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METHODS
The data, analytic methods, and study materials will not 
be made available to other researchers for purposes of 
reproducing the results or replicating the procedure. The 
authors do not have the authority to share patient informa-
tion because the NHIS data are derived from a nationwide 
administrative health claims database in which the NHIS 
gives permission to researchers for access after review-
ing each research topic. Access to the NHIS data can be 
requested through the NHIS website.

Study Population
The study population was derived from the NHIS data-
base. In South Korea, the NHIS provides mandatory health 
insurance for all citizens covering nearly all forms of health 
services.16 The NHIS collects all patient clinical data for 
reimbursement purposes. Furthermore, citizens ≥20 years 
of age are eligible for a biannual health screening exami-
nation, which is composed of a self-reported questionnaire 
on lifestyle behaviors including smoking, physical activity, 
and alcohol intake; anthropometric measurements such as 
height and weight; and blood and urine laboratory exami-
nations.17 A part of the NHIS data, composed of basic 
sociodemographic information, all inpatient and outpa-
tient department visits, pharmaceutical prescriptions, and 
results from the health screening, is provided for research 
purposes. The NHIS database has previously been used in 
multiple large epidemiological studies,18,19 and its validity is 
explained in detail elsewhere.16,17,20

The study population was composed of 6 022 798 adult 
men ≥20 years of age who underwent health screening 
examinations during both the first (2014–2015) and sec-
ond (2018) periods from the NHIS. Attending the first and 
second health screening examinations were 10 727 577 and 
8 141 714 men, respectively. Among them, 263 408 men with 
CVD before the second health screening date were excluded. 
An additional 2024 men with missing values for NNTP use 
were excluded. Then, 233 538 and 363 198 men who were 
smoking initiators or who had illogical answers for smoking 
habit change were excluded, respectively. Illogical answers for 
smoking habit change included being initially (2014–2015) 
a current CC smoker or past CC smoker, but answering 
as being a never smoker during the second health screen-
ing period (2018). Last, 1092 men with missing values for 
smoking pack-years (number of packs of CCs smoked per 
day multiplied by the number of years of CC use) were 
removed, resulting in a final study population of 5 159 538 
men (Figure 1). Beginning from the second health screening 
date, all participants were followed up until the date of CVD 
event, death, or December 31, 2019, whichever came earliest.

For CC quitters without NNTP use, propensity score match-
ing was conducted against CC quitters with NNTP use. Recent 
CC quitters without NNTP use were matched with recent CC 
quitters with NNTP use. Similarly, long-term CC quitters with-
out NNTP use were matched with long-term CC quitters with 
NNTP use. Propensity score matching was performed using 
the total cohort, and after stratification according to age (<40 
years and ≥40 years), as well. On propensity score matching, 
age, household income, employment, area of residence, alco-
hol intake, exercise, pack-years of smoking, body mass index, 

systolic blood pressure, fasting serum glucose, and Charlson 
comorbidity index were considered. Using a caliper of 0.2 times 
the standard deviation of the logit propensity score, a match-
ing ratio of 1:1 was used to match subjects between differ-
ent groups by greedy matching.21 The number of participants 
excluded after propensity score matching were 391 083, 5769, 
1 230 090, and 4605 for recent CC quitters without NNTP 
use, recent CC quitters with NNTP use, long-term CC quitters 
without NNTP use, and long-term CC quitters with NNTP use, 
respectively. The proportions of matched subjects from recent 
and long-term CC quitters with NNTP use were 85.3% and 
64.1%, respectively.

Ethical Considerations
This study was approved by the Seoul National University 
Hospital Institutional Review Board (number: E-2011-005-
1168). The requirement for informed consent was waived 
because the database was anonymized according to strict con-
fidentiality guidelines before distribution.

Key Variables
Smoking status was assessed from a self-reported question-
naire during each of the first and second health screening 
periods. During the first health screening period (2014–
2015), CC smoking status was determined, which was com-
posed of never smokers, past smokers, and current smokers. 
To divide CC quitters into long-term (≥5 years) and recent (<5 
years) quitters, because it is considered to take 5 years for 
CC quitters to lower CVD risk to levels comparable to those 
of nonsmokers, years 2014 to 2015 were selected to assess 
initial CC user habit.22 Moreover, initial CC smoking habits 
before the recent increase in NNTP use during the past 5 to 
6 years were determined to evaluate how initial CC smokers 
who transitioned to NNTP use had their CVD risk altered, in 
particular, on CC smoking cessation.

During the second (2018) health screening period, both CC 
and NNTP use habits were assessed. According to the World 
Health Organization, HTP is defined as a product that heats, 
but not burns, a tobacco-containing device and produces aero-
sols containing nicotine and toxic chemicals.1 The World Health 
Organization defines NVPs as products that vaporize liquid 
containing nicotine but does not contain tobacco.1 The self-
reported questionnaire on NNTP use does not explicitly dif-
ferentiate between HTPs and NVPs, but rather inquires on the 
frequency of NNTP use in general. The possible answers for 
the question, “How much have you smoked NNTPs during the 
past month?” include “none,” “0 to 9 days,” “10 to 19 days,” “20 
to 29 days,” and “nearly every day.” NNTP users were defined as 
those who smoked NNTP nearly every day for the past month. 
Based on the answers from the questionnaire, all subjects were 
divided into continual CC-only smokers, CC and NNTP users, 
recent (<5 years) CC quitters without NNTP use, recent (<5 
years) CC quitters with NNTP use, long-term (≥5 years) CC 
quitters without NNTP use, long-term (≥5 years) CC quitters 
with NNTP use, and never smokers. Previous studies using the 
NHIS database also assessed smoking status based on the 
self-reported questionnaire in determining CVD outcomes.23

The operational definition for CVD was defined as hav-
ing been hospitalized for ≥2 days because of coronary 
heart disease or stroke. Diagnosis codes for coronary heart 
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disease (I20–I25) and stroke (I60–I69) were based on the 
International Classification of Diseases, Tenth Revision (ICD-
10) codes by the World Health Organization. The ICD-10 
codes used for CVD, coronary heart disease, and stroke 
were in accordance with the American Heart Association 
guidelines.24 The operational definition used for CVD inci-
dence was derived from a previous study that used the same 
database.19 The risk of changes in CC and NNTP use habits 
for all-cause mortality, lung cancer, and chronic obstructive 
pulmonary disease (COPD) were also evaluated. Lung can-
cer was defined as being diagnosed for lung cancer with 
the critical condition code for cancer (V193, V194). COPD 
was defined as having an outpatient or inpatient department 
visit under the diagnosis code for COPD. The ICD-10 codes 
used for diagnosis of lung cancer and COPD were C34 and 
J44, respectively.

On multivariable regression analysis, the considered 
covariates included age (continuous, years), household 
income (continuous, 5 percentiles), employment (employed, 
self-employed, and not employed), area of residence (capi-
tol, metropolitan city, and rural), alcohol intake (categorical, 0, 
1–2, 3–4, and ≥5 times per week), physical activity (categori-
cal, 0, 1–2, 3–4, and ≥5 times per week), body mass index 
(continuous, kg/m2), systolic blood pressure (continuous, 
mm Hg), fasting serum glucose (continuous, mg/dL), history 
of drug abuse (categorical, yes and no), and Charlson comor-
bidity index (continuous). Smoking pack-years for all current 
and past smokers were also included as a covariate on deter-
mining CVD risk among those with past or current smoking 
history. Household income was derived from the insurance 
premium, and body mass index was calculated by dividing the 
weight in kilograms by height in meters squared. Drug abuse 
was defined as a diagnosis of mental and behavioral disor-
ders attributable to drugs using ICD-10 codes. The diagnoses 
(ICD-10 codes) used in the definition of drug abuse included 

mental and behavior disorders attributable to the use of opi-
oids (F11), cannabinoids (F12), sedatives or hypnotics (F13), 
cocaine (F14), other stimulants including caffeine (F15), hal-
lucinogens (F16), volatile solvents (F18), and other psycho-
active substances (F19). The operational definitions for all 
exposure, outcome variables, and covariates are described in 
more detail in Table S1 in the Supplemental Material.

Statistical Analysis
Significance in the difference of distribution for covariates 
among NNTP and CC smoking groups was determined by 
the χ2 test for categorical variables and analysis of variance 
for continuous variables. Standardized differences were used 
to evaluate the distribution of covariates after propensity score 
matching. Multivariable Cox proportional hazards regression 
was used to calculate the adjusted hazard ratios (aHRs) and 
95% CIs for CVD, coronary heart disease, and stroke according 
to changes in CC and NNTP use status. The proportional haz-
ards assumption was graphically tested and verified using the 
Schoenfeld residual method. Stratified analysis on the associa-
tion of smoking status with CVD risk according to subgroups 
of age and pack-years of smoking was conducted. On stratified 
analysis, subgroups according to age or pack-years of smoking 
were created. Then, multivariable Cox regression was used to 
determine CVD risk according to changes in CC and NNTP 
habits for each of the subgroups, adjusting for all covariates 
except for the variable used to divide the subgroups. The risk of 
all-cause mortality according to changes in CC and NNTP use 
habits were determined. Last, the association of changes in CC 
and NNTP use habits with subsequent lung cancer and COPD 
risk were determined.

Statistical significance was declared at a 2-sided P<0.05. 
All data collection and statistical analysis were conducted using 
SAS Enterprise Guide 7.1 (SAS Institute).

Figure 1. Study flow of the population.
CVD indicates cardiovascular disease; and NNTP, noncombustible nicotine or tobacco product.

https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.121.054967
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RESULTS
Table 1 depicts the descriptive characteristics of the 
study population. The numbers (%) of continual CC-only 
smokers, CC and NNTP users, recent CC quitters without 
NNTP use, recent CC quitters with NNTP use,  long-term 
CC quitters without NNTP use, long-term CC quitters 
with NNTP use, and never smokers were 1 541 012 
(29.9), 445 885 (8.6), 424 601 (8.2), 39 287 (1.0), 
1 238 318 (24.0), 12 833 (0.2), and 1 457 602 (28.3), 
respectively. The median (interquartile range) number of 
CCs smoked per day for continual CC-only smokers and 
CC and NNTP users were 15 (10–20) and 10 (5–20), 
respectively. Significant differences in the distribution of 
all covariates were observed (all P<0.001).

The risk for CVD according to changes in CC and 
NNTP use habits is shown in Figure 2 and Table S2 
in the Supplemental Material. Compared with continual 
CC-only smokers, CC and NNTP users (aHR, 0.83 [95% 
CI, 0.79–0.88]), recent CC quitters with NNTP use (aHR, 
0.77 [95% CI, 0.65–0.91]), and long-term CC quitters 
with NNTP use (aHR, 0.77 [95% CI, 0.58–1.00]) had 
lower risk for CVD. Figure 3 and Table S3 in the Sup-
plemental Material depict the risk of CVD according to 
changes in CC and NNTP use habits among those with a 
smoking history with additional consideration of smoking 
pack-years. CC and NNTP users (aHR, 0.84 [95% CI, 
0.80–0.89]), recent CC quitters with NNTP use (aHR, 
0.77 [95% CI, 0.66–0.91]), and long-term CC quitters 
without NNTP use (aHR, 0.63 [95% CI, 0.62–0.65]) had 
lower CVD risk than continual CC-only smokers.

Tables S4 and S5 in the Supplemental Material show 
the descriptive characteristics among recent and long-
term CC quitters according to NNTP use after propen-
sity score matching, respectively. For both cohorts, the 
distribution of covariates was similar in CC quitters with 
and without NNTP use after propensity score matching 
(absolute value of standardized differences for all covari-
ates<0.1). The risk of CVD according to changes in CC 
and NNTP habits compared with NNTP users is shown 
in Figure 4 and Table S6 in the Supplemental Material. 
Compared with recent CC quitters without NNTP use, 
recent CC quitters with NNTP use had higher CVD risk 
(aHR, 1.31 [95% CI, 1.01–1.70]). Similarly, long-term CC 
quitters with NNTP use had significantly higher CVD risk 
compared with long-term CC quitters without NNTP use 
(aHR, 1.70 [95% CI, 1.07–2.72]). After propensity score 
matching among those <40 years and ≥40 years of age, 
the CVD risk increasing association of NNTP use among 
recent and long-term CC quitters tended to be preserved 
and was not affected by subgroups of age (Table S7 in 
the Supplemental Material, all P for interaction>0.05).

Results from the stratified analysis on the association 
of smoking status with CVD according to subgroups of 
age and pack-years of smoking are shown in Table 2. 
There did not appear to be significant differences in 

the association of changes in CC and NNTP use habits 
with CVD risk according to subgroups of age and pack-
years of smoking (all P for interaction >0.05). Table S8 
in the Supplemental Material depicts the association of 
CC and NNTP use habit change with all-cause mortality 
risk. Compared with continual CC-only smokers, CC and 
NNTP users (aHR, 0.78 [95% CI, 0.70–0.87]) and long-
term CC quitters without NNTP use (aHR, 0.57 [95% 
CI, 0.55–0.60]) had lower mortality risk. The risk for lung 
cancer and COPD according to transitions in CC and 
NNTP use habits is shown in Table S9 in the Supplemen-
tal Material. Compared with continual CC-only smokers, 
CC and NNTP users had lower risk for both lung cancer 
(aHR, 0.76 [95% CI, 0.64–0.90]) and COPD (aHR, 0.81 
[95% CI, 0.74–0.88]).

DISCUSSION
In summary, switching to NNTP use among initially CC-
only smokers was associated with lower CVD risk than 
continued CC-only use. On CC cessation, NNTP use 
was associated with higher CVD risk than CC quitting 
without NNTPs. To the best of the authors’ knowledge, 
this was the first study to demonstrate the CVD risk as-
sociated with transitions in NNTP and CC habits.

One major point of consideration on interpreting the 
results is the lack of information in the NNTP question-
naire that explicitly differentiates between NVP and HTP 
use. As a result, the CVD risk associated with NNTP can-
not be separated between CVD risk for NVP and HTP 
use. This is of particular importance because HTPs and 
NVPs constitute 2 different forms of NNTP use that 
could potentially result in differing effects on cardio-
vascular health. The liquid component of NVPs includes 
solvent carriers, nicotine, and flavorings, all of which 
have multiple pathophysiological pathways of potentially 
increasing CVD risk.11 Solvent carriers, when undergoing 
thermal degradation through vaping, have been shown 
to produce carbonyls that could, in turn, increase circu-
lating reactive oxygen species and vascular endothelial 
dysfunction.25,26 Flavorings, and heavy metals detected in 
aerosols of NVPs, as well, may have cardiotoxic effects 
through increasing oxidative stress and elevating blood 
pressure.27,28 In contrast, emissions from HTPs have been 
shown to produce higher levels of nicotine, benzene, 
and acrolein than those from NVPs.29 Inhaled acrolein 
and benzene could in turn induce vascular endothelial 
dysfunction and elevate low-density lipoprotein levels.30 
Moreover, HTPs produce more tobacco-specific nitrosa-
mines than NVPs.31 Uptake of tobacco-specific nitrosa-
mines could lead to increased oxidative stress, resulting 
in higher cardiovascular risk.8

Although direct and comprehensive comparisons of 
CVD development between HTPs and NVPs are lack-
ing, the current body of literature depicts that HTPs may 
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Table 1. Descriptive Characteristics of the Study Population

Characteristics

Continual  
CC-only  
smokers

CC and NNTP 
users

Recent (<5 y) 
CC quitters 
without NNTP 
use

Recent (<5 y) 
CC quitters 
with NNTP 
use

Long-term (≥5 
y) CC quitters 
without NNTP 
use

Long-term (≥5 
y) CC quitters 
with NNTP use Never smokers P value

No. of participants, 
n (%)

1 541,012 (29.9) 445 885 (8.6) 424 601 (8.2) 39 287 (1.0) 1 238 318 (24.0) 12 833 (0.2) 1 457 602 (28.3)  

Cardiovascular disease cases

  Number of 
events, n (%)

13 224 (0.9) 1510 (0.3) 3330 (0.8) 139 (0.4) 10 367 (0.8) 52 (0.4) 9373 (0.6)  

 Incidence* 62 25 56 26 59 30 46  

Age, y, mean (SD) 48.1 (11.4) 41.0 (8.0) 48.8 (11.9) 41.2 (9.0) 53.9 (11.7) 42.2 (9.6) 48.4 (14.5) <0.001

Age groups, y, n (%)

 <40 381 679 (24.8) 209 614 (47.0) 107 409 (25.3) 18 715 (47.6) 147 961 (12.0) 5913 (46.1) 506 753 (34.8) <0.001

 40–49 481 469 (31.2) 170 273 (38.2) 125 944 (29.7) 13 595 (34.6) 307 110 (24.8) 4352 (33.9) 316 518 (21.7)  

 50–59 418 481 (27.2) 56 415 (12.7) 106 583 (25.1) 5327 (13.6) 382 541 (30.1) 1749 (13.6) 282 879 (19.4)  

 ≥60 259 383 (16.8) 9583 (2.2) 400 706 (32.4) 1650 (4.2) 400 706 (32.4) 819 (6.4) 351 452 (24.1)  

Household income, quartiles, n (%)

 1st (highest) 493 402 (32.0) 194 195 (43.6) 168 667 (39.7) 15 628 (39.8) 577 795 (46.7) 6088 (47.4) 610 598 (41.9) <0.001

 2nd 531 875 (34.5) 157 281 (35.3) 137 168 (32.3) 14 250 (36.3) 329 318 (26.6) 4085 (31.8) 412 882 (26.4)  

 3rd 287 227 (18.6) 55 618 (12.5) 64 161 (15.1) 5295 (13.5) 175 402 (14.2) 1460 (11.4) 231 122 (28.2)  

 4th (lowest) 228 508 (14.8) 38 791 (8.7) 54 605 (12.9) 4114 (10.5) 155 803 (12.6) 1200 (9.4) 194 000 (13.3)  

Employment, n (%)

 Employed 1 195 266 (29.8) 408 071 (91.5) 338 093 (79.6) 35 559 (90.5) 908 048 (73.3) 11 438 (89.1) 1 112 380 (76.3) <0.001

 Self-employed 167 083 (10.8) 19 414 (4.4) 38 730 (9.1) 1875 (4.8) 148 710 (12.0) 726 (5.7) 143 691 (9.9)  

 Not employed 178 663 (11.6) 18 400 (4.1) 47 778 (11.3) 1853 (4.7) 181 560 (14.7) 669 (5.2) 201 531 (13.8)  

Area of residence, n (%)

 Capitol 206 374 (13.4) 84 204 (18.9) 64 620 (15.2) 7566 (19.3) 220 321 (17.8) 2750 (21.4) 252 903 (17.4) <0.001

 Metropolitan city 426 918 (27.7) 118 900 (26.7) 117 172 (27.6) 10 222 (26.0) 336 972 (27.2) 3189 (24.9) 373 261 (25.6)  

 Rural 907 710 (58.9) 242 781 (54.5) 242 809 (57.2) 21 499 (54.7) 681 025 (55.0) 6894 (53.7) 831 438 (57.0)  

Alcohol intake, times/wk, n (%)

 0 221 953 (14.4) 38 270 (8.6) 65 732 (15.5) 4589 (11.7) 220 395 (17.8) 1316 (10.3) 428 198 (29.4) <0.001

 1–2 819 585 (53.2) 26 362 (59.0) 234 659 (55.3) 23 144 (58.9) 671 355 (54.2) 7684 (59.9) 769 557 (52.8)  

 3–4 349 969 (22.7) 108 311 (24.3) 88 656 (20.9) 8630 (22.0) 246 462 (24.8) 2890 (22.5) 188 351 (12.9)  

 ≥5 149 232 (9.7) 36 142 (8.1) 35 554 (8.4) 2924 (7.4) 100 106 (8.1) 943 (7.4) 71 496 (4.9)  

Exercise, times/wk, n (%)

 0 506 224 (32.9) 111 470 (25.0) 104 400 (24.6) 9222 (23.5) 259 759 (21.0) 2531 (19.7) 366 553 (25.2) <0.001

 1–2 347 841 (22.6) 124 359 (27.9) 94 392 (22.2) 9914 (25.2) 264 886 (21.4) 3307 (25.8) 314 194 (21.6)  

 3–4 273 279 (17.7) 92 754 (20.8) 88 503 (20.8) 8301 (21.1) 275 682 (22.3) 2926 (22.8) 301 598 (20.7)  

 ≥5 413 668 (26.8) 117 302 (26.3) 137 306 (32.3) 11 850 (30.2) 437 991 (35.4) 4069 (31.7) 475 257 (32.6)  

Pack-years of 
smoking, median 
(interquartile range)

15 (8–23) 11 (7–19) 13 (7–23) 10 (5–17) 10 (5–20) 8 (4-14) – <0.001

CCs smoked per 
day, median (inter-
quartile range)

15 (10–20) 10 (5–20) 15 (10–20) 10 (5–20) 15 (10–20) 10 (5–20) – <0.001

Body mass index, 
kg/m2, mean (SD)

24.7 (4.1) 25.7 (3.5) 25.3 (3.2) 25.7 (3.4) 25.0 (4.2) 25.5 (3.3) 24.8 (3.2) <0.001

Systolic blood pres-
sure, mm Hg, mean 
(SD)

124.6 (13.6) 123.9 (12.9) 125.4 (13.3) 124.0 (12.6) 126.0 (13.4) 123.9 (12.6) 124.5 (13.5) <0.001

(Continued )
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produce higher levels of CVD-associated harmful con-
stituents than NVPs. The greater market share of HTPs 
during 2018 in South Korea (13.1% for HTPs compared 
with 0.4% for NVPs)15 appears to suggest that the CVD 
risk association from NNTP use in this study is mostly 
contributed from HTPs. Nonetheless, the difference in 
inhalants produced from HTPs and NVPs, and the vary-
ing pathways of cardiovascular health consequences 
from the inhalants, as well, warrant further investigation 
on CVD risk assessment for HTPs and NVPs separately.

Although NNTP use was associated with higher risk 
than no NNTP use on CC cessation, transitioning to 
NNTPs among initially CC-only smokers appeared to be 
associated with lower CVD risk than continual CC use. 
Results from several previous studies may help explain 
this relatively lower risk of NNTPs for CVD compared 
with CC smoking. In 2017, Lüdicke et al32 investigated 
the effect of HTP and CC smoking on biomarkers for 
smoke toxicants among 40 smokers for 5 days and 
showed that HTP-only smoking was associated with 
lower levels of harmful constituents than CC smoking. In 
another study of 30 smokers, it was shown that NVP use 
after overnight abstinence was associated with smaller 
increases in exhaled carbon monoxide compared with 
those from CC smoking (exhaled carbon monoxide of 
3 ppm for NVP versus 7 ppm for CC).33 Last, another 
randomized trial of 160 smokers from the United States 
depicted that switching from CC to HTP was associ-
ated with lower levels of harmful constituents after 5 
days compared with switching from CC to menthol CC.34 
Taken together, the lower incident CVD risk of switching 
to NNTPs compared with continued CC smoking may 
be explained by the fact that NNTP switchers may have 
been exposed to lower levels of harmful toxicants.

One of the reasons behind the increasing popularity 
of NNTPs is the potentially lower health risks of NNTPs 
compared with CCs, and thus the possibility of NNTPs as 
a harm-reduction tool on CC smoking cessation. Smoke-

less tobacco products such as Swedish snus have pre-
viously been shown to be related to lower health risks 
compared with CCs, and thus could be used as a method 
of tobacco harm reduction for CC smokers.35–37 Similar 
to snus, NNTPs have been proposed to be a method for 
harm reduction of CCs by providing CC smokers with an 
alternative method of nicotine consumption in the form of 
NVPs or HTPs.6 Determining whether NNTP use on CC 
smoking cessation is associated with CVD risk is impera-
tive. This study demonstrates that NNTP use is associated 
with higher CVD risk among both recent and long-term 
CC quitters, suggesting that NNTP use may lead to higher 
CVD risk on CC smoking cessation. Therefore, although 
NNTP use has lower CVD risk compared with continued 
CC-only smoking, NNTP use on CC quitting may lead to 
higher CVD risk than CC quitting without NNTP use.

It has been shown that HTP and NVP use is associ-
ated with younger age,7,14 which is also reflected in this 
study. Moreover, the cumulative exposure to tobacco may 
also differ among CC and NNTP users. Therefore, strati-
fied analyses on the association of changes in NNTP and 
CC smoking habits with CVD risk according to subgroups 
of age and pack-years of smoking were conducted. Fur-
thermore, recent and long-term CC quitters were matched 
according to NNTP use through propensity score match-
ing. In particular, because age may act as a strong con-
founder in the association of CC and NNTP use with CVD 
risk, further propensity score matching after stratification 
according to age was conducted. NNTP use was associ-
ated with higher CVD risk among recent and long-term 
CC quitters after, but not before, propensity score match-
ing. Based on the difference in age among NNTP users 
and nonusers within CC quitters, and the higher CVD risk 
observed after propensity score matching with age strati-
fication, as well, the nonsignificant association of NNTP 
use with CVD risk among CC quitters before propensity 
score matching may be explained by the strong confound-
ing effect of age. The propensity score matching analysis 

Fasting serum 
glucose, mg/dL, 
mean (SD)

104.5 (28.0) 102.4 (25.1) 104.6 (25.8) 102.1 (24.4) 104.7 (23.6) 101.5 (23.2) 101.1 (22.6) <0.001

History of drug 
abuse, n (%)

1083 (0.1) 199 (0.0) 228 (0.0) 21 (0.0) 524 (0.0) 5 (0.0) 591 (0.0) <0.001

Charlson comorbidity index, n (%)

 0 940 525 (61.0) 299 362 (67.1) 237 202 (55.9) 8162 (63.6) 633 128 (51.1) 237 202 (55.9) 860 608 (59.0) <0.001

 1–2 488 116 (31.7) 130 043 (29.2) 146 427 (34.5) 3962 (30.9) 460 838 (37.2) 146 427 (34.5) 474 651 (32.6)  

 ≥3 112 371 (7.3) 16 480 (3.7) 40 972 (9.7) 709 (5.5) 144 352 (11.7) 40 972 (9.7) 122 343 (8.4)  

The p values were calculated using a χ2 test for categorical variables and an analysis of variance for continuous variables. Ordering of variables was not considered 
on the χ2 test analysis. CC indicates combustible cigarette; and NNTP, noncombustible nicotine or tobacco product. 

*Incidence was determined as the rate of cardiovascular disease events per 10 000 person-years.

Table 1. Continued

Characteristics

Continual  
CC-only  
smokers

CC and NNTP 
users

Recent (<5 y) 
CC quitters 
without NNTP 
use

Recent (<5 y) 
CC quitters 
with NNTP 
use

Long-term (≥5 
y) CC quitters 
without NNTP 
use

Long-term (≥5 
y) CC quitters 
with NNTP use Never smokers P value
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appears to have reduced this confounding effect to reveal 
the increased CVD risk on NNTP use compared with no 
NNTP use among recent and long-term CC quitters.

Several limitations must be considered on interpreta-
tion of the results. First, women were not included in this 
analysis because 97% of all women were nonsmokers. 

In South Korea, it has previously been shown that there 
is a discrepancy between smoking status using a self-
reported questionnaire compared with actual smoking sta-
tus determined by urine cotinine levels among women.38,39 
This phenomenon, called the hidden female smoker effect, 
along with the fact that the majority of all women were 

Figure 2. Association of changes in CC and NNTP use habits with cardiovascular disease risk.
The aHRs were calculated by Cox proportional hazards regression after adjustments for age, household income, employment, area of residence, 
alcohol intake, physical activity, body mass index, systolic blood pressure, fasting serum glucose, history of drug abuse, and Charlson comorbidity 
index. *Incidence determined as the rate of cardiovascular disease events per 10 000 person-years. aHR indicates adjusted hazard ratio; CC, 
combustible cigarette; NNTP, noncombustible nicotine or tobacco product; and PYs, person-years. 

Figure 3. Association of changes in CC and NNTP use habits with cardiovascular disease risk among those with past or current 
smoking experience and additional consideration of smoking pack-years.
Adjusted hazard ratios calculated by Cox proportional hazards regression after adjustments for age, household income, employment, area of 
residence, alcohol intake, physical activity, pack-years of CC smoking, body mass index, systolic blood pressure, fasting serum glucose, history of 
drug abuse, and Charlson comorbidity index. *Incidence determined as the rate of cardiovascular disease events per 10 000 person-years. aHR 
indicates adjusted hazard ratio; CC, combustible cigarette; NNTP, noncombustible nicotine or tobacco product; and PYs, person-years. 
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nonsmokers led to the exclusion of women in this analy-
sis, which can also be seen in previous studies that used 
the NHIS database.23,40 Future studies that determine 
the association of NNTP and CC smoking with CVD risk 
among women are needed. Second, smoking status was 
determined using a self-reported questionnaire, and is 
thus at risk of misclassification, in particular, between CC 
and NNTP users. Because NNTP use was determined by 
NNTP habits during the past 1-month period, there may 
have been short-term NNTP users with only a few months 
of NNTP use history grouped into the NNTP user group. 
Moreover, the greater market share of HTPs compared 
with NVPs in South Korea may limit the generalizability 
of the results to other regions. Specifically, because the 
majority of NNTP users in Western populations tend to be 
NVP users, the results from this study may have limited 
implications in regions where NVP use is predominant.

Third, the relatively short follow-up duration along with 
the possibility of undetected preclinical signs and symp-
toms that may have affected a subject’s CC and NNTP use 
habit before actual CVD incidence indicate that conclusive 
inference on causality when describing the association of 
CC and NNTP habit change with CVD risk is difficult. This 
short follow-up duration was also part of the reason why 
this study focused on initial CC smokers and past smokers 
and did not include smoking initiators in this study. Because 
CC and NNTP smoking initiators are expected to be com-
posed of young adults, determining CVD risk according 
to smoking initiation would require longer follow-up dura-
tions. Fourth, CVD events could not be validated because 
of the lack of access to medical chart records. However, 
multiple previous studies have used the operational defini-
tion for CVD from the NHIS database.19,41 Nonetheless, 
future studies that use medical chart records to validate 
CVD events are needed. Fifth, because of the observa-
tional nature of the data, the reasons for NNTP use were 
unclear. This is particularly important in the assessment of 
CC and NNTP dual users, because they appear to have 
lower risk than CC-only smokers. Because it may be pos-

sible that CC and NNTP users are composed of CC-only 
smokers transitioning toward smoking cessation, the lower 
CVD risk may be attributable to CC and NNTP users being 
more self-aware of their health and undergoing lifestyle 
modifications. This is reflected in part in the data demon-
strating fewer CCs smoked per day and higher physical 
activity levels among CC and NNTP users compared with 
continual CC-only users. Therefore, further investigations 
with detailed assessment of reasons for CC and NNTP 
habit changes, and markers for health-seeking behavior 
and health awareness, are needed in the comparison of 
continued CC users with CC and NNTP dual users. Last, 
future studies should investigate the association of NNTP 
use with other health-related outcomes, such as respira-
tory diseases, cancer, and mortality. Although NNTP use 
appeared to elevate the risk of all-cause mortality, lung 
cancer, and COPD, the short follow-up duration warrants 
future investigations with longer follow-up.

Despite these limitations, a number of strengths exist. 
First, the large study population and longitudinal study 
design enhance the generalizability of the results. Sec-
ond, a wide range of potential confounders were adjusted 
for. Propensity score matching for NNTP users was con-
ducted in an attempt to minimize the confounding effects 
of covariates. Furthermore, the nature of the administra-
tive health claims data provides results in a real-world 
setting. Last, although most past studies focused on the 
risk of NNTP with CVD by using intermediate markers 
for CVD such as arterial stiffness, this study determined 
the risk of changes in NNTP and CC use habits with the 
development of actual CVD events.

In conclusion, transitioning to NNTPs among CC 
smokers may result in lower CVD risk compared with 
continued CC-only use. NNTP use on CC cessation was 
associated with higher CVD risk compared with CC ces-
sation without NNTPs. Although NNTPs may have lower 
CVD risk than CCs, quitters of CCs who use NNTPs may 
be exposed to higher CVD risk than those who quit CCs 
without NNTP use.

Figure 4. Association of changes in CC and NNTP use habits with cardiovascular disease risk after propensity score matching 
among CC quitters.
Propensity score matching was performed according to NNTP use within recent and long-term CC quitters. Age, household income, employment, 
area of residence, alcohol intake, physical activity, pack-years of CC smoking, body mass index, systolic blood pressure, fasting serum glucose, 
and Charlson comorbidity index were taken into consideration on matching. With the use of a caliper of 0.2 times the standard deviation of 
the logit propensity score, the greedy matching method was used with a matching ratio of 1:1. HR was calculated by Cox proportional hazards 
regression. *Incidence was determined as the rate of cardiovascular disease events per 10 000 person-years. aHR indicates adjusted hazard ratio; 
CC, combustible cigarette; HR, hazard ratio; NNTP, noncombustible nicotine or tobacco product; and PYs, person-years. 
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