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Abstract

The present study investigated whether electronic cigarette use, which is becoming increasingly common, was related to
systemic inflammation that may lead to cardiovascular disease, similar to conventional cigarette smoking. The study included
1208 men (19-65 years old) who participated in the 7* Korean National Health and Nutrition Examination Survey (2016).
The participants were categorized as electronic cigarette users, conventional cigarette users, and nonsmokers. Serum high-
sensitivity C-reactive protein was used as an inflammatory index, and uric acid level was used as a metabolic indicator. After
adjusting for confounding factors, electronic cigarette use was significantly associated with elevated serum high-sensitivity
C-reactive protein levels (B = 1.326, P = .002), uric acid levels (3 = 0.400, P = .042), and hyperuricemia (uric acid level of
>7 mg/mL; odds ratio = 2.67, 95% confidence interval = 1.27-5.58). These findings suggest that electronic cigarette use may
be associated with systemic inflammation markers, similar to conventional cigarette use.
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What We Already Know
Electronic cigarrettes use is increasing recently. Several studies have investigated about the association with elecronic cigarettes
use and cardiovascular disease, but the results have been inconsistent.

What This Article Adds

Our study suggests that electronic cigarrettes use may be associated with systemic inflammation markers (uric acid, and hs-
CRP) which is thought to be a major mechanism involved in the developement of cardiovasuclar diseae. The results indicate
that electonic cigarettes are not a harmless substitute for conventional cigarettes.

and 0.4% among women, relative to fairly stable conven-
tional smoking rates of 40.7% among men (1.3% annual
increase) and 6.4% among women (0.9% annual increase).?
In this context, a 2015 report from the South Korean Ministry
of Health and Welfare suggested that electronic cigarettes
still contain carcinogens, similar to conventional cigarettes,
which may be concerning given the difficulty of altering a

Introduction

Electronic cigarettes or electronic nicotine delivery systems
generally refer to refillable products that vaporize nicotine,
concentrated flavor, and fillers (including propylene glycol
and glycerin), which are inhaled by the user.! Electronic cig-
arettes were introduced in China during 2004 and quickly
spread to American and European markets in 2007, with rap-

idly increasing usage rates. For example, the rate of any elec-
tronic cigarette use among American adults has increased by
nearly 3-fold from 3.3% in 2010 to 8.5% in 2013, and a simi-
lar trend has been observed in England, with the rate increas-
ing from 5.7% in 2010 to 16.2% in 2012.2 Electronic cigarette
use is also increasing in South Korea, with data from the
2016 Korean National Health and Nutrition Examination
Survey (KNHANES) revealing rates of 4.2% among men
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smoking habit, despite the relatively small amounts of these
carcinogens in electronic cigarettes.* Conventional cigarettes
contain carcinogens that are generated by incomplete com-
bustion, which has led some to believe that electronic ciga-
rettes do not contain carcinogens because of the vaporization
mechanism. Nevertheless, electronic cigarettes contain nico-
tine and other toxic substances, such as nitrosamine, formal-
dehyde, acetaldehyde, and metals.'*

Studies are ongoing regarding the effects of electronic
cigarettes on cardiovascular disease (CVD). Animal studies
have indicated that nicotine use reduces cardiovascular pro-
tection by increasing the levels of triglycerides (TGs) and
very low-density lipoprotein-cholesterol, while decreasing
the level of high-density lipoprotein (HDL)-cholesterol.
Moreover, electronic cigarette solutions that do not contain
nicotine still increase blood sugar levels.’ Using electronic
cigarettes may also cause elevated blood pressure (BP) due to
increased aortic stiffness,® and venous endothelial cells
exhibit blocked proliferation and induced apoptosis because
of morphological changes after exposure to cytotoxic elec-
tronic cigarette vapor.” Moreover, similar to conventional
cigarettes, electronic cigarettes cause sympathetic hyperac-
tivity that leads to increased oxidative stress and an increased
risk of CVD.? Nevertheless, some studies have suggested that
electronic cigarettes are safe because their vapor does not
contain substantial amounts of harmful substances (<5% of
the contents of conventional cigarettes).” In addition, the
major chemicals used in electronic cigarettes are not thought
to be associated with a risk of serious diseases, as any effect
on the cardiovascular system would be related to sympathetic
hyperactivity caused by nicotine.”!° Other studies have indi-
cated that conventional cigarette use causes delayed relax-
ation of the left ventricular cardiac muscle, whereas electronic
cigarette use does not have an immediate effect, although
those studies were based on short-term observations.!' Thus,
it remains unclear whether long-term electronic cigarette use
has any effects on the cardiovascular system. The present
study aimed to examine the relationship between electronic
cigarette use and systemic inflammation, which is thought to
be a major mechanism involved in the development of CVD.
This relationship was evaluated based on blood levels of
high-sensitivity C-reactive protein (hs-CRP) as an inflamma-
tory index'?!3 and uric acid as a metabolic indicator.!>!4

Methods
Subjects and Study Design

This study evaluated the associations of electronic cigarette use
with inflammatory and metabolic markers in Korean men (19-
65 years old) who participated in the first year of the 7"
KNHANES (2016). The KNHANES is a nationwide represen-
tative cross-sectional survey conducted by the Korea Centers
for Disease Control and Prevention, which uses a stratified mul-
tistage probability sampling design to select household units.

Participants are then selected from the sampling units based on
age, sex, and geographic area. The KNHANES involves a
health examination and self-administered versions of a health
interview survey, health behavior survey, and nutrition survey.
Details regarding the study design and methods have been pre-
viously described.'> All the participants provide informed con-
sent and data are de-identified before being uploaded to a
publicly available database. Ethical approval was not required
based on the secondary analyses of de-identified data.

The present study evaluated participants in the first year of
the 7% KNHANES (2016) who completed questionnaires
regarding their smoking habits. We initially identified 1863
Korean men (19-65 years old), although 638 participants
were excluded because they were ex-smokers. In addition, we
excluded 17 participants with myocardial infarction,'®
stroke,!? gastric cancer, liver cancer, colorectal cancer, and
lung cancer,'® because these diseases might have influenced
their serum hs-CRP and uric acid levels. Therefore, the pres-
ent study included a total of 1208 Korean men: 430 nonsmok-
ers, 63 current electronic cigarette users, and 715 current
conventional cigarette users.

Electronic and Conventional Cigarette Use

Current electronic cigarette users were defined as participants
who answered “Yes” to the question, “Have you used electronic
cigarettes in the past 1 month?” Among participants who indi-
cated that they had smoked at least 100 cigarettes (5 packs) in
their lifetime, current conventional cigarette users were defined
as participants who answered “Everyday” or “Sometimes” to
the question, “Do you currently smoke cigarettes?”

Inflammatory and Metabolic Markers

Blood samples were obtained for hs-CRP and uric acid test-
ing from the antecubital vein or cephalic vein during the
morning after a >8-hour overnight fast. Samples were col-
lected in 8.5-mL serum separator tubes by trained medical
staff, and were stored at 2°C to 8°C until testing. All labora-
tory analyses were performed within 24 hours after sample
collection. Serum hs-CRP levels were analyzed using the
immunoturbidimetric method with a Cobas analyzer (Roche,
Germany), which provides a minimum detection level of 0.1
mg/L and a maximum detection level of 20.0 mg/L. Blood
uric acid levels were analyzed using uricase colorimetry with
a Hitachi 7600 analyzer (Hitachi, Japan). Based on previ-
ously reported values, we defined the high hs-CRP group as
having levels of >3 mg/L,' and the hyperuricemia group as
having uric acid levels of >7 mg/dL.?°

Other Variables

Height was measured in 0.1-cm increments using an automatic
height meter (Seca225, Hamburg, Germany), and weight was
measured in 0.1-kg increments using a scale (GL-6000-20,
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South Korea). Body mass index (BMI) was calculated using
the measured weight and height values as kg/m?. Blood pres-
sure (BP) was measured using a mercury sphygmomanometer
(Baumanometer wall unit 33, Baum, WA) after =5 minutes of
rest to stabilize the subjects. Mean systolic BP (SBP) and dia-
stolic BP (DBP) values were calculated using the average of 3
repeated measurements. Blood testing was performed using
venous blood that was collected after confirming that the sub-
ject had fasted for = 8 hours. The blood tests collected data
regarding fasting blood sugar (FBS), glycated hemoglobin,
total cholesterol, HDL-cholesterol, TG, low-density lipopro-
tein-cholesterol, and white blood cell count (WBC).

Data regarding the subjects’ age and health behaviors
were collected through personal interviews conducted by an
experienced interviewer. Health behaviors included alcohol
consumption and physical activity. High-risk drinking was
defined as drinking two to three times or more per week.
Levels of physical activity were measured using the Global
Physical Activity Questionnaire,! and aerobic physical
activity status was determined based on a total activity level
of =600 MET-minutes in accordance with the Global
Physical Activity Questionnaire analysis guidelines from the
World Health Organization.?! Based on these guidelines,
appropriate physical activity is considered present at =150
minutes of moderate-intensity physical activity per week, =75
minutes of high-intensity physical activity per week, or an
equivalent mixture of moderate-intensity and high-intensity
physical activities (1 minute of high-intensity activity equals 2
minutes of moderate-intensity activity). Comorbidities were
identified based on a questionnaire regarding the presence of
hypertension, diabetes, or hyperlipidemia.

Statistical Analyses

All statistical analyses were performed using IBM SPSS
software (version 21.0; IBM Corporation, Armonk, NY), and
differences were considered statistically significant at
2-sided P values of <.05. The subjects were categorized as
nonsmokers, conventional cigarette users, and electronic
cigarette users for the different analyses. Results were
expressed as number of subjects (percentage) or mean =
standard deviation. Intergroup differences were evaluated
using the y? test for categorical variables and analysis of
variance for continuous variables. Regression and logistic
regression analyses were performed to evaluate the associa-
tions of electronic cigarette use (vs nonsmokers) with levels
of hs-CRP and uric acid. Linear regression analysis was per-
formed to assess the associations with blood hs-CRP and uric
acid levels, while multivariate logistic regression analysis
was performed to assess whether risks of high hs-CRP and
hyperuricemia were associated with electronic cigarette use.
The regression analyses were performed using 3 models that
were adjusted in a stepwise manner for variables that might
affect serum hs-CRP and uric acid levels. Model 1 was
adjusted for age and BMI. Model 2 was adjusted for age,

BMI, high-risk drinking, and physical activity level. Model 3
was adjusted for age, BMI, high-risk drinking, physical
activity level, and various comorbidities (hypertension, dia-
betes, and hyperlipidemia). The variance inflation factor was
calculated to identify any multicollinearity between the vari-
ables included in the multivariate analyses. Last, adjusted
mean blood hs-CRP and uric acid levels were compared
between the 3 smoking groups after adjusting for age.

Results

Participants’ Characteristics

The present study included 1208 subjects: 430 nonsmokers
(35.6%), 715 current conventional cigarette users (59.2%),
and 63 current electronic cigarette users (5.2%). Table 1
shows the three groups’ anthropometric characteristics, blood
test results, and comorbidities. The mean age was highest in
the conventional cigarette user group (conventional cigarettes
= 42.25 = 11.27 years, nonsmoker = 38.42 * 13.25 years,
and electronic cigarettes = 37.08 = 11.54 years; P < .001).
Relative to the nonsmokers and electronic cigarette users,
conventional cigarette users also had significantly poorer val-
ues for mean FBS level (98.15 £ 23.23 mg/dL vs 98.79 *=
17.24 mg/dL vs 102.20 = 27.32 mg/dL; P = .029) and mean
HbAIC level (5.51 = 0.76% vs 5.60 £ 0.58% vs 5.64 =
0.81%; P = .016). Relative to the conventional and electronic
cigarette users, nonsmokers had the best lipid profiles in
terms of HDL-cholesterol level (48.51 * 10.49 mg/dL vs
46.44 = 12.41 mg/dL vs 43.27 £ 9.81 md/dL; P < .001) and
TG level (136.33 = 100.72 mg/dL vs 205.79 = 192.17 mg/
dL vs 189.67 £ 113.29 md/dL; P < .001).

Relative to the nonsmokers and conventional smokers,
the electronic cigarette users had the highest values for mean
hs-CRP level (1.25 = 2.50 mg/L vs 1.37 = 2.46 mg/L vs
2.10 = 4.14 mg/L; P = .053) and mean uric acid level (5.94
* 1.19 mg/dL vs 5.91 = 1.32 mg/dL vs 6.35 £ 1.32 mg/dL;
P = .079). When we performed 2-group comparisons to the
electronic cigarette users, the uric acid levels were signifi-
cantly lower in the nonsmoker group (P = .049) and the con-
ventional cigarette user group (P = .026). Moreover, the
electronic cigarette user group had the highest proportion of
participants with hyperuricemia (n = 21, 33.3%).

Associations of Electronic Cigarette Use With
Levels of hs-CRP and Uric Acid

The results of the linear regression analyses are shown in
Table 2, and we confirmed that there was no multicollinear-
ity present (variance inflation factor <10). The results indi-
cate that electronic cigarette use was positively correlated
with hs-CRP levels (§ = 1.326, P = .02) and with uric acid
levels (B = 0.4, P = .042). Furthermore, we evaluated the
associations of electronic cigarette use with high hs-CRP
levels and hyperuricemia, which only revealed a
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Table |. Baseline Participant Characteristics According to Smoking Status*1.

Non-Smoker

Conventional Cigarette

Electronic Cigarette

Characteristics (n = 430) User (n = 715) User (n = 63) P

Age (years) 3842 + 13.25° 4225 £ 11.27° 37.08 = I1.54° <.001
BMI (kg/m?) 24.64 = 3.63 24.52 = 3.53 25.38 = 3.36 .185
WC (cm) 85.46 = 9.91 86.11 +9.27 88.48 + 8.13 .054
SBP (mm Hg) 11837 £ 1247 [19.10 = 13.76 11795 = 11.75 .587
DBP (mm Hg) 78.86 = 9.31 79.68 = 10.05 78.71 =9.73 .338
FBS (mg/dL) 98.15 = 23.23° 102.20 + 27.32* 98.79 = 17.24° .029
HbAlc (%) 551 £ 0.76° 5.64 = 0.81° 5.60 + 0.58 0l6
Total cholesterol (mg/dL) 192.41 + 33.60 195.57 = 37.95 199.68 + 37.24 .194
HDL-cholesterol (mg/dL) 4851 = 10.49* 46.44 = 12.41° 4327 + 9.81° <.001
TG (mg/dL) 136.33 = 100.72° 205.79 = 192.17° 189.67 = 113.29* <.001
LDL-cholesterol (mg/dL) 121.57 + 32.17 115.75 = 35.13 122.75 = 26.21 337
WBC (10%/uL) 6.35 = 1.46° 7.39 =193 7.74 = 1 .8I° <.001
Uric acid (mg/dL) 594 = .19 591 = 1.32 6.35 = .32 .079
hs-CRP (mg/L) 1.25 +2.50 1.37 £ 2.46 2.10 = 4.14 .053
High CRP, n (%)° 33(7.7) 66 (9.2) 8 (12.7) 362
Hyperuricemia, n (%)° 85 (19.8) 154 (21.5) 21 (33.3) .047
Hypertension, n (%) 87 (20.3) 205 (28.8) 12 (19.4) 012
Diabetes mellitus, n (%) 26 (6.2) 65 (94) 4 (6.6) <.001
Hyperlipidemia, n (%) 47 (15.8) 144 (30.9) 14 (33.3) <.001
Problematic drinking, n (%) 71 (16.5) 364 (50.9) 19 (30.2) <.001
Sufficient physical activity, n (%)° 239 (58.2) 318 (47.1) 29 (49.2) .002

Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS, fasting blood sugar;

HbAIc, glycated hemoglobin; HDL, high-density lipoprotein; TG, triglyceride; LDL, low-density lipoprotein; VWBC, white blood cells; hs-CRP, high-

sensitivity C-reactive protein.

*Values are presented as mean * standard deviation or number (%), and analyses were performed using analysis of variance for continuous variables and
the 2 test for categorical variables. Multiple comparisons are shown as follows:a > b > ¢, a = ab, ab = b.
tDefinitions: High CRP = hs-CRP of =3.0 mg/L; hyperuricemia = uric acid of =7.0 mg/dL, sufficient physical activity = met the aerobic physical activity
recommendations of the World Health Organization.

Table 2. Linear and Logistic Regression Analysis of Current Electronic Cigarette Use on hs-CRP and Uric Acid Levels.

Linear Regression Coefficients

hs-CRP Uric Acid

B = SE P B = SE P
Model 12 0.796 = 0.348 .022 0.328 = 0.166 .049
Model 2° 0.942 = 0.359 .009 0.292 = 0.172 .090
Model 3¢ 1.326 = 0.429 .002 0.400 = 0.071 .042

Logistic regression OR (95% Cl)
High hs-CRP Hyperuricemia

OR (95 % CI) P OR (95 % CI) P
Model 1? 1.67 (0.72-3.85) 232 1.90 (1.05-3.45) .034
Model 2° 1.89 (0.81-4.41) .142 2.00 (1.08-3.71) .027
Model 3¢ 2.41 (0.86-6.75) .093 2.67 (1.27-5.58) .009

Abbreviations: hs-CRP, high-sensitivity C-reactive protein; SE, standard error; OR, odds ratio; Cl, confidence interval.
*Model I: adjusted for age and body mass index.
®Model 2: adjusted for age, body mass index, alcohol use, and physical activity.
“Model 3: adjusted for age, body mass index, alcohol use, physical activity, and comorbidities (hypertension, diabetes, and hyperlipidemia).
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Figure |I. Comparing the adjusted mean levels of high-sensitivity C-reactive protein (hs-CRP) and uric acid among nonsmokers,

conventional cigarette users, and electronic cigarette users.

significantly increased risk of hyperuricemia (odds ratio =
2.67, 95% confidence interval = 1.27-5.58).

Distributions of hs-CRP and Uric Acid Levels
According to Smoking Type

Median and adjusted mean values for hs-CRP and uric acid
levels were compared between the three smoking groups
(Figure 1). The results revealed that the electronic cigarette
users had the highest median hs-CRP level (0.5 mg/L vs
0.69 mg/L vs 0.80 mg/L) and the highest mean hs-CRP
level (1.25 £ 2.50 mg/L vs 1.37 = 2.46 mg/L vs 2.10 =
4.14 mg/L; P = .047). These results also indicated that non-
smokers tended to have the lowest values for these markers.
While not statistically significant, the electronic cigarette
users also had the highest median uric acid level (5.9 mg/dL
vs 5.8 mg/dL vs 6.3 mg/dL) and the highest adjusted mean

uric acid level (5.91 = 1.32 mg/dL vs 5.94 £ 1.19 mg/dL
vs 6.35 = 1.32 mg/dL; P = .077).

Discussion

Electronic cigarettes are currently used indiscriminately,
despite their potential risks not being clearly understood.
Thus, the present study aimed to evaluate whether their use
was associated with systemic inflammation markers, which
might indicate an elevated risk of CVD. The results suggest
that male Korean electronic cigarette users had significantly
higher levels of hs-CRP and uric acid than nonsmokers, as
well as higher levels of uric acid than even conventional
cigarette users. Even after adjusting for variables that might
affect these inflammatory markers, electronic cigarette use
remained positively correlated with levels of hs-CRP and
uric acid, as well as with an elevated risk of developing
hyperuricemia. These results agree with previous research
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linking conventional cigarette smoking to elevated levels of
inflammatory markers. For example, one study compared
levels of CRP and uric acid in active smokers, passive smok-
ers, and nonsmokers, which revealed that active smokers had
higher CRP and uric acid levels than nonsmokers and passive
smokers.?? A Brazilian study also revealed that smokers had
higher blood levels of hs-CRP than nonsmokers, and smok-
ers with metabolic syndrome were more than twice as likely
to have high hs-CRP levels (>3 mg/L), relative to nonsmok-
ers with metabolic syndrome.?

There are a few potential mechanisms through which elec-
tronic cigarette use may lead to CVD. First, nicotine is an
addictive substance that can cause atherosclerosis by facilitat-
ing angiogenesis and inhibiting apoptosis, and potentially
influences CVD risk based on its associations with endothelial
dysfunction and insulin resistance.?* The aerosol generated
during the vaporization process is also thought to contain car-
bonyls, which may cause inflammation in the body. For exam-
ple, formaldehyde is known to lower BP by affecting smooth
muscle cells, and in chronic smokers may cause thrombotic
disorders by increasing platelet count and triggering oxidative
stress in the heart.?> Acrolein is an unsaturated and highly
toxic compound that may cause dyslipidemia, vascular injury,
and endothelial dysfunction, which may impair the inflamma-
tory response and vascular regeneration.?® Exposure to partic-
ulate matter with a diameter of <2.5 um (PM, ,) may also
affect the regulation of the autonomic nervous system, which
can alter heart rate and directly or indirectly cause oxidative
stress that potentially leads to local inflammation and throm-
bosis.” Moreover, the effects of these molecules on the car-
diovascular organs may be more pronounced than on other
organs, as the cardiovascular tissues have less ability to man-
age toxic nonbiological components, which would suggest
that even small amounts of these molecules might cause can-
cer and CVD. A recent study also revealed that the association
between cigarette smoking and lung cancer was a simple lin-
ear relationship without a threshold value, while the risk of
CVD increased steeply after exposure to a small amount of
cigarette smoke and gradually plateaued at higher concentra-
tions. These results suggest that cigarette use affects the heart
and lungs via different mechanisms. '

Study Limitations

The present study involved a cross-sectional analysis of the
relationship between electronic cigarette use and inflamma-
tion markers, which precluded an analysis of temporal changes
and made it difficult to confirm a causal relationships. In addi-
tion, the study might be limited by inaccuracies regarding the
measurements of nicotine addiction, actual smoking amount,
and smoking duration. Furthermore, the present study was not
able to account for the varying amounts of carbonyl emissions
from different electronic cigarette types, as well as the poten-
tial for environmental exposure to secondhand smoke, which
would vary from individual to individual. Therefore, future

well-designed prospective studies are needed to examine the
relationship between electronic cigarette use and systemic
inflammation, which should include quantitative assessments
of electronic cigarette types and usage levels.

Conclusion

This study revealed that, among Korean men, electronic cig-
arette use was closely linked to levels of hs-CRP and uric
acid, which are known CVD markers. These results suggest
that electronic cigarettes are not a harmless substitute for
conventional cigarettes, and that practical efforts are needed
to target smoking cessation rather than substitution.

Authors’ Note

This study conducted secondary data analysis using raw data from
the 7" KNHANES (2016). The data used in the present study were
downloaded from the website site with open access. The raw data
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Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Ethical Approval

This study was approved by the independent Institutional Review
Board of Jeju National University Hospital, Jeju, Republic of Korea
(Approval Number: 2019-07-008).

ORCID iDs
Hyeonju Kim https://orcid.org/0000-0002-9103-3275
Yunhwan Oh https://orcid.org/0000-0002-1627-7528
References

1. Verhaegen A, Van Gaal L. Do E-cigarettes induce weight
changes and increase cardiometabolic risk? A signal for the
future. Obes Rev. 2017;18:1136-1146.

2. Lee YN, Kim B, Min IS, Hahm MI. The relationship between
E-cigarette experience and smoking cessation behavior among
current smokers. Health Policy Manag. 2017;27:276-283.

3. Korea Centers for Disease Control and Prevention. 2016
National Health Statistics [in Korean]. https://knhanes.cdc.
go.kr/knhanes/sub04/sub04_03.do?classType=7.  Accessed
December 24, 2019.

4. Ministry of Health and Welfare. This is not an e-cigarette, no
smoking aids. http://www.mohw.go.kr/react/al/sal0301vw.
jsp?PAR_MENU ID=04&MENU_ID=0403&CONT _
SEQ=315981&page=1. Published January 6, 2015. Accessed
December 24, 2019.

5. El Golli N, Dkhili H, Dallagi Y, et al. Comparison between
electronic cigarette refill liquid and nicotine on metabolic
parameters in rats. Life Sci. 2016;146:131-138.


https://knhanes.cdc.go.kr/knhanes/sub03/sub03_02_02.do
https://knhanes.cdc.go.kr/knhanes/sub03/sub03_02_02.do
https://orcid.org/0000-0002-9103-3275
https://orcid.org/0000-0002-1627-7528
https://knhanes.cdc.go.kr/knhanes/sub04/sub04_03.do?classType=7
https://knhanes.cdc.go.kr/knhanes/sub04/sub04_03.do?classType=7
http://www.mohw.go.kr/react/al/sal0301vw.jsp?PAR_MENU_ID=04&MENU_ID=0403&CONT_SEQ=315981&page=1
http://www.mohw.go.kr/react/al/sal0301vw.jsp?PAR_MENU_ID=04&MENU_ID=0403&CONT_SEQ=315981&page=1
http://www.mohw.go.kr/react/al/sal0301vw.jsp?PAR_MENU_ID=04&MENU_ID=0403&CONT_SEQ=315981&page=1

Moon et al

41

6.

10.

11.

12.

13.

14.

15.

Vlachopoulos C, Ioakeimidis N, Abdelrasoul M, et al. Electronic
cigarette smoking increases aortic stifftness and blood pressure
in young smokers. J Am Coll Cardiol. 2016;67:2802-2803.

. Putzhammer R, Doppler C, Jakschitz T, et al. Vapours of US

and EU market leader electronic cigarette brands and liquids
are cytotoxic for human vascular endothelial cells. PLoS One.
2016;11:e0157337.

. Moheimani RS, Bhetraratana M, Yin F, et al. Increased cardiac

sympathetic activity and oxidative stress in habitual electronic
cigarette users: implications for cardiovascular risk. JAMA
Cardiol. 2017;2:278-284.

. McNeill A, Brose LS, Calder R, Hitchman SC, Hajek P,

McRobbie H. E-cigarettes: the need for clear communication
on relative risks. Lancet. 2015;386:1237.

Bhatnagar A. E-cigarettes and cardiovascular disease risk:
evaluation of evidence, policy implications, and recommenda-
tions. Curr Cardiovasc Risk Rep. 2016;10:24.

Farsalinos KE, Tsiapras D, Kyrzopoulos S, Savvopoulou M,
Voudris V. Acute effects of using an electronic nicotine-deliv-
ery device (electronic cigarette) on myocardial function: com-
parison with the effects of regular cigarettes. BMC Cardiovasc
Disord. 2014;14:78.

Esbah O, Giirsoy G, Kirnap NG, et al. Relation of resistin
levels with C-reactve protein, homocysteine and uric acid in
smokers and non-smokers. J Res Med Sci. 2011;16:1273-1279.
Wu YQ, Li J, Xu YX, et al. Predictive value of serum uric
acid on cardiovascular disease and all-cause mortality in urban
Chinese patients. Chin Med J (Engl). 2010;123:1387-1391.
Wang J, Tan GJ, Han LN, Bai YY, He M, Liu HB. Novel bio-
markers for cardiovascular risk prediction. J Geriatr Cardiol.
2017;14:135-150.

Kweon S, Kim Y, Jang MJ, et al. Data resource profile: the
Korea national health and nutrition examination survey
(KNHANES). Int J Epidemiol. 2014;43:69-77.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kinjo K, Sato H, Ohnishi Y, et al; Osaka Acute Coronary
Insufficiency Study (OACIS) Group. Impact of high-sen-
sitivity C-reactive protein on predicting long-term mortal-
ity of acute myocardial infarction. Am J Cardiol. 2003;91:
931-935.

Elkind MS. Inflammatory markers and stroke. Curr Cardiol
Rep.2009;11:12-20.

Lee S, Choe JW, Kim HK, Sung J. High-sensitivity C-reactive
protein and cancer. J Epidemiol. 2011;21:161-168.

Nehring SM, Patel BC. C-Reactive Protein (CRP). Treasure
Island, FL: StatPearls; 2018.

Baldree LA, Stapleton FB. Uric acid metabolism in children.
Pediatr Clin North Am. 1990;37:391-418.

World Health Organization. Global Physical Activity
Questionnaire (GPAQ): Analysis Guide. Geneva, Switzerland:
World Health Organization; 2012.

Boshtam M, Abbaszadeh M, Rafiei M, Shahparian M,
Boshtam M. Comparison of serum levels of CRP and uric acid
in active, passive, and non-smokers. ARYA Atherosclerosis.
2010;2(1).

Jamal O, Aneni EC, Shaharyar S, et al. Cigarette smoking
worsens systemic inflammation in persons with metabolic syn-
drome. Diabetol Metab Syndr. 2014;6:79.

Morris PB, Ference BA, Jahangir E, et al. Cardiovascular
effects of exposure to cigarette smoke and electronic cigarettes:
clinical perspectives from the Prevention of Cardiovascular
Disease Section Leadership Council and Early Career Councils
of the American College of Cardiology. J Am Coll Cardiol.
2015;66:1378-1391.

Qasim H, Karim ZA, Rivera JO, Khasawneh FT, Alshbool FZ.
Impact of electronic cigarettes on the cardiovascular system. J
Am Heart Assoc. 2017;6:¢006353.

Benowitz NL, Fraiman JB. Cardiovascular effects of electronic
cigarettes. Nat Rev Cardiol. 2017;14:447-456.



