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Association between Electronic Cigarettes, Conventional Cigarettes, and Dual Use and
Inflammation and Oxidative Stress: The Seventh Korean National Health and Nutrition
Examination Survey 2016—2018
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Department of Family Medicine, Chung-Ang University Hospital, Seoul, Korea

Background: The rate of e-cigarette use is increasing due to the perception that there is a smoking cessation effect and that there is relatively low harm;
most users use e-cigarettes in combination with conventional cigarettes. Therefore, this study compares the systemic inflammation and oxidative
stress among groups of people with realistic smoking patterns: conventional smokers (CS), only e-cigarette smokers (ECS), dual users (DS), and non-
smokers (NS).

Methods: Data from the Korean National Health and Nutrition Examination Survey VII (2016-2018) were used. We compared urinary cotinine (Ucot) as
a nicotine indicator, uric acid (UA) and high sensitivity C-reactive protein (hsCRP) as inflammation indicators, and folate, vitamin A, and vitamin E,
which are antioxidants, as oxidative stress indicators. A complex samples general linear regression was performed.

Results: Altogether, 5,191 participants were divided into 940 CS, 110 DS, 23 ECS, and 4,118 NS. Ucot levels were higher in all smoking groups than in NS,
with the highest value in DS (P<0.001). UA levels were higher in all smoking groups and significantly higher in DS than in CS (P<0.01). hsCRP levels
were higher in all smoking groups but not at a statistically significant level. Contrary to the expectation that antioxidants would be low in smokers,
all oxidative stress indicators were higher in DS than in NS.

Conclusion: Nicotine exposure in dual users was not significantly different from that in conventional smoking, and UA was significantly higher in dual
users than in conventional smoking. Therefore, it is necessary to provide adequate smoking cessation education for e-cigarette smokers.
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Table 1. General characteristics by smoking pattern

Variable Conventional smokers Dual users E-cigarette smokers Non-smokers P-value
(n=940) (n=110) (n=23) (n=4,118)
Sex <0.001
Male 794 (87.3) 100 (90.2) 21(88.1) 1,493 (41.3)
Age (y) 43.19+0.49 35.84+1.17 36.69+2.26 46.67+0.30 <0.001
Body mass index (kg/m?) 24.30+0.14 25.20+0.33 25.91+0.73 23.77+0.07 <0.001
Marriage status 0.030
Married 613 (62.3) 70 (57.5) 14 (59.6) 2,891 (67.4)
Educational level <0.001
<Elementary school 96 (8.4) 0(0.0) 1(2.6) 680 (12.7)
Middle school 85 (7.4) 4(4.7) 1(4.8) 388(8.7)
High school 384 (44.1) 51(49.7) 4(13.6) 1,325 (33.6)
>College 375 (40.2) 55 (46.2) 17 (79.0) 1,725 (45.0)
Household income (monthly, ¥) 0.122
Low (<1,000,000) 142 (13.1) 7 (7.8) 1(1.8) 624 (12.3)
Mid-low (1,000,000-2,000,000) 231(23.7) 19(17.5) 5(22.8) 986 (23.0)
Mid-high (2,000,000-3,000,000) 302 (32.9) 35(29.9) 8(31.2) 1,204 (30.2)
High (>3,000,000) 265 (30.2) 49 (44.8) 9 (44.2) 1,304 (34.5)
Frequency of binge drinking <0.001
No or never drinking 210(19.6) 14(11.2) 8(30.0) 2,276 (51.5)
Monthly or less than once a month 303 (31.7) 47 (39.4) 9(38.4) 1,223 (32.1)
Weekly 291 (33.4) 29 (28.9) 5(26.9) 458 (12.2)
Daily 136 (15.2) 20 (20.5) 1(4.6) 161 (4.2)
Self-rated health 0.309
Healthy 783 (84.0) 88 (79.0) 17 (80.7) 3,461 (85.3)
Activity restriction 0.216
Yes 48 (4.5) 2(1.6) 0(0.0) 256 (5.1)
Hypertension 154 (15.2) 12(11.9) 4(18.4) 863 (18.4) 0.137
Diabetic mellitus 69 (6.7) 5(3.6) 4(16.2) 318 (6.5) 0.160
Dyslipidemia 114 (11.8) 10(8.1) 3(13.8) 669 (15.2) 0.034

Values are expressed as unweighted numbers (weighted %) or meantstandard error.
E-cigarette, electronic cigarette.
P-values are from Rao-Scott y? test for categorical variables and analysis of variance (ANOVA) for continuous variables.
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Table 2. Reasons for e-cigarette use

Reasons for e-cigarette use Value
Helpful for smoking cessation 108 (47.5)
Less harmful than tobacco smoking 46 (23.6)
Curiosity 16 (10.3)
No smoke smell 16 (8.2)
Possibility for indoor smoking 1(6.8)
Better flavor 3 (2.1)
Easy access to obtain 2(0.9)
Miscellaneous 2(0.7)
Total 204 (100.0)

Values are presented as number (weighted %).
E-cigarette, electronic cigarette.
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Table 3. Comparison of Ucot, UA, hsCRP, folate and vitamin A, E concentrations according to smoking patterns

Variables Conventional smokers (a) Dual users (b) E-cigarette smokers () Non-smokers (d) P-value Post-hoc
Ucot (ng/mL) 1,240.28+32.54 1,261.78+72.91 1,111.88+256.60 28.93+3.65 <0.001 a, b, cd™
Model 1 1,240.28+32.54 1,261.78+72.91 1,111.88+256.60 28.93+3.65 <0.001 a, b, cd™
Model 2 1,209.19+£31.83 1,233.42+73.84 1,088.30+253.32 24.36%7.51 <0.001 a,b,cd™
Model 3 1,209.69+32.74 1,226.88+75.56 1,103.70+251.76 26.42+12.62 <0.001 a, b, cd™
UA (mg/dL) 5.76+0.05 6.34+0.15 5.84+0.33 5.05+0.02 <0.001 a, b>d*
ol
Model 1 5.87+0.07 6.45+0.16 5.93+0.35 5.02+0.03 <0.001 a, b>d*
el
2<br
Model 2 5.35+0.06 5.74+0.14 5.19+0.30 5.14+0.03 0.041 b>a>d**
g
Model 3 5.37+0.07 5.77+0.14 5.23+0.31 5.19+0.04 0.001 a>d
g
gy -
hsCRP (mg/L) 1.29+0.07 1.19£0.17 1.32+0.50 1.08+0.03 0.055 a>d™
Model 1 1.42+0.12 1.31£0.19 1.42+0.51 1.05+0.04 0.066 a>d™
Model 2 1.37£0.13 1.24+0.19 1.30£0.52 1.05£0.05 0.165 a>d’
Model 3 1.42+0.13 1.312£0.19 1.32+0.51 1.09£0.06 0.149 a>d
Folate (ng/mL) 5.41+0.10 5.72+0.28 5.05+0.42 7.64+0.07 <0.001 a, b, c<d™*
Model 1 5.99+0.14 6.31+0.30 5.55+0.43 7.48+0.07 <0.001 a, b, c<d™*
Model 2 6.68+0.16 7.46+0.30 6.66+0.41 7.39+0.09 <0.001 a<d™*
a<b™
Model 3 6.43+0.16 7.19+0.30 6.22+0.40 7.07+0.11 <0.001 a<d™*
a<b™
c<b, d*
Vitamin A (mg/L) 0.60+0.01 0.65+0.05 0.56%0.03 0.51+0.00 <0.001 a>d™
b>d*
Model 1 0.59+0.01 0.64+0.05 0.55+0.04 0.51+0.01 <0.001 a>d™
b>d™
Model 2 0.58+0.01 0.65+0.05 0.55+0.03 0.53+0.01 0.001 a>d™
b>d"
Model 3 0.60£0.01 0.66+0.05 0.59+0.03 0.57£0.01 0.055 a>d
b>d"
Vitamin E (mg/L) 13.24+0.20 13.76+0.96 11.68+0.57 13.67+0.15 0.002 a<d*
c<d™
Model 1 13.60+0.28 14.13+1.04 11.99+0.60 13.57+0.15 0.045 b, d>c*
o
Model 2 14.14+0.28 15.09+1.03 12.76+0.57 13.72+0.18 0.044 a, b>c
Model 3 14.16+0.29 15.05+1.06 12.77+0.60 13.80+0.21 0.043 a, b>c*

Values are expressed as meantstandard error for both unadjusted and adjusted models. Model 1 was adjusted for Ucot level; in the analysis of the dependent variable,
except for Ucot. Model 2 was adjusted for sex, age, body mass index, dyslipidemia in addition to the factors of model 1. Model 3 was adjusted for marriage status, edu-
cational level, frequency of binge drinking in addition to the factors of model 2.

Ucot, urinary cotinine; UA, uric acid; hsCRP, high sensitivity C-reactive protein; e-cigarette, electronic cigarette.

P-values are from complex samples general linear regression. *P<0.05, **P<0.01, ***P<0.001.
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