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Abstract

Purpose : Smoking is a major factor in chronic obstructive pulmonary disease (COPD), but the effect of electrical cigarette
smoking on COPD development is still uncertain. This study aimed to compare the functions of airways and lungs exposed to
combustible cigarettes and electrical cigarettes based on the pulmonary function test (PFT) results from the Korean National Health
and Nutrition Examination Survey (NHANES).

Methods : This study used data from 8,942 participants with PFT results out of 47,309 total subjects from the 6th to 8th Korean
NHANES (2014-2015, 2016-2018, and 2019, respectively). Individuals with diseases such as cancer, ex-smokers, and dual tobacco
users were excluded. The PFT results were analyzed according to the COPD diagnostic criteria. After adjusting for confounding
variables, a complex sample generalized linear model ANOVA test was performed to investigate the association between PFT results
and combustible smoker or electrical cigarette user groups.

Results : In an analysis based on the obstructive ventilatory disorders (forced expiratory volume in 1 second[FEV,]/forced vital
capacity[FVC]<.7), combustible cigarette smokers showed a 3.46 times higher risk of COPD compared to non-smokers, while
electrical cigarette smokers exhibited no significant difference in terms of COPD-related risks compared to non-smokers. FEV,
showed a negative relation with combustible cigarette smokers as reported elsewhere (B=-.07, p<.001). FEV,/FVC was negatively
related to both combustible cigarette smokers (B=-.03, p<.001) and electrical cigarette smokers (B=-.02, p<.001).

Conclusion : FEV|/FVC decreases were observed in the long-term exposure to both combustible and electrical cigarettes. The
lower FEV, in the combustible cigarette group implies the worsening of the severity of COPD, suggesting more damage to the
airways and lungs in the short term. Therefore, the temporary electrical cigarettes use for the transition period in order to smoking
cessation potentially aids to reduce the harmful effect of combustible cigarettes in COPD development.
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Table 1. General characteristics of the study participants

(n= 8,891)

Variables

Value

Normal

7,179 (81.20 %)

Ventilation disorder by pulmonary function Restrictive ventilation disorder (FVC<80.00 %
test result predicted)

949 (10.60 %)

Obstructive ventilation disorder (FEV/FVC<.7)

763 (8.30 %)

Age 54.55+.16
Male 2,521 (33.20 %)
Sex
Female 6,370 (66.80 %)
Non-smoker 7,014 (75.50 %)
Cigarette smoking method Combustible cigarette 1,844 (24.00 %)
Electrical cigarette 33 (0.40 %)
No 1,905 (20.30 %)
<1/month 2,352 (25.50 %)
Alcohol drinking frequency =1/month 1,119 (12.40 %)
2~4/month 2,111 (24.60 %)
=>2~3/week 1,404 (17.30 %)
No 4,994 (54.40 %)
Aerobic exercise
Yes 3,897 (45.60 %)
<18.50 705 (8.00 %)
18.50~22.90 2,865 (32.00 %)
BMI (kg/m’)
23.0~24.90 2,250 (25.50 %)
>25 3,071 (34.50 %)
No 6,729 (77.10 %)
Hypertension
Yes 2,162 (22.90 %)
No 6,967 (79.20 %)
Dyslipidemia
Yes 1,924 (20.80 %)
No 8,758 (98.70 %)
Cerebral stroke
Yes 133 (1.30 %)
o ) ) ) No 8,714 (98.30 %)
Myocardial infarction or Cardiac angina
Yes 177 (1.70 %)
No 7,473 (85.90 %)
Arthritis
Yes 1,418 (14.10 %)
No 7,599 (87.20 %)
Osteoarthritis
Yes 1,292 (12.80 %)
No 8,135 (91.60 %)
Diabetes
Yes 756 (8.40 %)

BMI; body mass index
Values are presented as meantstandard error or unweighted number (weighted %)
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Table 2. General characteristics among cigarette smoking method

. Combustible cigarette Electrical cigarette Bonferroni
Variables Nonsmoker (A) B) & ©) & p-value cotrection
Age 55.34+.17 52.13+.25 49.36+1.63 <.001* A>B,C
Sex
Male 927 (15.60 %) 1,565 (87.40 %) 29 (91.20 %) <.001°
Female 6,087 (84.40 %) 279 (12.60 %) 4 (8.80 %)
Alcohol drinking
frequency
No 1,675 (23.10 %) 226 (11.40 %) 4 (12.10 %) <.001°
<1/month 2,114 (29.70 %) 237 (12.60 %) 1 (2.30 %)
=1/month 944 (13.40 %) 176 (9.20 %) 3 (6.90 %)
2~4/month 1,581 (23.20 %) 524 (28.90 %) 9 (26.10 %)
=>2~3/week 707 (10.50 %) 681 (37.90 %) 16 (52.60 %)
Aerobic exercise
No 3,906 (53.80 %) 1,069 (56.20 %) 19 (55.50 %) 281°
Yes 3,108 (46.20 %) 775 (43.80 %) 14 (44.50 %)
BMI (kg/m’)
<18.5 562 (8.20 %) 142 (7.60 %) 1 (1.70 %) <.001°
18.5~22.9 2,361 (33.70 %) 497 (26.60 %) 7 (16.20 %)
23~24.9 1,764 (25.20 %) 482 (26.80 %) 4 (13.90 %)
>25 2,327 (32.90 %) 723 (39.00 %) 21 (68.20 %)
Hypertension
No 5,329 (77.50 %) 1,377 (76.00 %) 23 (67.20 %) 321°
Yes 1,685 (22.50 %) 467 (24.00 %) 10 (32.80 %)
Dyslipidemia
No 5,451 (78.40 %) 1,491 (81.70 %) 25 (73.80 %) 041°
Yes 1,563 (21.50 %) 353 (18.30 %) 8 (26.20 %)
Cerebral stroke
No 6,913 (98.80 %) 1,812 (98.60 %) 33 (100 %) 677°
Yes 101 (1.20 %) 32 (1.40 %) 0 (.00 %)
Myocardial infarction /
Cardiac angina
No 6,878 (98.20 %) 1,803 (98.30 %) 33 (100 %) 734°
Yes 136 (1.80 %) 41 (1.70 %) 0 (.00 %)
Arthritis
No 5,711 (83.00 %) 1,731 (94.70 %) 31 (95.80 %) <.001°
Yes 1,303 (17.00 %) 113 (5.30 %) 2 (420 %)
Osteoarthritis
No 5,820 (84.50 %) 1,748 (95.50 %) 31 (95.80 %) <.001°
Yes 1,194 (15.50 %) 96 (4.50 %) 2 (4.20 %)
Diabetes
No 6,476 (92.30 %) 1,633 (89.70 %) 26 (74.20 %) <.001°
Yes 538 (7.70 %) 211 (10.30 %) 7 (25.80 %)
Pulmonary function test
FVC 3.15+.11 4.11+.20 4.22+.13 <.001° B,C>A
FVC % predicted 92.29+.16 91.04+.30 89.77+1.94 <.001* A>C
FEV, (L) 2.50+.01 3.13+.02 3.28+.12 <.001* B,C>A
FEV, % predicted 92.26+.17 88.14+.32 88.2342.04 <.001° A>B
FEV//FVC .79+£.01 .76+.01 77+£.01 <.001° A>B

BMI; body mass index

* was complex sample generalized linear model ANOVA test and post hoc test was done by Bonferroni correction

® was taken by complex sample Rao-Scott adjusted chi-square test
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Table 3. General characteristics among ventilation disorder

Restricted ventilation Obstructive

Variables (nI;Io;nIe;lg) disorder ventilation disorder p-value lggﬁiegtrg::
’ (n= 949) (n= 763)
Age 53.20+.15 (A) 58.70+.44 (B) 62.43+.47 (C) <.001* C>B>A
Sex
Male 1,722 (29.20) 358 (42.40) 441 (60.50) <.001°
Female 5,457 (70.80) 591 (57.60) 322 (39.50)
Cigarette smoking method
Non-smoker 5,898 (78.60) 716 (72.30) 400 (49.90) <.001°
Combustible cigarette 1,256 (21.00) 228 (27.10) 360 (49.90)
Electrical cigarette 25 (.40) 5 (.60) 3 (.30)
Alcohol drinking frequency
No 1,501 (19.90) 228 (22.40) 176 (21.20) .001°
<1/month 1,955 (25.90) 236 (25.20) 161 (21.40)
=1/month 922 (12.70) 114 (11.40) 83 (10.30)
2~4/month 1,720 (24.90) 218 (23.70) 173 (23.20)
=>2~3/week 1,081 (16.60) 153 (17.30) 170 (23.90)
Aerobic exercise
No 3,985 (53.60) 559 (57.60) 450 (58.10) .020°
Yes 3,194 (46.40) 390 (42.40) 313 (41.90)
BMI (kg/m’)
<18.5 602 (8.60) 37 (3.80) 66 (8.20) <.001°
18.5~22.9 2,423 (33.40) 183 (19.40) 259 (33.40)
23~24.9 1,849 (25.90) 206 (22.10) 195 (26.00)
=25 2,305 (32.10) 523 (54.70) 243 (32.40)
Hypertension
No 5,641 (79.80) 599 (64.20) 498 (66.60) <.001°
Yes 1,538 (20.20) 359 (35.80) 265 (33.40)
Dyslipidemia
No 5,735 (80.70) 635 (67.70) 597 (79.20) <.001°
Yes 1,444 (19.30) 314 (32.30) 166 (20.80)
Cerebral stroke
No 7,099 (99.10) 921 (97.50) 748 (97.00) <.001°
Yes 80 (.90) 28 (2.50) 25 (3.00)
Myocardial infarction /
Cardiac angina
No 7,072 (98.60) 906 (96.30) 738 (97.00) <.001°
Yes 107 (1.40) 43 (3.70) 27 (3.00)
Arthritis
No 6,096 (86.70) 754 (81.60) 623 (82.70) <.001°
Yes 1,083 (13.30) 195 (18.40) 140 (17.30)
Osteoarthritis
No 6,201 (88.10) 770 (83.00) 628 (83.20) <.001°
Yes 978 (11.90) 179 (17.00) 135 (16.80)
Diabetes
No 6,665 (93.00) 801 (83.20) 669 (88.90) <.001°
Yes 514 (7.00) 148 (16.80) 94 (12.00)

BMI; body mass index
* was complex sample generalized linear model ANOVA test and post hoc test was done by Bonferroni correction
® was taken by complex sample rao-scott adjusted chi-square test
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Table 4. Adjusted odds ratios for restricted ventilation disorder and obstructive ventilation disorder by

cigarette smoking method

Variables Cigarette smoking Non-smoker Combustlble Electrical cigarette
method cigarette
OR reference 1.10 1.02
Restrlcte?d ventilation 95 % CI 26-1.40 32329
disorder
p-value 437 .968
. o OR 3.46 1.11
Obstructive ventilation
disorder 95 % CI 2.68-4.47 .34-3.61
(FEV/FVC<.7) .
p-value <.001 .867

* was taken by complex samples logistic regression analysis test (adjusted by age, sex, smoking method, alcohol drinking frequency,
aerobic exercise, BMI, hypertension, dyslipidemia, cerebral stroke, myocardial infarction and cardiac angina, arthritis, osteoarthritis and

diabetes)
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Table 5. FEV; and FEV/FVC by cigarette smoking method

Variable Oty fris ey Non-smoker Combustible cigarette Electrical cigarette
method
B .04 .05
FVC SE Reference .02 .09
p-value® .088 577
B 33 12
FVC %
predicted SE 42 1.88
p-value 437 .949
B -.07 -.03
FEV, SE .02 .08
p-value <.001 732
B -2.83 -2.63
FEV: %
predicted SE 48 2.14
p-value <.001 220
B -.03 -.02
FEV//FVC SE .01 .01
p-value <.001 .023

was taken by complex samples multinominal regression test (adjusted by age, sex, smoking method, alcohol drinking frequency,

aerobic exercise, BMI, hypertension, dyslipidemia, cerebral stroke, myocardial infarction and cardiac angina, arthritis, osteoarthritis and
diabetes)
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