
Persistence of airway inflammation in smokers who switch to
electronic cigarettes

To the Editor:

Despite increased awareness of the potential risks of electronic cigarette (e-cigarette) use [1], vaping
e-liquids containing nicotine continues to be thought of as a less harmful alternative to smoking
combustible cigarettes. Recent evidence points to nicotine-containing e-cigarettes, either alone or in
combination with nicotine patches, as being effective for smoking cessation [2, 3]. Although both
e-cigarettes and nicotine replacement therapy (NRT) provide a replacement source of nicotine, e-cigarettes
are often vaped over the long term while NRT is applied mostly for a discrete quitting period [2]. A recent
study showed that 63 (80%) out of 79 participants who successfully switched from tobacco cigarettes to
nicotine-containing e-cigarettes continued to use e-cigarettes after 52 weeks compared to only four (9%)
out of 44 participants who continued to use NRT [2]. Thus, harm reduction by switching from tobacco
cigarettes to e-cigarettes must be examined. Here, we report that expression of tumour necrosis factor
(TNF)-α mRNA remained elevated and levels of matrix metalloproteinase (MMP)-9 activity were
significantly increased in the upper airways of smokers who switched from combustible cigarettes to
nicotine-containing e-cigarettes as compared to smokers who abstained from combustible cigarettes with
the aid of NRT and/or varenicline.

Veterans with ⩾5-pack-years smoking history who actively smoked were recruited from the Miami
Veterans Affairs Medical Center (Miami, FL, USA) and trained to vape flavouring-free e-liquid containing
50%/50% (w/v) propylene glycol and vegetable glycerine with freebase nicotine (12 mg·mL−1) using a
second-generation eVic Supreme ( Joyetech, Shenzen, China) e-cigarette device (www.clinicaltrials.gov
identifier NCT03251053) [4]. Volunteers who exclusively used nicotine-containing e-cigarettes during a
4-week replacement phase (weeks 1–4) were then asked to continue exclusive e-cigarette use for an
additional 12-week maintenance phase (weeks 5–16). Compliance was biochemically confirmed by
exhaled levels of carbon monoxide (<6 ppm) and venous carboxyhaemoglobin values (<1.6%). Seven
participants successfully switched to exclusive e-cigarette use and abstained from smoking combustible
cigarettes for the duration of the 16-week study period (e-cigarette group). Seven active smokers with
⩾5-pack-years smoking history who continued to smoke combustible cigarettes (cigarette group) and eight
active smokers with ⩾5-pack-years smoking history who quit smoking (biochemically confirmed with
exhaled levels of CO ⩽5 ppm) with the aid of NRT and/or varenicline (NRT/VAR group) served as
comparators, and were recruited from the Miami Veterans Affairs Medical Center and Swope Health
(Kansas City, MO, USA), respectively.

The mean±SD age of study participants was 55±11 years in the NRT/VAR group, 55±12 years in the
cigarette group and 57±13 years in the e-cigarette group (p=0.69, Kruskal–Wallis test). The percentage of
males was 38% (three out of eight) in the NRT/VAR group, 100% (seven out of seven) in the cigarette
group and 100% (seven out of seven) in the e-cigarette group (p=0.004, Chi-squared test). Most
participants were of black ethnicity: 100% (eight out of eight) in the NRT/VAR group, 57% (four out of
seven) in the cigarette group and 71% (five out of seven) in the e-cigarette (p=0.28, Chi-squared test).
Mean±SD smoking history was 21±14 pack-years in the NRT/VAR group, 27±14 pack-years in the
cigarette group and 36±21 pack-years in the e-cigarette group (p=0.24, one-way ANOVA followed by
Tukey test).

Copyright ©The authors 2022

This version is distributed under
the terms of the Creative
Commons Attribution Non-
Commercial Licence 4.0. For
commercial reproduction rights
and permissions contact
permissions@ersnet.org

Received: 1 March 2022
Accepted: 5 May 2022

Shareable abstract (@ERSpublications)
As opposed to smoking cessation with nicotine-replacement therapy and/or varenicline, nicotine-
containing e-cigarette use does not improve some airway inflammatory markers.
https://bit.ly/3FyqIt9

Cite this article as: Kim MD, Baumlin N, Guerrero-Cignarella A, et al. Persistence of airway
inflammation in smokers who switch to electronic cigarettes. ERJ Open Res 2022; 8: 00117-2022
[DOI: 10.1183/23120541.00117-2022].

https://doi.org/10.1183/23120541.00117-2022 ERJ Open Res 2022; 8: 00117-2022

ERJ OPEN RESEARCH
RESEARCH LETTER

M.D. KIM ET AL.

http://www.clinicaltrials.gov
mailto:permissions@ersnet.org
https://crossmark.crossref.org/dialog/?doi=10.1183/23120541.00117-2022&domain=pdf&date_stamp=
https://bit.ly/3FyqIt9
https://bit.ly/3FyqIt9
https://doi.org/10.1183/23120541.00117-2022


To assess inflammation in the upper airways, we collected nasal epithelial cells (NECs) and nasal epithelial
lining fluid (ELF) from participants in both the cigarette and e-cigarette groups at the beginning of week 5 and
the end of week 16. NECs and nasal ELF were collected from the NRT/VAR group at the beginning of the
study (visit 1) and at the end of any consecutive 12-week period (within 18 weeks of visit 1) in which
volunteers were able to successfully abstain from combustible cigarettes, as assessed by exhaled CO levels.
NECs were collected using a 5.5-mm diameter nylon brush (Doft AB, Östhammar, Sweden) and nasal ELF
was collected in the nostrils using precut, absorbent Leukosorb paper (Pall Corporation, Port Washington, NY,
USA). Sampling of the nasal mucosa is minimally invasive and nasal samples can be reliably assayed for
markers of airway inflammation as a well-accepted surrogate for the lower airways [5, 6].

TNF-α, transforming growth factor (TGF)-β1 and MMP-9 were the major focus of this study because they
are well-known mediators of smoking-related airway inflammation and play important roles in the
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FIGURE 1 Changes in expression levels of tumour necrosis factor (TNF)-α, transforming growth factor (TGF)-β1 and matrix metalloproteinase
(MMP)-9 mRNAs and activity levels of MMP-9 in the upper airways of study participants. a) Relative expression levels of TNF-α, TGF-β1, and MMP-9
mRNAs in nasal epithelial cells (NECs), and relative activity levels of MMP-9 in nasal epithelial lining fluid (ELF), collected from smokers who
abstained from smoking with the aid of nicotine-replacement therapy or varenicline (NRT/VAR group) measured at baseline (before) and after a
12-week period of successful abstinence from combustible cigarettes (after). b) Relative expression levels of TNF-α, TGF-β1 and MMP-9 mRNAs in
NECs, and relative activity levels of MMP-9 in nasal ELF, collected from smokers who continued to smoke combustible cigarettes measured at week
5 (before) and week 16 (after). c) Relative expression levels of TNF-α, TGF-β1, and MMP-9 mRNAs in NECs, and relative activity levels of MMP-9 in
nasal ELF, collected from smokers who switched exclusively to electronic cigarettes (e-cigarettes) measured at week 5 (before) and week 16 (after).
Measurements from some participants were not included because mRNA levels were below the limit of detection. Bars show mean values. All data
were analysed using Prism software (GraphPad, San Diego, CA, USA). NS: not significant. *: p<0.05 by Wilcoxon test.
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progression of COPD pathogenesis [7–10]. Furthermore, expression of these markers is known to be
elevated in nasal samples from smokers [10, 11]. TNF-α also decreases in subjects quitting with NRT
within a 12-week period [12]. We therefore measured expression levels of TNF-α, TGF-β1, and MMP-9
mRNAs from NECs by droplet digital PCR with TaqMan assays (TNF-α, Hs00174128_m1; TGF-β1,
Hs00998133_m1; MMP-9, Hs00234579_m1; Thermo Fisher Scientific, Waltham, MA, USA) and levels of
MMP-9 activity from nasal ELF collections using a Human Active MMP-9 Fluorokine E Kit (#F9M00;
R&D Systems, Minneapolis, MN, USA). The study protocol was reviewed and approved by the Miami
Veterans Affairs Medical Center and the University of Kansas Medical Center Institutional Review Boards.

The NRT/VAR group showed a significant decrease in expression levels of TNF-α mRNA after 12 weeks
(figure 1a), consistent with a recent report showing reduced systemic levels of TNF-α in participants who
quit smoking with NRT or varenicline after 12 weeks [12]. However, TNF-α mRNA expression levels
were unchanged in both the cigarette and e-cigarette groups after the 12-week period (figure 1b and c). No
group showed significant changes in expression levels of TGF-β1 or MMP-9 mRNAs, although trends
were observed (figure 1). As MMP-9 activity, rather than expression, is likely to be a better indicator of an
inflammatory environment, we measured MMP-9 activity from nasal ELF samples. Required adjustments
in nasal ELF collection procedures due to COVID-19 (no nasal spray application before collection) limited
the amount of material for MMP-9 activity assays in the NRT/VAR group for some participants. Despite
the small sample size, levels of MMP-9 activity showed a trending decrease in the NRT/VAR group after
12 weeks, correlating with the reduction in MMP-9 mRNA expression (figure 1a). Although the cigarette
group did not show a significant change in MMP-9 activity levels (figure 1b), the e-cigarette group
showed a significant increase in levels of MMP-9 activity after the 12-week period (figure 1c).

In conclusion, the finding of persistent inflammation in the upper airways of e-cigarette users that
successfully abstained from smoking should be carefully considered in the context of e-cigarettes as a
tobacco smoking cessation tool designed for long-term use. COPD is a pathophysiological consequence of
persistent airway inflammation linked to increased TNF-α signalling and protease activity, including
MMP-9 [7, 8]. MMP-9 was recently found to be equally elevated in bronchoalveolar lavage from both
smokers and users of nicotine-containing e-cigarettes, including both previous smokers and never-smokers,
compared to healthy nonsmokers [13].

An important limitation of this study is that only second-generation e-cigarette devices containing e-liquids
with freebase nicotine were used. Newer generation e-cigarettes may be more or less toxic than the
e-cigarette device used in the present study. It will therefore be important to determine whether airway
inflammation persists in smokers who switch to newer-generation e-cigarettes. Another limitation is the
low overall subject number and significant difference in the sex of participants among the three groups
given differences in nicotine metabolism between males and females [14]. Unfortunately, our study was
not powered to examine sex differences. However, a recent study found that circulating levels of
endothelin-1 and TNF-α were significantly reduced in smokers who quit with NRT or varenicline after
12 weeks with no significant differences based on sex [12]. Despite these limitations, our study provides
evidence that NRT or varenicline as cessation methods can lead to improvements in some airway
inflammatory markers compared to nicotine-containing e-cigarettes after only 12 weeks of abstinence.
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