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The Nose Knows: Sniffing out the Unique
Immunological Risk of Alternative Tobacco Products

To the Editor:

The use of alternative tobacco products (ATPs) continues to expand
even as cigarette smoking rates decline. Electronic cigarettes
(e-cigarettes) and hookah water pipes (hookah) have emerged as two
of the most popular ATPs (1). Both deliver nicotine and a mix of
chemicals, including solvents that function as nicotine carriers,
humectants, and/or flavoring chemicals to enhance the appeal. A key
difference between these two ATPs is their emissions: e-cigarette
liquids are heated to generate an inhalable mixture of particles and
gases; hookah tobacco is burned/charred to generate nicotine-laden
smoke. E-cigarette aerosols have been shown to contain fewer
distinct toxicants than are typically measured in the smoke from
tobacco combustion. However, carcinogens, respiratory irritants,
and toxic metals have been detected in e-cigarette and hookah
emissions (2, 3).

The upper respiratory epithelium (i.e., mouth and nose) are the
first tissues exposed to inhaled pollutants. How inhaled toxicants
affect these tissues often mirrors effects in the lower conducting
airways and gas-exchange regions of the lung. Thus, upper
respiratory mucosal tissues may serve as an easily accessible surrogate
tissue to gauge pulmonary risk (4). However, inconsistent data from
experimental, clinical, and epidemiological studies of ATP health
consequences have made it challenging to reach a consensus on the
potential health risks of these products.

In accordance with institutional review board-approved
protocols (NYUSOM s17–01143 and s16–02226), 89 adults provided
salivary and nasal samples as part of a larger study evaluating the air
quality and health impacts of residential ATP use. Participants (aged
21–50) included never-smokers (n = 37), and current exclusive
tobacco product users (defined as having used within the past 7 days):
cigarette smokers (n = 16), hookah smokers (n = 16), and e-cigarette
vapers (n = 20). Participants were asked to abstain from using their
respective tobacco products for a minimum of 24 hours prior to
sample collection; tobacco product verification and possession were
confirmed during the study visit. Exhaled carbonmonoxide
confirmed combustible smoking status (hookah and cigarettes) and
excluded potential individuals who were enrolled as exclusive
e-cigarette users but who also used combustible tobacco products
(i.e., were poly tobacco users). Saliva and nasal epithelial-lining fluid

were collected using validated protocols (5, 6). A salivary cotinine
ELISA (Salimetrics) confirmed smoking/nonsmoking status.
A V Plex Proinflammatory Panel 1 (human) kit was used to assay
salivary and nasal extracts for 10 proinflammatory cytokines
(Meso-Scale Discovery).

Some notable differences between tobacco product users and
cohort demographics were observed (Table E1 in the data
supplement). The mean age of recruited cigarette smokers (37.1 years
old) was approximately 5 years higher than that of vapers or hookah
smokers (32.2 and 31.6 years old, respectively). Additionally,
participant race/ethnicity seemed to influence product preference:
most vapers were non-Hispanic whites. In contrast, most hookah
smokers were Hispanic, while 50% of cigarette smokers were non-
Hispanic Blacks. Annual household income also correlated with
tobacco product preferences. More than half of vapers reported an
annual household income>$75,000; cigarette and hookah
households were far more likely to report lower incomes. We
evaluated upper respiratory inflammation in e-cigarette and hookah
cohorts against two reference groups (nonsmokers and cigarette
smokers), which served as negative and positive controls, respectively.
Compared with both nonsmokers and cigarette smokers, nasal
inflammation in ATP users was elevated, as evidenced by significantly
increased cytokines in e-cigarette vapers and hookah smokers
(Figure 1). Mean nasal-cytokine levels did not differ significantly
between e-cigarette and hookah cohorts. Except for TNF-a, which
was suppressed in cigarette smokers (Figure 1G), mean
concentrations of nasal cytokines did not differ statistically
between nonsmoking and cigarette-smoking cohorts. Unlike the
ATP-specific inflammatory responses observed in nasal epithelial-
lining fluid, we did not find any association between tobacco
product use and oral inflammation (as assessed by salivary
cytokines) (Table 1).

All nonsmoking participants had nondetectable levels of salivary
cotinine. Cotinine was modestly elevated in hookah smokers
compared with nonsmokers (not statistically significant). Cotinine
levels among vapers and cigarette smokers were significantly elevated
(approximately 10 times higher than hookah smokers) (Table 1).

Here, we present data suggesting two popular ATPs, e-cigarettes
and hookah water pipes, may represent a novel risk factor for nasal
inflammation. The increase in nasal inflammation observed in ATP
users was strikingly absent in cigarette smokers and points to the
unique potential of these products to cause upper respiratory harm.
When stratified by biological sex, nasal inflammation remained
consistently elevated among hookah and e-cigarette cohorts (Table E1).
One caveat: separating ATP cohort participants by sex often affected
the power needed to detect statistically significant differences (Table
E1). Interestingly, the fold-change of nasal inflammation was greater in
male e-cigarette vapers (compared with vaping females, data not
shown); this relative difference in effect size was attributed to sex-based
differences in nasal inflammation of nonsmoking controls. These
clinical data are consistent with previously reported in vitro findings of
opposing inflammatory responses from e-cigarettes and cigarettes in
nasal epithelial cells, reinforcing the potential for ATPs to elicit unique
nasal harm (7).

Expected differences in product-specific tobacco-use patterns
(daily cigarette/e-cigarette use versus less frequent hookah smoking
sessions) were reflected in salivary cotinine levels, although cotinine
did not correlate with either salivary or nasal inflammation.While
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saliva is a common and reliable matrix to quantify cotinine (and
approximate recent nicotine consumption), no statistically significant
changes in salivary cytokines were detected across tobacco cohorts.
Together, these data suggest that saliva may not be an optimal matrix
to evaluate ATP-related immune responses.

Several clinical studies have found that compared with
nonsmokers, even acute ATP use can cause adverse pulmonary
outcomes. While many ATP-linked pulmonary consequences
mirror those observed in cigarette smokers (8, 9), an increasing
number of studies are finding evidence of ATP-specific
immunological responses in respiratory tissues (10). To this end,
a recent study of tobacco-related inflammation implicated
different pathways for inflammation related to e-cigarettes and
cigarettes (11). Thus, the unique cytokine profiles seen here in
ATP users’ nasal epithelium, but not saliva, suggest the nose may
represent a uniquely important target tissue for the investigation
of effects of e-cigarette and hookah emissions. While e-cigarette

and hookah emissions have distinct chemical compositions, both
contain sugar-based solvents, several of which are known
respiratory irritants. Those solvents might explain the shared
nasal inflammatory phenotype we observed (12–15).
Alternatively, product-specific behaviors, such as nasal
exhalation of ATP emissions, may be a significant influencer of
nasal exposure, which could affect the tissue-specific responses
we found.

While the elevated nasal inflammation observed among ATP
users is intriguing and novel, the clinical significance of these modest
changes remains unclear. However, chronic nasal inflammation is an
independent risk factor of chronic rhinosinusitis (CRS), a disease
characterized by persistent (>3 months) nasal and sinus
inflammation. Many cytokines elevated in the nose of ATP users are
secreted by Helper-T (Th) cells, including IL-12, IFN-g, and TNF-a
(Th1) and IL- 4, IL-5, IL-10, IL-13 (Th2). Not only have quantitative
and functional disruptions of Th cell-type ratios been identified in
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Figure 1. Aggregate nasal cytokine concentrations stratified by participant tobacco product status: adult nonsmokers (NS; blue, n = 35),
cigarette smokers (CS; black, n = 13), hookah smokers (HS; dark gray, n = 13), and e-cigarette users (EU, light gray, n = 19). Data are
expressed as cytokine group means (pg/ml) 1 SEM. Because nasal data failed normality tests, a Kruskal-Wallis test was used to identify mean
differences. When P < 0.05, a post hoc Dunn’s multiple comparisons test was used to identify which groups were different from one another.
Blue lines indicate when means were statistically different from NS reference group (i.e., negative control). Black lines indicate when means
were statistically different from CS reference group (i.e., positive control). *P < 0.05, **P < 0.01, and ***P < 0.001.
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patients diagnosed with rhinitis of multiple origins (16), including
CRS (17), but overactive Th signaling has also been implicated in
autoimmunity (Th1), allergy (Th2), and hypersensitivity (Th1 and
Th2). Separately, nasal immune responses at both the gene and
protein level, including Th1 cytokines, were attenuated in e-cigarette
users inoculated with live-attenuated influenza virus (18). Whether
increases in baseline nasal inflammation associated with ATP use in
healthy adults increases the risk of rhinitis or augments response to
infection remains to be seen.

Several study characteristics limit further interpretation of our
findings. These include the relatively small sample size of the tobacco-
product cohorts. The study’s cross-sectional nature prevents us from
commenting on how previous tobacco history and current product
use (i.e., frequency and brand) might influence the observed nasal
inflammation. Additional limitations include approximate time from
most recent tobacco product use and sample collection, allergic
rhinitis status, and nasal corticosteroid use. Future work should
validate these findings in a larger cohort, examining whether these
ATPs trigger inflammation through shared biological pathways and
exploring long-term health impacts of nasal-cytokine elevations. Our
findings also highlight a need to expand the health endpoints assessed
in ATP-toxicity studies. Understanding why some respiratory tissues,
such as the nose, are more sensitive to ATP emissions will inform
public health initiatives and substantiate clinical recommendations.�
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Table 1. Mean Salivary Cytokine and Cotinine Concentrations Stratified by Participant Tobacco Use

Analyte NS CS HS EU P value

IL-2 (pg/ml) 1.1 6 0.3 0.4 6 0.1 0.5 6 0.1 0.4 6 0.1 0.92
IL-4 (pg/ml) 0.1 6 0.03 0.1 6 0.01 0.1 6 0.01 0.1 6 0.01 0.93
IL-6 (pg/ml) 1.4 6 0.4 1.0 6 0.4 0.6 6 0.2 1.1 6 0.5 0.83
IL-8 (pg/ml) 347.4 6 94.0 82.3 6 39.7 51.8 6 23.1 21.2 6 6.9 0.13
IL-10 (pg/ml) 0.6 6 0.2 0.1 6 0.03 0.1 6 0.02 0.1 6 0.02 0.74
IL-12p70 (pg/ml) 0.2 6 0.06 0.2 6 0.05 0.2 6 0.06 0.2 6 0.03 0.83
IL-13 (pg/ml) 2.6 6 0.7 1.1 6 0.4 1.3 6 0.3 1.1 6 0.3 0.89
IL-1b (pg/ml) 26.5 6 6.8 23.8 6 6.8 24.8 6 9.9 14.6 6 5.4 0.44
IFN-g (pg/ml) 1.4 6 0.3 1.9 6 0.5 1.1 6 0.4 1.6 6 0.4 0.57
TNF-a (pg/ml) 1.8 6 0.6 0.4 6 0.10 0.4 6 0.1 0.4 6 0.1 0.86
Cotinine (ng/ml) N.D. 23.8 6 6.18**** 2.88 6 0.61† 19.1 6 4.57*** ,0.01

Definition of abbreviations: ATP = alternative tobacco product; CS = cigarette smoker; EU = e-cigarette user; HS = hookah smoker;
N.D. = nondetectable (all samples below the lower limit of detection of 0.4 ng/ml); NS = nonsmoker.
Analyte aggregate means 6 SEM by tobacco product use. Because salivary data failed normality tests, analytes were analyzed with
nonparametric Kruskal-Wallis tests. When P < 0.05 (in bold), a Dunn’s multiple comparison test was performed post hoc to identify where
statistically significant differences occurred.
Asterisks indicate when tobacco product differs from nonsmoking outcome (negative reference group). ***P < 0.001, and ****P < 0.0001.
†Indicates when ATP groups differ from cigarettes (i.e., positive reference group).
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