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Summary

Objectives. Head and neck cancers (HNC) are major global
issues that are associated with tobacco use. The increasing preva-
lence of electronic cigarettes (e-cigarettes) necessitates exploring
their health risks. The aim of the study is to identify the HNC risk
associated of e-cigarettes compared to conventional cigarettes.
Methods. Data from the National Interview Health Survey
(NHIS) from 2020-2022 was analyzed. The diagnosis of HNC was
the primary outcome. Exposure included electronic and conven-
tional cigarette use. Regression analysis was used to establish the
relationship between both variables.

Results. The study included 77,419 individuals, with 409 of whom
were diagnosed with HNC. Conventional cigarette use was higher
in the HNC group compared to the non-HNC group (46.6% vs.

Introduction

Electronic cigarettes (E-cigarettes) are handheld vaping
devices that use electricity to aerosolize a nicotine-
containing liquid. The use of e-cigarettes among
individuals of various age groups is growing rapidly,
especially since it is sometimes used to help conventional
cigarette smokers stop smoking. This necessitates the
investigation of their health-related consequences to
regulate their use and limit the increase of health issues,
given that the health effects of electronic cigarette use
are sparse [1].

Head and neck cancer (HNC) is a broad range of
cancers that originate in the head and neck regions,
including malignancies of the oral cavity, nasopharynx,
oropharynx, larynx, and hypopharynx [2, 3]. More
than 90% of head and neck cancers are head and
neck squamous cell carcinoma (HNSCC), which
develops from the epithelial linings of the oral cavity,
hypopharynx, oropharynx, and larynx [4]. HNC
accounts for approximately 660,000 new cases and
325,000 deaths yearly, making HNC the seventh

32.3%, p<0.001) with a higher risk of HNC (OR: 1.583, p<0.001).
Subgroup analysis showed elevated risk of developing laryngeal
cancer (OR: 11.774), pharyngeal cancer (OR: 2.329), and mouth
and tongue cancer (OR: 1.08, p<0.001 for all) with conventional
cigarettes. E-cigarette use had a lower prevalence in the HNC
group (15%) compared to the non-HNC group (18.4%, p<0.001),
but higher odds of having HNC (OR: 1.619, p<0.001), particu-
larly for mouth and tongue cancer (OR: 5.18) and pharyngeal
cancer (OR: 1.19, p<0.001 for both).

Conclusion. Electronic cigarette use is associated with an
increased risk of head and neck cancers, comparable to that of
conventional cigarette use. This highlights the need for further
research on the long-term effects of e-cigarette use.

most common cancer worldwide [2]. Regarding the
epidemiology of HNC in the United States in 2019,
there were 10,860 HNC-related deaths and 53,000
new cases. It is anticipated that by 2030, there will
be a 30% yearly increase in the overall incidence of
HNC [5, 6].

The risk factors for HNC include smoking, alcohol
consumption, Epstein-Barr virus (EBV), and human
papillomavirus (HPV) infection. Tobacco and alcohol
remain the main risk factors, while HPV infection has
increasingly contributed to HNC incidence [3,7]. Also,
smoking is proposed to be related to increasing mortality
rates in a dose-dependent manner, especially when
exposure occurs before diagnosis [8].

Cigarette smoking is a known risk factor for the
development of laryngeal cancer [9] and oropharyngeal
cancer [10]. However, it has been shown in multiple
studies that smoking decreases the risk of developing
thyroid cancer [11-13]. Data concerning the effect of
e-cigarette use on the development of head and neck
cancer are still inconclusive, with a notable lack of
longitudinal and controlled studies to establish a clear
association [14].
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Methods

STUDY DESIGN AND POPULATION

In this study, we retrospectively analyze data from the
National Health Interview Survey (NHIS). NHIS is a
wide-scale interview-based survey that aims to collect
information related to health and disease from adults
residing in the United States [15]. Data from the years
2020, 2021, and 2022 were used in this study to assess
the relationship between the occurrence of head and
neck cancers and electronic cigarette use and compare
them to conventional cigarette use. Subjects who have
had any other type of cancer were excluded from this
study. Therefore, those who mentioned any type of
the following cancers, did not know if they had them,
or refused to answer were excluded from the study:
colorectal cancer, uterine cancer for females, stomach
cancer, skin cancer (melanoma, non-melanoma, or
unidentified types), rectal cancer, prostate cancer for
males, pancreatic cancer, ovarian cancer for females,
melanoma, lymphoma, Ilung cancer, liver cancer,
leukemia, gall bladder cancer, esophageal cancer, colon
cancer, cervical cancer for female subjects, breast cancer,
brain cancer, bone cancer, blood cancer, bladder cancer,
or other cancers (n=77419).

VARIABLES OF THE STUDY

Dependent variable (outcome)

The occurrence of head and neck cancers (namely thyroid
cancer, laryngeal cancer, throat/pharyngeal cancer,
mouth, tongue, and lip cancer) is the dependent variable
in this study. It was assessed by asking the participants
directly if any of the previously named cancers were
mentioned to them by a doctor or other healthcare
professional. Those who answered “yes” when asked
if thyroid, laryngeal, throat/pharyngeal, mouth, tongue,
or lip cancers were mentioned were considered to have
the respective type of cancer. Only those who answered
“yes” to the question “Have you ever been told by a
doctor or other health professional that you had... cancer
or a malignancy of any kind?” were asked about specific
cancer types afterwards. Those who answered with “I
don’t know”, “not ascertained”, or refused to answer
were excluded from the study population.

Independent variable (exposure of interest)

In this study, electronic cigarette use and conventional
cigarette use are considered to be independent variables.
These variables were assessed by asking subjects, “Do
you now use e-cigarettes or other electronic vaping
products every day, some days, or not at all?”” and “Do
you now smoke cigarettes every day, some days, or not
at all?”” Anyone who answered with “some days” or
“every day” was considered to be a current electronic
cigarette and conventional cigarette user.

Demographic and clinical covariates

In this study, we considered demographic covariates like
age (collected as a continuous variable), gender, marital
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status, race, and educational level. Direct questions were
used to assess each of the previously mentioned factors.
As for clinical factors, we considered the presence
of comorbid conditions including hypertension,
prediabetes, and diabetes, using the following questions:
“Have you ever been told by a doctor or other health
professional that you had... hypertension, also called
high blood pressure?”’; “Has a doctor or other health
professional ever told you that you had prediabetes or
borderline diabetes?”’; and “Has a doctor or other health
professional ever told you that you had diabetes?”.
BMI was calculated and was gathered categorically as
either “underweight”, “healthy weight”, “overweight”,
“obese”, or “unknown”. Furthermore, we considered
possible confounders that may interfere with the results
of the study, like cigar smoking, pipe smoking, and
smokeless tobacco. These factors were gathered by
asking the participants about the frequency of cigar or
pipe smoking and the use of smokeless tobacco. Every
day and some day users were considered to be current
users.

STATISTICAL ANALYSIS

In this paper, the categorical data of the subjects in this
study were reported as percentages, and continuous
data were reported as medians. The occurrence of any
of the previously mentioned head and neck cancers
was evaluated among users of electronic cigarettes and
conventional cigarettes. Regression analysis was used to
control for confounding factors. We used a chi-square
test to compare the occurrence of head and neck cancers
among users and non-users of both electronic cigarettes
and conventional cigarettes.

Results

This study included a total of 77,419 individuals, 409 of
whom were diagnosed with head and neck cancers; the
other 77,010 were categorized as non-H&N cancer subjects.
Table I shows the baseline characteristics of the
population in the study. In terms of gender distribution,
males constituted 48.8% of the total population, with
39.1% of the head and neck cancer group and 48.9% of
the non-head and neck cancer group, having a statistically
significant difference between both groups (p<0.001). As
for the race, the population of our study shows notable
diversity. Hispanic racial origins constituted 18.1% of
the total population, with a lower percentage among the
head and neck cancer group (13.4%, p<0.001). Asians
and African Americans had a total percentage of 6.4%
and 12.3%, with higher rates among the non-head and
neck cancer group (6.4% and 12.3%, p<0.001). White
origins constituted 60.4% of the entire population, with
a higher percentage in the head and neck cancer group
(73.2%) compared to the non-head and neck cancer
group (60.3%, p<0.001).

Regarding BMI, 1.6% were classified as underweight,
31.5% were classified as healthy weight, 33.1% were
classified as overweight, and 33.8% were classified as
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Tab. 1. Baseline characteristics of H&N cancer and non-H&N cancer patients.

Non-H&N
Total H&N cancer cancer p-value

Number 77419 409 77010
Gender: male (%) 48.8 391 48.9 <0.001
Race

Hispanic (%) 181 13.4 181

American Indians (%) 15 2.6 1.5

Asian (%) 6.4 45 6.4

African American (%) 12.3 6 12.3 <0001

White (%) 60.4 73.2 60.3

Other races (%) 1.4 04 1.4
BMI

Underweight (%) 1.6 1.9 1.6

Healthy weight (%) 315 26.3 315

- <0.001

Overweight (%) 331 31.6 33.8

Obese (%) 33.8 40.2 33
History of chronic diseases

History of HTN (Y, (%)) 29.2 491 291 <0.001

Borderline diabetes (Y, (%)) 13.4 20.9 13.4 <0.001

History of DM (Y, (%)) 8.7 13.3 8.7 <0.001
History of Smoking

Conventional cigarettes smoking (%) 32.4 46.6 32.3 <0.001

e-Cigarettes smoking (%) 18.4 15 18.4 <0.001
Smoking cigars (Y, (%)) 3.6 3.6 0.8 <0.001
Smoking pipe (Y, (%)) 1 0.3 1 <0.001
Receiving smokeless tobacco (Y, (%)) 2.2 0.9 2.2 <0.001

obese. Notably, obesity was significantly more prevalent
among the head and neck cancer group than the non-
head and neck cancer group (40.2% vs. 33%, p<0.001),
and healthy weight was more common in the non-head
and neck cancer group (31.5%) compared to the head
and neck cancer group (26.3%, p<0.001).

For history of chronic diseases, comorbid conditions
were observed to have a higher prevalence among those
with head and neck cancers compared to the non-head
and neck cancer subjects; these comorbidities include
hypertension (49.1% vs. 29.1%, p<0.001), borderline
diabetes (20.9% vs. 13.4%, p<0.001), and diabetes
mellitus (13.3% vs. 8.7%, p<0.001).

The smoking history of the subjects involved in this
study showed that 32.4% of the total population smoked
conventional cigarettes, with the percentage being
higher among the head and neck cancer patients (46.6%)
compared to the non-head and neck cancer subjects
(32.2%, p<0.001). For e-cigarette use, 18.4% of the
entire population reported electronic cigarette use, with
a lower percentage of e-cigarette users among the cancer
patients compared to the non-cancer subjects (15% vs.
18.4%, p<0.001).

Figure 1 shows the multivariate analysis after adjustment
for age and gender. Conventional cigarette use showed
increased risk of overall head and neck cancers, as
shown by its odds ratio (OR: 1.23, 95% CI: 1.226-1.23,
p<0.001). This was similarly evident in e-cigarette use,
which also showed increased odds of developing head
and neck cancers (OR: 1.619, 95% CI: 1.615-1.622,

p<0.001). As for thyroid cancer, a decreased risk was
shown in both conventional cigarette use (OR: 0.614,
95% CI: 0.611-0.618, p<0.001) and electronic cigarette
use (OR: 0.367, 95% CI: 0.364-0.37, p<0.001). Throat/
pharyngeal cancer were associated with an increased
risk in both types of smoking, with the odds for
conventional cigarette use (OR: 2.13, 95% CI: 2.114-
2.145, p<0.001) higher than the odds for e-cigarette use
(OR: 1.295, 95% CI: 1.283-1.307, p<0.001). Regarding
oral and tongue cancers, a significant increase in odds
of developing the cancer was noted with electronic
cigarette use (OR: 5.032, 95% CI: 4.976-5.088, p<0.001)
compared to conventional cigarette use, which showed a
minor increase in odds (OR: 1.087,95% CI: 1.077-1.098,
p<0.001). Conversely, the risk of developing laryngeal
cancer was largely higher with conventional cigarette
use than with e-cigarette use, which showed a lower risk
of developing the cancer (OR: 10.239, 95% CI: 9.949-
10.537, p<0.001) versus (OR: 0.512, 95% CI: 0.496-
0.528, p<0.001).

Similar trends were observed after adjusting for age,
gender, hypertension, and diabetes mellitus (Fig. 2).
Overall, head and neck cancer risk was increased in
both conventional cigarette use (OR: 1.583, 95% CI:
1.580-1.587, p<0.001) and electronic cigarette use (OR:
1.619, 95% CI: 1.615-1.622, p<0.001). Thyroid cancer
risk was also lower with electronic cigarette use (OR:
0.347, 95% CI: 0.344-0.349, p<0.001) and conventional
cigarette use (OR: 0.585, 95% CI: 0.582-0.589,
p<0.001) after adjusting for hypertension and diabetes.
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Fig. 1. The likelihood of developing head and neck cancers among conventional cigarette and electronic cigarette use groups after adjust-
ing for age and gender.
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Furthermore, conventional cigarettes exhibited a higher
risk for developing throat/pharyngeal cancer (OR: 2.329,
95% CI: 2.312-2.346, p<0.001) and laryngeal cancer
(OR:11.774,95% CI: 11.44-12.118, p<0.001) compared
to electronic cigarette use (OR: 1.197, 95% CI: 1.185-
1.208, p<0.001) and (OR: 0.738, 95% CI: 0.715-0.762,
p<0.001). Mouth and tongue cancer had more odds with
electronic cigarette use (OR: 5.18, 95% CI: 5.122-5.239,
p<0.001) compared to conventional cigarette use (OR:
1.08, 95% CI: 1.07-1.09, p<0.001).

Discussion

This study represents a pioneering effort to investigate
the risk of head and neck carcinomas (HNCs) among
e-cigarettes users versus traditional smokers. Our study
utilized the NHIS database and analyzed a cohort of
409 patients diagnosed with HNC. The demographic
characteristics of our sample were predominantly female

(60.9%), with a high prevalence of obesity (40.2%),
hypertension (49.1%), and to a lesser extent DM (13.3%),
which may serve as potential confounding factors. These
findings resonate with existing literature that indicates
DM and HTN have been linked to an increased risk of
oral, laryngeal, and esophageal cancers. Also, DM may
contribute to more aggressive head and neck tumors
due to factors like high blood sugar, insulin resistance,
inflammation, and weakened immunity [16, 17].
Furthermore, studies have shown that the combination
of hypertension and diabetes significantly increases the
risk of these cancers, even in non-smokers [17].

Our study agreed with the current data regarding
the correlation between smoking and HN
carcinogenesis [18, 19], as the cumulative risk of head and
neck carcinoma among cigarette smokers and e-cigarette
smokers was shown to be comparable (adjusted odd
ratio [aOR]: 1.583, CI1 95%: 1.580-1.587 vs. aOR: 1.619,
CI 95%: 11.615-1.622, respectively). Supporting the
positive correlation, the Carolina Head and Neck Cancer
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Fig. 2. The likelihood of developing head and neck cancers among conventional cigarette and electronic cigarette use groups after adjust-
ing for age, gender, diabetes mellitus and hypertension.
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Study, which includes 1,153 cases, demonstrated that
the adjusted OR of current smoking status is 4.16. . The
OR was adjusted for sex, race, age, pack-year smoking
history, total lifetime alcohol consumption, smokeless
tobacco use, family history of cancer, and oral health
parameters [20]. The findings of this large-scale study
are consistent with those from the International Head
and Neck Cancer Epidemiology (INHNCE) consortium,
which encompasses 32 control-case studies with over
19,000 HNC cases. The results of the pooled analysis
indicated a direct correlation between the frequency of
cigarette smoking and HNC risk, with even minimally
daily smoking (>0-3 cigarettes per day) being associated
with a 50% increase in risk (OR: 1.52, 95% CI: 1.21-
1.90). This trend was more evident in laryngeal cancer,
where the highest probability was observed among those
who smoked >5-10 cigarettes per day [21]. However,
these studies do not specifically examine the effect
of electronic cigarettes as a potential risk factor for
HNC. Our results indicate conventional smoking and

e-cigarette smoking have similar odds of increasing
the risk of the prevalence of HNC cases, possibly due
to various probable carcinogens in e-liquids, including
aromatic amino acids, N-nitrosamines, or volatile
hydrocarbons. Although these substances are found in
lower quantities in e-cigarettes compared to traditional
non-filtered cigarettes, their presence could contribute to
the increasing likelihood of developing HNCs [22].

Laryngeal cancer is the second most tobacco-related
cancer in Europe, following lung cancer, according to
GLOBOCAN 2018 data [23]. Cigarette smoking was
significantly associated with laryngeal cancer (aOR:
11.77,95% CI: 11.44-12.11) in our study. This finding
came consistent with the Korean National Health
Insurance Service database study published in 2022,
which confirmed the positive relationship between
smoking and laryngeal cancer with an increasing
incidence rate among smokers (OR: 3.256, 95% CI:
2.945-3.599, p<0.0001) after adjustment of potential
confounders [24]. In contrast, our study showed that
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e-cigarettes were not associated with a significant
risk of laryngeal cancer (aOR: 0.738, 95% CI: 0.71-
0.76). In spite of these findings, two systematic
reviews of experimental studies have suggested that
e-cigarettes may pose a carcinogenic risk for head
and neck carcinoma. They concluded that multiple
chemical components found in e-cigarettes can cause
DNA damage, increase oxidative stress, and induce
metaplasia [14, 25]. However, no clinical longitudinal
studies have yet examined this association. Surprisingly,
our results were not consistent with the current
understanding of the association between e-cigarettes
and laryngeal cancer.

A population-based cohort study conducted in Japan
in 2018 showed a hazard ratio of 2.37 (95% CI 1.51-
3.70) among smokers in the risk of increasing incidence
of oral cavity and pharyngeal cancer [26]. Our study
showed that e-cigarette smoking was associated with
increasing odds of oral cavity cancers (aOR: 5.18,
95% CI: 5.12-5.23), with a lesser association observed
for conventional cigarette smoking (aOR: 1.08, 95% CI:
1.07-1.09). Our data differ from the findings of the
ICARE study based in France, which highlighted that
not only smoking status but also the duration contributes
to the rising trend of oral cavity cancers [<30 years
of smoking; (OR: 3.9, 95% CI: 2.7-5.8), >30 years of
smoking; (OR 9.4, 95% CI: 6.3-13.9)] [27]. There is a
positive correlation between e-cigarettes and tongue and
lip cancers demonstrated in three case reports where
e-cigarettes were the exceptional possible incriminating
factor for the development of basaloid and invasive
squamous cell carcinoma [28, 29].

Regarding pharyngeal and throat cancers, our study
showed that both cigarette smoking (aOR: 2.32,
95% CI: 2.312-2.346) and e-cigarette smoking (aOR:
1.19, 95% CI: 1.185-1.208) were associated with the
development of the cancer. In a systematic review
published in 2015, cigarette smoking was found to be a
significant risk factor for different types of head and neck
carcinoma, including pharyngeal cancer. This review
demonstrated a dose-response relationship, with the risk
intensifying with the duration of smoking [1-19 years of
smoking (OR: 2.09, 95% CI: 1.08-4.05) vs. 20-39 years
of smoking (OR: 3.29, 95% CI: 1.18-9.13) vs. >40 years
of smoking (OR: 6.03, 95% CI: 2.34-15.54)] [30].
Unlike other head and neck carcinomas, thyroid cancer
was revealed to be negatively associated with smoking,
as demonstrated by a recent meta-analysis done in
2021 by Joon-Hyop Lee et al. (OR: 0.798, 95% CI:
0.681-0.935), corroborating earlier findings from a
meta-analysis by Young Ae Cho et al. (2014) [12, 13].
A 2022 cohort study in Korea, included 89,527 patients
diagnosed with thyroid cancer. The study illustrated
that those who smoke are at a lower risk of developing
thyroid cancer compared to those who are nonsmokers
(aHR: 0.74, 95% CI: 0.72-0.76) [11]. Our study findings
align with the literature, and it showed that both cigarette
use (aOR: 0.585, 95% CI: 0.582-0.589) and e-cigarette
use (aOR: 0.347, 95% CI: 0.344-0.349) were inversely
associated with the odds of thyroid cancer. Although
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this inverse association may appear counterintuitive,
it has been hypothesized that the suppressive effect of
smoking on TSH levels thereby reducing the risk of
thyroid cancer [31].

Limitations

The potential limitations of this study should be
considered when interpreting the results. First, this study
is based on a retrospective analysis of cross-sectionally
collected information, which, despite being a good
method for wide-scale epidemiological studies, cannot
establish causality or temporality but rather identify
possible association. Furthermore, we relied heavily on
self-reported diagnoses of head and neck cancer, which
can depend on the level of understanding of the patient
himself and the possibility of recall bias. Also, this
study analyzes head and neck cancers in general without
including the histological subtypes of each cancer in the
analysis. Moreover, some possible confounders were
not collected by the original questionnaire and therefore
were not included in the analysis, which may be related
to the development of head and neck cancers.

Conclusion

In conclusion, our analysis has shown a significant
association between both electronic cigarette and
conventional cigarette use and head and neck cancers,
with electronic cigarette use risk being higher than that
of the conventional cigarettes. Furthermore, both of them
have distinct patterns of cancer risk, with e-cigarettes
linked to a higher risk of certain types of cancer, like
mouth and tongue cancer, and conventional cigarettes
having a broader risk profile, especially for pharyngeal
and laryngeal cancer. These findings highlight the
necessity for comprehensive preventive and smoking
cessation programs. More research is needed to further
elucidate the long-term effects of e-cigarette use.
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