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Abstract
Introduction
Electronic cigarette (e-cigarette) use has many potential effects, including damage to the skin. Limited
research has assessed e-cigarette use with the incidence of nonmelanoma skin cancer. The current study
was conducted to determine if a relationship exists between nonmelanoma skin cancer diagnosis and e-
cigarette use among US adults.

Methods
Data from the National Health Interview Survey (NHIS) were used to assess if a relationship exists between
e-cigarette use and the diagnosis of nonmelanoma skin cancer. Data within the sample adult files for years
2014 through 2018, along with the adult cancer file for the year 2015, were analyzed. Participants who
reported having a diagnosis of nonmelanoma skin cancer were included. Participants who reported never
being diagnosed with any type of cancer were included as a comparison group.

Results
Males and those of older age were significantly more likely to be diagnosed with nonmelanoma skin cancer
compared to females and younger adults. Cigarette use was significantly associated with an increased risk
of nonmelanoma skin cancer. There was no relationship between e-cigarette use and diagnosis of
nonmelanoma skin cancer.

Conclusions
Although the current study did not find an association between e-cigarette use and nonmelanoma skin
cancer diagnosis, a longer study period and larger sample size may more clearly determine if an association
exists.
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Introduction
In the United States, the incidence of nonmelanoma skin cancer, which includes both squamous cell
carcinoma (SCC) of the skin and basal cell carcinoma (BCC), increased from more than 4 million in 2006 to
more than 5.4 million in 2012 [1]. However, the incidence of nonmelanoma skin cancer may be greater, as it
is not mandatory for physicians to report nonmelanoma cases to a national cancer registry [2]. While
nonmelanoma skin cancer incidence may be increasing, cigarette smoking among US adults has declined in
recent years [3] and electronic cigarette (e-cigarette) use is increasing. In 2018, 3.2% of US adults (8.1
million) were suggested to be current users of e-cigarettes, which was an increase from 2.8% in 2017 [4]. E-
cigarettes may have fewer toxic substances than traditional cigarettes and have therefore been claimed to
be a healthier alternative with perceived health benefits by electronic cigarette users [5-7]. The use of e-
cigarettes has also been suggested to be helpful for traditional cigarette smoking cessation [8-10]. However,
in regards to the skin, vapor from e-cigarettes has been shown to be toxic to human skin cells, causing cell
death consistent with that caused by cigarette smoke [11]. Still, the harms of e-cigarette use are not fully
known, including potential damage to the skin. Limited research has assessed e-cigarette use with the
incidence of nonmelanoma skin cancer. The current study was conducted to determine if a relationship
exists between nonmelanoma skin cancer diagnosis and e-cigarette use among US adults.

Materials And Methods
Participants
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Data for this study were collected from the National Health Interview Survey (NHIS) [12]. The NHIS is a
household survey conducted throughout each year to collect information about US noninstitutionalized
populations. Certain groups are excluded from the survey, including people living in long-term care facilities.
College dormitories were sampled in the years 2016 and 2017. As part of the NHIS, one adult per family is
selected to participate in the Sample Adult Core questionnaire. Black, Hispanic, or Asian adults aged 65
years or older had a greater chance than other family members to be asked to participate in the Sample
Adult Core questionnaire, with this sample design used until 2019. For this study, data within the sample
adult files for years 2014 through 2018, along with the adult cancer file for the year 2015, were analyzed.
Participants who reported having a diagnosis of nonmelanoma skin cancer were included. To establish a
comparison group, participants who reported never being diagnosed with any type of cancer were also
included.

Instrument
The Sample Adult questionnaire included demographic information, such as region, race, sex, and ethnicity,
as well as information about prior cancer diagnoses and exposures such as cigarette and e-cigarette use. In
2015, information regarding e-cigarette use was in the Sample Adult Cancer file. Information from this file
was merged with information from the 2015 sample adult file. Up to three types of cancer diagnoses could
be documented per participant. If a participant had received more than three types of cancer diagnoses, it
was documented, but further types were not specified. To determine the use of e-cigarettes, responses to
“ever used electronic cigarettes” were used, and to determine the use of combustible cigarettes, responses
to “smoked 100 cigarettes” were used. Cigarette use, sex, and age were controlled for in the multivariate
model.

Analysis
The current study was determined to be “not human subjects research” by the University of Kansas Medical
Center’s Human Research Protection Program. Statistical analysis was conducted using SAS 9.4 (SAS Inc,
Carry, NC). Categorical variables were presented as frequencies and percentages, and continuous
variables were presented as means ± standard deviation (SD). The associations between categorical
variables were tested by Pearson's chi-square and likelihood chi-square. PROC SURVEYLOGISTIC in SAS
(SAS/STAT, version 15.1) was used to test the association between nonmelanoma skin cancer diagnosis
and e-cigarette use after controlling the confounding variables. Taylor series linearization approach was
considered to estimate the variance of weighted regression coefficients. A two-sided p-value ≤ 0.05 was
considered statistically significant.

Results
Of the 155,556 total respondents, 2.2% (n = 3,454) reported being diagnosed with nonmelanoma skin
cancer. These participants were interviewed throughout the US, with 34.8% (n = 1,202) living in the South,
26.3% of participants (n = 909) in the West, 22.8% of participants (n = 786) in the Midwest, and 16.1% of
participants (n = 557) in the Northeast (Table 1). Many more respondents, 89.4% (n = 138,991), reported
never being diagnosed with any type of cancer. Participants never diagnosed with cancer were also
interviewed throughout the US, with 35.6% (n = 49,437) living in the South, 26.0% (n = 36,145) living in the
West, 22.1% (n = 30,673) living in the Midwest, and 16.4% (n = 22,736) living in the Northeast (Table 2).
Most participants who reported having had nonmelanoma skin cancer were White (98.5%, n = 3,403), non-
Hispanic (98.2%, n = 3,391), and female (52.2%, n = 1,803) (Table 1). Most participants never diagnosed
with any type of cancer were also White (73.7%, n = 102,407), non-Hispanic (84.9%, n = 118,023), and
female (54.5%, n = 75,730) (Table 2). The mean age of the participants who had non-melanoma skin
cancer was 67 years, whereas the mean age of participants never diagnosed with any type of cancer was
49 years (Table 3).
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 Frequency Percent

Participants diagnosed 3,454 2.2%

Participants by region

South 1,202 34.8%

West 909 26.3%

Midwest 786 22.8%

Northeast 557 16.1%

Race

White 3,403 98.5%

Ethnicity

Non-Hispanic 3,391 98.2%

Sex

Female 1,803 52.2%

TABLE 1: Demographics of participants diagnosed with nonmelanoma skin cancer.

 Frequency Percent

Participants never diagnosed 138,991 89.4%

Participants by region

South 49,437 35.6%

West 36,145 26.0%

Midwest 30,673 22.1%

Northeast 22,736 16.4%

Race

White 102,407 73.7%

Ethnicity

Non-Hispanic 118,023 84.9%

Sex

Female 75,730 54.5%

TABLE 2: Demographics of participants never diagnosed with cancer.

Diagnosed with nonmelanoma skin cancer 67 years

Never diagnosed with cancer 49 years

TABLE 3: Participants' mean age.

Among those diagnosed with nonmelanoma skin cancer, almost half (47.3%, n = 1,630) reported having
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smoked at least 100 cigarettes, and 7.2% (n = 247) reported having used an electronic cigarette at least
one time. Of those never diagnosed with any type of cancer, 38.8% (n = 53,687) reported having smoked at
least 100 cigarettes, and 14.4% (n = 19,646) reported having used an electronic cigarette at least one time
(Table 4). Males and those of older age were also significantly more likely to be diagnosed with
nonmelanoma skin cancer compared to females and those younger adults. Cigarette use was also
significantly associated with an increased risk of nonmelanoma skin cancer. There was no relationship
between e-cigarette use and diagnosis of nonmelanoma skin cancer (Table 5).

 Frequency Percent

Participants diagnosed with nonmelanoma skin cancer

Smoked at least 100 cigarettes 1,630 47.3%

Used an electronic cigarette at least one time 247 7.2%

Participants never diagnosed with cancer

Smoked at least 100 cigarettes 53,687 38.8%

Used an electronic cigarette at least one time 19,646 14.4%

TABLE 4: Participants' cigarette and e-cigarette usage.

 Odds ratio estimate 95% confidence interval

Sex (male vs. female) 1.267 1.179 1.362

Age 1.067 1.065 1.069

Cigarette use (yes vs. no) 1.105 1.026 1.189

E-cigarette use (yes vs. no) 0.958 0.832 1.103

TABLE 5: Risk of nonmelanoma skin cancer.

Discussion
In the current study, almost all patients diagnosed with nonmelanoma skin cancer were White and non-
Hispanic. This finding is consistent with another study, which suggested that 96.3% of nonmelanoma skin
cancer cases were among Caucasians, and 2.9% of cases were among Hispanic Americans [13]. The
current study suggests that males generally have an increased risk of developing nonmelanoma skin
cancer. Another study suggests that the risk of nonmelanoma skin cancer may vary by gender, as male
smokers were suggested to have a lesser risk of BCC with no change in risk of SCC, and female smokers
have a greater risk of both BCC and SCC compared to those who had never smoked [14]. However, the
current study did not analyze the risk for each gender regarding smoking status or type of nonmelanoma
skin cancer diagnosis.

The current study suggests combustible cigarette use may be a risk factor for developing nonmelanoma
skin cancer. These results are partially consistent with the results of a meta-analysis which suggested
smoking can increase the risk for developing squamous cell carcinoma (SCC) of the skin and does not
impact basal cell carcinoma (BCC) risk [15]. The current study suggests only a small proportion (7.2%) of
those diagnosed with nonmelanoma skin cancer have ever used an e-cigarette. This is less than 12% of
US adults estimated to have used an e-cigarette at least once [16]. E-cigarette use among adults has been
suggested to be most prevalent among those who are younger, male, employed, in poverty, and without any
college education [17].

Although our study identified no association between nonmelanoma skin cancer and only e-cigarette use,
the use of e-cigarettes may still have detrimental effects on the skin. One review suggested that e-cigarettes
are associated with several conditions involving the skin, including contact dermatitis, thermal injury,
hyperplastic candidiasis, nicotine stomatitis, and other oral mucosal lesions [18]. There were several
limitations of this study. The survey questions used captured data on any e-cigarette use but did not further
specify the precise amount of e-cigarette use. Besides the amount used, the newness of e-cigarettes and
the length of time that may be required for the health effects of e-cigarettes on the skin to manifest might
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have limited the association between e-cigarette use and nonmelanoma skin cancer diagnosis. Different
results may be found over time after individuals experience longer exposure periods to e-cigarette vapor.
Also, because the study design was based upon survey results, the current study could be limited by recall
bias, as participants self-reported their diagnoses and behaviors. However, strengths of using the NHIS data
included the large sample size provided from the US population.

Conclusions
In the current study, cigarette use was associated with increased odds of a diagnosis of nonmelanoma skin
cancer. E-cigarette use was not significantly associated with the diagnosis of nonmelanoma skin cancer.
Although the current study did not find an association between e-cigarette use and nonmelanoma skin
cancer diagnosis, a longer study period and larger sample size may more clearly determine if an association
exists. In the future, more research will be needed to better understand the long-term health effects of e-
cigarette use, including effects on the skin.
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