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Abstract
Background There is a lack of consensus in the literature about the association between the perceived health risks of 
e-cigarettes and their actual use, an association that may be based on cigarette smoking status or sexual and gender minority 
status. This study examined the moderating effect of these variables as well as differences in e-cigarette use between and 
within perceived harmfulness of e-cigarettes and cigarette smoking among U.S. adults.
Methods The data were drawn from the 2020 and 2019 Health Information National Trends Survey (HINTS 5), Cycles 4 and 
3, on adults (N = 9303). We estimated weighted multivariable logistic regression models and conducted marginal analyses 
based on perceived harmfulness of e-cigarettes.
Results Of the study population, 30.75% currently used e-cigarettes daily or some days. No significant difference in e-cigarette 
use was found between sexual minorities and heterosexuals, but there was a significant interaction between sexual identity and 
perceived harmfulness of e-cigarettes. Compared to non-smokers, current daily or some days cigarette smokers were more likely 
to use e-cigarettes (AOR = 3.48, 95% CI = 1.25, 9.72). Those who perceived e-cigarettes to be just as harmful as actual cigarettes 
(AOR = 0.13, 95% CI = 0.06, 0.27) or more harmful (AOR = 0.03, 95% CI = 0.01, 0.10), or were uncertain (AOR = 0.18, 95% 
CI = 0.08, 0.45), were less likely to use e-cigarettes compared to those who perceived e-cigarettes to be less harmful. Former and 
current cigarette smokers who perceived e-cigarettes as less harmful had a higher probability of using e-cigarettes daily or some 
days than did non-cigarette smokers. For the current and former cigarette smoking groups, those who perceived e-cigarettes as 
less harmful had the highest probability of current e-cigarette use than did those who were uncertain or perceived e-cigarettes 
as just as harmful, whereas the probability was not significant for those who perceived e-cigarettes as more harmful.
Conclusion Current daily or some days use of e-cigarettes is associated with current daily or some days cigarette smoking and 
lowered perceived harmfulness of e-cigarettes among the U.S. adult population. Tailored health promotion and intervention efforts 
may reduce the potential perceived health and behavioral/lifestyle risks related to the use of tobacco products, especially the 
use of e-cigarettes daily among former and current cigarette smokers as well as those who perceive e-cigarettes as less harmful.

Keywords E-cigarettes · Sexual and gender minorities · Cigarette smoking · Perceived health risks

Introduction

E-cigarette (also known as electronic cigarettes or electronic 
nicotine delivery systems [ENDS]) use involves the inhal-
ing of vapors of nicotine, flavor, and other chemicals that 

are delivered through battery-operated devices that deliver 
the vapors (Grana et al. 2014; Pericot-Valverde et al. 2017; 
Tan and Bigman 2014). These battery-operated devices 
include disposable, rechargeable, pen-style medium-sized 
rechargeable, and tank-style large-sized rechargeable formats 
(Centers for Disease Control and Prevention [CDC], 2020; 
Grana et al. 2014). Ever use of e-cigarettes has increased 
from 1.8% in 2010 to 14.9% in 2018 (McMillen et al. 2014; 
Pericot-Valverde et al. 2017; Villarroel et al. 2020), whereas 
current use increased from 0.3% in 2010 to 4.5% in 2019 
(Cornelius et al. 2020; McMillen et al. 2014). Nicotine is a 
highly addictive and harmful chemical in tobacco products, 
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including e-cigarettes, cigars, cigarettes, and other tobacco 
products (CDC 2020; Singh et al. 2020; U.S. Department 
of Health and Human Services 2016). Because approxi-
mately 99% of e-cigarettes contain nicotine (CDC 2020; 
Singh et al. 2020; US Department of Health and Human 
Services 2016), e-cigarette use has negative health risks for 
the pulmonary system and cardiovascular systems as well as 
a carcinogenic effect (Pisinger and Døssing 2014). Accord-
ing to CDC (2020), e-cigarette use results in poisoning and 
lung disease and harms brain development in adolescents 
and young adults. The safety, efficacy for harm reduction 
and cessation, and overall impact of e-cigarette use on public 
health, however, have not been established (Douglass et al. 
2020; Grana et al. 2014). Thus, there is a need to improve 
our understanding of the interaction of the perceived health 
risks of e-cigarette use, actual e-cigarette use, and being a 
member of an at-risk population, to effectively design and 
implement evidence-based tobacco prevention, reduction, 
and cessation-promotion interventions.

There is a lack of consensus in the literature about the 
associations between the perceived health risks of e-ciga-
rettes and their actual use among U.S. adults (Cooper et al. 
2016; Czoli et al. 2017; Manzione et al. 2020; Piñeiro et al. 
2016; Popova et al. 2017; Wackowski and Delnevo 2016). 
Individuals who perceived e-cigarettes as less harmful than 
actual cigarettes are more likely to use e-cigarettes (Amrock 
et al. 2016; Huang et al. 2019; Manzione et al. 2020). E-cig-
arette users, perhaps being influenced by external forces such 
as multinational tobacco companies and marketers, includ-
ing some celebrities, often perceive e-cigarettes as less 
harmful and as substitutes for quitting or reducing tobacco 
intake via cigarette smoking and other tobacco products 
(Cobb et al. 2015; Grana et al. 2014; Luo et al. 2014; Noel 
et al. 2011; Paek et al. 2014; U.S. National Cancer Institute 
2017). Other research has found that e-cigarette users often 
correctly perceive the health harmfulness of e-cigarettes as 
compared to non-users (Czoli et al. 2017).

The association between risk perceptions of the harmful-
ness of the use of e-cigarettes and their actual use may depend 
on cigarette smoking status. Some studies reported that adult 
cigarette smokers perceived e-cigarettes as less harmful than 
cigarette smoking and, therefore, felt that a switch to e-ciga-
rette use would have lower harms (National Academies of Sci-
ences, Engineering, and Medicine 2018; Popova et al. 2018; 
U.S. Department of Health and Human Services 2014). There 
are, however, mixed findings with regard to the moderation of 
cigarette smoking status on the association between percep-
tions of harmfulness of e-cigarettes and their actual use. For 
example, those who perceive e-cigarettes as less harmful are 
more likely to smoke cigarettes and use e-cigarettes (Ganz 
et al. 2018; Popova et al. 2018), suggesting that, if cigarette 
smokers perceive e-cigarettes as less harmful, they are more 
likely to use e-cigarettes as well. Another study (Perski et al. 

2020), however, found that cigarette smokers were less likely 
to use e-cigarettes, even if they perceive e-cigarettes as less 
harmful.

In addition to the cigarette smoking status, the association 
between risk perceptions of e-cigarettes and their actual use 
may depend on sexual and gender minority (SGM) (LGBTQ; 
lesbian, gay, bisexual, transgender, and queer) status. It has 
been reported that SGM adults are more likely to use any 
tobacco products, including e-cigarettes, than non-SGM adults 
(heterosexuals) (Wheldon and Wiseman 2019). In view of the 
higher prevalence of e-cigarette use among the SGM adults 
compared to their non-SGM counterparts (American Psycho-
logical Association 2015; Emory et al. 2016), SGM adults 
are at an increased risk of e-cigarette-related negative health 
outcomes than non-SGM adults (Buchting et al. 2017; Dela-
hanty et al. 2019; Jamal et al. 2018; Ortiz et al. 2017). SGM 
status may be associated with lower e-cigarette harm percep-
tions due to the higher prevalence of this perception among 
SGM adults (44.6%) compared to their non-SGM counterparts 
(37.3%) (Ganz et al. 2018; Nayak et al. 2017). This associa-
tion, however, is not supported by the findings of no difference 
in the level of perceived harmfulness of e-cigarettes between 
SGM adults and non-SGM adults (Nayak et al. 2017). Like-
wise, another study did not find any differences between SGM 
and non-SGM adults in regard to the level of perceived harm-
fulness of e-cigarettes associated with recent e-cigarette use 
(Ganz et al. 2018). These studies indicate that, although there 
is a high prevalence of e-cigarette use among SGM adults, the 
perceived harmfulness of e-cigarettes may not explain their 
actual use.

To address this gap in the existing literature related to the 
perception of the risk of e-cigarette use, actual e-cigarette 
use, cigarette smoking, and SGM status, our study examines, 
through the use of a nationally representative sample of the 
U.S. adult population, whether the perceived harmfulness 
of e-cigarettes is associated with their actual use and, if so, 
whether the association is based on the status of cigarette 
smoking or SGM.

Methods

Study design

Data were drawn from the 2020 and 2019 Health Informa-
tion National Trends Survey (HINTS) de-identified public-
use data. The HINTS is a nationally representative annual 
cross-sectional survey that has been sponsored by the 
National Cancer Institute (NCI) since 2003. It is conducted 
among adults aged 18 years or older in the United States. 
Multistage random sampling is used to recruit for the HINTS 
a sample of the U.S. civilian, noninstitutionalized adult 
population. Details of the methods and survey questions 
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can be found in Finney Rutten et al. (2020) and the Health 
Information National Trends Survey 5 (HINTS 5) Cycle 4 
report (Westat 2020). HINTS assesses U.S. adults’ access 
to and use of health-related information and health-related 
behaviors, perceptions, and knowledge. We used the most 
recent HINTS data, HINTS 5 Cycles 4 and 3, which were 
conducted between February through June 2020 and Janu-
ary through April 2019, respectively. The HINTS 5 Cycles 4 
and 3 data consist of a total sample of 9303 adults. Because 
we used the HINTS de-identified publicly available data, 
the authors’ Institutional Review Board determined that this 
study is not a research with human subjects and therefore 
qualified for an exemption (RE: HSC-SPH-21-0784).

Measures

Response variable

The response variable is e-cigarette use, which was meas-
ured by asking the participants to indicate whether they now 
use an e-cigarette every day, some days, or not at all (Yes/
No). This variable was dichotomized to indicate e-cigarette 
use status as “yes” (current e-cigarette use) and “no” (not 
currently using e-cigarettes).

Explanatory variable

Perceived harmfulness of e-cigarettes is the explanatory 
variable. The participants were asked to indicate whether 
e-cigarettes, compared to cigarettes, are much less harm-
ful, less harmful, just as harmful, more harmful, much more 
harmful, and do not know. We recoded these categories as 
less harmful (much less harmful + less harmful), just as 
harmful, more harmful (more harmful + much more harm-
ful), and uncertain (i.e., do not know).

Covariates

Based on the literature (American Psychological Association 
2015; Emory et al. 2016; Ganz et al. 2018; Nayak et al. 2017), 
self-reported sociodemographic characteristics and cigarette 
smoking status were adjusted for in the analyses. These vari-
ables include age (18–25, 26–34, 35–49, 50–64, and 65+), 
sex (male and female), race/ethnicity (non-Hispanic White, 
non-Hispanic Black/African American, Hispanic, and non-
Hispanic others), sexual orientation (heterosexual/straight 
and sexual minorities [homosexual, lesbian, gay, or bisexual]), 
level of education completed (coded as ordered categorical 
variable [less than high school, high school graduate, some 
college, and college graduate or higher]), total family income 
(coded as an ordered categorical variable [<$20,000, $20,000 
to < $35,000, $35,000 to < $50,000, $50,000 to < $75,000, 
and ≥ $75,000]), census region (Northeast, Midwest, West, 

and South), general health status (coded as a binary variable 
[excellent/very good/good and fair/poor]), and cigarette smok-
ing status (non-smoker, former smoker, and current daily or 
some days smoker). Cigarette smoking status was derived from 
two survey questions: (1) Have you smoked at least 100 ciga-
rettes in your entire life? (yes/no) and (2) How often do you 
now smoke cigarettes? (every day, some days, or not at all). 
Those who had never smoked at least 100 cigarettes in their 
entire life were categorized as never-smokers; lifetime users 
who do not smoke cigarettes now were categorized as former 
smokers; and lifetime cigarette smokers who currently smoke 
cigarettes every day or some days were categorized as daily or 
some days cigarette smokers.

Statistical analyses

First, we estimated the prevalence of e-cigarette use by the 
participants’ sociodemographic characteristics and perceived 
harmfulness of e-cigarettes. Second, we performed multi-
variable logistic regression analysis to assess the associa-
tion between the perceived harmfulness of e-cigarettes and 
e-cigarette use, adjusting for the sociodemographic charac-
teristics. Third, we tested the interaction effect of perceived 
harmfulness of e-cigarettes and cigarette smoking status to 
assess the potential modification of cigarette smoking on the 
association. Likewise, we also tested the interaction of SGM 
status and perceived harmfulness of e-cigarettes. We fur-
ther performed marginal analyses using margins command 
in STATA, to examine differences in e-cigarette use between 
and within cigarette smoking status and the perceived harm-
fulness of e-cigarettes and sexual identity and the perceived 
harmfulness of e-cigarettes. All of the statistical analyses 
were conducted at an alpha level of 0.05 (two-tailed), 95% 
confidence intervals (95% CIs), and adjusted odds ratios 
(AORs), using STATA version 16.1 (StataCorp 2019). The 
analyses also were weighted using the HINTS survey weight 
to achieve nationally representative estimates (Finney Rutten 
et al. 2020; Westat 2020).

Results

Descriptive statistics

The descriptive statistics of the study sample (Weighted 
N = 95,069,931) are presented in Table 1. Overall, 26.16% 
of the participants were in the age range of 18–25 years and 
26.44% were in the age range of 35–49 years; 56.45% were 
males; 71.03% were non-Hispanic Whites; 89.54% were het-
erosexuals; 47.39% had some college education; 35.68% had 
a family income of $75,000 or more; and 40.50% resided in 
the South. Of the participants, 16.74% had fair or poor gen-
eral health, 37.08% were current daily or some days cigarette 
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smokers, 35.42% perceived e-cigarettes to be less harmful, 
and 30.75% currently used e-cigarettes daily or some days. 
Among the e-cigarette users, 36.89% were in the age range 
of 18–25 years; 56.07% were males; 75.59% were non-His-
panic Whites; 45.36% had some college education; 34.97% 
had a family income of $75,000 or more; and 36.77% resided 
in the South. Of the current e-cigarette users, 9.75% were 
sexual minorities; 10.26% had fair or poor general health; 
37.95% were current cigarette smokers; and 63.36% per-
ceived e-cigarettes to be less harmful than cigarettes.

Multivariable logistic regression results

Table  2 presents the weighted multivariable logis-
tic regression analysis results. Compared to individu-
als aged 18–25  years, individuals in the age range 
of 26–34  years (AOR = 0.32, 95% CI = 0.11, 0.88), 
50–64 years (AOR = 0.23, 95% CI = 0.07, 0.77), and 65+ 
years (AOR = 0.17, 95% CI = 0.03, 0.80) were less likely 
to engage in current e-cigarette use. Individuals who self-
reported their general health as fair or poor also were less 
likely to use e-cigarettes (AOR = 0.32, 95% CI = 0.15, 0.69) 
relative to those who reported their general health as excel-
lent/very good/good. Compared to non-cigarette smokers, 
current cigarette smokers had higher odds of using e-ciga-
rettes (AOR = 3.48, 95% CI = 1.25, 9.72). Those who per-
ceived e-cigarettes to be just as harmful (AOR = 0.13, 95% 
CI = 0.06, 0.27), more harmful (AOR = 0.03, 95% CI = 0.01, 
0.10), or uncertain (AOR = 0.18, 95% CI = 0.08, 0.45) were 
more likely to use e-cigarettes compared to those who per-
ceived e-cigarettes to be less harmful than cigarette smoking. 
The interaction between cigarette smoking status and per-
ceived harmfulness of e-cigarettes was statistically signifi-
cant (p < 0.001), indicating that sexual identity modified the 
association between perceived harmfulness of e-cigarettes 
and actual e-cigarette use. We also found a significant inter-
action between sexual identity and perceived harmfulness of 
e-cigarettes (p < 0.001). Therefore, we proceeded to conduct 
marginal analyses. The analyses are presented below.

Between and within‑group analysis

We examined differences in the association between e-ciga-
rette use and perceived harmfulness of e-cigarettes by ciga-
rette smoking status. Figure 1 presents the differences in 
e-cigarette use between and within cigarette smoking status 
and perceived harmfulness of e-cigarettes. Individuals who 
were former cigarette users and perceived e-cigarettes as less 
harmful than cigarettes (margin = 0.72, 95% CI = 0.59, 0.85) 
had the highest probability of currently using e-cigarettes 
compared to current cigarette users (margin = 0.64, 95% 
CI = 0.45, 0.84) and non-cigarette smokers (margin = 0.39, 
95% CI = 0.23, 0.55), who also perceived e-cigarettes as less 

harmful than smoking cigarettes. For current cigarette smok-
ers, those who perceived e-cigarettes as less harmful than 
cigarettes had a higher probability of current e-cigarette use 
(margin = 0.64, 95% CI = 0.45, 0.84) than those who were 
uncertain (margin = 0.37, 95% CI = 0.17, 0.57) or perceived 
e-cigarettes as just as harmful (margin = 0.31, 95% CI = 0.16, 
0.47); the probability was not significant, however, for those 
who perceived e-cigarettes as more harmful (margin = 0.16, 
95% CI = −0.05, 0.28). For former smokers, those who per-
ceived e-cigarettes as less harmful had a higher probability 
of current e-cigarette use (margin = 0.72, 95% CI = 0.59, 
0.85) than did those who were uncertain (margin = 0.22, 95% 
CI = 0.01, 0.42) or perceived e-cigarettes as just as harmful 
(margin = 0.16, 95% CI = 0.01, 0.30), while the probability 
was not significant for those who perceived e-cigarettes as 
more harmful (margin = 0.04, 95% CI = −0.01, 0.09). For 
the non-cigarette smokers, the probability of current e-cig-
arette use was higher for those who perceived e-cigarettes 
as less harmful (margin = 0.39, 95% CI = 0.23, 0.55) than 
those who perceived it as just as harmful (margin = 0.15, 
95% CI = 0.02, 0.29), whereas the probabilities were not sig-
nificant for those who perceived e-cigarettes as more harm-
ful (margin = 0.05, 95% CI = −0.07, 0.17) or were uncertain 
(margin = 0.23, 95% CI = −0.15, 0.61).

Differences in the association between e-cigarette use and 
perceived harmfulness of e-cigarettes by sexual identity are 
presented in Fig. 2. The probability of current e-cigarette 
use was higher for heterosexual individuals who perceived 
e-cigarettes as less harmful than cigarettes (margin = 0.62, 
95% CI = 0.52, 0.72) compared to sexual minority individu-
als (margin = 0.50, 95% CI = 0.16, 0.84), who also perceived 
e-cigarettes as less harmful than cigarettes. The probabil-
ity of e-cigarette use was higher among individuals who 
perceived e-cigarettes as less harmful for all heterosexual 
and sexual minority individuals. For heterosexual individu-
als, the highest probability of current e-cigarette use was 
observed among those who perceived e-cigarettes as less 
harmful (margin = 0.62, 95% CI = 0.52, 0.72) compared to 
those who were uncertain (margin = 0.27, 95% CI = 0.13, 
0.41) or those who perceived them as just as harmful (mar-
gin = 0.20, 95% CI = 0.11, 0.28), whereas the probability was 
not significant for individuals who perceived e-cigarettes as 
more harmful (margin = 0.06, 95% CI = −0.02, 0.13). For 
the sexual minority individuals, current e-cigarette use prob-
ability was higher for those who perceived e-cigarettes as 
less harmful (margin = 0.50, 95% CI = 0.16, 0.84) compared 
to just as harmful (margin = 0.32, 95% CI = 0.05, 0.59), 
but the probabilities were not significant for more harmful 
(margin = 0.09, 95% CI = −0.12, 0.30) or those who were 
uncertain (margin = 0.18, 95% CI = −0.06, 0.43) in their 
e-cigarette perceptions.
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Table 1  Selected characteristics 
of a sample of US adults by 
current e-cigarette use (HINTS 
2020 and 2019 data)

Data source: 2020 and 2019 Health Information National Trends Survey (HINTS 5, Cycles 4 and 3)
Weighted N = 95,069,931

Overall
N (%)

No current e-cigarette use
n (%)

Current daily or 
some days e-cigarette 
use
n (%)

Variable 95,069,931 (100%) 65,837,038 (69.25) 29,232,893 (30.75)
Age

  18–25 24,637,018 (26.16) 13,896,241 (21.36) 10,740,777 (36.89)
  26–34 21,187,115 (22.50) 15,267,206 (23.46) 5,919,910 (20.33)
  35–49 24,900,229 (26.44) 17,706,551 (27.21) 7,193,678 (24.71)
  50–64 18,556,635 (19.70) 14,254,691 (21.91) 4,301,944 (14.77)
  65 or Older 4,902,469 (5.21) 3,940,274 (6.06) 962,194 (3.30)

Sex
  Female 38,721,458 (43.55) 26,350,310 (43.37) 12,371,148 (43.93)
  Male 50,199,246 (56.45) 34,407,015 (56.63) 15,792,230 (56.07)

Race/ethnicity
  Non-Hispanic White 64,548,699 (71.03) 43,285,384 (68.99) 21,263,315 (75.59)
  Non-Hispanic Black/Afri-

can American
5,616,931 (6.18) 3,936,114 (6.27) 1,680,817 (5.98)

  Hispanic 12,967,886 (14.27) 9,594,084 (15.29) 3,373,802 (11.99)
  Non-Hispanic other 7,742,559 (8.52) 5,929,818 (9.45) 1,812,741 (6.44)

Sexual identity
  Heterosexual 80,515,030 (89.54) 55,227,940 (89.22) 25,287,090 (90.25)
  Sexual minority 9,403,148 (10.46) 6,671,377 (10.78) 2,731,772 (9.75)

Level of education completed
  Less than high school 5,982,930 (6.36) 2,738,154 (4.19) 3,244,776 (11.29)
  High school graduate 22,645,949 (24.08) 16,127,429 (24.70) 6,518,520 (22.68)
  Some college 44,565,380 (47.39) 31,526,292 (48.28) 13,039,088 (45.36)
  College graduate or higher 20,852,232 (22.17) 14,909,454 (22.83) 5,942,777 (20.67)

Total family income
  Less than $20,000 17,675,640 (19.77) 12,972,036 (21.17) 4,703,604 (16.71)
  $20,000 to <$35,000 8,294,432 (9.28) 4,996,400 (8.15) 3,298,033 (11.72)
  $35,000 to <$50,000 13,421,714 (15.01) 8,773,551 (14.32) 4,648,163 (16.52)
  $50,000 to <$75,000 18,129,521 (20.27) 12,475,895 (20.36) 5,653,626 (20.09)
  $75,000 or more 31,902,775 (35.68) 22,060,840 (36.00) 9,841,935 (34.97)

Census region
  Northeast 14,559,871 (15.32) 10,405,955 (15.81) 4,153,916 (14.21)
  Midwest 21,510,132 (22.63) 14,708,004 (22.34) 6,802,128 (23.27)
  West 21,590,126 (22.71) 14,061,254 (21.36) 7,528,872 (25.76)
  South 37,409,802 (39.35) 26,661,826 (40.50) 10,747,976 (36.77)

General health status
  Excellent/very good/good 78,688,896 (83.26) 52,458,794 (80.36) 26,230,102 (89.74)
  Fair or poor 15,817,908 (16.74) 12,818,832 (19.64) 2,999,076 (10.26)

Cigarette smoking status
  Non-smoker 31,024,280 (32.92) 22,649,234 (34.80) 8,375,046 (28.73)
  Former smoker 28,275,879 (30.00) 18,560,720 (28.51) 9,715,158 (33.32)
  Current smoker 34,947,278 (37.08) 23,883,257 (36.69) 11,064,022 (37.95)

Perceived harmfulness of e-cigarettes
  Less harmful 32,948,518 (35.42) 14,593,134 (22.78) 18,355,384 (63.36)
  Just as harmful 28,892,892 (31.06) 23,404,180 (36.53) 5,488,712 (18.95)
  More harmful 14,408,169 (15.49) 13,566,470 (21.18) 841,700 (2.91)
  Uncertain 16,785,358 (18.04) 12,503,206 (19.52) 4,282,151 (14.78)
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Discussion

This study used recent nationally representative sample data 
to assess whether perceived harmfulness of e-cigarettes is 
associated with e-cigarette use, and if so, whether this asso-
ciation is conditioned on cigarette smoking status or sexual 
identity. Compared to earlier studies that reported a preva-
lence of 0.3% in 2010 and 4.5% in 2019 of current e-ciga-
rette use (Cornelius et al. 2020; McMillen et al. 2014), we 
found a higher prevalence of current use of e-cigarettes daily 
or some days (30.75%) among the U.S. population. This 
implies that the prevalence of e-cigarette use has increased 
approximately 6.8-fold during 2020, which was during the 
coronavirus disease 2019 (COVID-19) pandemic and related 
lockdown orders. A possible explanation is that the COVID-
19 stressors, such as increased anxiety, social isolation, and 
economic concerns, may have increased tobacco use, includ-
ing current e-cigarette use (Smith et al. 2020; Van Zyl-Smit 
et al. 2020; Yach 2020). Similarly, our findings showed that 
the number of individuals who perceived e-cigarettes to be 
less harmful has increased (35.42%) relative to the previous 
prevalence of 34.5% in 2017 (Huang et al. 2019). This per-
ception has almost doubled (63.36%) among current e-ciga-
rette users. Current e-cigarette use also has increased among 
current cigarette smokers, at 37.95%, compared to 36.9% in 
2019 (Cornelius et al. 2020). The increase also was observed 
among sexual minorities, for whom approximately 1 in 10 
self-identified as lesbian, gay, or bisexual, compared to 7% 
in 2018, who reported e-cigarette use (Rapaport 2018). The 
findings revealed that approximately 1 in 10 of the popula-
tion who rate their general health status as fair or poor are 
likely to be current e-cigarette users. The results suggest 
the need to consider perceived health risks and behavioral 
or lifestyle modifications for public health interventions as 
well as research on e-cigarette use.

The results from our multivariable analysis showed sig-
nificant differences in e-cigarette use between age groups. 
In alignment with other studies (Ganz et al. 2018; Johnson 
et al. 2016), we found that individuals within the age range 
of 18–25 years were more likely to engage in e-cigarette 
use daily or some days than were individuals within the 
age ranges 26–34 and 50+ years. We did not, however, find 
significant differences in e-cigarette use between the age 
groups 18–25 and 35–49 years. This finding suggests that, 
although the prevalence of e-cigarette use may be higher 
among individuals aged 18–25 years, the difference in the 
risks of engaging in e-cigarette use may not be significant 
between them and those aged 35–49 years. In contrast with 
a previous study that used a nationally representative sample 
of adults (Emory et al. 2016), e-cigarette use did not dif-
fer significantly between sexual minority and heterosexual 
groups in our study. The differences in the findings from 

Table 2  Adjusted odds ratios of e-cigarette use status associated with 
sociodemographic characteristics, cigarette smoking status, and per-
ceived harmfulness of e-cigarettes (Weighted N = 95,069,931)

AOR, adjusted odds ratio; 95% CI, 95% confidence interval; Ref, ref-
erence group
*p < 0.05, **p < 0.01, ***p < 0.001

Variable AOR 95% CI

Age
  18–25 Ref –
  26–34 0.32* (0.11, 0.88)
  35–49 0.37 (0.12, 1.17)
  50–64 0.23** (0.07, 0.77)
  65 or older 0.17* (0.03, 0.80)

Sex
  Female Ref –
  Male 0.62 (0.32, 1.21)

Race/ethnicity
  Non-Hispanic White Ref –
  Non-Hispanic Black/African American 1.76 (0.49, 6.39)
  Hispanic 1.15 (0.48, 2.73)
  Non-Hispanic others 1.20 (0.41, 3.47)

Sexual identity
  Heterosexual (i.e., straight) Ref –
  Sexual minorities (Lesbian/gay or 

bisexual)
0.95 (0.34, 2.65)

Level of education completed
  Less than High School Ref –
  High School graduate 0.36 (0.08, 1.70)
  Some college 0.41 (0.10, 1.67)
  College graduate or higher 0.25 (0.05, 1.17)

Total family income
  Less than $20,000 Ref –
  $20,000 to < $35,000 2.54 (0.79, 8.18)
  $35,000 to < $50,000 2.51 (0.83, 7.63)
  $50,000 to < $75,000 1.40 (0.56, 3.51)
  $75,000 or more 1.44 (0.56, 3.73)

Census region
  Northeast Ref –
  Midwest 1.25 (0.43, 3.61)
  West 1.69 (0.66, 4.35)
  South 1.27 (0.51, 3.16)

General health status
  Excellent/very good/good Ref –
  Fair or poor 0.32** (0.15, 0.69)

Cigarette smoking status
  Non-smoker Ref –
  Former smoker 2.50 (0.97, 6.47)
  Current smoker 3.48** (1.25, 9.72)

Perceived harmfulness of e-cigarettes
  Less harmful Ref –
  Just as harmful 0.13*** (0.06, 0.27)
  More harmful 0.03*** (0.01, 0.10)
  Uncertain 0.18*** (0.08, 0.45)
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these studies may be due to differences in survey administra-
tion characteristics and participants. For instance, the data 
analyzed by Emory et al. (2016) for their study was collected 
in 2013 and included only 4.8% sexual minorities, whereas 
our data were collected in 2019 and 2020, and 10.46% of 
the sample was self-identified as lesbian, gay, or bisexual. 
These differences may have accounted for the differences 

in the findings between the studies. It also may be that, 
regardless of SGM status, e-cigarette use may be normal-
ized by certain social contexts, including more prevalent 
peer e-cigarette use (Blosnich et al. 2013; Jannat-Khah et al. 
2018), environments of advertising e-cigarettes or tobacco 
companies’ strategies (Dilley et al. 2008; Fallin et al. 2015; 
U.S. National Cancer Institute 2017), or marketing efforts 

Fig. 1  Differences in e-ciga-
rette use between and within 
cigarette smoking status and 
perceived harmfulness of 
e-cigarettes

Fig. 2  Differences in e-cigarette 
use between and within sexual 
identity and perceived harmful-
ness of e-cigarettes
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of e-cigarettes as products that can be used as a means to 
circumvent smoke-free laws (Grana and Ling 2014), all of 
which may not influence the difference in e-cigarette use 
by SGM status. Our findings revealed, however, that the 
association between current e-cigarette use and perceived 
harmfulness of e-cigarettes was influenced by sexual iden-
tity. Contrary to previous studies (Ganz et al. 2018; Nayak 
et al. 2017), we found that, for sexual minority individuals 
or heterosexual individuals, those who perceived e-cigarettes 
as less harmful were more likely to engage in current e-cig-
arette use.

General health status may have implications for engaging 
in daily or some days e-cigarette use. Our findings revealed 
that individuals who had fair or poor general health sta-
tus were less likely to use e-cigarettes daily or some days 
compared to those who had excellent, very good, or good 
general health status. This association implies that individu-
als who have fair or poor health conditions may be con-
cerned about their health and, therefore, may quit or avoid 
e-cigarette use to protect their health. Consistently, Li et al. 
(2019) found that individuals with poor health conditions 
were less likely to engage in smoking and more likely to 
report quit attempts due to cancer, heart disease, or chronic 
lung conditions.

Our findings further revealed that lower perceived harm-
fulness of e-cigarettes was associated with e-cigarette use 
daily or some days. These findings are consistent with previ-
ous studies (Amrock et al. 2016; Huang et al. 2019; Manzi-
one et al. 2020) that found that a reason for continuous use 
of e-cigarettes was related mainly to less perceived harm-
fulness of e-cigarettes. We also found that current cigarette 
smokers were more likely to engage in e-cigarettes use than 
were non-cigarette smokers. A possible explanation for these 
findings is that current cigarette smokers may be using e-cig-
arettes with an intention or attempt to quit cigarette smok-
ing. Thus, these individuals may be engaging in dual-use of 
e-cigarettes and conventional cigarettes to either compensate 
for their cravings or perception of e-cigarettes as less harm-
ful than cigarettes (Miller et al. 2020; Rhoades et al. 2019). 
This dual-use may increase the health risks associated with 
nicotine products among the population (CDC 2020; Singh 
et al. 2020; U.S. Department of Health and Human Services 
2016).

Our study showed that the association between cur-
rent e-cigarette use and perceived harmfulness of e-cig-
arettes varied by cigarette smoking status among U.S. 
adults, suggesting differences in e-cigarette use between 
and within cigarette smoking status and perceived harm-
fulness of e-cigarettes. Consistent with previous stud-
ies (Ganz et al. 2018; Popova et al. 2018), we observed 
that former and current cigarette smokers who per-
ceived e-cigarettes as less harmful than cigarettes had 
a higher probability of using e-cigarettes daily or some 

days than did non-cigarette smokers. Perhaps e-cigarette 
use among cigarette smokers is due to a positive affect 
toward tobacco use, including e-cigarettes, which, in turn, 
increases the lower perception of harm from e-cigarettes 
during the COVID-19 pandemic, as individuals may 
be using tobacco products as stress and anxiety coping 
mechanisms during the COVID-19 pandemic (Popova 
et al. 2018; Yach 2020). The COVID-19 stressors and 
coping mechanisms may further explain our findings 
that, although current and former cigarette smokers who 
perceived e-cigarettes as less harmful were more likely 
to engage in current e-cigarette use behavior than those 
who were uncertain or perceived e-cigarettes as just as 
harmful, there were no significant differences for current 
and former smokers who perceived e-cigarettes as more 
harmful. Similarly, non-cigarette smokers who perceived 
e-cigarettes as less harmful had a higher likelihood of 
current e-cigarette use than did those who perceived it 
as just as harmful. The likelihoods were, however, not 
significant for those who perceived e-cigarettes as more 
harmful or were uncertain. Overall, these findings imply a 
negative association between cigarette smoking and lower 
perception of e-cigarettes for current daily or some days 
e-cigarette use behavior. A plausible increase in harm 
perception of e-cigarettes and cigarettes among ciga-
rette smokers may be associated with a lower likelihood 
of e-cigarette use, including a switch from cigarettes to 
e-cigarettes among smokers and vice versa (Huang et al. 
2019). Therefore, public health professionals should 
consider the risks of cigarette smoking in addressing the 
lower perceived harmfulness of e-cigarettes among daily 
or some days e-cigarette users.

This study has some limitations that need to be consid-
ered. This is a cross-sectional study and provides only a 
snapshot of the prevalence of e-cigarette use and its risks 
factors, without consideration of the temporal trends and 
associations. In addition, the study used self-reported data 
and, thus, may include recall and participants’ biases. 
These biases may potentially result in over- or underre-
porting, which could have affected our findings. Neverthe-
less, the HINTS questions used to assess the self-reported 
responses have been widely adopted since 2003. Moreo-
ver, e-cigarette use and its risk perceptions are rapidly 
evolving; therefore, cross-sectional study design and snap-
shot results may be necessary to understand e-cigarette 
use dynamics, which may have policy and intervention 
implications for the continued use of e-cigarettes. In addi-
tion, this study included only noninstitutionalized adults, 
which does not allow for generalizing the study findings to 
youth and institutionalized adults. Nonetheless, this study 
included a recent nationally representative sample, which 
makes the findings important and generalizable to the gen-
eral U.S. adult population.
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Conclusion

Our study demonstrated that daily or some days use of 
e-cigarettes is associated with current cigarette smoking 
and less perceived harmfulness of e-cigarettes among the 
U.S. adult population. Young adults were more likely 
to engage in current e-cigarette use behavior. The study 
findings did not, however, support the notion that cur-
rent e-cigarette use differs significantly between sexual 
minority and heterosexual groups. Lower perceptions of 
the harm of e-cigarettes relative to cigarettes among ciga-
rette smokers and sexual identity groups was associated 
with a higher level of engagement in current e-cigarette 
use behavior. This positive association between current 
cigarette smoking and daily or some days use of e-ciga-
rettes in the population implies that individuals may have 
been plausibly engaging in the dual-use of e-cigarettes and 
conventional cigarettes, possibly either to compensate for 
their cravings or due to their perception of e-cigarettes 
as less harmful than cigarettes. These findings highlight 
the need to enhance tailored health promotion and inter-
vention efforts to reduce the potential perceived health 
risks and behavioral or lifestyle risks related to the use of 
tobacco products, especially e-cigarette use daily or some 
days among young adults and individuals with excellent or 
good general health status. Specifically, increasing harm 
perceptions of e-cigarettes and cigarettes among ciga-
rette smokers and sexual identity subgroups (lesbian, gay, 
bisexual, and heterosexual) may reduce or prevent initia-
tion or continuous use of e-cigarettes and other tobacco 
products (Huang et al. 2019). Finally, research is needed 
to identify different new designs and types of e-cigarettes, 
as well as dual-use, to better understand e-cigarette use 
dynamics in the population.
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