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Abstract

Obijective: To determine the prevalence and determinants of electronic nicotine delivery systems
(ENDS) use among Hispanic/Latino adults from the Hispanic Community Health Study/Study of
Latinos (HCHS/SOL).

Methods: Cross-sectional data collected between the years 2015-2017 were analyzed to assess
ENDS use (ever (current: use < past 30 days; former: use > past 30 days) and never) among
11,623 adults (mean age 47 years=0.3 years; 52% women). Weighted prevalence estimates were
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reported, and age-adjusted logistic regression models were used to examine associations between
sociodemographic and clinical exposures with ENDS use.

Results: The prevalence of current and former ENDS use was 2.0% and 10.4%, respectively.
Having ever used ENDS was associated with prevalent coronary artery disease. Current ENDS
use was higher in males and associated with higher education, English language preference, and
Puerto Rican background compared with nonsmokers and cigarette-only smokers (all p<0.05).

Conclusions: Hispanic/Latino individuals who are young adults, male, US-born, and have
high acculturation were more likely to report current ENDS use. These findings could inform
preventive and regulatory interventions targeted to Hispanics/Latinos.
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Introduction

Electronic cigarettes, also called e-cigarettes or electronic nicotine delivery systems
(ENDS), are battery-operated devices with a heating element that deliver nicotine and

other chemicals to users as aerosolized vapors, without the combustion associated with
traditional cigarettes.-2 ENDS were first introduced into the market in 2004; however, in
2014 as conventional cigarette use declined significantly, ENDS use increased rapidly with
an estimated 13% of United States (US) adults, including former, current, and non-cigarette
smokers reporting having ever tried ENDS.3

Less is known about the use of ENDS in ethnic minorities who historically are
disproportionately targeted in tobacco product marketing and bear significant tobacco-
related health disparities.* Among Hispanic/Latino adults, the prevalence of tobacco use
and number of cigarettes smoked per day is lower than non-Hispanic whites.*~" However,
within disaggregated Hispanic/Latino background groups, combustible cigarette use is more
prevalent among individuals of Puerto Rican and Cuban backgrounds than those of Mexican
and Central or South American backgrounds and Aigher compared with non-Hispanic
whites.8 Further, US-born Hispanics/Latinos and those with greater acculturation to the US
are more likely to use combustible tobacco products.8:8-10

Recent studies among adults in select, mostly non-Hispanic white, populations have
profiled current ENDS users as young adults, men, multi-racial individuals, and
conventional cigarette smokers.11 Compared with non-Hispanic whites, Hispanics/Latinos
have traditionally shown lower tobacco use prevalence. However, ENDS represent a
disruptive innovations with the potential to shift patterns of tobacco use.11:12 Studies

have shown that experimentation with ENDS among adolescents and young adults is a
risk factor for progression to combustible cigarette smoking and nicotine-dependence, 1314
which could lead to a “tipping point” phenomenon,® where future generations experience
a higher prevalence of nicotine dependence and tobacco-related disease compared with
previous generations.1! This phenomenon has the potential to exacerbate tobacco-related
disparities, especially in groups with traditionally lower tobacco-use prevalence like
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Hispanics/Latinos. Additionally, ENDS products are becoming more popular among both
youth and adults, and it is important to examine the epidemiology of ENDS use across
groups of Hispanics/Latinos that have historically experienced tobacco-related disparities.
Therefore, we sought to determine the prevalence and patterns of ENDS use among the
Hispanic/Latino population. Leveraging data from the Hispanic Community Health Study/
Study of Latinos (HCHS/SOL), the largest and most representative population-based cohort
study of US persons of Hispanic/Latino origin, we assessed demographic, socioeconomic,
clinical characteristics and other forms of tobacco use status correlated with ENDS use in
this population.

Study population

HCHS/SOL is an ongoing multi-center, population-based prospective cohort of 16,415
Hispanics/Latinos ages 18-74 years from households in four targeted US metropolitan areas
(Bronx, NY, Chicago, IL, Miami, FL, and San Diego, CA). The baseline examination (2008—
2011; Visit 1) and a follow-up second in-person exam (2014-2017; Visit 2) were conducted.
Participants self-reported their Hispanic/Latino background. Comprehensive details on the
study design, sampling method, eligibility, and examination procedures were previously
published®:17 and are available on the HCHS/SOL website. For the present study, we
included only participants with available data in HCHS/SOL Visit 2 (n=11,623) where
information on ENDS use was obtained. Of the 11,623 HCHS/SOL participants, 348 were
excluded from the analysis for having missing value (n7= 35) or “other” (n= 313) Hispanic/
Latino background. Missing data for ENDS and combustible tobacco product use measures
was minimal with less than 1% for each measure. Thus, these analyses were based on data
from 11,275 participants. The study was approved by the Institutional Review Boards for the
coordinating center and each field center.

Measurement of ends use and combustible tobacco products

ENDS use status was assessed by standardized questionnaires and grouped into three
categories: current, former, and never. Two questions were asked to assess ENDS use: “Have
you ever smoked an e-cigarette or electronic cigarette (e.g., Blue, V2), even once?” and, if
the response was yes, participants were further asked: “During the past 30 days, did you
smoke an e-cigarette or electronic cigarette (e.g., Blue, V2)?” If participants had smoked
[i.e., used] ENDS during the past 30 days of the interview, then they were considered current
ENDS users; if participants smoked ENDS more than 30 days before the interview, then
they were considered former ENDS users; and if participants had not smoked ENDS ever in
their lifetimes, they were considered never ENDS users. Ever ENDS users included all who
responded “Yes’ to ever smoking ENDS (former and current ENDS users).

Hookah (waterpipe) and cigar smoking status were each similarly assessed by standardized
questionnaire and categorized as current, former, and never smokers using questions about
ever use and whether use occurred in the past 30 days of interview. Cigarette smoking
status was assessed using two questions: “Have you ever smoked 100 cigarettes in your
entire life?” and “Do you now smoke daily, some days or not at all?” Participants reporting
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at least 100 cigarettes in their entire life and reporting smoking daily or some days were
considered current smokers; if participants had smoked 100 cigarettes in their entire life but
did not report smoking daily or some days (i.e., not at all), then they were considered former
smokers; and if participants had not smoked 100 cigarettes in their lifetime nor reported
daily smoking, they were considered never smokers.®

Measurement of socio-demographic and clinical characteristics

All study participants were asked to report their country of birth and select their Hispanic/
Latino background (Central American, Cuban, Dominican, Mexican, Puerto Rican, South
American). Participants also reported their age, sex, educational attainment (<high school,
high school degree or more), annual household income (categorized as <$30,000, =$30,000),
and health insurance status. US acculturation was assessed through several validated
measures. First, participants’ nativity was classified as US-born (excluding US territories)
or non-US-born (including US territories). Second, language preference was characterized
based on language of interview (English or Spanish). For further characterization, we used
the Short Acculturation Scale for Hispanics (SASH),8 which has two subscales with
responses based on a 5-point Likert scale: (1) SASH language subscale (includes items
related to language preference and use (e.g., the language they speak and think)); and (2)
SASH social affiliations subscale (includes items related social relations (e.g., ethnicity of
close friends)). The SASH has demonstrated a high reliability overall (a= 0.90) and within
each subscale (language use a=0.93; ethnic and social relations a=0.72). These subscales
were analyzed separately with higher scores representing higher degrees of acculturation.

HCHS/SOL examinations included clinical measurements such as height, weight, blood
pressure (BP), and fasting venous blood and urine specimens. Body mass index (BMI) was
derived using measured height and weight and calculated as body weight in kilograms
divided by the square of height in meters (kg/m?2). Obesity status was defined as a

BMI >30 kg/m2. BP was reported as the average of three seated measurements obtained
after a 5-minute rest. Hypertension was defined as systolic BP =140 mm Hg, diastolic

BP =90 mm Hg, or self-reported use of antihypertensive medication. Diabetes mellitus
was determined by a fasting plasma glucose of =126 mg/dl, 2-hour post-load glucose
levels of =200 mg/dl, glycated hemoglobin Alc (HbAlc) level of =6.5%, or use of anti-
diabetic medication. Total cholesterol (=240 mg/dL), high-density lipoprotein cholesterol
(HDLc, <40 mg/dL), low-density lipoprotein cholesterol (LDLc, =160 mg/dL), or self-
reported antihyperlipidemic medication use were used to determine the presence or
absence of hypercholesterolemia. Prevalent cardiovascular disease (CVD) was defined by
electrocardiogram evidence of myocardial infarction and/or self-report of heart attack,
coronary procedure (i.e., angioplasty, stent, bypass), or stroke. Heart failure was assessed
by self-report based on clinical diagnosis.

Statistical analyses

Summary statistics for continuous (mean and standard error (SE)) and categorical (count
and percentage) characteristics were calculated for the overall study sample and by ENDS
categories. All descriptive group comparisons were assessed using Wald or Rao-Scott chi-
square tests from survey-specific procedures where appropriate. The type and number of
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combustible tobacco products (cigarette, hookah, cigar) currently being used were assessed
separately and combined to estimate concurrent product use with prevalence estimated

for the overall population and within each ENDS use category (current, former, and

never). Next, we estimated the prevalence of current and former ENDS use by Hispanic/
Latino background. We separately compared distributions of socio-demographic and clinical
characteristics between distinct tobacco-use groups. Characteristics among individuals who
do not use either traditional tobacco or ENDS products (n7 = 6057) (hereafter, non-tobacco
users) and current combustible cigarette-only smokers (/7= 866) (hereafter cigarette-only
smokers) were compared with the distribution of characteristics among ever (n=932) and
current (7= 136) ENDS users using means (xSE) and count (%), where appropriate. Finally,
we used surveylogistic procedures to estimate the age-adjusted odds of ever and current
ENDS use compared separately to non-tobacco users and cigarette-only smokers for each
characteristic under study. All statistical tests were two-sided at a significance level of 0.05.
Performed using SAS version 9.4 (SAS Institute), all analyses accounted for the appropriate
sampling weights and complex sample design.

Overall sample characteristics

Weighted descriptive statistics for all study characteristics for the total target population

and stratified by ENDS use status are shown in Table 1. The mean age of the total sample

at follow-up was 47.3 (SE=0.3) years and the majority were female (52.1%). The largest
group was of Mexican background (39.0%), followed by Cuban (20.9%), and Puerto Rican
(16.7%). The majority (77.5%) were born outside of the 50 US states/DC, with 65.7% being
foreign/territory-born and living 10 or more years in the 50 US states/DC. One-third did not
graduate high school, and more than half of the HCHS/SOL population lacked education
beyond college. Regarding income, 53.7% of households earned <$30,000 annually and the
majority reported current health insurance coverage.

Prevalence of ends use and distribution by study characteristics

The prevalence of current ENDS use was 2.0% and former ENDS use was 10.4% (Table
1). In Fig. 1, combustible tobacco use (which included cigar, hookah, and cigarette use)
was prevalent among ENDS users, with cigarette use among 67.6% of current ENDS users,
while 17.9% never smoked cigarettes (data not shown). At the time of the interview, 59%
of current ENDS users were also currently using one combustible tobacco product, and
14% were using 2 to 3 combustible tobacco products. Ever (current and former) ENDS

use prevalence varied by Hispanic/Latino background (Fig. 2), with estimates ranging from
6.8% in persons of Central American background to 17.0% in persons of Puerto Rican
background.

Current (M= 38.5, SE=1.3) and former (M= 36.9, SE=0.5) ENDS users were younger and
more likely to be males (73.3% and 60%, respectively), compared with never (M= 48.7
years, SE=0.3; 45.8% males) ENDS users. Compared with never ENDS users, current and
former ENDS users were also more likely to have a higher level of education and income
and were more acculturated with the majority being US-born, having greater exposure to
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English-language use and social networks that were predominantly non-Hispanic. Finally,
clinical characteristics varied by ENDS use. Diabetes mellitus and hypertension were
prevalent among never ENDS users, while hypercholesterolemia was prevalent among
current ENDS users.

Current and ever ends use profiles

The distribution of study characteristics by ENDS use status was also compared with
non-tobacco users (1= 6057) and cigarette-only smokers (/7= 866) in Table 2. Overall,
ENDS users were significantly younger than non-tobacco users and cigarette-only smokers
and were more likely to be between 18 and 34 years of age. ENDS users were also
predominantly male, were more likely to have an education level at high school or above,
report an income of $30,000 or higher, prefer using English, and be US-born. Regarding
clinical characteristics, distributions also varied for comorbidities between categories of
tobacco-use status. For example, current ENDS users had a significantly lower prevalence
of obesity (29.6%) and diabetes (8.3%), compared with non-tobacco users (42.9% and
25.9%, respectively). However, current ENDS users had a higher prevalent CVD (2.8%)
than cigarette-only smokers (1.3%).

Age-adjusted odds of ends use by sociodemographic and clinical characteristics

In age-adjusted analyses (Table 3), compared with non-tobacco users, the odds of current
ENDS use varied significantly by participants’ socio-demographic and acculturation
characteristics. Being younger and male, with higher education levels, English language
preference, Puerto Rican background, and greater language and social acculturation, were
associated with higher odds of being current ENDS users. In contrast, foreign/territory-born
individuals had lower odds of being current ENDS users than those US-born. The age-
adjusted odds of being current-ENDS users in men was about 5 times higher than in women;
those foreign-born had about 90% lower odds of being current-ENDS users compared to
those US-born. For clinical measures, both obesity (OR 0.60, 95% ClI: 0.36, 0.99) and
diabetes mellitus (OR 0.46, 95% CI: 0.26, 0.81) were associated with lower odds of current
ENDS use.

The ever ENDS use profile was similar to current ENDS use except by Hispanic/Latino
background. Those of Central (OR 0.37, 95% ClI: 0.25, 0.55) or South American (OR
0.59, 95% CI: 0.37, 0.95) backgrounds were less likely to be ever ENDS users compared
with those of Mexican background. Finally, ever ENDS use was associated with additional
clinical factors suggestive of greater CVD risk including hypercholesterolemia (OR 1.30,
95% ClI: 1.05, 1.62), prevalent CVD (OR 2.33, 95% CI: 1.52, 3.56), and heart failure (OR
2.98, 95% ClI: 1.16, 7.70).

When ENDS use status was compared with cigarette-only smokers, sociodemographic
characteristic associations were generally consistent with effects observed when compared
with non-tobacco users for both ever and current ENDS users (Table 4). For clinical
characteristics, the models suggested no significant differences in the odds of current ENDS
use. Only obesity status was associated with ever ENDS use, where those with obesity had
40% greater odds of ever ENDS use compared to those without.

Am J Med Open. Author manuscript; available in PMC 2023 June 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

April-Sanders et al. Page 7

Discussion

In a large and diverse population-based sample of US Hispanic/Latino adults surveyed
between 2014 and 2017, we report that 2.0% were current ENDS users, while 10.4% were
former ENDS users. We identified that those who are young adults, males, with higher
education, and greater acculturation (i.e., US-born, English language preference) had higher
odds of current ENDS use. Hispanic/Latino adults that were ever ENDS users (both former
and current) had similar sociodemographic associations as current ENDS users but had
more prevalent CAD. As evidence continues to mount demonstrating the potentially harmful
impact of ENDS use on health,® our results provide new information that is critical to
understanding the patterns of ENDS use among Hispanics/Latinos residing in the US. Our
study also identifies ENDS user profiles that may be at a disproportionately higher risk of
tobacco-related health disparities.

Our study is among the first to characterize the prevalence of ENDS use among Hispanics/
Latinos from diverse social backgrounds. We found that those of Puerto Rican background
and those having a higher level of acculturation to the US (English-language preference,
being US-born) were significantly more likely to use ENDS than those with lower levels

of acculturation, which extends previous findings on tobacco use among immigrants®20

to include ENDS use. Recent immigrants or those with less time in the US may still

hold on to the beliefs and practices of their origin culture, which might have a protective
effect on smoking beliefs and practices in their new cultural environment.21 Additionally,
compared with non-smokers, current and former smokers with greater English proficiency
are more likely to be exposed to advertisements for ENDS products when cravings peak or
when searching for tobacco substitutes or smoking cessation options.29 Our results support
previous findings that maintenance of cultural norms and Spanish language preference
among Hispanics/Latinos may reduce ENDS use initiation.1# These findings offer valuable
information for public health initiatives and policy efforts addressing the needs of Hispanics/
Latinos living in the US. These findings also can support the development of culturally-
tailored interventions to reduce ENDS use among acculturated young Hispanic/Latino adults
who are not current tobacco smokers. Future research is needed to examine the joint role of
other environmental factors such as family and peer-level factors, marketing strategies and
their combined influence on ENDS use among foreign-born individuals and young adults,
particularly men.

Since 2014, the prevalence of current ENDS use among adults has ranged between 3 and
5% compared with the prevalence of combustible cigarettes.22:23 Nationally representative
studies have found that overall, adults with lower SES and those who are racial or ethnic
minorities were less likely to use ENDS.24:25 Specifically, compared with non-Hispanic
whites, Hispanics/Latinos have a historically low prevalence of current ENDS use. Our
results show that among diverse Hispanics/Latinos in the US, estimates of ENDS use are
comparable with earlier reports2426:27 and those assessed most recently.?2 Early analyses
of the 2013-2014 National Adult Tobacco Survey found a low prevalence of current
ENDS use among Hispanics/Latinos (2.7%) and non-Hispanic whites (3.6%).26 Data from
the 2013—-2014 National Health and Nutrition Examination Survey (NHANES) estimated
the prevalence of current ENDS use among Hispanics/Latinos between 1.6 (Mexican
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Americans) to 2.5 (Other Hispanics/Latinos) and 2.8 for non-Hispanic whites.?7 In the
2016-2018 Behavioral Risk Factor Surveillance System,24 2.6% of Hispanics/Latinos were
current ENDS users compared with 5.9% of non-Hispanic whites. By 2019, using data
from the National Health Interview Survey,22 prevalence of current ENDS use among
Hispanics/Latinos was relatively stable (2.8%) but a significant increase in current ENDS
use was noted among non-Hispanic whites (5.1%).22 However, these aforementioned studies
did not include diverse representative population-based samples of the Hispanic/Latino
population. Importantly, our study provides new information about differences in ENDS
usage by Hispanic/Latino background groups suggesting that previous estimates of ENDS
use among aggregate samples of Hispanics/Latinos are not generalizable across Hispanic/
Latino subpopulations. We found that Hispanic/Latino individuals of Puerto Rican and
Mexican backgrounds were more likely to try ENDS (being either current or former users)
than those of Dominican, South American, Cuban, or Central American backgrounds.
Possible reasons for such differences may be due to the differences in use of combustible
tobacco®28 and acculturation2%30 in Hispanic/Latino groups.

Differences in sampling design, data collection approaches, and classification of ENDS use
status may explain the moderate heterogeneity in prevalence estimates between nationally
representative US studies. The slightly lower prevalence estimates in our study compared
with previous studies may be due to differences in survey collection years, or the sampling
procedures for HCHS/SOL, which emphasized representation of six major Hispanic/Latino
background groups, including Central and South American backgrounds, and older adults
(45+ years), background groups with a low prevalence of ENDS use in our study.

Details on ENDS use duration can also vary between studies. For instance, 2013-2014
NHANES surveyed participants about ENDS use in the past 5 days,2” while our study and
others22:24.26 included more detailed tobacco-use assessments such as participants’ recent
use of ENDS during the past 30 days. Future studies on changes in ENDS use prevalence in
the US will need to utilize consistent measures of ENDS use to increase comparability.

Nationally, the largest and steepest increase in prevalence over time has occurred among
youth or young adults (ages 18-24 years).22 Our findings were consistent with data from
nationally representative studies?22427 showing that ENDS use among US adults was

most prevalent among younger individuals. Among Hispanic/Latino adults, we found a
high prevalence of ENDS use among younger age groups (<45 years), and a significant
emergence of prevalent ENDS use among adults who never smoked combustible cigarettes.
ENDS use may serve to promote cigarette smoking among previous non-tobacco users3!
and increase health risks from chronic exposure to toxic substances in ENDS products.32
Initially, ENDS products were introduced in the market as a potential smoking cessation
tool but our study suggest that 18% of Hispanic/Latino persons who used ENDS never
smoked cigarettes. Future research is needed to characterize and understand the features
and experiences that draw a previously non-tobacco use population to become ENDS users.
Additionally, surveillance must be continued to monitor changes over time in the prevalence
of ENDS use among non-smokers.

Consistent with previous findings,2432 dual-nicotine product use was also prevalent among
current ENDS users in our study. Nearly 68% of current ENDS users were current
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cigarette smokers. We also noted significant poly-tobacco use among ENDS users with
14.3% of current ENDS users currently smoking 2—-3 combustible tobacco products (i.e.,
cigarettes, cigars, and hookah). Certain populations may be particularly likely to engage

in dual/poly-nicotine produce use, which could increase tobacco-related health disparities
and adverse health outcomes. Importantly, later-stage tobacco-related cancer disparities exist
for Hispanics/Latinos.3* Hispanic/Latino cigarette smokers are less likely than non-Hispanic
white smokers to be screened and counseled to quit smoking or receive recommendations to
use evidence-based cessation treatments/strategies,>8 potentially limiting cessation success.
Coupled with other health-related disparities experienced by Hispanic/Latino communities
in the US (i.e., lack of access to health care, lack of culturally sensitive healthcare

providers, low health literacy, underrepresentation in clinical trials for smoking cessation
strategies, targeting by tobacco industry marketing),3° the adverse effect of tobacco use

can be significantly exacerbated among Hispanic/Latino dual/poly-nicotine product users.
Additional research is needed to understand the long-term health trajectories and tobacco-
related health disparities for Hispanic/Latino ENDS users who engage with two or more
other tobacco products.

Strengths and limitations

Our study offers a comprehensive analysis of the largest survey of ENDS use prevalence
among a diverse sample of Hispanics/Latinos in the US. Importantly, using data from

the HCHS/SOL allowed us to characterize the distribution of ENDS use among six
distinct Hispanic/Latino background groups where culture and experiences are diverse and
evident in variations seen regarding health behaviors and outcomes. This level of diversity
in Hispanic/Latino background has been a limitation for other national surveys.26:27
Additionally, we report the prevalence of ENDS use by sociodemographic and clinical
characteristics. Nonetheless, the study has several potential limitations that should be
addressed. The HCHS/SOL data collected self-reported measures of tobacco use, which
have been shown to be reliable in longitudinal studies but not validated against biomarkers
(i.e., urinary cotinine). The HCHS/SOL also lacked information about biochemical measures
of tobacco use, type of ENDS delivery mechanisms (i.e., tank, mod, or voltage pen); and
type of ENDS liquid, nicotine dose, or flavors used. While the study provided weighted
estimates that were adjusted for survey nonresponse, a moderate level of nonresponse
may have introduced selection bias into the study; although using door-to-door survey
methods helped avoid systematic biases associated with telephone surveys.36-39 Finally,
HCHS/SOL did not recruit individuals living in rural or suburban locations, therefore the
study populations may not be fully representative of the US Hispanic/Latino population.
Still, approximately 75% of the total US Hispanic/Latino population resides within the ten
largest metropolitan areas,*? four of which are covered by the HCHS/SOL sites.

Conclusions

In summary, our study provides a recent and detailed assessment of prevalence estimates of
ENDS use in a large and most well-characterized population-based cohort of US Hispanic/
Latino adults in the US. These data will serve as the basis for future research in this area and
may inform the Food and Drug Administration in the regulation of ENDS to protect public
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health. In practice, public health messaging efforts to the Hispanic/Latino population should
consider targeting greater acculturated younger Hispanics/Latinos and creating bilingual
messaging efforts that may be more appropriate for less acculturated, older Hispanics/
Latinos. These findings could inform preventive and regulatory interventions targeted to
Hispanics/Latinos.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Prevalence of types (top) and number of (bottom) combustible tobacco products currently
being used at interview by ENDS use status, HCHS/SOL Examination 2.
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Prevalence of ENDS use by Hispanic/Latino background, HCHS/SOL Examination 2.
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