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Abstract

Introduction: E-cigarette and cannabis use has been linked to various health risks, including 

respiratory and cardiovascular conditions. Yet, extant knowledge about the risk factors for 

exclusive and dual use of e-cigarettes and cannabis is limited, especially among immigrants. We 

examined exclusive e-cigarette and cannabis use and their dual use associated with mental health 

disorders among immigrants and U.S.-born.

Methods: We analyzed national cross-sectional data collected between May 13, 2021, and 

January 9, 2022, among adults aged ≥18 years (n= 4766) living in U.S. Multinomial logistic 

regression analyses were conducted to model the associations of exclusivity and dual-use 

(reference group= non-use) with anxiety/depression.

Results: The dual-use prevalence was higher than exclusive e-cigarette and cannabis use, 

especially among U.S.-born (dual use= 14.79% vs. cannabis use= 13.53% vs. e-cigarette use= 

7.11%) compared to immigrants (dual use= 8.23% vs. cannabis use= 5.03% vs. e-cigarette use= 

6.31%). Immigrants had lower risks of exclusive cannabis and dual use compared to U.S.-born. 

Anxiety/depression was associated with higher risks of exclusive cannabis use and dual use across 

immigration status, but was associated with exclusive e-cigarette use among only immigrants. 

While effect sizes of dual-use associated with anxiety/depression were higher among U.S.-born, 

the effect sizes of exclusive e-cigarette and cannabis use associated with anxiety/depression were 

higher among immigrants.

Conclusions: The findings revealed significant mental health risks for e-cigarette, cannabis, 

and their dual use among immigrants and U.S.-born, especially among U.S.-born. These findings 
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highlight the need for public health research and interventions to consider immigration status-

related disparities in substance use.
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1. Introduction

The United States (U.S.) is currently witnessing a profound shift in the patterns of prevalent 

substance use, primarily triggered by the rise of electronic cigarettes (known as e-cigarettes) 

and the progressive legalization of cannabis. E-cigarettes, commonly touted as a less 

harmful substitute to conventional tobacco products, have experienced a rapid rise in 

popularity, especially among younger age groups (Golan et al., 2023; Lewis et al., 2022; 

Short and Cole, 2021). Their marketing often highlights the perceived reduced risk, creating 

a narrative that leads to an increase in adoption among populations previously hesitant about 

tobacco usage (Do et al., 2022; Mantey et al., 2016; Ozga et al., 2023; Stanton et al., 2022; 

Zheng and Lin, 2023). Concurrently, the decriminalization and legalization of cannabis 

in numerous states may have aided in an uptick in the use of e-cigarettes and cannabis 

(Adhikari et al., 2021; Bhatia et al., 2022; Meng et al., 2022; Nicksic et al., 2020; Veligati 

et al., 2020). While these substances are often consumed independently, an emerging trend 

of dual use, defined as the concurrent use of e-cigarettes and cannabis, has been observed 

(Islam et al., 2023; Mattingly et al., 2023; Roberts et al., 2022; Williams et al., 2023). The 

increase in both e-cigarettes and cannabis may also be attributed to the use of e-cigarette 

products to deliver or administer cannabis (Chadi et al., 2020; Fataar and Hammond, 2019). 

This pattern of dual-use presents unique health risks that are becoming a significant public 

health concern (Azagba, 2018; Carlini et al., 2022; Davis et al., 2022). E-cigarette use, 

despite its perceived safety, has been linked to a range of health risks, including respiratory 

diseases and cardiovascular conditions (CDC, 2021; Cho et al., 2023; Marques et al., 

2021). Furthermore, nicotine, the primary addictive substance in e-cigarettes, has been 

well-documented to have deleterious effects on cardiovascular health, including increased 

heart rate and blood pressure (CDC, 2023; HHS, 2016; Singh et al., 2020; Williams et al., 

2013). Cannabis use, particularly at high doses, has also been associated with mental health 

disorders, cognitive impairment, and an increased risk of accidents (Albaugh et al., 2023; 

Brown et al., 2023; Cheng et al., 2023). The synergistic effects of these substances’ dual 

use could potentially exacerbate these health risks, leading to severe health outcomes. For 

instance, individuals who engage in dual-use may experience heightened respiratory issues 

due to inhaling e-cigarette vapor and cannabis smoke (Buckner et al., 2021). Additionally, 

the simultaneous use of these substances may lead to increased psychoactive effects of 

both substances and potentially higher risk of mental health disorders, such as anxiety and 

depression (SAMHSA, 2020b). Other areas of concern for dual use of these substances 

are the possible exacerbation of dependency issues, complicating the treatment process and 

negatively impacting the overall health outcomes.
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Despite the potential health risks associated with the dual use of these substances, research 

in this area remains sparse. Most existing studies focus on using e-cigarettes (Kim et al., 

2022; O’Brien et al., 2021; Stallings-Smith and Ballantyne, 2019) or cannabis (Robinson 

et al., 2022; Schlossarek et al., 2016; Van der Steur et al., 2020) in isolation, thereby 

overlooking the unique risks associated with their combined usage. This one-sided focus 

inadvertently leaves a significant gap in our understanding of the cumulative effects of 

these substances on an individual’s health, limiting our ability to respond effectively to this 

growing public health concern. Although some few emerging studies (Jacobs et al., 2023; 

Jones et al., 2023; Mattingly et al., 2022; McClure et al., 2023; Reboussin et al., 2021; 

Smith et al., 2022) have examined dual use of e-cigarettes and cannabis, there is a deficit 

of research investigating the risk factors for this dual use behavior based immigration status, 

especially when considering population subgroup-related risk factors such as mental health 

disorders, patterns of substance use, and sociodemographic differences.

In the general population, mental health disorder symptoms (e.g., anxiety, depression) are 

well documented risk factors for substance use (e.g., e-cigarette use, cannabis use, alcohol 

use), including dual and poly substance use (Conway et al., 2017; Duan et al., 2022; 

Kondracki et al., 2022; Lewis et al., 2022; Spears et al., 2019, 2020; Thrul et al., 2020). 

Individuals with mental health disorder symptoms are more likely to use substances such 

as e-cigarettes, cannabis, or their combination (Conway et al., 2017; Duan et al., 2022; 

Kondracki et al., 2022; Lewis et al., 2022; Spears et al., 2019, 2020; Thrul et al., 2020). 

However, the key factors such as underlying associations of the established patterns of 

substance use mental health disorder symptoms and sociodemographic differences have 

not been studied in the immigrant (i.e., individuals not born in the U.S.) and U.S.-born 

(i.e., individuals born in the U.S.) populations. Immigration status is a significant social 

determinant of health, especially in the U.S. where the highest number of immigrants 

worldwide live (Castañeda et al., 2015; DeFries et al., 2022; Kagotho et al., 2020; Martinez 

et al., 2015). Immigrants are also one of the most vulnerable, disadvantaged, and minority 

groups that experience greater risks of poor health and substance use disorder complications 

(DeFries et al., 2022; Grace et al., 2018; Kagotho et al., 2020). This gap in the literature is 

particularly pronounced for immigrant populations, who are often understudied in substance 

use research despite potentially facing unique risks and challenges (Bustamante et al., 2021). 

Despite immigrants’ significant presence in the U.S. (Budiman, 2020), they often remain 

understudied, potentially due to language barriers, cultural nuances, or logistical issues 

related to data collection (Berry, 2006; Klein et al., 2020; Lee et al., 2013). This lack of 

attention is concerning, as immigrant populations may face unique risks and challenges 

associated with substance use due to acculturation stress, socioeconomic inequalities, or 

limited access to healthcare services (Berry, 2006; Lee et al., 2013). The existing studies 

indicate that immigration status plays major roles in substance use because immigration 

stressors (e.g., legal status, forced migration, historical trauma, violence, family separation, 

and poverty) contribute to vulnerability and increased risk of substance use (DeFries et al., 

2022; Marginean et al., 2023; Salas-Wright et al., 2014). However, none of the existing 

studies examined dual use of e-cigarette and cannabis, or their exclusivity with mental health 

disorder symptoms in immigrants and U.S.-born to identify the disparities in this behavior 

for personalized public health interventions.
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Given the increasing prevalence of e-cigarette and cannabis use and the potential health risks 

associated with their dual use, it is crucial to expand the literature on and our understanding 

of the factors contributing to this dual-use behavior based on immigration status. This study 

aims to fill the gap in the literature by (1) estimating exclusive e-cigarette and cannabis use 

and their dual use by mental health disorder symptoms and sociodemographic characteristics 

based on immigration status, (2) the associations of exclusive e-cigarette and cannabis use 

and their dual use with immigration status, adjusting for mental health disorder symptoms 

and sociodemographic characteristics, and (3) the associations of exclusive e-cigarette 

and cannabis use and their dual use with mental health disorder symptoms, adjusting 

for sociodemographic characteristics, among immigrants and U.S.-born. Consequently, our 

findings will shed light on this understudied area and inform targeted interventions to 

mitigate the potential risks associated with dual-use behaviors.

2. Methods

2.1. Study design and participants

We analyzed national cross-sectional data that were collected as part of a study, 

Understanding the Impact of the Novel Coronavirus (COVID-19) and Social Distancing 
on Physical and Psychosocial (Mental) Health and Chronic Diseases, among adults aged 

18 years or older living in the U.S. This survey was an anonymized, online or web-based 

survey that was conducted among a random sample of the U.S. adults. The participants’ 

recruitment, screening, enrolment in the study, and survey administration were conducted 

between May 13, 2021, and January 9, 2022, by Qualtrics LLC using their existing survey 

panels. Qualtrics used demographic characteristics of a theoretical cohort to randomly 

match eligible panel members and drew the sample, including US- and foreign-born 

(i.e., immigrant) adults, from the American Community Survey. Low income (<$30,000 

annual household income) and rural adults were oversampled among US-born White, Black, 

and Hispanic and foreign-born population to ensure representativeness of the participants. 

Qualtrics compensated each participant with a $5–$10 gift card for completing the survey. 

The survey was developed in English and distributed to 10,000 participants in English 

with about 59.38% response rate representing 5938 surveys received by Qualtrics LLC. 

Information Management Services (Carlini et al.), Inc. was contracted to review and correct 

the de-identified data based on the survey completeness criteria (completed ≥80% of the 

102 survey questions for not less than 5 minutes). IMS determined 5413 participants 

had accurately completed the surveys that formed the final sample for the study. Further 

details about this survey have been published elsewhere (Talham and Williams, 2023). We 

conducted a complete case analysis of 4766 participants out of the 5413 participants for 

this current analysis to ensure that we included only the participants with no missing data 

on our variables of interest. The National Institutes of Health’s Institutional Review Board 

determined the study as exempt (IRB #000308) on 12/23/2020. We used Strengthening the 

Reporting of Observational Studies in Epidemiology (STROBE) to guide the writing of this 

paper (Vandenbroucke et al., 2007).
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2.2. Measures

2.2.1. Outcome variable—Exclusive e-cigarette and cannabis use and dual use of e-

cigarettes and cannabis were assessed with two questions: During the past month, how often 

did you (1) smoke e-cigarettes or use vaping products? and (2) use cannabis? The responses 

include 1= not at all, 2= once during the month, 3= several times during the month, 4= 

once a week, 5= several times a week, 6= every day or almost every day, and 7= several 

times a day. We dichotomized the responses into use (response options 2–7) and did not use 

(option 1). Next, we combined the responses into a single categorical variable to indicate 

non-use (if participants did not use both products), exclusive e-cigarette use (if participants 

used e-cigarettes but not cannabis), exclusive cannabis use (if participants used cannabis but 

not e-cigarettes), and dual-use (if participants used both products).

2.2.2. Exposure variables—Immigration status and mental health disorder symptoms 

(anxiety/depression, Post-Traumatic Stress Disorder [PTSD], and loneliness) were the 

exposure variables. Immigration status was determined by asking the participants whether 

they were born in the U.S. (including all 50 states and the District of Columbia) or outside 

U.S. (not excluding Puerto Rico and other US territories). Those not born in the U.S. 

were referred to as immigrants, while being born in the U.S. was considered U.S.-born or 

non-immigrants.

Anxiety/depression symptoms were assessed with four survey questions based on the 

Patient Health Questionnaire-4 (PHQ-4) scale. The participants were asked how often they 

experienced anxiety and depression symptoms in the last two weeks. Specifically, they were 

asked if they have been disconcerted by (1) feeling nervous, anxious or on edge, (2) not 

being able to stop or control worrying, (3) feeling down, depressed, or hopeless, and (4) 

little interest or pleasure in doing things (Kroenke et al., 2009a; Löwe et al., 2010). The 

response options for each of the four questions include not at all = 0, several days = 1, 

more than half the days = 2, or nearly every day = 3, with a total PHQ-4 score ranging 

from 0–12. In this study, we analyzed the PHQ-4 cutoff points used to determine minimal/

negative (score= 0–2), mild (score= 3–5), moderate (score= 6–8), and severe (score= 9–12) 

anxiety/depression symptoms(Kroenke et al., 2009b; Löwe et al., 2010).

PTSD, based on the Primary Care PTSD (PC-PTSD-5) screen for the Diagnostic and 

Statistical Manual of Mental Disorders 5th edition (DSM-5), involves five items used to 

identify probable PTSD in participants. The participants were first asked (to determine their 

eligibility for the five items) if they ever (yes/no) experienced any frightening, horrible, 

or traumatic events (e.g., accident/fire, war, environmental disaster, assault). Those who 

reported experiencing any of such events were further asked to respond (yes/no) to five 

items about their experiences in the past month: (1) Had nightmares about the event(s) or 

thought about the event(s) when you did not want to? (2) Tried hard not to think about 

the event(s) or went out of your way to avoid situations that reminded you of the event(s)? 

(3) Been constantly on guard, watchful, or easily startled? (4) Felt numb or detached from 

people, activities, or your surroundings? (5) Felt guilty or unable to stop blaming yourself 

or others for the event(s) or any problems the event(s) may have caused?(Prins et al., 2016). 

Participants who answered “yes” to three or more of the five questions were considered to 
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have PTSD symptoms (Prins et al., 2016). Otherwise, the participants screened negative for 

PTSD. We further categorized the participants into three groups: (1) ineligible/unqualified 

for PC-PTSD-5, (2) eligible/qualified for PC-PTSD-5 but had no PTSD, and (3) eligible/

qualified for PC-PTSD-5 and had PTSD.

Loneliness was measured with a 3-item UCLA Loneliness Scale (a short version) among the 

participants. The participants were asked about how often they (1) lack companionship, (2) 

feel left out, and (3) feel isolated from others (Hudiyana et al., 2022; Hughes et al., 2004; 

Russell, 1996). The possible answers to the three items include hardly ever= 1, some of 

the time= 2, and often= 3. The participants can only select one option per item. The total 

score for the three items ranges from 3 to 9, with higher scores indicating higher loneliness. 

We evaluated the reliability of the loneliness scale (UCLA Loneliness Scale - Short) using 

Cronbach alpha (α) and found strong internal consistency or reliability of the scale among 

U.S.-born (α= 0.88) and immigrants (α= 0.87).

2.2.3. Covariates/confounders—Individual-level factors/variables were included in 

the analysis based on previous studies that established their significant associations with 

substance use (Barger et al., 2021; Compton et al., 2023; Garrison-Desany et al., 2023; Jun 

et al., 2019; SAMHSA, 2020a, 2022). These factors were age, gender identity (man, woman, 

non-binary, or transgender), sexual orientation (lesbian, gay, bisexual, or heterosexual), 

race/ethnicity (Black/African American, other [American Indian/-Alaskan Native, Pacific 

Islander, Asian, multi-racial], Hispanic/Latino, or White), level of education completed 

(less than high school, high school diploma or GED, some college/vocational or technical 

school, or college/higher education), and U.S. census region (Northeast, West, Midwest, 

and South). For this study and due to limited samples within groups, we dichotomized 

sexual orientation into heterosexual and sexual minority (lesbian, gay, and bisexual). We also 

included past-month alcohol use, which was determined with similar questions as those used 

for cannabis and e-cigarette use.

2.3. Statistical analysis

Before we combined e-cigarette and cannabis use, we estimated the intersection of their use 

frequencies stratified by immigration status (Fig. 1). Next, we conducted descriptive and 

bivariate analyses to determine the prevalence of exclusive e-cigarette and cannabis use and 

their dual use by sociodemographic characteristics, mental health disorder symptoms, and 

alcohol use based on immigration status (Table 1). The bivariate statistics were computed 

using Chi-Squared tests or analysis of variance (ANOVA) to determine group differences 

in the outcome variable. We conducted multinomial logistic regression analyses to model 

the associations of exclusive e-cigarette and cannabis use and their dual use (reference 

group= non-use) with mental health disorder symptoms, adjusting for sociodemographic 

characteristics and alcohol use, among immigrants and U.S.-born (Table 2.2). Before 

stratifying the logistic regression model by immigration status, we examined the association 

between the outcome variable and immigration status, adjusting for sociodemographic, 

mental health, and alcohol use characteristics (Table 2.1). We reported relative risk 

ratios (RRRs) with 95% confidence intervals (CIs) for the estimates. The statistical 

significance level was determined at p<0.05. Before conducting the multinomial logistic 
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regression analyses, we evaluated the association between the predictors to determine 

their multicollinearity. The mean variance inflation factor (VIF) was 1.21, indicating no 

significant multicollinearity because the VIF is lower than VIF value of 10 to be considered 

serious multicollinearity. Analyses were conducted using STATA version 16.1.

3. Results

3.1. Descriptive characteristics of the participants by immigration status

The characteristics of the participants are presented by immigration status in Table 1. Of 

the 3672 U.S.-born, most of them were within the age 35–49 years (32.30%), identified 

as a woman (62.99%), heterosexual (89.79%), White American (49.51%), some college/

vocational or technical school (35.78%), and resided in the U.S. South (46.16%). A 

significant proportion of the U.S.-born also experienced mild (22.88%), moderate (13.97%, 

and severe (12.83%) anxiety/depression symptoms. About 10.29% of them experienced 

PTSD symptoms. They had a mean loneliness score of 5.06 (2.06), and most of them 

engaged in alcohol use (60.32%) in the past month. Of the 1094 immigrants, most of them 

were 35–49 years (29.25%), identified as a woman (63.62%, heterosexual (87.75%), Latino/

Hispanic (35.37%), had college or higher education (51.19%), and resided in the U.S. South 

(42.96%). A higher proportion of them experienced mild anxiety/depression symptoms 

(21.48%), followed by moderate (11.15%) and severe (8.96%) symptoms, respectively. 

About 8.32% experienced PTSD symptoms. A mean loneliness score of 4.79 (SD= 1.93) 

was reported among them. More than half of them engaged in alcohol use in the past month 

(51.74%).

3.2. Differences in the prevalence of exclusive e-cigarette and cannabis use and their 
dual use by immigration status

Among the U.S.-born (Fig. 1), most individuals who used e-cigarettes and used them once 

to several times per week also used cannabis once to several times per week (32.48%). The 

next groups were those who used both e-cigarettes and cannabis daily to several times per 

day (24.18%) or used both products once to several times per month (24.39%). For the 

distributions in the immigrants, the majority of those who used e-cigarettes and used them 

once to several times per month also used cannabis once to several times per month (45%) 

or week (27.03%). The next group of individuals who used e-cigarettes was those who used 

both products once to several times per week (43.24%). About 29.17% of them who used 

e-cigarettes daily to several times per day also used cannabis daily to several times per day.

Stratified by immigration status, Table 1 shows that the prevalence of e-cigarette and 

cannabis use varied significantly by the participants’ sociodemographic characteristics, 

mental health, and alcohol use. The prevalence of dual use of e-cigarettes and cannabis 

(14.79%) was higher than the prevalence of exclusive cannabis use (13.53%) and exclusive 

e-cigarette use (7.11%) among U.S.-born, while the prevalence of dual use (8.23%) was 

also higher than the exclusive e-cigarette use (6.31%) and exclusive cannabis use (5.03%) 

among immigrants. The prevalence of dual use of e-cigarettes and cannabis was most 

common than exclusive use within all the subgroups of U.S.-born and immigrants. For 

instance, within subgroups in U.S.-born and immigrants, majority of those who engaged 
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in dual use identified as non-binary/transgender, sexual minority, Black/African American, 

had less than high school education, experienced severe anxiety/depression symptoms, had 

higher loneliness scores, and used alcohol in the past month. Most of the individuals 

who engaged in dual use among the U.S.-born group had similar statistically significant 

sociodemographic, mental health, and alcohol use characteristics as those in the immigrants, 

except based on age (U.S.-born aged 18–25 or 26–34 years vs. immigrants aged 18–

25 years), U.S. census region (U.S.-born= U.S. West vs. immigrants= results did not 

significantly vary), and PTSD status (U.S.-born had PTSD vs. immigrants did not have 

PTSD).

3.3. Associations of e-cigarette and cannabis use with mental health, sociodemographic, 
and alcohol use factors

As shown in Table 2.1, immigrants (vs. U.S.-born) had significantly lower risks of engaging 

in exclusive cannabis use and dual use of e-cigarettes and cannabis (reference group: 

non-use), adjusting for sociodemographic, mental health, and alcohol use characteristics. 

The model fit information (Х2 (72, N= 4766) = 1668.09, p<0.001) for the model in Table 

2.1 suggests that this model fits significantly better than a model without any predictors. 

Table 2.2 presents multinomial logistic regression models for e-cigarette and cannabis use 

(reference group: non-use), stratified by immigration status. The model fit information for 

U.S.-born (Х2 (69, n= 3672) = 1297.84, p<0.001) and immigrant (Х2 (69, n= 1094) = 

324.64, p<0.001) samples in Table 2.2 indicates that these models significantly improved 

with addition of the predictors and covariates. In U.S.-born, individuals with mild, moderate, 

and severe anxiety depression symptoms (reference group: no symptoms) had significantly 

higher risks of engaging in exclusive cannabis use and dual use. Those who were ineligible 

for PTSD assessment (reference group: had no PTSD symptoms) had significantly lower 

risks of using cannabis exclusively. The results also showed risks associated with the 

covariates/controlled factors. Compared to individuals aged 18–25, those aged 50 years 

or older were significantly less likely to use e-cigarettes or dual-use e-cigarettes and 

cannabis exclusively. Those who identified as a woman had significantly lower risks of 

engaging in exclusive e-cigarette and cannabis use or dual use compared to those who 

identified as a man; non-binary/transgender/other had significantly lower risks of exclusive 

cannabis use. Sexual minority individuals (vs. heterosexual persons) had significantly higher 

risks of exclusive cannabis use. Black/African American individuals (vs. White American 

individuals) were significantly more likely to engage in exclusive cannabis use and dual use. 

Education was significantly associated with lower risks of engaging in dual use. College or 

higher education (vs. less than high school) significantly decreased the risks of an exclusive 

cannabis use. Residing in the U.S. Northeast, Midwest, or South was significantly associated 

with lower risks of a dual-use behavior compared to residing in the West. Those residing 

in Midwest and South also had significantly lower risks of exclusive cannabis use behavior. 

Alcohol use was significantly associated with exclusive e-cigarette and cannabis use and 

their dual use.

Among immigrants (Table 2.2), individuals with moderate anxiety/depression symptoms had 

significantly higher risks of engaging in exclusive e-cigarette use and dual use, while severe 

anxiety/depression symptoms were significantly associated with higher risks of exclusive 
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e-cigarette and cannabis use or dual use. Those with PTSD symptoms were significantly 

more likely to engage in exclusive cannabis use. The following covariates or controlled 

factors were significantly associated with e-cigarette and cannabis use. Individuals aged 65 

years or older had lower risks of engaging in exclusive e-cigarette and cannabis use and 

their dual use compared to those aged 18–25. Persons who identified as a woman (vs. a 

man) were less likely to engage in exclusive cannabis use behavior or dual-use behavior. 

Black/African American and other racial/ethnic groups had lower risks of exclusive use 

behavior compared to White American individuals. College or higher education (vs. less 

than high school) was associated with lower risks of exclusive e-cigarette use. The risks of 

engaging in an exclusive e-cigarette and cannabis use and their dual use were associated 

with alcohol use.

4. Discussion

Our study provides a comprehensive analysis that sheds light on the prevalence of e-cigarette 

and cannabis use behaviors among immigrant and U.S.-born populations. It also examines 

the correlations of these behaviors with mental health disorder symptoms, including anxiety/

depression, PTSD, and loneliness. A key finding from our research is that the dual use of 

e-cigarettes and cannabis was more prevalent than their exclusive use across all subgroups 

in U.S.-born and immigrants, especially in U.S.-born subgroups, in our study. Specifically, 

the prevalence of dual use was higher in both immigrant and U.S.-born individuals who 

identified as non-binary/transgender, sexual minority, Black/African American, young adult, 

had less than high school education, experienced severe anxiety/depression symptoms, 

had higher loneliness scores, and used alcohol. These findings are consistent with the 

observations of other researchers, who found that individuals with lower and underserved 

socioeconomic and sociodemographic characteristics (e.g., young adults, people with less 

than high school education, sexual and gender minority persons, Black/African American 

individuals) and mental health disorder symptoms (e.g., anxiety/depression, stress) were 

more likely to engage in substance use, including e-cigarette and cannabis use, particularly 

their combinations (Adzrago et al., 2022; Clendennen et al., 2021, 2023; Conway et 

al., 2017; Duan et al., 2022; Kondracki et al., 2022; Lewis et al., 2022; Spears et al., 

2019, 2020; Thrul et al., 2020). However, none of the aforementioned studies examined 

subgroup differences in dual use of e-cigarettes and cannabis within immigrant and U.S.-

born populations to identify immigration status-related disparities in dual use behavior 

for tailored substance use interventions aimed at reducing substance use and its health 

consequences, especially the increased risks of dual use of substances. Our findings also 

revealed a shared vulnerability to dual substance use behavior among individuals with 

mental health disorder symptoms irrespective of immigration status, but with higher effect 

sizes among U.S.-born. This association between substance use and mental health underlines 

the importance of an integrated approach to tackling this issue, where mental health and 

significant social determinants of health (e.g., immigration status) considerations are treated 

as integral to substance use interventions (Castañeda et al., 2015; Conway et al., 2017; 

DeFries et al., 2022; Duan et al., 2022; Grace et al., 2018; Kagotho et al., 2020; Kondracki 

et al., 2022; Lewis et al., 2022; Martinez et al., 2015; Spears et al., 2019, 2020; Thrul et al., 

2020). Furthermore, the widespread prevalence of dual use across immigrant and U.S.-born 
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populations, particularly U.S.-born, indicates the need for personalized prevention strategies 

alongside those targeted toward specific high-risk groups.

Our research also found that immigrant populations, adjusting for sociodemographic factors, 

mental health status, and alcohol use characteristics, exhibited lower risks of engaging in 

exclusive cannabis use and dual use of e-cigarettes and cannabis. Immigrants, in general, 

are known to be less likely to engage in substance use or misuse behaviors than U.S.-

born (Johnson et al., 2002; Salas-Wright et al., 2018). This finding further supports the 

premises of the “healthy immigrant effect,” which suggests that immigrants tend to have 

better health outcomes than their host country natives (Ru and Li, 2021; Salas-Wright et 

al., 2018). Immigrants’ substance use behavior may be due to fear or concerns of being 

involved in risky or illegal behaviors that have immigration consequences (e.g., deportation) 

(Vaughn et al., 2014). Nonetheless, little to no studies examined exclusive and dual use 

of cannabis and e-cigarettes among immigrants and U.S.-born. The unique cultural and 

immigration-rated experiences of immigrants may have different implications for their 

substance use behaviors. Thus, comparing the behavior of subgroups of immigrants and 

U.S.-born may provide detailed information about specific group differences for tailored 

substance use prevention interventions. The findings also underline the importance of a 

context-specific understanding of the diverse factors related to e-cigarette or cannabis use 

among immigrants and U.S.-born. Immigrants, depending on their cultural backgrounds, 

reasons for migration, and experiences post-migration, may have different attitudes toward 

substance use compared to U.S.-born or other demographic groups (Prado et al., 2009; Tran 

et al., 2010). These attitudes are likely shaped by a confluence of factors such as societal 

norms, personal experiences, and access to substances, which can substantially impact the 

patterns of substance use.

In relation to mental health, our findings showed that individuals with mild, moderate, and 

severe anxiety/depression symptoms had higher risks of engaging in exclusive cannabis 

and e-cigarette use and their dual use across immigrant and U.S.-born populations. These 

findings align with the study by Burke et al. and Chloe et al., which found positive 

associations of tobacco use with mood disorder, psychotic disorder, and anxiety disorder 

(Buckner et al., 2021; Chloe et al., 2023). They also found a positive association between 

cannabis use and these disorders (Buckner et al., 2021; Chloe et al., 2023). This consistency 

across studies underscores the complex interplay between substance use and mental health 

disorders and the need for integrated interventions that address both issues. It also indicates 

that mental health status may contribute to the observed heterogeneity in substance use 

behaviors within these groups. Our findings further revealed that while exclusive e-cigarette 

use behavior was not significantly associated with anxiety/depression symptoms among 

U.S.-born, this behavior was significantly associated with anxiety/depression symptoms 

among immigrants, suggesting unique immigration status-related disparities in substance use 

behavior and mental health for consideration.

The findings on the influence of mental health further revealed that while U.S.-born 

individuals who were ineligible for PTSD assessment were significantly less likely to 

exclusively use cannabis, immigrant individuals with PTSD symptoms were significantly 

more likely to exclusively use cannabis. However, exclusive e-cigarette use behavior and 
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dual use behavior were not significantly associated with PTSD across immigrant and U.S.-

born individuals. Similarly, neither exclusive nor dual use of e-cigarettes and cannabis 

was significantly associated with loneliness across immigrant and U.S.-born individuals. 

The findings suggest that while mental health disorder symptoms may be associated with 

substance use behavior, the associations may vary depending on specific substances, mental 

health disorder symptoms, and target populations. Thus, the substance use behavior and 

mental health disorder symptoms may be different or similar in immigrant and U.S.-born 

populations depending on the specific substances and mental health disorder symptoms. 

These findings also emphasize the importance of disaggregating data to delineate and 

identify specific health behaviors associated with specific mental health disorder symptoms 

within specific populations for tailored public health and clinical interventions in addressing 

health disparities, especially in minority populations (Diaz et al., 2021; Etowa et al., 2021; 

Kauh et al., 2021; Quint et al., 2021). Aggregated data on immigration status can mask 

or obscure health behavior disparities among subgroups (Choi et al., 2023; Etowa et al., 

2021; Lee et al., 2022; Quint et al., 2021). Consequently, we found that some subgroups 

within U.S.-born and immigrants exhibited more noticeable disparities in substance use 

behaviors. For instance, while some groups had consistent substance use behavior in 

immigrant and U.S.-born populations, others had inconsistent behaviors. Similar to other 

research findings, we observed that non-Hispanic Black/African American individuals were 

more likely to engage in dual-use behaviors in the U.S.-born population, but no differences 

in such behavior in the immigrant population (Uddin et al., 2020). The findings highlight the 

need for more studies, especially longitudinal studies, to quantify changes in substance use 

behavior within the subgroups to enhance deeper understanding of the consistency of this 

behavior and mental health among immigrants and U.S.-born.

Consistent with the findings of other studies, we found that among U.S.-born, individuals 

identifying as a sexual minority and Black/African American had higher risks of exclusive 

cannabis use and dual use (Adzrago et al., 2021; Dyar et al., 2021; Swann et al., 2020). 

Among immigrants, sexual minority and Black/African American individuals had lower 

risks of exclusive e-cigarette use. This observation could be further explained by the 

findings of other studies that observed lower smoking, e-cigarette use, and substance use 

prevalence among immigrants (Bosdriesz et al., 2013; Salas-Wright et al., 2014; Wang et al., 

2016). These findings emphasize the need to evaluate health behaviors and outcomes within 

specific population subgroups to better delineate the related disparities. While immigrants 

generally are less likely to use cannabis and e-cigarettes, the findings also revealed that some 

of them (e.g., younger individuals, those with anxiety/depression, lower education, identified 

as a man, or used alcohol) are more likely to use these substances.

While our study provides valuable insights into the disparities in e-cigarette and 

cannabis use between U.S.-born and immigrants, it is not without limitations. This 

study was based on web survey, which excludes individuals without internet access, 

with limited comprehension of the study materials, and does not allow to determine 

if the qualified participants complete the online survey themselves; this often result in 

disproportionate distributions among groups leading to under or overestimation of findings. 

The study’s cross-sectional design limits the ability to establish causal relationships between 

immigration status, mental health disorder symptoms, and substance use behaviors. The 
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reliance on self-reported data may also introduce response bias. Also, the study did not 

assess the severity of e-cigarette or cannabis use regarding mental health because only 

patterns of dual use frequency were assessed between the immigrant and U.S.-born groups. 

This might have provided a more in-depth assessment of the differences between immigrant 

and U.S.-born groups regarding the association between anxiety/depression and frequency 

of use (exclusive and dual). Furthermore, the study did not account for the composition and 

potency of cannabis use, which may refer to a range of forms including combustibles, vapes, 

edibles, and flowers. These may differ considerably between immigrant and U.S.-born 

populations regarding the association with mental health factors. Due to limited samples 

across e-cigarette and cannabis use categories within immigrant and U.S.-born groups, we 

dichotomized alcohol use instead of assessing alcohol use frequency (1= not at all, 2= once 

during the month, 3= several times during the month, 4= once a week, 5= several times a 

week, 6= every day or almost every day, and 7= several times a day) in the past month. 

Assessing severity (frequency) of alcohol use in the past month might have provided greater 

differences between the U.S.-born and immigrant groups in terms of risk for cannabis and e-

cigarette use. Because the study was conducted in only English language, the findings could 

not be generalized to non-English speaking, reading, and writing individuals. Only English 

language might have impacted the findings relating to factors such as loneliness which, 

in this population, was not associated with e-cigarette and cannabis use by immigration 

status. English language is a major barrier to communication and healthcare utilization 

among immigrants who come from culturally, ethnically, and linguistically diverse countries. 

Although we controlled for several factors in this study, residual confounders such as 

acculturation, generational status, country of origin, religion, access to healthcare services, 

and using other substances (e.g., cocaine, opioids, and ecstasy) could influence the observed 

associations. These residual confounders could have overestimated or underestimated the 

findings. Future research should address these limitations to provide a more comprehensive 

understanding of the factors influencing e-cigarette and cannabis use among U.S.-born and 

immigrant populations in the United States.

5. Conclusions

Our study contributes to expanding the limited health disparity literature on the prevalence 

of e-cigarette and cannabis use and its association with mental health disorder symptoms 

based on immigration status. The findings revealed significant mental health risks for 

e-cigarette, cannabis, and their dual use among immigrants and U.S.-born, especially 

among U.S.-born. However, these associations varied depending on specific substance 

use behavior and mental health disorder symptoms across immigrant and U.S.-born 

populations. Exclusive e-cigarette use behavior was not associated with anxiety/depression 

symptoms among U.S.-born, but it was associated with anxiety/depression symptoms 

among immigrants. Anxiety/depression symptoms, particularly the severe symptoms, were 

associated with higher likelihoods of exclusive cannabis use and dual use among immigrants 

and U.S.-born. The general effect sizes of dual-use associated with anxiety/depression 

symptoms were higher among U.S.-born, but the effect sizes of exclusive e-cigarette and 

cannabis use associated with anxiety/depression symptoms were higher among immigrants. 

Exclusive e-cigarette and dual use behaviors were not associated with PTSD symptoms 
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across immigrant and U.S.-born individuals, while exclusive cannabis use behavior was 

associated with PTSD symptoms among immigrant and U.S.-born individuals. Exclusive 

and dual use of e-cigarettes and cannabis was not associated with loneliness across 

immigrant and U.S.-born individuals. The findings suggest the need to disaggregate data to 

examine specific substance use behaviors and mental health disorder symptoms to improve 

personalized substance use and mental health interventions in addressing health disparities, 

especially in minority populations. Future longitudinal or prospective studies should explore 

the mechanisms driving the associations between substance use behavior and mental health, 

especially the immigration status-related disparities.

Acknowledgments

David Adzrago and Faustine Williams are supported by the Division of Intramural Research, National Institute on 
Minority Health and Health Disparities, National Institutes of Health. Opinions and comments expressed in this 
article belong to the authors and do not necessarily reflect those of the U.S. Government, Department of Health and 
Human Services, National Institutes of Health, and National Institute on Minority Health and Health Disparities.

Funding

This work is supported by the Division of Intramural Research, National Institute on Minority Health and Health 
Disparities (ZIA MD000015). Opinions and comments expressed in this article belong to the authors and do not 
necessarily reflect those of the U.S. Government, Department of Health and Human Services, National Institutes of 
Health, and National Institute on Minority Health and Health Disparities.

References

Adhikari S, Uppal A, Mermelstein R, Berger-Wolf T, Zheleva E, 2021. Understanding the dynamics 
between vaping and cannabis legalization using Twitter opinions. Proc. Int. AAAI Conf. Web Soc. 
Media 14–25.

Adzrago D, Sulley S, Mamudu L, Ormiston CK, Williams F, 2022. The influence of COVID-19 
pandemic on the frequent use of E-cigarettes and its association with substance use and mental 
health symptoms. Behav. Sci 12 (11), 453. [PubMed: 36421749] 

Adzrago D, Tami-Maury I, Schick V, Wilkerson JM, 2021. Co-occurring substance use and 
psychological distress among exclusive e-cigarette use and other tobacco use among sexual and 
gender minorities in Texas. Drug Alcohol Depend 229, 109135–109135. [PubMed: 34773886] 

Albaugh MD, Owens MM, Juliano A, Ottino-Gonzalez J, Cupertino R, Cao Z, Mackey S, Lepage 
C, Rioux P, Evans A, 2023. Differential associations of adolescent versus young adult cannabis 
initiation with longitudinal brain change and behavior. Mol. Psychiatry 1–10.

Azagba S, 2018. E-cigarette use, dual use of e-cigarettes and tobacco cigarettes, and frequency of 
cannabis use among high school students. Addict. Behav 79, 166–170. [PubMed: 29291507] 

Barger BT, Obedin-Maliver J, Capriotti MR, Lunn MR, Flentje A, 2021. Characterization of substance 
use among underrepresented sexual and gender minority participants in the population research 
in identity and disparities for equality (PRIDE) Study. Subst. Abus 42 (1), 104–115. [PubMed: 
32032500] 

Berry JW, 2006. Stress perspectives on acculturation. In: Sam DL, Berry JW (Eds.), The Cambridge 
Handbook of Acculturation Psychology Cambridge University Press,, Cambridge, pp. 43–57.

Bhatia D, Hinckley J, Mikulich S, Sakai J, 2022. Cannabis legalization and adolescent use of 
electronic vapor products, cannabis, and Cigarettes. J. Addict. Med 16 (1), e16–e22. [PubMed: 
35120066] 

Bosdriesz JR, Lichthart N, Witvliet MI, Busschers WB, Stronks K, Kunst AE, 2013. Smoking 
prevalence among migrants in the US compared to the US-born and the population in countries 
of origin. PloS One 8 (3), e58654. [PubMed: 23520525] 

Adzrago et al. Page 13

Drug Alcohol Depend. Author manuscript; available in PMC 2024 February 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Brown QL, Shmulewitz D, Sarvet AL, Young-Wolff KC, Howard T, Hasin DS, 2023. Cannabis use, 
cannabis use disorder and mental health disorders among pregnant and postpartum women in the 
US: a nationally representative study. Drug Alcohol Depend 248, 109940. [PubMed: 37267745] 

Buckner JD, Morris PE, Zvolensky MJ, 2021. Cannabis use and electronic cigarette use: The role 
of dual use on use frequency and related problems. Psychiatry Res 304, 114126. [PubMed: 
34303947] 

Budiman A, 2020. Key findings about U.S immigrants

Bustamante AV, Chen J, Félix Beltrán L, Ortega AN, 2021. Health Policy Challenges Posed By 
Shifting Demographics And Health Trends Among Immigrants To The United States. Health Aff. 
(Millwood) 40 (7), 1028–1037. [PubMed: 34228519] 

Carlini BH, Garrett SB, Nims LN, 2022. The Kids Are Not All Right: E-cigarettes, cannabis co-use, 
and an emerging public health crisis–a commentary on Roberts et al. (2022). J. Stud. Alcohol 
Drugs

Castañeda H, Holmes SM, Madrigal DS, Young M-ED, Beyeler N, Quesada J, 2015. Immigration as a 
social determinant of health. Annu Rev. Public Health 36, 375–392. [PubMed: 25494053] 

CDC, 2021. Outbreak of Lung Injury Associated with the Use of E-Cigarette, or Vaping, Products 
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/severe-lung-disease.html. (Accessed 
July 12 2023).

CDC, 2023. Quick Facts on the Risks of E-cigarettes for Kids, Teens, and Young 
Adults https://www.cdc.gov/tobacco/basic_information/e-cigarettes/Quick-Facts-on-the-Risks-of-
E-cigarettes-for-Kids-Teens-and-Young-Adults.html. (Accessed July 12 2023).

Chadi N, Minato C, Stanwick R, 2020. Cannabis vaping: understanding the health risks of a rapidly 
emerging trend. Paediatr. Child Health 25(Supplement_1) S16–S20. [PubMed: 33390752] 

Cheng W, Parker N, Karadag N, Koch E, Hindley G, Icick R, Shadrin A, O’Connell KS, Bjella T, 
Bahrami S, Rahman Z, Tesfaye M, Jaholkowski P, Rødevand L, Holen B, Lagerberg TV, Steen 
NE, Djurovic S, Dale AM, Frei O, Smeland OB, Andreassen OA, 2023. The relationship between 
cannabis use, schizophrenia, and bipolar disorder: a genetically informed study. Lancet Psychiatry 
10 (6), 441–451. [PubMed: 37208114] 

Chloe B, Tom PF, Hannah S, Robyn EW, Annabel B, Jonas L, Rachel L, Katherine S, Gemma T, 2023. 
Associations of cannabis use, tobacco use and incident anxiety, mood, and psychotic disorders: a 
systematic review and meta-analysis. medRxiv, 2023.2003.2017.23287299.

Cho EJ, Hill B, Lehew C, Rahmandar M, Fadavi S, 2023. Adolescents’ awareness of e-cigarette or 
vaping product use-associated lung injury (EVALI) and E-cigarette use impact on health. Pedia 
Dent 45 (2), 125–132.

Choi S, Lim S, Kwon SC, Trinh-Shevrin C, Neighbors CJ, Yi S, 2023. Urgent need for substance use 
disorder research among understudied populations: examining the Asian American Experience. 
Health Aff. Sch, qxad058

Clendennen SL, Case KR, Sumbe A, Mantey DS, Mason EJ, Harrell MB, 2021. Stress, dependence, 
and COVID-19–related changes in past 30-day marijuana, electronic cigarette, and cigarette use 
among youth and young adults. Tob. Use Insights 14, 1179173×211067439.

Clendennen SL, Smith J, Sumbe A, Chen B, Wilkinson AV, Harrell MB, 2023. Symptoms of 
depression and anxiety and subsequent use of nicotine and THC in electronic cigarettes. Subst. 
Use Misuse

Compton WM, Flannagan KS, Silveira ML, Creamer MR, Kimmel HL, Kanel M, Blanco C, Volkow 
ND, 2023. Tobacco, alcohol, cannabis, and other drug use in the US before and during the early 
phase of the COVID-19 pandemic. JAMA Netw. Open 6 (1) e2254566–e2254566. [PubMed: 
36719678] 

Conway KP, Green VR, Kasza KA, Silveira ML, Borek N, Kimmel HL, Sargent JD, Stanton C, 
Lambert E, Hilmi N, 2017. Co-occurrence of tobacco product use, substance use, and mental 
health problems among adults: findings from wave 1 (2013–2014) of the Population Assessment 
of Tobacco and Health (PATH) Study. Drug Alcohol Depend 177, 104–111. [PubMed: 28582698] 

Davis DR, Bold KW, Kong G, Cavallo DA, Jackson A, Krishnan-Sarin S, 2022. Cannabis use among 
youth who vape nicotine E-cigarettes: a qualitative analysis. Drug Alcohol Depend 234, 109413. 
[PubMed: 35339972] 

Adzrago et al. Page 14

Drug Alcohol Depend. Author manuscript; available in PMC 2024 February 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/tobacco/basic_information/e-cigarettes/severe-lung-disease.html
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/Quick-Facts-on-the-Risks-of-E-cigarettes-for-Kids-Teens-and-Young-Adults.html
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/Quick-Facts-on-the-Risks-of-E-cigarettes-for-Kids-Teens-and-Young-Adults.html


DeFries T, Kelley J, Martin M, Kimball SL, 2022. Immigration status matters: the intersectional risk of 
immigration vulnerability and substance use disorder. Wiley Online Libr 1827–1829.

Diaz T, Strong KL, Cao B, Guthold R, Moran AC, Moller A-B, Requejo J, Sadana R, Thiyagarajan JA, 
Adebayo E, 2021. A call for standardised age-disaggregated health data. Lancet Healthy Longev 2 
(7), e436–e443. [PubMed: 34240065] 

Do VV, Nyman AL, Kim Y, Emery SL, Weaver SR, Huang J, 2022. Association between E-cigarette 
advertising exposure and use of E-Cigarettes among a cohort of U.S. Youth and Young Adults. Int 
J. Environ. Res Public Health 19 (19).

Duan Z, Wang Y, Spears CA, Self-Brown SR, Weaver SR, Zheng P, Eriksen MP, Huang J, 2022. Role 
of mental health in the association between e-cigarettes and cannabis use. Am. J. Prev. Med 62 (3), 
307–316. [PubMed: 34949509] 

Dyar C, Feinstein BA, Newcomb ME, Whitton SW, 2021. Cannabis use companions’ gender and 
sexual orientation: associations with problematic cannabis use in a sample of sexual minorities 
assigned female at birth. Addict. Behav 118, 106878. [PubMed: 33652333] 

Etowa J, Hyman I, Dabone C, Mbagwu I, Ghose B, Sano Y, Osman M, Mohamoud H, 2021. 
Strengthening the collection and use of disaggregated data to understand and monitor the risk 
and burden of COVID-19 among racialized populations. Can. Stud. Popul 48, 201–216. [PubMed: 
34629702] 

Fataar F, Hammond D, 2019. The prevalence of vaping and smoking as modes of delivery for nicotine 
and cannabis among youth in Canada, England and the United States. Int J. Environ. Res Public 
Health 16 (21), 4111. [PubMed: 31731420] 

Garrison-Desany HM, Childress CP, McConico N, Jarrett BA, Howell S, Glick JL, 2023. Substance 
use patterns among a global sample of transgender and non-binary people during the COVID-19 
pandemic. BMC Glob. Public Health 1 (1), 16.

Golan R, Muthigi A, Ghomeshi A, White J, Saltzman RG, Diaz P, Ramasamy R, 2023. 
Misconceptions of vaping among young adults. Cureus 15(4), e38202. [PubMed: 37252604] 

Grace BL, Bais R, Roth BJ, 2018. The violence of uncertainty—undermining immigrant and refugee 
health. N. Engl. J. Med 379 (10), 904–905. [PubMed: 30184446] 

HHS, 2016. E-cigarette use among youth and young adults: a report of the Surgeon General. U.S. 
Department of Health and Human Services, Centers for Disease Control and Prevention, National 
Center for Chronic Disease Prevention and Health Promotion, Office on Smoking and Health, 
Atlanta, GA, pp. 1 online resource (1 PDF file (xviii, 275 pages)).

Hudiyana J, Lincoln TM, Hartanto S, Shadiqi MA, Milla MN, Muluk H, Jaya ES, 2022. How universal 
is a construct of loneliness? Measurement invariance of the UCLA loneliness scale in Indonesia, 
Germany, and the United States. Assessment 29 (8), 1795–1805. [PubMed: 34301150] 

Hughes ME, Waite LJ, Hawkley LC, Cacioppo JT, 2004. A short scale for measuring loneliness in 
large surveys: results from two population-based studies. Res Aging 26 (6), 655–672. [PubMed: 
18504506] 

Islam T, Eckel S, Liu F, Barrington-Trimis J, Harlow AF, Benowitz N, Leventhal A, McConnell R, 
Cho J, 2023. Effects of dual use of e-cigarette and cannabis during adolescence on cigarette use in 
young adulthood. Tob. Control

Jacobs W, Orozco G, Villanueva G, Merianos AL, 2023. E-cigarette and cannabis use patterns, 
depression, and suicide behaviors among US youth: analysis of 2019 youth risk behavior survey 
data. Am. J. Health Promot 37 (1), 77–83. [PubMed: 35792818] 

Johnson TP, VanGeest JB, Cho YI, 2002. Migration and substance use: evidence from the U.S. 
National Health Interview Survey. Subst. Use Misuse 37 (8–10), 941–972. [PubMed: 12180572] 

Jones DM, Guy MC, Fairman BJ, Soule E, Eissenberg T, Fagan P, 2023. Nicotine dependence among 
current cigarette smokers who use E-cigarettes and cannabis. Subst. Use Misuse 58 (5), 618–628. 
[PubMed: 36852436] 

Jun H-J, Webb-Morgan M, Felner JK, Wisdom JP, Haley SJ, Austin SB, Katuska LM, Corliss HL, 
2019. Sexual orientation and gender identity disparities in substance use disorders during young 
adulthood in a United States longitudinal cohort. Drug Alcohol Depend 205, 107619. [PubMed: 
31678835] 

Adzrago et al. Page 15

Drug Alcohol Depend. Author manuscript; available in PMC 2024 February 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Kagotho N, Maleku A, Baaklini V, Karandikar S, Mengo C, 2020. Substance use, service provision, 
access & utilization among foreign-born communities in the United States: a mixed methods study. 
Subst. Use Misuse 55 (12), 2043–2054. [PubMed: 32722997] 

Kauh TJ, Read Jn.G., Scheitler A, 2021. The critical role of racial/ethnic data disaggregation for health 
equity. Popul Res Policy Rev 40, 1–7. [PubMed: 33437108] 

Kim J, Lee S, Chun J, 2022. An international systematic review of prevalence, risk, and protective 
factors associated with young people’s E-cigarette use. Int J. Environ. Res Public Health 19 (18), 
11570. [PubMed: 36141845] 

Klein EM, Müller KW, Wölfling K, Dreier M, Ernst M, Beutel ME, 2020. The relationship between 
acculturation and mental health of 1st generation immigrant youth in a representative school 
survey: does gender matter? Child Adolesc. Psychiatry Ment. Health 14 (1), 29. [PubMed: 
32695221] 

Kondracki AJ, Li W, Kalan ME, Ben Taleb Z, Ibrahimou B, Bursac Z, 2022. Changes in the national 
prevalence of current E-cigarette, cannabis, and dual use among reproductive age women (18–44 
Years Old) in the United States, 2013–2016. Subst. Use Misuse 57 (6), 833–840. [PubMed: 
35258396] 

Kroenke K, Spitzer RL, Williams JB, Löwe B, 2009a. An ultra-brief screening scale for anxiety and 
depression: the PHQ–4. Psychosomatics 50 (6), 613–621. [PubMed: 19996233] 

Kroenke K, Spitzer RL, Williams JBW, Löwe B, 2009b. An ultra-brief screening scale for anxiety and 
depression: The PHQ–4. Psychosomatics 50 (6), 613–621. [PubMed: 19996233] 

Lee L, Kamenov K, Fellinghauer C, Sabariego C, Chatterji S, Cieza A, 2022. WHO functioning and 
disability disaggregation (FDD11) tool: a reliable approach for disaggregating data by disability. 
Arch. Public Health 80 (1), 249. [PubMed: 36476629] 

Lee S, O’Neill AH, Ihara ES, Chae DH, 2013. Change in self-reported health status among immigrants 
in the United States: associations with measures of acculturation. PLoS One 8 (10), e76494. 
[PubMed: 24098515] 

Lewis NM, Friedrichs M, Wagstaff SS, Nakashima AK, Dunn AC, 2022. Characteristics of adults 
who use both marijuana and E-cigarette, or vaping, products: a cross-sectional study, Utah, 2018. 
Public Health Rep 137 (4), 695–701. [PubMed: 34039118] 

Löwe B, Wahl I, Rose M, Spitzer C, Glaesmer H, Wingenfeld K, Schneider A, Brähler E, 2010. A 
4-item measure of depression and anxiety: Validation and standardization of the Patient Health 
Questionnaire-4 (PHQ-4) in the general population. J. Affect Disord 122 (1), 86–95. [PubMed: 
19616305] 

Mantey DS, Cooper MR, Clendennen SL, Pasch KE, Perry CL, 2016. E-cigarette marketing exposure 
is associated with e-cigarette use among US youth. J. Adolesc. Health 58 (6), 686–690. [PubMed: 
27080732] 

Marginean V, Sheth P, Varma A, Vessie A, 2023. A short review of acculturation and addiction among 
immigrant and refugee communities in the United States and abroad. J. Nurs. Sch 55 (3), 584–589.

Marques P, Piqueras L, Sanz MJ, 2021. An updated overview of e-cigarette impact on human health. 
Respir. Res 22 (1), 151. [PubMed: 34006276] 

Martinez O, Wu E, Sandfort T, Dodge B, Carballo-Dieguez A, Pinto R, Rhodes S, Moya E, 
Chavez-Baray S, 2015. Evaluating the impact of immigration policies on health status among 
undocumented immigrants: a systematic review. J. Immigr. Minor Health 17, 947–970. [PubMed: 
24375382] 

Mattingly DT, Elliott MR, Fleischer NL, 2023. Latent classes of tobacco and cannabis use among 
youth and young adults in the United States. Subst. Use Misuse 58 (10), 1235–1245. [PubMed: 
37259849] 

Mattingly DT, Patel A, Hirschtick JL, Fleischer NL, 2022. Sociodemographic differences in patterns of 
nicotine and cannabis vaping among US adults. Prev. Med Rep 26, 101715. [PubMed: 35141121] 

McClure EA, Hamilton L, Schauer GL, Matson TE, Lapham GT, 2023. Cannabis and nicotine co-use 
among primary care patients in a state with legal cannabis access. Addict. Behav 140, 107621. 
[PubMed: 36706676] 

Meng YY, Yu Y, Ponce NA, 2022. Cigarette, electronic cigarette, and marijuana use among young 
adults under policy changes in California. Addict. Behav. Rep 16, 100459. [PubMed: 36176360] 

Adzrago et al. Page 16

Drug Alcohol Depend. Author manuscript; available in PMC 2024 February 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Nicksic NE, Do EK, Barnes AJ, 2020. Cannabis legalization, tobacco prevention policies, and 
Cannabis use in E-cigarettes among youth. Drug Alcohol Depend 206, 107730. [PubMed: 
31759233] 

O’Brien D, Long J, Quigley J, Lee C, McCarthy A, Kavanagh P, 2021. Association between electronic 
cigarette use and tobacco cigarette smoking initiation in adolescents: a systematic review and 
meta-analysis. BMC Public Health 21 (1), 1–10. [PubMed: 33388037] 

Ozga JE, Stroup AM, Abadi MH, Cheney MK, Majmundar A, Garrison KA, Chen-Sankey J, 
Shamblen S, Dunlap C, Stanton CA, 2023. E-cigarette marketing expenditures in the United States 
From 2016 to 2021: targeted media outlets geared toward people who are at increased risk for 
tobacco use. Nicotine Tob. Res 25 (3), 581–585. [PubMed: 36070398] 

Prado G, Huang S, Schwartz SJ, Maldonado-Molina MM, Bandiera FC, De La Rosa M, Pantin H, 
2009. What accounts for differences in substance use among US-born and immigrant Hispanic 
adolescents?: results from a longitudinal prospective cohort study. J. Adolesc 45 (2), 118–125.

Prins A, Bovin MJ, Smolenski DJ, Marx BP, Kimerling R, Jenkins-Guarnieri MA, Kaloupek DG, 
Schnurr PP, Kaiser AP, Leyva YE, Tiet QQ, 2016. The primary care PTSD Screen for DSM-5 
(PC-PTSD-5): Development and evaluation within a veteran primary care sample. J. Gen. Intern 
Med 31 (10), 1206–1211. [PubMed: 27170304] 

Quint JJ, Van Dyke ME, Maeda H, Worthington JK, Cruz MRD, Kaholokula JK, Matagi CE, 
Pirkle CM, Roberson EK, Sentell T, 2021. Disaggregating data to measure racial disparities in 
COVID-19 outcomes and guide community response—Hawaii, March 1, 2020–February 28, 2021. 
Morb. Mortal. Wkly Rep 70 (37), 1267.

Reboussin BA, Wagoner KG, Ross JC, Suerken CK, Sutfin EL, 2021. Tobacco and marijuana co-use 
in a cohort of young adults: patterns, correlates and reasons for co-use. Drug Alcohol Depend 227, 
109000. [PubMed: 34507062] 

Roberts ME, Tackett AP, Singer JM, Wagner DD, Lu B, Wagener TL, Brinkman M, Klein EG, 
Vickerman KA, Wold LE, Gumina RJ, Mohler PJ, 2022. Dual use of E-cigarettes and cannabis 
among young people in America: a new public health hurdle? J. Stud. Alcohol Drugs

Robinson T, Ali MU, Easterbrook B, Hall W, Jutras-Aswad D, Fischer B, 2022. Risk-thresholds for 
the association between frequency of cannabis use and the development of psychosis: a systematic 
review and meta-analysis. Psychol. Med 1–11.

Ru S, Li Y, 2021. Differences in substance use among immigrants and the Canadian-born population. 
Can. Stud. Popul 48, 335–359.

Russell DW, 1996. UCLA Loneliness Scale (Version 3): reliability, validity, and factor structure. J. 
Pers. Assess 66 (1), 20–40. [PubMed: 8576833] 

Salas-Wright CP, Vaughn MG, Clark TT, Terzis LD, Córdova D, 2014. Substance use disorders among 
first-and second-generation immigrant adults in the United States: evidence of an immigrant 
paradox? J. Stud. Alcohol Drugs 75 (6), 958–967. [PubMed: 25343653] 

Salas-Wright CP, Vaughn MG, Goings TC, Miller DP, Schwartz SJ, 2018. Immigrants and mental 
disorders in the united states: new evidence on the healthy migrant hypothesis. Psychiatr. Res 267, 
438–445.

SAMHSA, 2020a. Key substance use and mental health indicators in the United States: Results from 
the 2019 National Survey on Drug Use and Health (HHS Publication No. PEP20–07-01–001, 
NSDUH Series H-55). Center for Behavioral Health Statistics and Quality, Substance Abuse and 
Mental Health Services Administration

SAMHSA, 2020b. Substance use disorder treatment for people with co-occurring disorders, Treatment 
improvement protocol (TIP) series Number 42. Substance Abuse and Mental Health Services 
Administration, Rockville, MD.

SAMHSA, 2022. Key Substance use and Mental Health Indicators in the United States: Results from 
the 2020 National Survey on Drug Use and Health (HHS Publication No. PEP22–07-01–005, 
NSDUH Series H-57). Center for Behavioral Health Statistics and Quality, Substance Abuse and 
Mental Health Services Administration

Schlossarek S, Kempkensteffen J, Reimer J, Verthein U, 2016. Psychosocial determinants of cannabis 
dependence: a systematic review of the literature. Eur. Addict. Res 22 (3), 131–144. [PubMed: 
26551358] 

Adzrago et al. Page 17

Drug Alcohol Depend. Author manuscript; available in PMC 2024 February 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Short M, Cole AG, 2021. Factors associated with e-cigarette escalation among high school students: a 
review of the literature. Int J. Environ. Res Public Health 18 (19).

Singh S, Windle SB, Filion KB, Thombs BD, O’Loughlin JL, Grad R, Eisenberg MJ, 2020. E-
cigarettes and youth: Patterns of use, potential harms, and recommendations. Prev. Med 133, 
106009. [PubMed: 32027913] 

Smith DM, Hyland A, Kozlowski L, O’Connor RJ, Collins RL, 2022. Use of inhaled nicotine and 
cannabis products among adults who vape both substances. Subst. Use Misuse 57 (3), 432–441. 
[PubMed: 34986066] 

Spears CA, Jones DM, Weaver SR, Yang B, Pechacek TF, Eriksen MP, 2019. Electronic nicotine 
delivery system (ENDS) use in relation to mental health conditions, past-month serious 
psychological distress and cigarette smoking status, 2017. Addiction 114 (2), 315–325. [PubMed: 
30291763] 

Spears CA, Jones DM, Weaver SR, Yang B, Pechacek TF, Eriksen MP, 2020. Use of and perceptions 
about electronic nicotine delivery systems (ENDS) among people with mental health conditions or 
serious psychological distress, 2018. Drug Alcohol Depend 212, 108049. [PubMed: 32442748] 

Stallings-Smith S, Ballantyne T, 2019. Ever use of e-cigarettes among adults in the United States: 
a cross-sectional study of sociodemographic factors. INQUIRY: J. Health Care Organ., Provis., 
Financ 56, 0046958019864479.

Stanton CA, Pasch KE, Pericot-Valverde I, Cruz-Cano R, Moran MB, Abadi MH, Mays D, 
Mercincavage M, Tang Z, Chen-Sankey J, 2022. Longitudinal associations between U.S. youth 
exposure to E-cigarette marketing and E-cigarette use harm perception and behavior change. Prev. 
Med 164, 107266. [PubMed: 36152822] 

Swann G, Stephens J, Newcomb ME, Whitton SW, 2020. Effects of sexual/gender minority- and 
race-based enacted stigma on mental health and substance use in female assigned at birth sexual 
minority youth. Cult. Divers Ethn. Minor Psychol 26 (2), 239–249.

Talham CJ, Williams F, 2023. Household food insecurity during the COVID-19 pandemic is associated 
with anxiety and depression among US- and foreign-born adults: Findings from a nationwide 
survey. J. Affect Disord 336, 126–132. [PubMed: 37244545] 

Thrul J, Vijayaraghavan M, Kalkhoran S, Satterfield JM, 2020. Patterns of cigarette, e-cigarette, and 
cannabis use among adult smokers in primary care 2014–2015. Addict. Behav 100, 106109. 
[PubMed: 31522133] 

Tran AG, Lee RM, Burgess DJ, 2010. Perceived discrimination and substance use in hispanic/latino, 
African-born black, and southeast asian immigrants. Cult. Divers Ethn. Minor Psychol 16 (2), 226.

Uddin SMI, Osei AD, Obisesan OH, El-Shahawy O, Dzaye O, Cainzos-Achirica M, Mirbolouk M, 
Orimoloye OA, Stokes A, Benjamin EJ, Bhatnagar A, DeFilippis AP, Henry TS, Nasir K, Blaha 
MJ, 2020. Prevalence, trends, and distribution of nicotine and marijuana use in E-cigarettes among 
US adults: the behavioral risk factor surveillance system 2016–2018. Prev. Med 139, 106175. 
[PubMed: 32593733] 

Van der Steur SJ, Batalla A, Bossong MG, 2020. Factors moderating the association between cannabis 
use and psychosis risk: a systematic review. Brain Sci 10 (2), 97. [PubMed: 32059350] 

Vandenbroucke JP, von Elm E, Altman DG, Gøtzsche PC, Mulrow CD, Pocock SJ, Poole C, 
Schlesselman JJ, Egger M, 2007. Strengthening the reporting of observational studies in 
epidemiology (STROBE): explanation and elaboration. PLoS Med 4 (10), e297. [PubMed: 
17941715] 

Vaughn MG, Salas-Wright CP, DeLisi M, Maynard BR, 2014. The immigrant paradox: immigrants 
are less antisocial than native-born Americans. Soc. Psychiatry Psychiatr. Epidemiol 49 (7), 1129–
1137. [PubMed: 24292669] 

Veligati S, Howdeshell S, Beeler-Stinn S, Lingam D, Allen PC, Chen LS, Grucza RA, 2020. Changes 
in alcohol and cigarette consumption in response to medical and recreational cannabis legalization: 
evidence from U.S. state tax receipt data. Int J. Drug Policy 75, 102585. [PubMed: 31739147] 

Wang Y, Wilson FA, Larson J, Chen LW, 2016. The use of e-cigarettes among U.S. Immigrants: 
the 2014 National Health Interview Survey. Public Health Rep 131 (4), 605–613. [PubMed: 
27453606] 

Adzrago et al. Page 18

Drug Alcohol Depend. Author manuscript; available in PMC 2024 February 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Williams M, Villarreal A, Bozhilov K, Lin S, Talbot P, 2013. Metal and silicate particles including 
nanoparticles are present in electronic cigarette cartomizer fluid and aerosol. PLoS One 8 (3), 
e57987. [PubMed: 23526962] 

Williams RJ, Wills TA, Choi K, Pagano I, 2023. Associations for subgroups of E-cigarette, cigarette, 
and cannabis use with asthma in a population sample of California adolescents. Addict. Behav 
145, 107777. [PubMed: 37336095] 

Zheng X, Lin HC, 2023. How does online e-cigarette advertisement promote youth’s e-cigarettes use? 
the mediating roles of social norm and risk perceptions. Health Commun 38 (7), 1388–1394. 
[PubMed: 34872415] 

Adzrago et al. Page 19

Drug Alcohol Depend. Author manuscript; available in PMC 2024 February 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Prevalence of e-cigarette use frequency by cannabis use frequency stratified by immigration 

status among U.S. adults.
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Table 2.1

Multinomial logistic regression analysis of past-month exclusive e-cigarette use, cannabis use, dual use, and 

their associations with immigration status, adjusting for sociodemographic characteristics, mental health 

symptoms, and alcohol use among adults living in the U.S. (N= 4766).

Base/reference category: None used

Exclusive e-cigarette use Exclusive cannabis use Dual use of e-cigarettes and cannabis

RRR (95% CI) RRR (95% CI) RRR (95% CI)

Immigration status

U.S.-born Ref Ref Ref

Immigrants 0.85 (0.62, 1.17) 0.37*** (0.27, 0.51) 0.46*** (0.35, 0.62)
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