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Abstract 

 
The Association Between Psychological Distress and Electronic Cigarette Use in the United 

States, 2016-2018 
By Catherine Weston Bennett 

 
 

Background: Electronic cigarettes (e-cigarettes) have been marketed as alternatives to 
traditional tobacco cigarettes. In 2016, the FDA issued a regulation that defined e-cigarettes as 
tobacco products and required more stringent sales and marketing regulations. E-cigarettes can 
have deleterious health effects, and patients with mental illness are vulnerable to these health 
effects. Studies have shown that patients with mental illness are more likely to use e-cigarettes, 
and the risk of using e-cigarettes is higher among people who have a history of mental illness.  
Methods: In this cross-sectional study, we sought to investigate the association between 
psychological distress and e-cigarette use among participants in the National Health Interview 
Survey (NHIS) from 2016-2018. Using binary logistic regression, we modelled the primary 
outcome of interest, ever e-cigarette use, as a function of psychological distress, measured using 
the Kessler 6 (K6) scale. 
Results: Psychological distress was associated with e-cigarette use in a dose-response fashion, 
although the magnitude of the association differed somewhat among never, former, and current 
traditional cigarette smokers. For example, based on the 2016 NHIS data, the odds ratios (95% 
CI) estimates for K6 scores of 1-2, 3-5, 6-10 and 11-24 (using persons with K6 score of 0 as 
reference) were 1.62 (1.19-2.22), 2.04 (1.51-2.75), 3.78 (2.62-5.47), and 4.71 (2.54-8.75), 
respectively, among persons who had never smoked traditional cigarettes. The results for 2017 
and 2018 were generally similar. When e-cigarette use was analyzed using K6 score as a 
dichotomous variable (0-12 versus 13-24), the odds of e-cigarette use were higher among 
participants with K6 scores between 13 and 24 across all years and all smoking groups.  
Conclusions: This study indicates that patients with psychological distress are more likely to use 
electronic cigarettes and that this risk is modified by traditional cigarette smoking status. Moving 
forward, longitudinal research is necessary to better understand the direction of the association 
between mental and physical health and e-cigarette use in order to guide clinical 
recommendations and counseling efforts. In addition, clinicians need to understand the risks 
associated with e-cigarettes and work to counsel patients on these risks as well as on safer 
alternatives. 
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Background 

Overview of Electronic Cigarettes 

Electronic cigarettes (e-cigarettes; also called electronic nicotine delivery systems, ENDS) first 

appeared on the market in China in 2003 as an alternative to traditional tobacco cigarettes.1 In 2018, the 

prevalence of e-cigarette use in the United States was 3.2%, which was a significant increase from 2.8% 

in 2017.2 E-cigarette use is more common among males, persons aged 18-24 years, and adults who 

currently smoke tobacco cigarettes.3 Moreover, e-cigarette use has been associated with deleterious 

health effects. For example, in the summer and fall of 2019, an outbreak of lung injury associated with 

e-cigarette (a.k.a. vaping) product use was reported and attributed to the addition of vitamin E acetate to 

the vaping liquid.4 While e-cigarettes are not approved by the Food and Drug Administration (FDA) as a 

treatment for tobacco cessation, several studies have found that smokers who used e-cigarettes were 

more successful at quitting compared to smokers who used other nicotine-free treatments or smoking 

cessation treatments.5-7 Results from these studies indicate that e-cigarettes could be used to help current 

smokers stop smoking but should not be used as alternatives to tobacco cigarettes or as novel tobacco 

products. 

Patients with mental health conditions are particularly likely to use e-cigarettes and may be 

disproportionally vulnerable to the adverse health effects of these products. While traditional tobacco 

cigarette use has been extensively studied in this population, the association between e-cigarette use and 

mental illness is less clear.  

Tobacco Cigarettes and Mental Illness 

Patients with mental illness are more likely to smoke cigarettes compared to persons without 

mental illness. For example, it has been shown that adults with at least one psychiatric diagnosis account 

for 36.4% of the US population, but consume 56.4% of all cigarettes in the United States.8 Individuals 
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diagnosed with schizophrenia, bipolar disorder, post-traumatic stress disorder (PTSD), and alcohol or 

illicit drug use disorders use cigarettes at almost 5 times the rate of people without these disorders.9 In 

another study, the odds of smoking among participants with any psychiatric disorder were 3.23 times 

higher than the odds of smoking among participants without a psychiatric disorder.10 In addition, a 

recent meta-analysis reported a bidirectional relationship between tobacco use and depression.11 Finally, 

while the rate of smoking declined from 19.2% to 16.5% among adults without mental illness in the 

United States between 2004 to 2011, the rate of smoking among adults with mental illness only declined 

from 25.3% to 24.9% during the same time period.12  

Persons suffering from a serious mental illness (SMI, defined by the National Institutes of 

Mental Health as “a mental, behavioral, or emotional disorder resulting in serious functional 

impairment, which substantially interferes with or limits one or more major life activities”)13 have a 

particularly high prevalence of smoking and are at risk for contracting medical conditions related to 

cigarette use. For example, one study found that the odds of smoking among patients with a severe 

psychotic disorder was 4.6 times the odds of smoking among patients without a severe psychotic 

disorder.14 Additionally, studies have shown that patients with schizophrenia are more likely to smoke 

cigarettes than patients with other psychiatric diagnoses,15 and patients with first episode psychosis 

(FEP) have higher rates of smoking compared to patients with long-standing psychosis.16 Furthermore, 

patients with schizophrenia who smoke cigarettes have higher scores on the positive and negative 

syndrome scale as well as on the negative symptoms subscale, poor cognitive functioning, social 

impairment, increased aggression, and require higher antipsychotic doses.17-20 These results indicate that 

smoking contributes to poor mental health outcomes, which can have deleterious long-term health 

consequences.  
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Bipolar disorder is another condition associated with a high prevalence of cigarette use. In a 

meta-analysis of published studies, the pooled odds ratio comparing current smoking among patients 

with bipolar disorder to the general population was 3.5.21 Among patients with bipolar disorder, 

smoking is associated with a more than five-fold increase in the risk of attempting suicide compared to 

nonsmokers.22 Moreover, in persons with bipolar disorder, smoking is associated with increased manic 

symptoms, an increased risk of psychiatric hospitalization, and an increased risk of comorbid substance 

abuse.23 

Finally, and most importantly, smoking is associated with an increased risk of mortality among 

patients with serious mental illness.24,25 Patients with schizophrenia and bipolar disorder have decreased 

life expectancy (18.7 and 16.3 years fewer for men and women with schizophrenia, respectively; and 

13.6 and 12.1 years fewer for men and women with bipolar disorder, respectively).26 Several studies 

postulate that smoking contributes to the years of life lost in patients with schizophrenia and bipolar 

disorder, in particular due to medical conditions caused by tobacco.27-29 

Electronic Cigarettes and Mental Illness 

While the use of tobacco cigarettes among patients with mental illness is well-described in the 

literature, the data on electronic cigarette use in this population are relatively sparse. For example, one 

cross-sectional study found that 14.8% of participants with a mental health condition (classified as 

anxiety, depression, or other illness) had tried e-cigarettes, compared with 6.6% of participants without a 

mental illness.30 Additionally, 3.1% of participants with a mental health condition reported currently 

using e-cigarettes, compared to 1.1% of participants without a mental illness.30 This association varied 

by tobacco cigarette smoking status, and current smokers had higher rates of e-cigarette use than never 

smokers.30 In another study, 24.4% of participants with a mental health condition had used e-cigarettes 
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compared to 15.5% of the participants without a mental health condition, and as the number of mental 

health diagnoses increased, so did the rate of electronic cigarette use.31 

There are many reasons why people use e-cigarettes. In general, e-cigarette users view these 

devices as safer alternatives to tobacco cigarettes and as possible smoking cessation tools.1 Additionally, 

people are curious about the novelty of e-cigarettes.32 The reasons for using e-cigarettes among people 

with mental illness appear to be similar to those reported in the general population. One study found that 

participants with serious mental illness who used e-cigarettes thought that e-cigarettes were a healthier 

alternative to tobacco cigarettes and were associated with less negative stigma than tobacco cigarettes.33 

In another study, people with mental illness reported viewing e-cigarettes as less harmful than tobacco 

cigarettes; pointed out that they can use them in the non-smoking areas; and indicated that they enjoyed 

the variety of e-cigarette flavors.34 

In the overall population, e-cigarette use is more common in younger age groups (18-39), and 

among current smokers and those who drink alcohol.35 In the population with mental illness, there is a 

specific concern about e-cigarette use among adolescents and young adults. E-cigarette use is more 

common in young adults with mental illness and has found to be associated with increased alcohol use.36 

Furthermore, higher internalizing and externalizing symptoms have been found among young people 

who use e-cigarettes compared to young people who do not use e-cigarettes.37,38 

Among patients with depression, studies have shown that depressive symptoms are associated 

with increased e-cigarette use. Indeed, in a large study of French citizens, researchers found a dose-

response relationship between depressive symptoms on the Center for Epidemiologic Depression scale 

(CED-S) and e-cigarette use.39 Moreover, in a study among Texas college students, higher depressive 

symptoms on the CED-S predicted future e-cigarette use.40 Additionally, another study suggested that 

there is a bidirectional association between e-cigarette use and depression,41 and e-cigarette use has been 
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found to predict depressive symptoms among Texas college students;42 a large cohort representative of 

the Canadian population;43 and in studies using 2016 and 2017 Behavioral Risk Factor Surveillance 

System data, a large representative sample of adults in the United States.44,45 

In addition to depression, e-cigarette use is associated with other mental illnesses, including 

schizophrenia. For example, one study found that 37% of participants with schizophrenia had tried e-

cigarettes, while 7% of participants were currently using e-cigarettes.46 Moreover, several studies have 

suggested that e-cigarettes may be useful as smoking cessation tools for nicotine replacement in patients 

with schizophrenia who currently smoke.47-50 While e-cigarettes may be less harmful than tobacco 

cigarettes, there is limited data on their long-term effects. Moreover, increased nicotine levels could 

exacerbate psychotic symptoms and have been reported to increase blood clozapine levels in patients 

with schizophrenia, which could affect symptom control and side effect profiles of antipsychotic 

medications.51,52 

Current Study 

In 2016, the FDA issued a regulation that defined e-cigarettes as tobacco products and gave the 

FDA authority to regulate e-cigarettes under the Federal Food, Drug, and Cosmetic Act.53 This 

legislation required e-cigarette companies to comply with branding laws and disclose ingredients in e-

cigarettes; required e-cigarette companies to register products and places where products are 

manufactured; banned e-cigarette companies from marketing their products as safer alternatives to 

tobacco cigarettes; required e-cigarette companies to undergo review of products before coming on the 

market; prohibited e-cigarettes from being sold to minors; and required warnings about the deleterious 

effects of tobacco and nicotine to be printed on all products.53 

It is unclear if recent changes in legislation have had an effect on e-cigarette use among patients 

with mental health conditions. The current study seeks to examine the association between mental health 
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and e-cigarette use and to investigate if this association has changed over time. To address these issues, 

we analyzed the data from the National Health Interview Survey (NHIS), which is a nationally 

representative sample of the population of the United States. To examine possible changes after the e-

cigarette regulatory policy passed in 2016, we analyzed NHIS data from 2016, 2017, and 2018. 
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Methods 

Data Sources and Study Population 

The present study uses data from the 2016, 2017, and 2018 NHIS. The NHIS is a national cross-

sectional survey that is conducted annually in the United States and includes noninstitutionalized 

civilians across all 50 states.54 It uses a complex survey design that enables capturing a representative 

sample of households as well as other living quarters such as college dormitories.54 The survey collects 

demographic data on study participants as well as information on lifestyle and various health issues.54 

For each year, data were restricted to NHIS participants who were 18 years of age or older.  

Individuals with missing information for any of the analytic variables were excluded from the final 

dataset (Figure 1). This study was conducted with publicly available de-identified data, and therefore 

IRB approval was not required. 

Variables of Interest  

The main dependent variable of interest in the current analysis was self-reported ever vs. never e-

cigarette use. Ever users were participants who had used an e-cigarette at least once.  

The primary independent variable of interest, psychological distress, was measured using the 

Kessler 6 (K6) scale, which is included in the NHIS questionnaire. The K6 scale was created to measure 

psychological distress in the population and has been used in previous studies as an indicator of serious 

mental illness.55-59 Participants are asked if they have felt sad, nervous, restless or fidgety, hopeless, that 

everything was an effort, and worthless over the past 30 days. Each category is scored on a Likert scale 

of 0-4 (where 0 is none of the time; 1 is a little of the time; 2 is some of the time; 3 is most of the time; 

and 4 is all of the time). For the purposes of this analysis, the scores were added to give a total score 

between 0 and 24. In order to create a categorical variable of K6 scores, scores were grouped into the 

following categories: 0, 1-2, 3-5, 6-10, and 11-24. These categories have been used before in studies of 
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psychological distress as a possible predictor of e-cigarette use57 and mortality.60 A sensitivity analysis 

was conducted in which K6 score was treated as a dichotomous variable to examine e-cigarette use 

based on serious mental illness. Consistent with previous research, K6 scores of 0-12 were classified as 

no SMI, and scores of 13-24 were classified as SMI.55,61  

The covariates in all analyses included sex (male, female), census region (Northeast, Midwest, 

South, West), age (18-24, 25-34, 35-44, 45-54, 55-64, and 65 and older), race/ethnicity (Non-Hispanic 

White, Non-Hispanic Black, Hispanic, Asian, Other), highest level of education completed (did not 

finish high school, GED/high school diploma, some college/associate’s degree, bachelor’s degree, 

higher education), current employment status (employed within the past year, not employed within the 

past year, never employed), marital status (married/living with partner, separated/divorced, widowed, 

never married), insurance status (private insurance, Medicare/dual enrolled, Medicaid/other public 

insurance, uninsured), alcohol use (lifetime abstainer, former use, current use) and traditional cigarette 

use (never, former, current). Persons who reported having smoked more than 100 cigarettes in their 

lifetime were subcategorized as “current smokers” if they reported smoking traditional cigarettes every 

day or some days at the time of the survey, or “former smokers”, i.e., those who reported not currently 

smoking traditional cigarettes. “Never smokers” were persons who reported smoking fewer than 100 

cigarettes in their lifetime. 

Statistical Analysis 

Descriptive statistics were performed for each variable of interest by ever e-cigarette use. To 

examine the association between psychological distress and e-cigarette use, multivariate logistic 

regression was used with K6 score category as the primary exposure and ever e-cigarette use (yes/no) as 

the primary outcome with covariates included in the models to control for confounding. A separate 

model was constructed for each survey year, and all models were examined for interaction between the 
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main variable of interest K6 score (as a continuous variable) and traditional cigarette use (never, former 

current). The results of the multivariable analyses were expressed as adjusted odds ratios (OR) and 95% 

confidence intervals (CI). To account for the complex survey design, data were analyzed with weights 

provided by the NHIS. Data were analyzed using SAS version 9.4 (Cary, NC). 
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Results 

Demographic Characteristics of Study Participants 

Among 22,116 persons who provided data for the 2016 survey, the average K6 score was 2.60 

(95% CI 2.53-2.67). For ever-e-cigarette users and never-e-cigarette users, the average K6 scores were 

4.12 (95% CI 3.88-4.36) and 2.33 (95% CI 2.26-2.40), respectively. The average age of participants was 

48 years (95% CI 47.5-48.4). Ever e-cigarette users accounted for 15.3% of the 2016 sample (n=3,290), 

and never e-cigarette users accounted for 84.7% of the sample (n=18,826). With respect to traditional 

cigarette use, 62.3% of participants were never smokers (n=13,070); 22.6% of participants were former 

smokers (n=5,494); and 15.2% of participants were current smokers (n=3,552). All other demographic 

data, both overall and by e-cigarette use, are presented in Table 1a. 

The 2017 dataset included 18,161 survey respondents with an average K6 score of 2.66 (95% CI 

2.60-2.73). The K6 score was higher among ever-e-cigarette users (4.39; 95% CI 4.15-4.62) than among 

never-e-cigarette users (2.38; 95% CI 2.31-2.45). The 2017 survey participants were on average 48 years 

of age (95% CI 47.8-48.7). Ever e-cigarette users accounted for 14.1% of the sample (n=2,597). Current 

traditional cigarette users accounted for 13.9% (n=2,706), former smokers of traditional cigarettes 

accounted for 22.4% (n=4,509), and never smokers accounted for 63.7% (n=10,946). The remaining 

characteristics of the 2017 NHIS participants are summarized in Table 1b. 

Among the 17,192 participants in the 2018 survey, the average K6 score was 2.86 (95% CI 2.79-

2.94). Similar to the 2016 and 2017 datasets, the average K6 score was higher among ever e-cigarette 

users compared to never e-cigarette users, 4.43 (95% CI 4.19-4.67) and 2.59 (95% CI 2.51-2.66), 

respectively. The average age of participants was 49 years (95% CI 48.0-49.0). Ever e-cigarette users 

accounted for 15.1% of the sample (n=2,501), and never e-cigarette users accounted for 84.9% of the 

sample (n=14,691). In terms of traditional cigarette use, 64.3% of participants were never smokers 
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(n=10,412); 21.8% of participants were former smokers (n=4,213); and 13.9% of participants were 

current smokers (n=2,567). All other demographic data for the 2018 dataset are presented in Table 1c. 

Multivariable Analyses of the Association between K6 Score and Electronic Cigarette Use 

The multivariable logistic regression models demonstrated significant interaction between K6 

score and traditional cigarette use, indicating that the association between psychological distress and e-

cigarette use may be modified by traditional cigarette smoking status. For this reason, the adjusted 

results for each year are presented separately for never, former, and current users of traditional cigarettes 

(Figure 2a-2c; Table 2a-2c). Results from the sensitivity analysis are presented in supplemental Table 

1a-c. Across all years and smoking groups, serious mental illness (i.e. a K6 score of 13-24) was 

associated with increased odds of ever e-cigarette use. 

Never Smokers 

Among 2016 survey participants who were never smokers, the adjusted ORs reflecting the 

association between e-cigarette use and K6 score increased in a monotonic fashion. Using a K6 score of 

0 as reference, the OR was 1.62 (95% CI: 1.19-2.22) for persons who scored 1-2 points, 2.04 (95% CI: 

1.51-2.75) for those who scored 3-5 points, 3.78 (95% CI: 2.62-5.47) for those who scored 6-10 points, 

and 4.71 (95% CI: 2.54-8.75) for the highest K6 score category of 11-24 (Table 2a). Similar patterns 

were seen among never smokers who responded to the 2017 and 2018 surveys (Table 2b and 2c). 

Former Smokers 

The association between K6 score and use of e-cigarettes among former smokers was similar to 

that observed in persons who never smoked. In 2016, the OR (95% CI) estimates for K6 score of 1-2 

and 11-24, relative to the score of 0, were 1.46 (1.09-1.94) and 3.09 (1.91-5.00), respectively (Table 2a). 

The corresponding results were 1.20 (95% CI: 0.90-1.60) and 5.09 (95% CI 3.46-7.50) using the 2017 

survey, and 1.11 (95% CI 0.84-1.46) and 3.03 (2.01-4.58) based on the 2018 data (Table 2b and 2c). 
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Current Smokers 

As in the previous analyses, the ORs comparing current smokers who had elevated K6 score to 

those who scored 0 points increased with each increasing K6 category. However, the dose-response 

effect appeared to be less pronounced than that observed in never or former smokers, especially in the 

earlier survey years (Table 2a-2c). Based on the 2016 data, the largest OR associated with the highest 

K6 score of 11-24 was 1.75 (95% CI 1.29-2.37; Table 2a). The highest K6 score category was also 

associated with the largest OR among current smokers in both subsequent surveys with estimates of 2.55 

(95% CI: 1.81-3.60) in 2017, and 2.75 (95% CI: 2.00-3.80) in 2018 (Table 2b and 2c). 
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Discussion 

Overview of Results 

 In the present study, we found that as levels of psychological distress increase, the odds of ever 

e-cigarette use also increase. This trend is seen across all three survey years and across all smoking 

groups; however, the dose-response slopes differed depending on the year and on the smoking status of 

participants. The association appeared stronger among never and former smokers compared to current 

smokers, and the difference between the highest and the lowest K6 category was more pronounced in 

2016 and 2017 than in 2018. When the analyses relied on a dichotomous categorization of K6 scores 

(i.e., SMI versus no SMI), the odds of ever e-cigarette use were consistently higher among participants 

with SMI compared to participants without SMI, across all years and smoking groups. 

Comparison to Previous Studies 

 Our results are comparable to previous reports on the association between mental illness and e-

cigarette use. One previous study examined the association between e-cigarette and tobacco cigarette use 

and psychological distress using NHIS data from 2014. The results were similar to ours with respect to 

the observed dose response association between increasing levels of psychological distress and the odds 

of e-cigarette only use, current e-cigarette and cigarette use, former cigarette and ever e-cigarette use, 

and current cigarette use.57 While the smoking strata in that study were different from those used in our 

analyses, the two sets of results are comparable given that this study also used NHIS data and used the 

same measures of psychological distress. As in our study, the association between K6 score and e-

cigarette use was relatively weaker among current smokers than among other groups.57 

 In a more recent analysis that evaluated the association between mental illness and e-cigarette 

use among 2016 NHIS survey participants, the prevalence of ever e-cigarette use was higher among 

participants with a chronic mental illness compared to participants without a mental illness.62 E-cigarette 
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use did not differ significantly between participants with anxiety, depression, or emotional problems and 

participants with attention deficit disorder, bipolar disorder, schizophrenia, or other psychiatric 

disorders.62  

 An even more recent study addressed similar research questions using 2014-2017 NHIS data.56 

These results were consistent with our analysis indicating that SMI may be a risk factor for using both e-

cigarettes and other tobacco products. Notably, the authors of that study defined SMI as a K6 score of 14 

or higher, while other studies, including ours, used the 13-point cutoff. 

Interpretation of Results 

 Taken together, the NHIS data indicate that it is the level of psychological distress, and not 

necessarily the underlying psychiatric diagnosis, that is associated with increased e-cigarette use.  

Similar trends are seen for traditional tobacco cigarettes because persons experiencing psychological 

distress turn to cigarettes as a way to self-medicate and alleviate psychiatric symptoms.59,63 For example, 

among persons with schizophrenia, many patients report that their negative symptoms decrease when 

they smoke cigarettes, which is thought to be due to an increase in dopamine in the prefrontal cortex and 

nucleus accumbens.64 In addition, the self-medication hypothesis has been used to explain increased 

rates of smoking among patients with bipolar disorder as a way to improve depressive symptoms.65  

In the present study, the association between psychological distress and e-cigarette use was 

higher among never and former smokers compared to current smokers. It is possible that current 

smokers with mental illness are less likely to take up e-cigarettes because they are already self-

medicating with traditional cigarettes. In contrast, never and former smokers do not have other sources 

of nicotine and thus may begin to use e-cigarettes to satisfy cravings and to decrease psychiatric 

symptoms.  
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Another possible explanation for the observed differences in results between current smokers and 

the other two groups is that current smokers may want to quit smoking combustible tobacco products 

and thus are more likely to use e-cigarettes regardless of their levels of psychological distress. Indeed, in 

a study conducted among current smokers with serious mental illness who had been hospitalized for 

exacerbation of psychiatric symptoms, rates of e-cigarette use increased over 18 months of follow-up 

and were significantly higher among participants who expressed a desire to quit smoking.66 These 

results indicate that both current smoking status and a desire to quit smoking are associated with e-

cigarette use, and that the desire to stop smoking may influence the association between psychiatric 

symptoms and e-cigarette use. 

There is a concern that e-cigarettes may serve as a gateway to combustible tobacco product use 

among non-smokers with high levels of psychological distress. While no direct evidence exists for the 

gateway hypothesis among patients with mental illness, studies have shown that among adolescents and 

young people, e-cigarette use may result in increased tobacco cigarette use as they age.67 A better 

understanding of the association between e-cigarettes and cigarette use among patients with SMI is 

warranted through longitudinal studies that are designed to track the use of these devices over time. 

When comparing results across years, we found that results were similar in 2016 and 2017 

compared to 2018 in never, former, and current smokers. In the 2018 dataset, however, never and former 

smokers had lower ORs for higher K6 score categories compared to 2016 and 2017. One explanation for 

the difference in results in 2018 among never and former smokers compared to current smokers is that 

current smokers are less likely to be swayed by regulations surrounding tobacco products compared to 

never and former smokers.  

In a sensitivity analysis using a dichotomous categorization of K6 scores, we found that 

participants with serious mental illness (i.e. K6 scores of 13-24) had increased odds of using e-cigarettes 
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compared to participants without mental illness (i.e. K6 scores of 0-12). Patients with SMI are at high 

risk of psychiatric decompensation, and nicotine is associated with such decompensation.68 A 

disadvantage of the dichotomous classification of K6 scores is that it does not allow assessing the 

associations with lower levels of psychological distress. We observed that subclinical psychological 

distress is an important determinant of e-cigarette use. Thus, by focusing on early signs of psychological 

distress, clinicians and public health officials can work to prevent and mitigate e-cigarette use in patients 

before they develop SMI.  

Limitations and Future Directions 

 Perhaps the most important limitation of this study is its cross-sectional design, which precludes 

assessment of temporality and does not allow causal interpretation of the association between 

psychological distress and e-cigarette use. Further, the data in the NHIS are self-reported and therefore 

subject to both recall and social acceptability bias. Mental illness, psychological distress, and substance 

use are sensitive topics, and participants may not be willing to share data on levels of psychological 

distress or e-cigarette use. If e-cigarette use or levels of psychological distress were differentially under-

reported, the results from this study could be affected by misclassification bias. In addition, the NHIS 

excludes prisoners and institutionalized individuals as well as persons who are homeless, three groups 

that are known to experience higher rates of substance use and mental illness.69-71 While this exclusion 

does not affect the internal validity of the study, it does affect the generalizability of results.  
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Public Health Implications 

There are several important public health implications of understanding the association between 

mental health and e-cigarettes. First, as e-cigarettes become more popular, it will be important to 

understand why patients, particularly patients with mental health diagnoses, use e-cigarettes. Among 

smokers, one study found that participants with SMI held positive beliefs regarding the effects of e-

cigarettes on weight control and using e-cigarettes in a social setting; these beliefs were stronger in 

patients with SMI compared to persons without SMI.72 Interestingly, patients with and without SMI had 

fewer negative beliefs about e-cigarettes, compared to their beliefs about traditional cigarettes.72 Another 

study reported that current smokers with SMI enjoyed using e-cigarettes because they believed that e-

cigarettes were healthier than tobacco cigarettes, did not have a foul odor, and reduced social stigma 

associated with smoking tobacco cigarettes.33  

Our study found a weaker association between psychological distress and e-cigarette use among 

current smokers compared to the corresponding results among never and former smokers. The 

relationship between mental health and e-cigarette use among never smokers is of particular importance 

because this group could be a target for clinical and public health interventions that focus on reducing e-

cigarette use and preventing other tobacco use. For example, one study showed that e-cigarette use was 

associated with poor mental health outcomes among non-smokers.43 Interestingly, another study found 

that e-cigarette use was not significantly associated with later tobacco cigarette use; however, tobacco 

cigarette use was associated with later e-cigarette use.73 In order to better understand the relationship 

between mental health and e-cigarettes among non-smokers, additional longitudinal studies are needed 

to identify factors that motivate non-smokers, particularly those with SMI, to try e-cigarettes and to 

understand their perceptions about the safety of e-cigarette use. 
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From the clinical perspective, it will be important to test counseling approaches to educate 

persons experiencing psychological distress about the deleterious health effects of e-cigarettes, the 

possibility for addiction, and the possibility of psychiatric symptom exacerbation. In addition, given that 

increasing levels of psychological distress appear to be associated with increased e-cigarette use, 

clinicians should consider screening patients, especially those with underlying mental health diagnoses, 

for psychological distress. Subclinical levels of distress could be treated before they are symptomatic, 

thereby preventing self-medication (through use of e-cigarette or other substances).  

Ultimately, widespread policy is needed to regulate the sale and production of e-cigarettes in the 

United States. Given the relative novelty of e-cigarettes, there are not uniform regulatory policies at the 

national or global level.74 In addition, e-cigarette companies are often owned by cigarette companies that 

view e-cigarettes as alternatives to cigarettes in places where cigarette smoking has become stigmatized 

and has thus decreased.74 These companies market e-cigarettes as safer alternatives and have used 

enticing advertising campaigns to try to increase e-cigarette sales.74 Such advertising may be especially 

appealing for patients who are experiencing psychological distress. For all of the above reasons, it is 

imperative that governments and regulatory agencies work together to restrict e-cigarette marketing to 

vulnerable populations, including patients with mental illness.
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Tables and Figures 
 
 
Figure 1. Participant selection and inclusion criteria. 
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Table 1a. Descriptive characteristics of ever and never e-cigarette users, NHIS 2016. 

Participant Characteristics  
Ever E-cigarette Users 
(n=3,290, 15.3%) 

Never E-cigarette Users 
(n=18,826, 84.7%) Total (n=22,116) 

K6 Score       
0  941 (4.7%) 8676 (40.2%) 9617 (44.9%) 

1-2 644 (3.1%) 4212 (19.1%) 4856 (22.2%) 
3-5 705 (3.1%) 3051 (13.5%) 3756 (16.5%) 

6-10 602 (2.9%) 1910 (7.9%) 2512 (10.8%) 
11-24 398 (1.7%) 977 (4.0%) 1375 (5.6%) 

Sex       
Male  1599 (7.6%) 8786 (39.6%)  10385 (47.2%) 

Female  1691 (7.8%) 10040 (45.0%) 11731 (52.8%) 
Region       

Northeast 605 (2.7%) 3353 (15.3%) 3958 (18.0%) 
Midwest 705 (3.2%) 3998 (18.1%) 4703 (21.3%)  

South 1128 (5.3%) 6504 (29.0%) 7632 (34.3%)  
West 852 (4.1%) 4971 (22.3%) 5823 (26.4%)  

Age Category       
18-24 377 (1.8%) 2074 (9.3%) 2451 (11.2%)  
25-34 567 (2.6%) 3129 (14.5%) 3696 (17.1%) 
35-44 536 (2.5%) 3161 (14.0%) 3697 (16.5%) 
45-54 539 (2.5%) 3323 (15.0%) 3862 (17.5%) 
55-64 541 (2.6%) 3158 (14.2%) 3699 (16.7%) 

65+ 730 (3.3%) 3981 (17.7%) 4711 (21.1%) 
Race/Ethnicity       

Non-Hispanic White 2253 (10.5%) 12796 (57.8%) 15049 (68.3%) 
Non-Hispanic Black 331 (1.5%) 1919 (8.5%) 2250 (10.0%) 

Asian 194 (0.9%) 1095 (5.1%) 1289 (6.0%) 
Hispanic 462 (2.2%) 2722 (11.9%) 3184 (14.1%) 

Other 50 (0.3%) 294 (1.4%) 344 (1.7%) 
Marital Status       

Married/Living with Partner 2019 (9.3%) 11586 (51.9%) 13605 (61.2%) 
Separated/Divorced 385 (1.8%) 2189 (9.7%) 2574 (11.5%) 

Widowed 199 (0.9%) 1110 (5.0%) 1309 (5.9%)  
Never Married 687 (3.3%) 3941 (18.1%) 4628 (21.4%) 

Insurance Status       
Private Insurance 2277 (10.5%) 12842 (57.8%)  15119 (68.3%) 

Medicaid 326 (1.6%) 2005 (9.2%) 2331 (10.8%) 
Medicare/Dual Enrolled 360 (1.6%) 2084 (9.3%) 2444 (11.0%) 

Uninsured 327 (1.7%) 1895 (8.4%) 2222 (10.0%) 
Highest Level of Education       

Did not finish high school 439 (2.1%) 2543 (11.4%) 2982 (13.4%) 
GED/high school diploma 883 (4.1%) 4975 (22.2%) 5858 (26.3%) 
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Some college/associate degree 989 (4.6%) 5620 (25.6%) 6609 (30.1%) 
Bachelor's Degree 628 (2.9%) 3607 (16.1%) 4235 (19.1%) 
Higher education 351 (1.6%) 2081 (9.4%) 2432 (11.0%) 

Employment       
Employed in past year 2450 (11.9%) 11607 (56.1%) 14057 (68.0%) 

Not employed in past year 767 (3.1%) 6334 (23.8%) 7101 (26.9%) 
Never employed 73 (0.4%) 885 (4.7%) 958 (5.1%) 

Alcohol Use       
Lifetime abstainer 176 (0.9%) 3911 (18.3%) 4087 (19.1%) 

Former User 459 (1.9%) 2973 (11.8%) 3432 (13.7%) 
Current User 2655 (12.6%) 11942 (54.6%) 14597 (67.2%) 

Cigarette Use       
Never Smoker  653 (3.7%) 12417 (58.5%) 13070 (62.3%) 

Former Smoker 799 (3.7%) 4695 (18.9%) 5494 (22.6%) 
Current Smoker  1838 (8.0%) 1714 (7.2%) 3552 (15.2%) 
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Table 1b. Descriptive characteristics of ever and never e-cigarette users, NHIS 2017. 

Participant Characteristics 
Ever E-cigarette Users 
(n=2,597, 14.1%) 

Never E-cigarette Users 
(n=15,564, 85.9%) Total (n=18,161) 

K6 Score       
0 687 (3.9%) 7046 (40.3%) 7733 (44.2%) 

1-2 501 (2.7%) 3449 (18.5%) 3950 (21.2%) 
3-5 570 (3.0%) 2622 (14.2%) 3192 (17.2%) 

6-10 522 (2.9%) 1706 (9.2%) 2228 (12.1%) 
11-24 317 (1.7%) 741 (3.8%) 1058 (5.4%) 

Sex       
Male 1179 (6.4%) 7289 (40.1%) 8468 (46.5%) 

Female 1418 (7.7%) 8275 (45.8%) 9693 (53.5%) 
Region       

Northeast 465 (2.6%) 2624 (14.7%) 3089 (17.3%) 
Midwest 608 (3.5%) 3545 (19.7%) 4153 (23.1%) 

South 918 (4.8%) 5687 (31.4%) 6605 (36.2%) 
West 606 (3.3%) 3708 (20.1%) 4314 (23.4%) 

Age Category       
18-24 309 (1.8%) 1709 (9.4%) 2018 (11.2%) 
25-34 425 (2.3%) 2561 (14.3%) 2986 (16.6%) 
35-44 391 (2.1%) 2502 (14.0%) 2893 (16.1%) 
45-54 478 (2.6%) 2727 (14.8%) 3205 (17.4%) 
55-64 421 (2.3%) 2695 (14.8%) 3116 (17.1%) 

65+ 573 (3.0%) 3370 (18.6%) 3943 (21.6%) 
Race/Ethnicity       

Non-Hispanic White 1785 (9.9%) 10640 (58.7%) 12425 (68.5%) 
Non-Hispanic Black 258 (1.3%) 1673 (9.3%) 1931 (10.6%) 

Asian 160 (0.9%) 895 (4.9%) 1055 (5.8%) 
Hispanic 358 (1.9%) 2169 (11.9%) 2527 (13.8%) 

Other 36 (0.2%) 187 (1.1%) 223 (1.3%) 
Marital Status       

Married/Living with Partner 1556 (8.5%) 9559 (52.6%) 11115 (61.2%) 
Separated/Divorced 307 (1.7%) 1845 (10.3%) 2152 (12.0%) 

Widowed 158 (0.8%) 911 (5.0%) 1069 (5.8%) 
Never Married 576 (3.1%) 3249 (18.0%) 3825 (21.1%) 

Insurance Status       
Private Insurance 1729 (9.6%) 10643 (58.8%) 12372 (68.4%) 

Medicaid 280 (1.6%) 1581 (8.7%) 1861 (10.3%) 
Medicare/Dual Enrolled 307 (1.5%) 1808 (10.0%) 2115 (11.5%) 

Uninsured 281 (1.4%) 1532 (8.4%) 1813 (9.8%) 
Highest Level of Education       

Did not finish high school 317 (1.7%) 1796 (9.9%) 2113 (11.6%) 
GED/high school diploma 657 (3.5%) 3989 (22.4%) 4646 (26.0%) 
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Some college/associate degree 758 (4.1%) 4736 (25.6%) 5494 (29.7%) 
Bachelor's Degree 536 (3.0%) 3128 (17.4%) 3664 (20.4%) 
Higher education 329 (1.8%) 1915 (10.6%) 2244 (12.4%) 

Employment       
Employed in past year 1944 (10.8%) 9799 (58.4%) 11743 (69.2%) 

Not employed in past year 587 (2.8%) 5060 (22.9%) 5647 (25.8%) 
Never employed 66 (0.5%) 705 (4.6%) 771 (5.0%) 

Alcohol Use       
Lifetime abstainer 135 (0.8%) 3088 (18.9%) 3223 (19.7%) 

Former User 385 (1.9%) 2345 (11.4%) 2730 (13.2%) 
Current User 2077 (11.4%) 10131 (55.6%) 12208 (67.1%) 

Cigarette Use       
Never Smoker 558 (3.4%) 10388 (60.3%) 10946 (63.7%) 

Former Smoker 668 (3.6%) 3841 (18.8%) 4509 (22.4%) 
Current Smoker 1371 (7.1%)  1335 (6.7%)  2706 (13.9%) 
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Table 1c. Descriptive characteristics of ever and never e-cigarette users, NHIS 2018. 

Participant Characteristics 
Ever E-cigarette Users 
(n=2,501, 15.1%) 

Never E-cigarette Users 
(n=14,691, 84.9%) Total (n=17,192) 

K6 Score       
0 638 (4.0%) 6374 (37.3%) 7012 (41.2%) 

1-2 533 (3.1%) 3370 (19.2%) 3903 (22.3%) 
3-5 517 (3.2%) 2540 (14.7%) 3057 (17.9%) 

6-10 505 (3.2%) 1633 (9.3%) 2138 (12.5%) 
11-24 308 (1.7%) 774 (4.4%) 1082 (6.1%) 

Sex       
Male 1120 (6.9%) 6864 (39.7%) 7984 (46.6%) 

Female 1381 (8.3%) 7827 (45.1%) 9208 (53.4%) 
Region       

Northeast 396 (2.3%) 2346 (13.4%) 2742 (15.7%) 
Midwest 542 (3.4%) 3320 (19.0%) 3862 (22.4%) 

South 965 (5.8%) 5379 (31.4%) 6344 (37.3%) 
West 598 (3.6%) 3646 (21.0%) 4244 (24.6%) 

Age Category       
18-24 279 (1.8%) 1558 (9.1%) 1837 (10.8%) 
25-34 414 (2.5%) 2381 (13.8%) 2795 (16.3%) 
35-44 382 (2.2%) 2434 (13.9%) 2816 (16.1%) 
45-54 437 (2.7%) 2620 (15.0%) 3057 (17.7%) 
55-64 416 (2.5%) 2479 (14.3%) 2895 (16.8%) 

65+ 573 (3.4%) 3219 (18.9%) 3792 (22.3%) 
Race/Ethnicity       

Non-Hispanic White 1665 (10.3%) 9782 (56.6%) 11447 (66.8%) 
Non-Hispanic Black 260 (1.5%) 1481 (8.7%) 1741 (10.2%) 

Asian 151 (1.0%) 969 (5.6%) 1120 (6.6%) 
Hispanic 386 (2.2%) 2238 (12.7%) 2624 (14.8%) 

Other 39 (0.2%) 221 (1.4%) 260 (1.6%) 
Marital Status       

Married/Living with Partner 1547 (9.4%) 9148 (52.8%) 10695 (62.2%) 
Separated/Divorced 290 (1.8%) 1616 (9.5%) 1906 (11.3%) 

Widowed 148 (0.9%) 851 (4.9%) 999 (5.8%) 
Never Married 516 (3.1%) 3076 (17.7%) 3592 (20.8%) 

Insurance Status       
Private Insurance 1670 (10.1%) 10007 (57.6%) 11677 (67.7%) 

Medicaid 250 (1.5%) 1562 (9.3%) 1812 (10.8%) 
Medicare/Dual Enrolled 310 (1.9%) 1674 (9.7%) 1984 (11.6%) 

Uninsured 271 (1.7%) 1448 (8.2%) 1719 (10.0%) 
Highest Level of Education       

Did not finish high school 325 (2.0%) 1771 (10.0%) 2096 (11.9%) 
GED/high school diploma 629 (3.8%) 3622 (21.1%) 4251 (24.9%) 
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Some college/associate degree 720 (4.5%) 4393 (25.7%) 5113 (30.3%) 
Bachelor's Degree 510 (3.1%) 3044 (17.4%) 3554 (20.5%) 
Higher education 317 (1.8%) 1861 (10.7%) 2178 (12.5%) 

Employment       
Employed in past year 1899 (12.0%) 9149 (57.4%) 11048 (69.4%) 

Not employed in past year 552 (2.7%) 4889 (22.9%) 5441 (25.7%) 
Never employed 50 (0.4%) 653 (4.6%) 703 (4.9%) 

Alcohol Use       
Lifetime abstainer 146 (1.0%) 2913 (18.7%) 3059 (19.7%) 

Former User 351 (1.7%) 2335 (11.9%) 2686 (13.6%) 
Current User 2004 (12.4%) 9443 (54.3%) 11447 (66.7%) 

Cigarette Use       
Never Smoker 585 (4.2%) 9827 (60.0%) 10412 (64.3%) 

Former Smoker 680 (4.0%) 3533 (17.8%) 4213 (21.8%) 
Current Smoker 1236 (6.9%) 1331 (7.0%) 2567 (13.9%) 
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Figure 2a. Adjusted odds ratios by K6 score with 95% CI by smoking status: Never Smokers, 2016-2018 NHIS. 
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Figure 2b. Adjusted odds ratios by K6 score with 95% CI by smoking status: Former Smokers, 2016-2018 NHIS. 
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Figure 2c. Adjusted odds ratios by K6 score with 95% CI by smoking status: Current Smokers, 2016-2018 NHIS. 
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Table 2a. Multivariable Analyses of Factors Associated with Electronic Cigarette Use, 2016 NHIS. 

Participant Characteristics  
Never smokers 

(n=13,070) 
Former smokers 

(n=5,494) 
Current smokers 

(n=3,552) 
OR 95% CI OR 95% CI OR 95% CI 

 K6 score       
0 Ref  Ref  Ref  

1-2 1.62 (1.19-2.22) 1.46 (1.09-1.94) 1.22 (0.95-1.58) 
3-5 2.04 (1.51-2.75) 1.96 (1.47-2.61) 1.74 (1.32-2.29) 

6-10 3.78 (2.62-5.47) 2.75 (1.97-3.86) 2.28 (1.74-2.99) 
11-24 4.71 (2.54-8.75) 3.09 (1.91-5.00) 1.75 (1.29-2.37) 

Sex        
Male  Ref  Ref  Ref  

Female 0.85 (0.67-1.07) 0.77 (0.63-0.95) 0.98 (0.82-1.17) 
Region       

Northeast Ref  Ref  Ref  
Midwest 0.70 (0.49-1.01) 1.32 (0.95-1.83) 1.35 (1.00-1.82) 

South 0.77 (0.54-1.09) 1.23 (0.91-1.65) 1.29 (0.98-1.72) 
West 0.71 (0.49-1.02) 1.21 (0.87-1.68) 1.23 (0.92-1.64) 

Age       
18-24 Ref  Ref  Ref  
25-34 1.04 (0.60-1.78) 1.14 (0.73-1.77) 0.77 (0.53-1.11) 
35-44 1.05 (0.63-1.76) 1.04 (0.66-1.63) 0.70 (0.47-1.04) 
45-54 1.00 (0.60-1.67) 1.13 (0.71-1.82) 0.63 (0.42-0.94) 
55-65 1.24 (0.70-2.19) 0.99 (0.61-1.62) 0.72 (0.47-1.10) 

65+ 1.03 (0.58-1.84) 1.26 (0.75-2.11) 0.82 (0.53-1.29) 
Race/ethnicity       

Non-Hispanic White Ref  Ref  Ref  
Non-Hispanic Black 0.75 (0.49-1.16) 1.14 (0.83-1.58) 0.98 (0.70-1.36) 

Asian 1.15 (0.71-1.87) 0.93 (0.59-1.45) 0.82 (0.53-1.28) 
Hispanic 1.18 (0.81-1.72) 1.16 (0.84-1.61) 0.91 (0.68-1.21) 

Other 1.08 (0.35-3.35) 1.98 (0.77-5.10) 0.74 (0.39-1.41) 
Marital status       

Married/w partner Ref  Ref  Ref   
Separated/divorced 1.31 (0.93-1.83) 1.15 (0.81-1.62) 0.91 (0.68-1.20) 

Widowed 1.41 (0.82-2.43) 1.10 (0.70-1.72) 0.94 (0.61-1.44) 
Never married 1.35 (0.93-1.96) 1.06 (0.79-1.42) 0.73 (0.55-0.98) 

Insurance Status       
Private Insurance Ref  Ref  Ref  

Medicaid 0.95 (0.60-1.51) 1.31 (0.93-1.85) 0.77 (0.54-1.10) 
Medicare/Dual Enrolled 0.95 (0.57-1.59) 1.02 (0.63-1.63) 0.76 (0.52-1.13) 

Uninsured 1.19 (0.77-1.84) 1.28 (0.86-1.88) 0.93 (0.66-1.30) 
Highest Level of Education       

Did not finish high school Ref  Ref  Ref  
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GED/high school diploma 1.24 (0.82-1.89) 0.99 (0.69-1.42) 1.18 (0.87-1.59) 
Some college/associate degree 1.30 (0.88-1.92) 1.06 (0.73-1.54) 1.03 (0.75-1.40) 

Bachelor's degree 1.32 (0.85-2.06) 1.09 (0.72-1.66) 0.88 (0.62-1.24) 
Higher education 1.18 (0.71-1.95) 1.11 (0.70-1.78) 1.01 (0.69-1.47) 

Employment       
Yes within 1 year Ref  Ref  Ref  
No within 1 year 0.26 (0.16-0.41) 0.34 (0.27-0.43) 0.67 (0.55-0.83) 

Never worked  0.86 (0.46-1.59) 0.50 (0.22-1.12) 0.48 (0.25-0.92) 
Alcohol Use       

Lifetime Abstainer Ref  Ref  Ref  
Former User 1.51 (0.85-2.68) 1.23 (0.62-2.45) 1.65 (1.12-2.45) 
Current User 3.45 (2.29-5.20)  2.03 (1.06-3.89) 2.16 (1.52-3.08) 
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Table 2b. Multivariable Analyses of Factors Associated with Electronic Cigarette Use, 2017 NHIS. 

Participant Characteristics  
Never smokers 

(n=10,946) 
Former smokers 

(n=4,509) 
Current smokers 

(n=2,706) 
OR 95% CI OR 95% CI OR 95% CI 

 K6 score       
0 Ref  Ref  Ref  

1-2 1.62 (1.16-2.27) 1.20 (0.90-1.60) 1.52 (1.14-2.05) 
3-5 2.16 (1.58-2.96) 1.83 (1.39-2.42) 1.94 (1.46-2.59) 

6-10 3.22 (2.36-4.38) 3.03 (2.21-4.16) 2.40 (1.81-3.18) 
11-24 4.41 (2.76-7.03) 5.09 (3.46-7.50) 2.55 (1.81-3.60) 

Sex        
Male  Ref  Ref  Ref  

Female 1.20 (0.93-1.54) 1.08 (0.87-1.33) 0.97 (0.79-1.18) 
Region       

Northeast Ref  Ref  Ref  
Midwest 1.25 (0.86-1.83) 0.76 (0.55-1.06) 0.91 (0.66-1.26) 

South 1.21 (0.88-1.67) 0.74 (0.56-0.99) 0.89 (0.65-1.22) 
West 1.00 (0.68-1.47) 0.70 (0.51-0.98) 0.97 (0.71-1.33) 

Age       
18-24 Ref  Ref  Ref  
25-34 1.17 (0.72-1.89) 0.65 (0.44-0.96) 0.80 (0.53-1.22) 
35-44 0.97 (0.58-1.61) 0.66 (0.43-1.01) 0.71 (0.46-1.11) 
45-54 1.03 (0.60-1.75) 1.03 (0.70-1.52) 0.89 (0.57-1.38) 
55-65 1.18 (0.71-1.98) 0.70 (0.45-1.07) 0.79 (0.51-1.23) 

65+ 1.39 (0.74-2.63) 0.84 (0.53-1.32) 0.66 (0.39-1.11) 
Race/ethnicity       

Non-Hispanic White Ref  Ref  Ref  
Non-Hispanic Black 0.70 (0.47-1.04) 0.78 (0.54-1.15) 0.74 (0.51-1.07) 

Asian 0.94 (0.56-1.58) 1.08 (0.69-1.67) 0.84 (0.57-1.23) 
Hispanic 0.86 (0.57-1.28) 0.92 (0.65-1.30) 0.86 (0.64-1.17) 

Other 0.99 (0.46-2.14) 2.07 (0.89-4.83) 0.77 (0.33-1.79) 
Marital status       

Married/w partner Ref  Ref  Ref   
Separated/divorced 0.83 (0.60-1.16) 1.01 (0.73-1.40) 1.01 (0.74-1.36) 

Widowed 1.26 (0.80-1.98) 0.89 (0.53-1.52) 0.94 (0.61-1.46) 
Never married 1.30 (0.89-1.90) 1.25 (0.93-1.70) 0.75 (0.56-1.01) 

Insurance Status       
Private Insurance Ref  Ref  Ref  

Medicaid 1.30 (0.89-1.90) 1.19 (0.81-1.73) 1.39 (1.01-1.92) 
Medicare/Dual Enrolled 0.89 (0.56-1.41) 0.94 (0.62-1.41) 0.90 (0.59-1.38) 

Uninsured 1.03 (0.68-1.56) 1.14 (0.79-1.64) 1.21 (0.86-1.70) 
Highest Level of Education       

Did not finish high school Ref  Ref  Ref  
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GED/high school diploma 0.82 (0.54-1.22) 1.12 (0.74-1.69) 0.76 (0.54-1.08) 
Some college/associate degree 0.97 (0.65-1.44) 1.11 0.76-1.62) 0.75 (0.52-1.08) 

Bachelor's degree 1.15 (0.75-1.76) 1.13 (0.73-1.74) 0.81 (0.54-1.20) 
Higher education 0.95 (0.60-1.50) 1.19 (0.74-1.93) 0.76 (0.52-1.12) 

Employment       
Yes within 1 year Ref  Ref  Ref  
No within 1 year 0.38 (0.25-0.56) 0.38 (0.30-0.48) 0.58 (0.46-0.73) 

Never worked  1.51 (0.78-2.91) 0.56 (0.23-1.37) 0.81 (0.41-1.57) 
Alcohol Use       

Lifetime Abstainer Ref  Ref  Ref  
Former User 1.97 (1.07-3.63) 0.92 (0.53-1.62) 2.13 (1.41-3.21) 
Current User 4.41 (2.72-7.16) 1.31 (0.76-2.27) 2.64 (1.83-3.82) 
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Table 2c. Multivariable Analyses of Factors Associated with Electronic Cigarette Use, 2018 NHIS. 

Participant Characteristics  
Never smokers 

(n=10,412) 
Former smokers 

(n=4,213) 
Current smokers 

(n=2,567) 
OR 95% CI OR 95% CI OR 95% CI 

 K6 score       
0 Ref  Ref  Ref  

1-2 1.87 (1.41-2.48) 1.11 (0.84-1.46) 1.65 (1.24-2.20) 
3-5 2.21 (1.61-3.02) 1.76 (1.30-2.37) 1.82 (1.35-2.44) 

6-10 4.35 (3.15-6.00) 2.53 (1.86-3.45) 2.44 (1.83-3.26) 
11-24 3.52 (2.20-5.62) 3.03 (2.01-4.58) 2.75 (2.00-3.80) 

Sex        
Male  Ref  Ref  Ref  

Female 0.97 (0.79-1.20) 1.05 (0.85-1.29) 0.95 (0.77-1.16) 
Region       

Northeast Ref  Ref  Ref  
Midwest 1.21 (0.84-1.76) 0.84 (0.60-1.19) 1.00 (0.70-1.43) 

South 1.25 (0.87-1.78) 0.77 (0.56-1.07) 1.11 (0.80-1.53) 
West 1.08 (0.76-1.53) 0.84 (0.59-1.20) 1.03 (0.74-1.44) 

Age       
18-24 Ref  Ref  Ref  
25-34 0.88 (0.57-1.37) 1.03 (0.66-1.60) 0.63 (0.42-0.94) 
35-44 0.92 (0.58-1.47) 0.48 (0.29-0.81) 0.75 (0.49-1.15) 
45-54 0.79 (0.49-1.26) 0.77 (0.49-1.22) 0.75 (0.49-1.16) 
55-65 0.91 (0.58-1.42) 0.71 (0.45-1.12) 0.76 (0.50-1.18) 

65+ 0.80 (0.45-1.42) 0.68 (0.40-1.15) 0.67 (0.41-1.12) 
Race/ethnicity       

Non-Hispanic White Ref  Ref  Ref  
Non-Hispanic Black 1.00 (0.68-1.47) 1.10 (0.74-1.64) 0.87 (0.63-1.21) 

Asian 0.85 (0.54-1.33) 1.12 (0.73-1.72) 1.04 (0.70-1.54) 
Hispanic 0.75 (0.56-1.02) 0.90 (0.64-1.26) 0.98 (0.74-1.30) 

Other 0.63 (0.26-1.53) 1.36 (0.73-2.54) 0.94 (0.36-2.47) 
Marital status       

Married/w partner Ref  Ref  Ref   
Separated/divorced 1.07 (0.77-1.48) 1.07 (0.75-1.53) 1.06 (0.78-1.43) 

Widowed 1.18 (0.75-1.86) 0.96 (0.58-1.58) 0.91 (0.56-1.47) 
Never married 0.87 (0.65-1.17) 0.88 (0.63-1.22) 0.92 (0.68-1.27) 

Insurance Status       
Private Insurance Ref  Ref  Ref  

Medicaid 0.98 (0.66-1.44) 0.73 (0.48-1.10) 1.11 (0.78-1.57) 
Medicare/Dual Enrolled 1.06 (0.66-1.69) 0.97 (0.62-1.50) 1.28 (0.82-2.01) 

Uninsured 1.27 (0.90-1.79) 1.00 (0.65-1.54) 1.11 (0.78-1.58) 
Highest Level of Education       

Did not finish high school Ref  Ref  Ref  
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GED/high school diploma 0.73 (0.51-1.05) 0.96 (0.65-1.40) 1.15 (0.80-1.64) 
Some college/associate degree 0.86 (0.61-1.21) 0.81 (0.54-1.22) 0.98 (0.69-1.38) 

Bachelor's degree 0.74 (0.51-1.08) 0.83 (0.54-1.28) 1.17 (0.79-1.73) 
Higher education 0.77 (0.52-1.16) 0.77 (0.48-1.22) 1.06 (0.70-1.60) 

Employment       
Yes within 1 year Ref  Ref  Ref  
No within 1 year 0.40 (0.28-0.58) 0.28 (0.22-0.36) 0.64 (0.52-0.79) 

Never worked  1.06 (0.62-1.79) 0.37 (0.14-1.02) 0.58 (0.29-1.17) 
Alcohol Use       

Lifetime Abstainer Ref  Ref  Ref  
Former User 0.68 (0.37-1.24) 0.94 (0.52-1.71) 1.48 (0.96-2.29) 
Current User 2.83 (2.02-3.98) 1.40 (0.80-2.46) 1.87 (1.28-2.73) 
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Supplemental Table 1a. Multivariable Analyses of Factors Associated with Electronic Cigarette Use with K6 as a 
Dichotomous Variable, 2016 NHIS. 

Participant Characteristics  
Never smokers 

(n=13,070) 
Former smokers 

(n=5,494) 
Current smokers 

(n=3,552) 
OR 95% CI OR 95% CI OR 95% CI 

 K6 score       
0-12 Ref  Ref  Ref  

13-24 3.15 (1.59-6.24) 2.14 (1.22-3.75) 1.40 (1.01-1.94) 
Sex        

Male  Ref  Ref  Ref  
Female 0.87 (0.68-1.10) 0.77 (0.63-0.95) 0.99 (0.83-1.18) 

Region       
Northeast Ref  Ref  Ref  
Midwest 0.72 (0.51-1.04) 1.30 (0.94-1.79) 1.33 (0.97-1.80) 

South 0.79 (0.55-1.12) 1.22 (0.91-1.64) 1.24 (0.93-1.66) 
West 0.74 (0.51-1.05) 1.20 (0.86-1.67) 1.20 (0.89-1.62) 

Age       
18-24 Ref  Ref  Ref  
25-34 1.03 (0.58-1.82) 1.14 (0.74-1.76) 0.77 (0.54-1.11) 
35-44 1.06 (0.63-1.76) 1.06 (0.67-1.66) 0.69 (0.46-1.02) 
45-54 0.96 (0.57-1.62) 1.13 (0.71-1.82) 0.63 (0.43-0.94) 
55-65 1.22 (0.70-2.16) 1.01 (0.62-1.65) 0.73 (0.48-1.11) 

65+ 1.00 (0.55-1.79) 1.25 (0.75-2.09) 0.83 (0.53-1.29) 
Race/ethnicity       

Non-Hispanic White Ref  Ref  Ref  
Non-Hispanic Black 0.76 (0.49-1.17) 1.13 (0.82-1.56) 0.98 (0.71-1.36) 

Asian 1.21 (0.76-1.93) 1.01 (0.66-1.54) 0.81 (0.52-1.27) 
Hispanic 1.18 (0.81-1.72) 1.16 (0.84-1.61) 0.90 (0.68-1.21) 

Other 1.06 (0.36-3.17) 1.86 (0.78-4.44) 0.71 (0.40-1.28) 
Marital status       

Married/w partner Ref  Ref  Ref   
Separated/divorced 1.25 (0.89-1.75) 1.14 (0.81-1.62) 0.91 (0.68-1.21) 

Widowed 1.43 (0.80-2.53) 1.04 (0.67-1.63) 0.88 (0.57-1.35) 
Never married 1.36 (0.93-1.98) 1.07 (0.80-1.43) 0.73 (0.55-0.96) 

Insurance Status       
Private Insurance Ref  Ref  Ref  

Medicaid 0.96 (0.60-1.52) 1.30 (0.93-1.83) 0.75 (0.53-1.08) 
Medicare/Dual Enrolled 0.94 (0.57-1.57) 1.04 (0.64-1.67) 0.74 (0.50-1.10) 

Uninsured 1.19 (0.74-1.91) 1.26 (0.86-1.85) 0.91 (0.65-1.27) 
Highest Level of Education       

Did not finish high school Ref  Ref  Ref  
GED/high school diploma 1.20 (0.80-1.82) 1.00 (0.70-1.43) 1.12 (0.83-1.50) 

Some college/associate degree 1.27 (0.85-1.88) 1.06 (0.73-1.53) 0.99 (0.73-1.35) 
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Bachelor's degree 1.29 (0.83-2.00) 1.08 (0.71-1.65) 0.87 (0.61-1.22) 
Higher education 1.14 (0.68-1.91) 1.10 (0.69-1.76) 0.96 (0.66-1.39) 

Employment       
Yes within 1 year Ref  Ref  Ref  
No within 1 year 0.27 (0.17-0.42) 0.34 (0.27-0.43) 0.71 (0.57-0.87) 

Never worked  0.90 (0.49-1.65) 0.54 (0.25-1.18) 0.50 (0.27-0.94) 
Alcohol Use       

Lifetime Abstainer Ref  Ref  Ref  
Former User 1.50 (0.85-2.64) 1.24 (0.63-2.43) 1.74 (1.17-2.58) 
Current User 3.54 (2.37-5.30) 2.04 (1.07-3.86) 2.26 (1.59-3.22) 
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Supplemental Table 1b. Multivariable Analyses of Factors Associated with Electronic Cigarette Use with K6 as a 
Dichotomous Variable, 2017 NHIS. 

Participant Characteristics  
Never smokers 

(n=10,946) 
Former smokers 

(n=4,509) 
Current smokers 

(n=2,706) 
OR 95% CI OR 95% CI OR 95% CI 

 K6 score       
0-12 Ref  Ref  Ref  

13-24 3.08 (1.77-5.33) 3.14 (2.02-4.87) 1.63 (1.11-2.38) 
Sex        

Male  Ref  Ref  Ref  
Female 1.20 (0.94-1.54) 1.09 (0.89-1.34) 0.94 (0.77-1.15) 

Region       
Northeast Ref  Ref  Ref  
Midwest 1.25 (0.87-1.81) 0.75 (0.55-1.03) 0.88 (0.64-1.21) 

South 1.18 (0.86-1.63) 0.76 (0.57-1.01) 0.85 (0.62-1.16) 
West 1.01 (0.70-1.48) 0.73 (0.53-1.01) 0.93 (0.68-1.27) 

Age       
18-24 Ref  Ref  Ref  
25-34 1.22 (0.76-1.96) 0.63 (0.43-0.94) 0.78 (0.51-1.18) 
35-44 1.00 (0.61-1.65) 0.64 (0.41-0.99) 0.71 (0.46-1.09) 
45-54 1.03 (0.61-1.76) 1.05 (0.71-1.54) 0.87 (0.57-1.34) 
55-65 1.20 (0.72-2.01) 0.71 (0.46-1.10) 0.78 (0.51-1.20) 

65+ 1.43 (0.77-2.66) 0.86 (0.54-1.35) 0.67 (0.40-1.11) 
Race/ethnicity       

Non-Hispanic White Ref  Ref  Ref  
Non-Hispanic Black 0.71 (0.48-1.05) 0.79 (0.54-1.15) 0.77 (0.54-1.09) 

Asian 0.97 (0.58-1.63) 1.16 (0.75-1.79) 0.83 (0.57-1.23) 
Hispanic 0.87 (0.58-1.30) 0.94 (0.66-1.33) 0.88 (0.65-1.19) 

Other 0.80 (0.36-1.76) 2.13 (0.94-4.83) 0.76 (0.32-1.80) 
Marital status       

Married/w partner Ref  Ref  Ref   
Separated/divorced 0.86 (0.62-1.20) 1.00 (0.72-1.39) 0.99 (0.73-1.33) 

Widowed 1.24 (0.80-1.94) 0.93 (0.54-1.61) 0.88 (0.58-1.34) 
Never married 1.30 (0.90-1.88) 1.25 (0.92-1.69) 0.75 (0.56-1.00) 

Insurance Status       
Private Insurance Ref  Ref  Ref  

Medicaid 1.34 (0.93-1.94) 1.17 (0.80-1.70) 1.37 (0.99-1.89) 
Medicare/Dual Enrolled 0.89 (0.56-1.40) 0.92 (0.61-1.40) 0.91 (0.61-1.37) 

Uninsured 1.04 (0.69-1.56) 1.16 (0.81-1.65) 1.18 (0.85-1.65) 
Highest Level of Education       

Did not finish high school Ref  Ref  Ref  
GED/high school diploma 0.84 (0.56-1.24) 1.13 (0.75-1.71) 0.78 (0.55-1.09) 

Some college/associate degree 0.97 (0.66-1.44) 1.13 (0.78-1.63) 0.77 (0.54-1.10) 
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Bachelor's degree 1.14 (0.75-1.75) 1.16 (0.75-1.78) 0.84 (0.57-1.25) 
Higher education 0.95 (0.61-1.49) 1.17 (0.73-1.89) 0.78 (0.54-1.14) 

Employment       
Yes within 1 year Ref  Ref  Ref  
No within 1 year 0.39 (0.26-0.59) 0.41 (0.32-0.51) 0.64 (0.51-0.80) 

Never worked  1.47 (0.78-2.75) 0.61 (0.27-1.41) 0.79 (0.42-1.49) 
Alcohol Use       

Lifetime Abstainer Ref  Ref  Ref  
Former User 1.99 (1.08-3.68) 1.01 (0.58-1.76) 2.27 (1.50-3.44) 
Current User 4.59 (2.85-7.38) 1.39 (0.81-2.37) 2.81 (1.94-4.08) 
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Supplemental Table 1c. Multivariable Analyses of Factors Associated with Electronic Cigarette Use with K6 as a 
Dichotomous Variable, 2018 NHIS. 

Participant Characteristics  
Never smokers 

(n=10,412) 
Former smokers 

(n=4,213) 
Current smokers 

(n=2,567) 
OR 95% CI OR 95% CI OR 95% CI 

 K6 score       
0-12 Ref  Ref  Ref  

13-24 2.01 (1.17-3.47) 2.05 (1.31-3.21) 2.40 (1.70-3.40) 
Sex        

Male  Ref  Ref  Ref  
Female 1.00 (0.81-1.22) 1.06 (0.86-1.30) 0.96 (0.78-1.17) 

Region       
Northeast Ref  Ref  Ref  
Midwest 1.26 (0.87-1.82) 0.85 (0.60-1.18) 0.95 (0.66-1.36) 

South 1.31 (0.92-1.87) 0.79 (0.57-1.09) 1.08 (0.78-1.50) 
West 1.12 (0.79-1.59) 0.85 (0.60-1.21) 1.01 (0.72-1.42) 

Age       
18-24 Ref  Ref  Ref  
25-34 0.87 (0.56-1.35) 1.03 (0.67-1.60) 0.58 (0.39-0.87) 
35-44 0.92 (0.58-1.47) 0.51 (0.30-0.85) 0.67 (0.44-1.03) 
45-54 0.80 (0.50-1.29) 0.79 (0.50-1.25) 0.73 (0.47-1.11) 
55-65 0.89 (0.57-1.39) 0.73 (0.46-1.15) 0.71 (0.46-1.10) 

65+ 0.77 (0.43-1.38) 0.70 (0.41-1.19) 0.66 (0.40-1.07) 
Race/ethnicity       

Non-Hispanic White Ref  Ref  Ref  
Non-Hispanic Black 0.96 (0.65-1.41) 1.07 (0.73-1.58) 0.85 (0.61-1.18) 

Asian 0.84 (0.53-1.32) 1.10 (0.71-1.71) 1.01 (0.69-1.50) 
Hispanic 0.75 (0.55-1.01) 0.91 (0.65-1.27) 0.99 (0.75-1.30) 

Other 0.57 (0.23-1.42) 1.50 (0.82-2.76) 1.02 (0.43-2.43) 
Marital status       

Married/w partner Ref  Ref  Ref   
Separated/divorced 1.09 (0.79-1.50) 1.06 (0.74-1.52) 1.01 (0.74-1.38) 

Widowed 1.23 (0.77-1.95) 0.96 (0.59-1.56) 0.87 (0.55-1.39) 
Never married 0.86 (0.64-1.15) 0.90 (0.65-1.26) 0.89 (0.65-1.21) 

Insurance Status       
Private Insurance Ref  Ref  Ref  

Medicaid 0.93 (0.64-1.36) 0.73 (0.48-1.11) 1.15 (0.81-1.64) 
Medicare/Dual Enrolled 1.06 (0.66-1.70) 0.98 (0.64-1.50) 1.24 (0.79-1.93) 

Uninsured 1.27 (0.90-1.79) 1.03 (0.67-1.57) 1.15 (0.81-1.63) 
Highest Level of Education       

Did not finish high school Ref  Ref  Ref  
GED/high school diploma 0.75 (0.52-1.08) 0.93 (0.64-1.36) 1.12 (0.79-1.60) 

Some college/associate degree 0.90 (0.64-1.26) 0.79 (0.53-1.19) 0.95 (0.67-1.34) 
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Bachelor's degree 0.76 (0.52-1.10) 0.83 (0.54-1.28) 1.17 (0.80-1.71) 
Higher education 0.79 (0.53-1.19) 0.77 (0.49-1.22) 0.98 (0.64-1.48) 

Employment       
Yes within 1 year Ref  Ref  Ref  
No within 1 year 0.41 (0.29-0.59) 0.29 (0.22-0.37) 0.67 (0.54-0.82) 

Never worked  1.11 (0.65-1.89) 0.37 (0.14-0.98) 0.55 (0.28-1.09) 
Alcohol Use       

Lifetime Abstainer Ref  Ref  Ref  
Former User 0.71 (0.39-1.29) 1.00 (0.56-1.79) 1.63 (1.06-2.51) 
Current User 3.03 (2.17-4.22) 1.44 (0.82-2.51) 1.97 (1.35-2.87) 

 
 


