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ABSTRACT 

Introduction. Previous research quantifying the relationship between tobacco use and food 

insecurity has focused on cigarette smoking. E-cigarette use has become popular in recent years. 

Drawing on large, population-based survey data, this study augments the previous research, 

considering the association of e-cigarette use with food insecurity among low-income adults.  

Methods. We analyzed data from the California Health Interview Survey in 2014-2019. The 

study sample consisted of 25,948 respondents aged 18-64 who lived in low-income (<200% of 

the FPL) households. Multivariable logistic regression models were estimated to examine the 

associations of e-cigarette use as well as dual use of e-cigarettes and cigarettes with food 

insecurity. 

Results. Of California low-income adults, 6.4% identified as current e-cigarette users (3.0% dual 

users of e-cigarettes and cigarettes, and 3.4% sole e-cigarette users), and 43.0% reported food 

insecurity. After controlling for confounding factors, food insecurity was significantly more 

likely to be reported among current e-cigarette users (adjusted odds ratio [AOR]=1.67; 95% 

confidence interval [CI]=1.25, 2.23) compared to never e-cigarette users, and among dual users 

(AOR=2.21; 95% CI=1.63, 3.00), current sole e-cigarette users (AOR=1.66; 95% CI=1.15, 2.40), 

and current sole cigarette smokers (AOR=1.46; 95% CI=1.22, 1.76) compared to never tobacco 

users. The odds of food insecurity among dual users were significantly greater than sole cigarette 

smokers but not statistically different from sole e-cigarette users. 

Conclusions. Using e-cigarette is an associated risk factor for food insecurity among low-

income adults. Dual use of e-cigarettes and cigarettes has a significantly greater risk of food 

insecurity compared with smoking cigarettes alone. 
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What is already known on this topic 

• The previous studies which quantify the relationship between tobacco use and food 

insecurity have focused on cigarette smoking. The relationship between e-cigarette use 

and food insecurity is largely understudied. 

What this study adds 

• This study augments previous research on tobacco use and food insecurity by considering 

the impact of e-cigarette use during recent years when the use is high.  

How this study might affect research, practice or policy 

• This study demonstrates that using e-cigarettes is an associated risk factor for food 

insecurity among low-income adults, and that dual use of e-cigarettes and cigarettes has a 

significantly greater risk of food insecurity compared with smoking cigarettes alone. Our 

findings support that public assistance policies need to address the food insecurity burden 

associated with e-cigarette use in addition to cigarette smoking. 
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INTRODUCTION 

Cigarette smoking in the United States has declined considerably; the adult cigarette smoking 

prevalence dropped by two thirds from 42.4% in 1965 to 14.0% in 2019.1 2 Yet, challenges 

remain —disparities in cigarette smoking continue to persist across sociodemographic groups.2 3 

Among adults, those with annual household income below $35,000 smoked at three times the 

rate of wealthier groups whose incomes were at least $100,000 (21.4% vs. 7.1% in 2019).2 

Furthermore, despite the marked decline in cigarette smoking, the tobacco product landscape is 

rapidly evolving in the United States with electronic cigarette (e-cigarette) emerging as the most 

commonly used tobacco product among youth since 20144 and the second most commonly used 

tobacco product, following cigarettes, among adults since 2013/14.5 6 Between 2014 and 2019, 

the percentage of adults aged 18 or older who were current e-cigarette users2 7 in the United 

States remained stable in the range from 3.7% to 4.5% 2 7. E-cigarette use has also been 

consistently higher among low-income adults compared to high-income adults; as of 2019 the 

prevalence of e-cigarette use was 5.0 % among those with annual household income below 

$35,000 compared to 3.8% among those whose income were at least $100,000.2 

Largely due to the higher smoking prevalence, the literature has documented that low-

income individuals bear a disproportionate burden of tobacco-related morbidity and mortality.8 9 

In addition, low-income individuals are also vulnerable to food insecurity, which “occurs when 

access to enough food for an active and healthy living is limited by a lack of money or other 

resources, or when there are limitations in the ability to acquire personally acceptable foods in 

socially acceptable ways”.10 Food insecurity is a worldwide problem even in high-income 

countries. In the United States, 10.5% of all households reported food insecurity in 2020 and the 

prevalence of food insecurity was particularly high among those living below 185% of the 
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poverty threshold (28.6%).11 A growing literature suggests that food insecurity is linked to 

poorer physical and mental health, more comorbid conditions, greater healthcare utilization and 

cost, and higher risk of premature mortality.12-14  

Since the early 2000s, there have been studies exploring the relationship between tobacco 

use and food insecurity. In low- and middle-income countries, some studies have examined the 

crowding-out effect of tobacco use and reported that tobacco expenditures diverted household 

resources for food15-20, contributing to hunger and malnutrition especially for low-income 

families.15 20 However, very few studies have specifically examined the relationship between 

tobacco use and food insecurity.21 22 A cross-sectional study of rural households in Indonesia 

showed that paternal smoking was associated with increased household food insecurity.21 

Another cross-sectional study of a nationally representative sample of households in Nepal found 

that households in which men used any form of tobacco (smoking and smokeless tobacco) were 

associated with higher food insecurity score.22 More studies have quantified the relationship 

between tobacco use and food insecurity in high-income countries.10 The majority of those 

studies were conducted in the United States,10 most of which were based on cross-sectional data 

analyses.23-31 Some of these cross-sectional studies showed that cigarette smoking is a risk factor 

for food insecurity,23-26 but conversely, some reported that food insecurity may be a risk factor 

for current smoking27-29 while others reported no evidence of association between smoking and 

food insecurity.30 31 Three studies conducted in the United States used longitudinal data.32-34 One 

found that cigarette smoking status at baseline predicted greater food insecurity severity at 12-

month follow-up;32 however, another study found that among baseline nonsmokers, becoming 

food insecure was independently associated with a higher likelihood of starting smoking at 

follow-up,33 and the third study found evidence of a longitudinal bidirectional association 
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between smoking and food insecurity.34 Almost all of the abovementioned studies focused on 

assessing the relationship between cigarette smoking and food insecurity. The association 

between other tobacco product use and food insecurity is largely unknown. One exception is a 

recent study by Mayer and colleagues,35 which showed that cigar use was significantly 

associated with increased odds of very low food insecurity (a severe form of food insecurity that 

involves reduced food intake and disrupted eating patterns), but neither smokeless tobacco nor e-

cigarette use was significantly associated with food insecurity among adults in the United 

States.35  

Given the growing prevalence of e-cigarette use, it is important to understand the 

relationship between e-cigarette use and food insecurity. Although Mayer and colleagues 

explored the association between e-cigarette use and food insecurity,35 their study was based on a 

small sample (N=4,729 adults regardless of income level) using the 2013-2014 National Health 

and Nutrition Examination Survey data. The small sample size of their study might have limited 

its statistical power to detect significant associations. The current study augments previous 

research on tobacco use and food insecurity by considering e-cigarette use during recent years 

when the use is high. Using data from a large population-based survey in 2014-2019, we 

addressed the research question: Is e-cigarette use associated with an increased risk of food 

insecurity among low-income adults? Since many e-cigarette users concurrently used cigarettes,6 

we also addressed another research question: Are dual users of e-cigarettes and cigarettes more 

likely to be associated with food insecurity compared to sole users of e-cigarettes, and sole users 

of cigarettes? The results of this study will provide a deeper understanding of the public health 

challenges of food insecurity compounded by tobacco use.  
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METHODS 

Data Source  

This study used data from the 2014-2019 California Health Interview Survey (CHIS), which has 

been conducted every other year since 2001 and annually beginning in 2011. CHIS is the largest 

population-based state health survey in the United States. It collects extensive information on 

health status, health conditions, health behaviors such as cigarette smoking and e-cigarette use, 

health insurance coverage, access to and use of health care services, food insecurity, public 

program participation, and sociodemographic characteristics from a representative sample of 

California’s non-institutionalized population living in households. We used data starting from 

2014 because it was the first survey year when CHIS asked e-cigarette use questions. More 

detailed information regarding the CHIS can be found at http://chis.ucla.edu.  

 

Outcome Variable  

The outcome variable is food insecurity. Past-year food insecurity was assessed by the 6-item 

Household Food Security Survey Short Form,36 which is a validated subset of the 18-item Food 

Security Survey developed by the U.S. Department of Agriculture. The CHIS asked the 

following 6-item questions about respondent’s experience of food insecurity during the last 12 

months: 1) “How true was it that the food we bought just didn't last, and we didn't have money to 

get more?” (often, sometimes, never); 2) “How true was it that we couldn't afford to eat balanced 

meals?” (often, sometimes, never); 3) “Did you or other adults in your household ever cut the 

size of your meals or skip meals because there wasn't enough money for food?” (yes, no); 4) 

“How often did the above situation happen?” (almost every month, some but not every month, 

only in 1 or 2 months); 5) “Did you ever eat less than you felt you should because there wasn't 
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enough money to buy food?” (yes, no); and 6) “Were you ever hungry but didn't eat because you 

couldn't afford enough food?” (yes, no). These questions were coded as affirmative if the 

answers were “often true” or “sometimes true” vs. “never true”, “yes” vs. “no”, and “almost 

every month” or “some but not every month” vs. “only in 1 or 2 months”. Food insecurity was 

measured by a dichotomous variable which equals 1 for respondents with at least two affirmative 

responses and 0 otherwise.27 31 36  

         The food insecurity module in the CHIS was administered to adults whose household 

incomes fell at or below 200% of the Federal Poverty Level (FPL). In the CHIS questionnaire, 

household income was measured as household’s total annual income before taxes in the last year 

from all sources, which includes earnings from jobs, social security payment, retirement income, 

unemployment payments, public assistance such as Supplemental Security Income, interest, 

dividends, net income from business and farms, rental income, and any other money income. The 

FPL is set annually by the U.S. Department of Health and Human Services, and it varies by 

household. For example, according to the 2019 Poverty Guidelines, the 100% FPL was $12,490 

for a 1-person household and $25,750 for a 4-person household, and the 200% FLP was $24,980 

for a 1-person household and $51,500 for a 4-person household in the contiguous United 

States.37  

 

Explanatory Variables  

To address the two research questions in this study, two sets of explanatory variables were used 

to analyze the association of e-cigarette use status with the likelihood of being food insecure 

(Model 1), and the association of tobacco use status with the likelihood of being food insecure 

(Model 2). 
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For Model 1, the key explanatory variable of interest was e-cigarette use status. E-

cigarette use status was categorized as current, former, and never e-cigarette users. The 2014-

2019 CHIS contained the following two e-cigarette use questions: “Have you ever used an e-

cigarette or other electronic vaping product, even just once in your lifetime?”, and “In the past 30 

days, on how many days did you use an e-cigarette or other electronic vaping product?”. Those 

who answered “yes” to the first question and a number between 1 and 30 to the second question 

were defined as current e-cigarette users. Those who answered “yes” to the first question and “0” 

to the second question were defined as former e-cigarette users. Those who answered “no” to the 

first question were defined as never e-cigarette users.  

Based on the published studies that examined the factors associated with food 

insecurity,10 28 30 31 while taking into consideration variables available in the CHIS data, we 

included the following other explanatory variables: cigarette smoking status, sociodemographic 

characteristics, obesity status, and survey year dummies. Cigarette smoking status was classified 

into current, former, and never smokers. Current smokers were those who reported having 

smoked ≥100 cigarettes in their lifetime (i.e., ever smokers) and now smoke cigarettes every day 

or some days. Former smokers were those ever smokers who reported that they currently do not 

smoke at all. Never smokers were those who reported having never smoked more than 100 

cigarettes in their lifetime.  

Sociodemographic characteristics included gender (men and women), age (18-25, 26-34, 

35-49, and 50-64), race/ethnicity (non-Hispanic White, Hispanic, non-Hispanic Black, non-

Hispanic Asian, and non-Hispanic Other), education (less than high school, high school diploma 

or equivalent, some college, and college degree or above), marital status (married, never married, 

and other [widowed, separated, divorced, and living with partner]), poverty level (0%-99% of the 
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FPL, and 100%-199% of the FPL), employment status (employed, unemployed and looking for a 

job, and unemployed but not looking for a job), and household size (a continuous variable for the 

number of household members). Obesity status was classified as underweight (body mass index 

in kg/m2 (BMI) <18.5), normal (18.5≤ BMI <25), overweight (25≤ BMI <30), and obesity (BMI 

≥30.0). To capture secular variation, a dummy variable for each survey year was also included as 

a covariate. 

For Model 2, we constructed a tobacco use status variable as an alternative key 

explanatory variable, which was classified into 5 mutually exclusive categories: dual users of e-

cigarettes and cigarettes, current sole e-cigarette users, current sole cigarette smokers, former 

tobacco users, and never tobacco users. Dual users were those who were both current e-cigarette 

users and current smokers. Current sole e-cigarette users were those who were current e-cigarette 

users but not current smokers. Current sole cigarette smokers were those who were current 

smokers but not current e-cigarette users. Never tobacco users were those who were never e-

cigarette users and never smokers. Former tobacco users referred to former e-cigarette users who 

were not a current smoker or former smokers who were not a current e-cigarette user. 

Other explanatory variables for Model 2 were the same as defined above for Model 1 

except excluding the cigarette smoking status variable. 

 

Final Study Sample 

Our study sample was restricted to CHIS respondents aged 18-64 who lived in low-income 

(<200% of the FPL) households. The pooled 2014-2019 CHIS data contained 77,978 

respondents aged 18-64. Among them, 26,011 were low-income individuals. After excluding 

those whose survey was completed by proxy interview (N=63), there was no incomplete 
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information for the outcome variables and explanatory variables. The final study sample 

contained 25,948 low-income adults. 

 

Statistical Analyses 

We conducted descriptive analysis to examine the sample distribution by the outcome variable 

and explanatory variables. Then, we estimated the prevalence of food insecurity by subgroups of 

each categorical explanatory variable. The bivariate analysis chi-squared tests were used to 

determine if there were significant differences in the prevalence across the subgroups of each 

categorical explanatory variable. A univariate logistic regression was run to determine if the 

prevalence differed by household size. Lastly, to determine whether e-cigarette use was 

associated with an increased risk of food insecurity, we estimated a multivariable logistic 

regression model on food insecurity using e-cigarette use status as the key explanatory variable 

(Model 1). To determine whether dual users of e-cigarettes and cigarettes were associated with 

an increased risk of food insecurity compared to sole e-cigarette users and sole cigarette 

smokers, we estimated another multivariable logistic regression model on food insecurity using 

tobacco use status as the key explanatory variable (Model 2). Each model controlled for all the 

other explanatory variables stated above.  

All analyses were performed using the SAS version 9.4 (SAS Institute Inc., Cary, North 

Carolina) procedure — PROC SURVEYFREQ and PROC SURVEYLOGISTIC — that 

accounted for the CHIS sampling weights and complex survey design. Estimates were 

considered to be statistically significant if the two-tailed p-value was <.05.  

 

RESULTS 

Of the final study sample, 43.0% respondents reported experiencing past-year food insecurity, 
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and 6.4% were current e-cigarette users including 3.0% as dual users and 3.4% as sole e-cigarette 

users (Table 1). Also, 15.8% of the study sample identified as current cigarette smokers, 

including 3.0% being dual users and 12.8% being sole cigarette smokers. More than half were 

women, 23.1% were young adults aged 18–25, 59.9% were Hispanic, 32.0% had less than a high 

school education, 37.8% were never married, 48.4% lived below 100% of the FPL, 62.1% were 

employed, and 33.8% were obese. The average household size was 4.0. 

The prevalence of food insecurity was reported by 55.1% of current e-cigarette users, 

48.3% of former e-cigarette users, and 41.2% of never e-cigarette users (Table 2). Among current 

e-cigarette users, 60.2% of those who concurrently smoked cigarettes reported food insecurity in 

contrast to 50.5 % of sole e-cigarette users. The prevalence of food insecurity was 52.7% among 

all current cigarette smokers, and 51.0% among current sole cigarette smokers. Across the 

subgroups stratified by other categorical explanatory variables, food insecurity prevalence was 

the highest among non-Hispanic Blacks (53.5%), followed by non-Hispanic Others (53.2%); it 

was the lowest among non-Hispanic Asians (29.3%), followed by college graduates (33.3%). The 

bivariate analyses showed significant differences in prevalence of food insecurity with respect to 

all categorical explanatory variables. The univariate logistic regression indicated a significant 

negative relationship between household size and food insecurity (p-value=0.023, data not 

shown). 

The results from multivariable logistic regression Model 1 showed that after adjusting for 

other explanatory variables, food insecurity was significantly more likely to be reported by 

current e-cigarette users (adjusted odds ratio [AOR]=1.67; 95% confidence interval [CI]=1.25, 

2.23) and former e-cigarette users (AOR=1.32; 95% CI=1.11, 1.58) compared to never e-

cigarette users (Table 3). The results from multivariable logistic regression Model 2 showed that 



13 
 

food insecurity was significantly more likely to be reported by dual users (AOR=2.21; 95% 

CI=1.63, 3.00), current sole e-cigarette users (AOR=1.66; 95% CI=1.15, 2.40), current sole 

cigarette smokers (AOR=1.46; 95% CI=1.22, 1.76), and former tobacco users (AOR=1.17; 95% 

CI=1.02, 1.34) compared to never tobacco users. Based on pairwise comparisons, the odds of 

reporting food insecurity among dual users were significantly greater than current sole cigarette 

smokers (AOR=1.51; 95% CI=1.08, 2.12) and former tobacco users (AOR=1.89; 95% CI=1.38, 

2.60), but were not statistically different from current sole e-cigarette users (AOR=1.33; 95% 

CI=0.87, 2.02; p-value=0.182) (data not shown).   

 The results from Model 1 indicated that food insecurity was significantly more likely to 

be reported among those aged 35-64, non-Hispanic Blacks, those whose marital status was 

neither married nor never married, those living below <100% of the poverty, and those who were 

obese, but was significantly less likely among men, non-Hispanic Asians, and those with at least 

some college education compared with the respective reference groups. Additionally, there was a 

slightly negative relationship between household size and food insecurity (p-value=0.044). 

Similar results were also found from Model 2. 

 

DISCUSSION 

This study found that, after controlling for confounding factors, the odds of reporting food 

insecurity were 1.7 times higher among current e-cigarette users compared with never e-cigarette 

users. Furthermore, this study found that compared with never tobacco users, the odds of 

reporting food insecurity was 2.2 times higher among dual users, 1.7 times higher among current 

sole e-cigarette users, and 1.5 times higher among current sole cigarette smokers. Our finding 

that dual use was associated with a higher magnitude of the odds of food insecurity than sole use 
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of either product is consistent with a study which found that relative to no use of four tobacco 

products (cigarettes, cigars, smokeless tobacco, and e-cigarettes), single product use was 

associated with increased odds of food insecurity and multiple product use was associated with a 

higher magnitude of the association.35 

Our finding that e-cigarette use was significantly associated with increased odds of food 

insecurity provides a new insight on the potential harms of e-cigarettes. E-cigarette use has 

recently increased rapidly in popularity. While e-cigarettes are generally regarded as posing less 

risk to an individual than combustible cigarettes,38 39 whether e-cigarette use may provide a 

potential benefit in increasing cessation of combustible cigarettes has been controversial.39 A 

recent meta-analysis of 9 randomized clinical trials and 55 observational studies on e-cigarettes 

concluded that provision of free e-cigarettes as a therapeutic intervention was associated with 

increased smoking cessation; however, as consumer products, e-cigarettes were not associated 

with increased smoking cessation in adult smokers.40 As of today, no e-cigarette has been 

approved as a smoking cessation medication by the U.S. Food and Drug Administration.41 A 

2018 report from the National Academies of Sciences, Engineering, and Medicine concluded that 

the long-term effects of e-cigarettes on morbidity and mortality are not yet clear, and the net 

public health outcome of e-cigarette use at the population level depends on the balance between 

positive and negative consequences.39 This study illustrated a potential negative consequence of 

e-cigarette use.  

Our finding that among low-income individuals, sole cigarette smoking was significantly 

associated with increased odds of food insecurity is consistent with previous cross-sectional 

studies which found a positive relationship between cigarette smoking and food insecurity.23-26 

Furthermore, we found that in this population, dual use of e-cigarettes and cigarettes — the most 
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common combination among all the polytobacco use patterns6— was significantly associated 

with increased odds of food insecurity compared to sole cigarette smoking. While the literature 

has shown that dual users of e-cigarettes and cigarettes had higher exposure of nicotine and 

toxicants and exhibited worse health outcomes than cigarette smoking alone,42 43 our finding 

suggests an additional negative public health outcome of dual use of e-cigarettes and cigarettes. 

In summary, our results reinforce the reported association of cigarette smoking with food 

insecurity and expand our understanding of the notable burden of food insecurity associated with 

e-cigarette use as well as dual use of e-cigarettes and cigarettes on low-income individuals.  

Considering the negative consequences of tobacco use and food insecurity on health 

outcomes,3 8 9 12-14 it is vital to characterize the pathways linking these two public health 

problems in order to develop effective intervention strategies. Previous studies from low-, and 

middle, and high-income countries have explored a mechanism through financial strain and 

hypothesized that money spent on tobacco products might create or exacerbate financial strain 

and divert available funds from household necessities such as food.10 15-20 23-25 32 34 These studies 

parallel the literature on smoking-induced deprivation.44 Based on this mechanism, our finding 

that sole e-cigarette use was associated with increased odds of food insecurity suggests the 

possibility that food purchases may also be crowded out by e-cigarette spending in impoverished 

households. Future research is needed to quantify the crowding-out effect of spending on e-

cigarettes and other tobacco products to validate this possibility. Another mechanism is through 

the physiological effects of nicotine on curbing appetite to suppress hunger pangs.45 Therefore, 

food-insecure individuals may increase nicotine intake to tolerate hunger.10 This mechanism 

would be more pertinent when linking food insecurity and e-cigarette use because of the wide 

accessibility of flavored e-cigarettes. Flavorings, such as coffee and vanilla, could mimic the 
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effect of eating; hence, flavored e-cigarettes may have an enhanced curbing effect on replacing 

food.46 More research is needed to assess the role of e-cigarette flavorings in moderating the 

association between e-cigarette use and food insecurity.  

Tobacco use remains a leading cause of preventable disease and death and is increasingly 

concentrated among socioeconomically disadvantaged populations in the United States.3 Food 

insecurity also disproportionately affects low-income population.10 There have been various 

interventions targeting tobacco use and food insecurity among the low-income population.10 For 

example, California implemented the Medi-Cal Incentives to Quit Smoking program (known as 

MIQS) in 2011-2015 to provide incentives to Medi-Cal smokers to call the California Smokers 

Helpline.47Also, California offers the Supplemental Nutrition Assistance Program (SNAP, 

formerly known as the Food Stamp Program; the program is also known as CalFresh in 

California) for individuals with household incomes ≤130% of the FPL.48 However, very few 

programs are integrated to address these two issues simultaneously. Some researchers advocate 

strategies to incorporate partnerships between community-based tobacco cessation programs and 

food assistance programs, proposing that the consolidated resources could improve tobacco 

cessation rates for low-income smokers.10 25 33 Further research investigating the interventions 

best suited for curbing the compounded public health burden due to tobacco use and food 

insecurity among this vulnerable population is warranted. 

Our study has several limitations. First, this study cannot determine the causality between 

e-cigarette use and food insecurity due to the observational cross-sectional study design. Well-

designed longitudinal studies are needed to understand the causal effect of e-cigarette or other 

tobacco use on food insecurity or vice versa. Second, the study sample was limited to the 

California population, so our findings may not be generalizable to other states. However, given 
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the wide diversity of California’s population, our findings still shed light on research on the 

relationship between e-cigarette use and food insecurity among different populations and has 

important implications for tobacco control and food insecurity. Third, recall and measurement 

biases may occur because of the self-reported data. Fourth, we only included two types of 

tobacco products in this study due to data limitation. Fifth, the CHIS did not collect detailed 

information about the consumption of e-cigarettes and cigarettes, such as intensity of e-cigarette 

use and nondaily smokers’ smoking frequency, as well as the money spent on e-cigarettes and/or 

cigarettes. According to a recent study, over the period of 2012-2017, California’s average real 

price (in 2017 dollars) of e-cigarettes was $9.80 per disposable e-cigarette and $19.11 per 

reusable e-cigarette, while the corresponding real price per pack of 20 cigarettes was $5.86.49 

Without such information, we cannot speculate how the consumption of and spending on these 

two products may affect the degree of food insecurity.  Sixth, the CHIS did not ask how long a 

former e-cigarette or cigarette user has stopped using e-cigarettes or cigarettes. Because the food 

insecurity measure was based on respondent’s experience in the last 12 months, those former e-

cigarette or cigarette users who stopped using the product within the last 12 months might still be 

more likely than never users to experience food insecurity in the last 12 months. E-cigarette is a 

relatively new tobacco product; therefore, the percentage of former e-cigarette users who quit e-

cigarettes within the last 12 months is likely greater than the percentage of former cigarette 

smokers who quit smoking within the last 12 months in our study sample. This probably explains 

why our study found that food insecurity was positively associated with former e-cigarette use 

but not associated with former smoking. Examining the role of time since quitting in the 

association of former use of different tobacco products with food insecurity merits further 

research. Finally, this study focused on all low-income adults. Previous studies comparing the 
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crowding-out effects of tobacco expenditures across different income groups have shown mixed 

results: some found a greater effect for low-income households,19 while some found a similar 

effect for both low- and high-income households15 Therefore, future research is needed to 

compare the associations between tobacco use and food insecurity across populations of all 

socioeconomic statuses. 

 

CONCLUSIONS 

Using e-cigarettes is an associated risk factor for food insecurity among low-income adults. Dual 

use of e-cigarettes and cigarettes has a significantly greater risk of food insecurity compared with 

smoking cigarettes alone. Public assistance policies need to address the food insecurity burden 

arising from e-cigarette use in addition to cigarette smoking. This is especially true for the 

concurrent use of multiple tobacco products. Effective integrated intervention programs are 

needed to reduce the double burden of tobacco use and food insecurity faced by the low-income 

population.  
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Table 1. Distribution of the Final Study Sample (N=25,948) by Outcome and Explanatory Variables among 
Low-income (<200% of the FPL) Adults Aged 18-64: California Health Interview Survey, 2014-2019 

 N Column % 
Outcome variable:   
Food Insecurity     
  Yes 11,592 43.0 
  No 14,356 57.0 
Explanatory variables:   
E-cigarette use status     
       
       
       

  
  Current e-cigarette use 1,565 6.4 
  Former e-cigarette use 3,444 12.6 
  Never e-cigarette use 20,939 81.0 
Cigarette smoking status     
  Current smoking 4,596 15.8 
  Former smoking 4,976 15.5 
  Never smoking 16,016 68.7 
Tobacco use status     
  Dual use of e-cigarettes and cigarettes 857 3.0 
  Current sole e-cigarette use 708 3.4 
  Current sole smoking 4,099 12.8 
  Former tobacco use 5,732 19.7 
  Never tobacco use 14,552 61.1 
Gender     
  Men 10,774 45.3 
  Women 15,174 54.7 
Age group     
  18-25  4,503 23.1 
  26-34  3,919 20.2 
  35-49  6,842 30.6 
  50-64  10,684 26.1 
Race/ethnicity     
  Non-Hispanic White 8,827 20.3 
  Hispanic 12,091 59.9 
  Non-Hispanic Black 1,640 6.0 
  Non-Hispanic Asian 2,123 11.0 
  Non-Hispanic Other 1,267 2.8 
Education     
  Less than high school 5,809 32.0 
  High school diploma 8,063 28.1 
  Some college 7,578 24.7 
  College degree or above  4,498 15.2 
Marital status     
  Married 8,405 35.7 
  Never married 9,023 37.8 
  Other marital status#  8,520 26.5 
Poverty status     
  0-99% FPL 12,647 48.4 
  100-199% FPL 13,301 51.6 
Employment status   
  Employed 14,392 62.1 
  Unemployed, looking for job 2,171 9.9 
  Unemployed, not looking for job 9,385 28.0 
Household size (continuous)  25,948 4.0 (0.0)* 
Obesity status   
  Underweight 579 2.4 
  Normal 
 

8,177 30.8 
  Overweight 8,074 33.0 
  Obesity 9,018 33.8 
Survey year     
  2014 3,930 18.0 
  2015 5,120 17.8 
  2016 5,211 17.2 
  2017 4,253 16.1 
  2018 4,357 15.7 
  2019 3,077 15.2 

Note: All the percentages are estimated from the weighted analysis. FPL=Federal poverty level.  #Includes 
widowed, separated, divorced, and living with partner. *Mean (standard error).     
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Table 2. Prevalence of Food Insecurity by Categorical Explanatory Variables among Low-income (<200% 
of the FPL) Adults Aged 18-64: California Health Interview Survey, 2014-2019 (N=25,948) 
 Food insecurity  P-value from 

bivariate analysis  N Prevalence (95% CI)  
E-cigarette use status     <.0001 
  Current e-cigarette use 876 55.1 (49.2, 61.0)    
  Former e-cigarette use 1,804 48.3 (44.6, 52.0)    
  Never e-cigarette use 8,912 41.2 (39.8, 42.6)    
Cigarette smoking status 
  Current smoking 
  Former smoking 
  Never smoking 

2,781 
2,267 
6,544 

52.7 (49.2,56.3) 
44.9 (41.8,48.0) 
40.3 (38.6,42.0) 

 <.0001 
 
 
 

Tobacco use status    <.0001 
  Dual use of e-cigarettes and cigarettes 525 60.2 (53.4, 67.0)    
  Current sole e-cigarette use 351 50.5 (41.4, 59.7)    
  Current sole cigarette smoking 2,256 51.0 (46.9, 55.0)    
  Former tobacco use 2,560 43.4 (40.6, 46.2)    
  Never tobacco use 5,900 39.9 (38.2, 41.6)    
Gender     0.0102 
  Men 4,495 41.0 (39.0, 43.0)    
  Women 7,097 44.7 (42.8, 46.5)    
Age group     <.0001 
  18-25  1,728 37.8 (34.9, 40.7)    
  26-34  1,773 42.0 (39.2, 44.9)    
  35-49  3,281 46.3 (43.8, 48.8)    
  50-64  4,810 44.4 (41.8, 47.1)    
Race/ethnicity     <.0001 
  Non-Hispanic White 4,005 44.4 (41.5, 47.3)    
  Hispanic 5,379 43.5 (41.6, 45.4)    
  Non-Hispanic Black 824 53.5 (48.7, 58.3)    
  Non-Hispanic Asian 669 29.3 (25.3, 33.2)    
  Non-Hispanic Other 715 53.2 (45.2, 61.3)    
Education     <.0001 
  Less than high school 2,963 47.9 (45.3, 50.4)    
  High school diploma 3,572 43.3 (40.7, 45.8)    
  Some college 3,483 42.3 (39.6, 45.0)    
  College degree or above  1,574 33.3 (30.1, 36.5)    
Marital status     <.0001 
  Married 3,420 40.5 (38.4, 42.7)    
  Never married 3,796 39.6 (37.3, 42.0)    
  Other marital status# 4,376 51.1 (48.6, 53.5)    
Poverty status     <.0001 
  0-99% FPL 6,411 49.1 (47.2, 51.0)    
  100-199% FPL 5,181 37.4 (35.4, 39.1)    
Employment status    0.0292 
  Employed 6,021 41.6 (39.9-43.3)   
  Unemployed, looking for job 1,097 46.5 (41.8-51.3)   
  Unemployed, not looking for job 4,474 44.8 (42.6-47.1)   
Obesity status    <.0001 
  Underweight 246 44.2 (34.3-54.0)   
  Normal 3,297 38.6 (35.8-41.3)   
  Overweight 3,534 42.1 (39.2-44.9)   
  Obesity 4,515 47.8 (45.5-50.1)   
Survey year     0.0188 
  2014 1,630 40.4 (37.5, 43.3)    
  2015 2,383 45.2 (42.8, 47.5)    
  2016 2,402 45.8 (42.3, 49.3)    
  2017 1,964 41.8 (38.6, 45.1)    
  2018 1,853 39.6 (36.5, 42.7)    
  2019 1,360     45.0 (41.0, 49.1)   

Note: All the estimates are obtained from the weighted analysis. CI=confidence interval; FPL=Federal poverty 
level. #Includes widowed, separated, divorced, and living with partner.  
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Table 3. Multivariable logistic Regression of Food Insecurity among Low-income (<200% of the FPL) 
Adults Aged 18-64: California Health Interview Survey, 2014-2019 (N=25,948)  

     Model 1       Model 2 
 AOR (95% CI)  AOR (95% CI) 
E-cigarette use status    
  Current e-cigarette use 1.67 (1.25, 2.23)***   
  Former e-cigarette use 1.32 (1.11, 1.58)**   
  Never e-cigarette use REF   
Cigarette smoking status 
    
    
    

   
  Current smoking 
    
    

1.33 (1.10-1.60) **   
  Former smoking 1.08 (0.92-1.26)   
  Never smoking REF   
Tobacco use status     
  Dual use of e-cigarettes and cigarettes   2.21 (1.63, 3.00)*** 
  Current sole e-cigarette use   1.66 (1.15, 2.40)** 
  Current sole cigarette smoking   1.46 (1.22, 1.76)*** 
  Former tobacco use   1.17 (1.02, 1.34)* 
  Never tobacco use   REF 
Gender      
  Men 0.82 (0.72, 0.93)**  0.82 (0.72, 0.93)** 
  Women REF  REF 
Age group       
  18-25 REF  REF 
  26-34  1.09 (0.91, 1.29)  1.10 (0.91, 1.28) 
  35-49  1.27 (1.06, 1.52)**  1.24 (1.04, 1.48)* 
  50-64  1.13 (0.92, 1.37)  1.08 (0.89, 1.31) 
Race/ethnicity       
  Non-Hispanic White REF  REF 
  Hispanic 0.95 (0.80, 1.13)  0.94 (0.79, 1.11) 
  Non-Hispanic Black 1.36 (1.09, 1.70)**  1.35 (1.08, 1.68)*** 
  Non-Hispanic Asian 0.62 (0.49, 0.78)***  0.61 (0.48, 0.77)*** 
  Non-Hispanic Other 1.29 (0.90, 1.86)  1.30 (0.90, 1.87) 
Education      
  Less than high school REF  REF 
  High school diploma 0.88 (0.74, 1.05)  0.89 (0.75, 1.06) 
  Some college 0.81 (0.68, 0.97)*  0.82 (0.69, 0.98)* 
  College degree or above  0.64 (0.52, 0.78)***  0.64 (0.52, 0.79)*** 
Marital status      
  Married REF  REF 
  Never married 0.94 (0.80, 1.11)  0.95 (0.81, 1.12) 
  Other marital status# 1.26 (1.09, 1.46)**  1.26 (1.09, 1.46)** 
Poverty status      
  0-99% FPL 1.54 (1.37, 1.74)***  1.54 (1.36, 1.74)*** 
  100-199% FPL REF  REF 
Employment status    
  Employed REF  REF 
  Unemployed, looking for job 1.18 (0.94-1.49)  1.18 (0.94-1.49) 
  Unemployed, not looking for job 0.97 (0.86-1.10)  0.97 (0.86-1.10) 
Household size (continuous) 0.97 (0.94-0.99)*  0.97 (0.94-0.99)* 
Obesity status    
  Underweight 1.20 (0.80-1.80)  1.19 (0.79-1.78) 
  Normal REF    REF 
  Overweight 1.07 (0.87-1.32)  1.07 (0.87-1.32) 
  Obesity 1.25 (1.06-1.48) **  1.26 (1.06-1.49)** 
Survey year      
  2014 REF  REF 
  2015 1.18 (1.00, 1.39)*  1.18 (1.00, 1.39) 
  2016 1.24 (1.02, 1.50)*  1.23 (1.01, 1.49)* 
  2017 1.09 (0.91, 1.32)  1.09 (0.91, 1.32) 
  2018 0.99 (0.82, 1.18)  0.99 (0.82, 1.18) 
  2019 1.24 (1.00, 1.54)*  1.25 (1.01, 1.55)* 

Note: All the estimates are obtained from the weighted analysis. AOR=Adjusted odds ratio; CI=Confidence 
interval; FPL=Federal poverty level; REF=Reference group. #Includes widowed, separated, divorced, and living 
with partner; *Statistically significant at p-value <.05; **Statistically significant at p-value <.01; ***Statistically 
significant at p-value <.001.  


