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Abstract

Among adolescents, low socioeconomic status (SES) is associated with greater exposure to 

tobacco cigarette advertising and cigarette use. However, associations among SES, e-cigarette 

advertising and e-cigarette use are not well understood. This study examined exposure to e-

cigarette advertisements as a mediator of the relationship between SES and adolescent e-cigarette 

use. Adolescents (N=3,473; 51% Female) from 8 high schools in Connecticut completed an 

anonymous survey in Spring 2015. Mediation analysis was used to examine whether the total 

number of sources of recent e-cigarette advertising exposure (e.g., TV, radio, billboards, 

magazines, local stores [gas stations, convenience stores], vape shops, mall kiosks, tobacco shops, 

social media) mediated the association between SES (measured by the Family Affluence Scale) 

and past-month frequency of e-cigarette use. We clustered for school and controlled for other 

tobacco product use, age, sex, race/ethnicity and perceived social norms for e-cigarette use in the 

model. Our sample recently had seen advertisements via 2.1 (SD = 2.8) advertising channels. 

Mediation was supported (indirect effect: β =.01, SE=.00, 95% CI [.001, .010], p=.02), such that 

higher SES was associated with greater recent advertising exposure, which, in turn, was associated 

with greater frequency of e-cigarette use. Our study suggests that regulations to reduce youth 

exposure to e-cigarette advertisement may be especially relevant to higher SES youth. Future 

research should examine these associations longitudinally and evaluate which types of 

advertisements target different SES groups.
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E-cigarettes are the most popular tobacco product among adolescents, with 11.3% of high 

school students reporting current use (Jamal, 2017). Understanding factors that contribute to 

the uptake of e-cigarettes may inform the development of interventions to prevent youth 

exposure to nicotine and other potentially harmful constituents of e-cigarettes. As noted in 

the recent Surgeon General’s report on e-cigarettes, nicotine sustains addiction and interferes 

with typical adolescent brain development (US Department of Health and Human Services, 

2016). While there is limited understanding of the health effects of e-liquid constituents, 

emerging evidence suggests that e-cigarette constituents may pose cardiovascular and 

respiratory risks (Bhatnagar, 2017; Shields et al., 2017). Further, many recent studies, 

including our own, have also observed that e-cigarette use progresses to future cigarette use 

among youth (Bold et al., 2018; Soneji et al., 2017). Thus, e-cigs are not without risks 

(Bhatnagar, 2017; Shields et al., 2017) and e-cig use progresses to future cigarette use 

among youth (Bold et al., 2018; Soneji et al., 2017). It is especially important to examine 

factors that contribute to e-cigarette use among vulnerable populations, such as youth with 

low socioeconomic status (SES). Low SES is associated with increased tobacco use among 

youth, greater likelihood of progression to chronic cigarette smoking in adulthood, and 

greater difficulty quitting smoking, all of which contribute to downstream disparities in 

cardiovascular disease, cancer and tobacco-related mortality (Nandi et al., 2014; Stringhini 

et al., 2017). However, few studies have examined the associations between SES and factors 

that affect the uptake of e-cigarettes by youth.

SES and E-cigarette Use

Although studies of the association between SES and e-cigarette use are scant, a recent study 

reported that low SES is associated with greater likelihood of past-month e-cigarette use 

among adolescents (Simon et al., 2017). However, other studies examining associations with 

past-month (Barrington-Trimis et al., 2015) and lifetime e-cigarette use (Moore et al., 2015) 

have observed no association. In adults, preliminary evidence suggests that high SES is 

associated with current e-cigarette use among current cigarette smokers (Brown et al., 2014), 

and trying e-cigarettes for smoking cessation among daily smokers (Pokhrel et al., 2014). 

Given these varied findings, further research is needed to clarify the association between 

SES and adolescent e-cigarette use. While incorporating many important variables, none of 

the aforementioned studies incorporated advertising exposure, which is known to influence 

tobacco use (Mantey et al., 2016). Further research is also needed to explore potential 

mediators of the association between SES and e-cigarette use. A mediator is a variable that 

statistically accounts for the effects of an independent variable on a dependent variable, and 

when considered with theory, explains how or why variables are related (Baron and Kenny, 

1986). Understanding mediators of the relationship between SES and e-cigarette use may 

support the development of regulations to reduce SES-based disparities in tobacco exposure 

by identifying malleable targets for regulation. For example, regulations may limit the 

quantity of advertising in areas that are disproportionately targeted by tobacco companies.
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Advertising Exposure: A Potential Mediator of the Association between 

SES and E-cigarette use

Advertising exposure may mediate the relationship between SES and e-cigarette use. 

Research has shown that e-cigarette advertisement spending has increased from $6.4 million 

in 2011 to $115 million in 2014 (Centers for Disease Control and Prevention, 2016), with 

the most popular sources of advertisement being retail stores, followed by internet, 

television, and magazines/newspapers (Duke et al., 2014; Singh et al., 2016). Nearly 70% of 

middle and high school students report seeing e-cigarette advertisements in these venues 

(Centers for Disease Control and Prevention, 2016). Consistent with advertising’s theorized 

and empirically demonstrated ability to influence consumer attitudes and behavior (Nichifor, 

2014), exposure to e-cigarette advertising has been associated with intentions to use and use 

of e-cigarettes in adolescents (Farrelly et al., 2015; Mantey et al., 2016) and e-cigarette use 

among young adults (Pokhrel et al., 2015).

Traditionally, residing in a low SES community, rather than a high SES community, is 

associated with greater exposure to cigarette advertisements (Seidenberg et al., 2010). 

Specifically, low-income communities often have more tobacco retailers, larger 

advertisements, lower mean advertised prices, and more advertisements located near schools 

(Seidenberg et al., 2010). However, at least one study has shown that higher SES, rather than 

lower SES, is associated with e-cigarette advertisement exposure among adults (Emery et 

al., 2014). Although it remains unclear why this may occur, high SES groups may be 

targeted because they are more likely than low SES groups to be early adopters of new 

technology (Kennedy and Funk, 2016; Pampel et al., 2010; Rogers, 2010) or more likely to 

have disposable income to buy new products (U.S. Bureau of Labor Statistics, 2017). 

Moreover, e-cigarette use may be more socially acceptable because the potential harms are 

not perceived to be as high as those of traditional cigarettes, even in highly educated 

populations (Baeza-Loya et al., 2014). Despite evidence for differential exposure by SES 

among adults, the association between SES and adolescent e-cigarette advertising exposure 

is unknown. However, given the findings that higher SES is associated with greater exposure 

to e-cigarette messaging in adults (Emery et al., 2014), and exposure to e-cigarette 

advertising is associated with greater ever use, current use, and susceptibility to use of e-

cigarettes in adolescents (Camenga et al., 2018; Mantey et al., 2016), it is plausible to expect 

that advertising exposure mediates the association between SES and e-cigarette use.

The Current Study

The current study is the first to examine whether exposure to e-cigarette advertisement 

mediates the relationship between SES and past-month frequency of e-cigarette use among 

adolescents, while controlling for predictors of adolescent e-cigarette use (i.e., grade-level, 

sex, race/ethnicity, perceived e-cigarette use norms, and prior tobacco use). Previous 

research has shown that boys are twice as likely as girls to currently use e-cigarettes 

(Barrington-Trimis et al., 2015), white youth are more likely than racial/ethnic minorities to 

use e-cigarettes (Anand et al., 2015), reporting peer and family use of e-cigarettes is 

associated with e-cigarette use (Barrington-Trimis et al., 2015), and use of other tobacco 
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products is associated with e-cigarette use (Geidne et al., 2016). Although research on SES, 

advertisement exposure, and adolescent e-cigarette use is lacking, based on the adult 

literature on SES and e-cigarette use (Brown et al., 2014; Emery et al., 2014)., we 

hypothesized that adolescents from higher SES backgrounds will have greater exposure to e-

cigarette advertisement and that this exposure will be associated with greater use of e-

cigarettes.

Methods

Survey Procedures

Adolescents (N = 7,045) from 8 high schools in Connecticut completed a survey in Spring 

2015. Study procedures were approved by the Yale University Institutional Review Board 

and school administrators. Schools from 7 of 9 district reference groups (i.e. 9 different 

groups of schools in Connecticut that respectively share similar family income, parental 

education, parental occupation, and use of a language other than English at home) 

participated in the survey. Parents were notified of the study and instructed to contact the 

school if they wanted their child excluded from the survey. As a result, 2 students were 

excluded. Research staff informed students that their participation was voluntary and that 

their data would remain anonymous. Following these consent procedures, school-wide, 

paper and pencil surveys were administered during homeroom. Students received pens to 

compensate them for their study participation.

Sample

Two versions of the survey that assessed tobacco-related attitudes and behaviors were 

randomly administered in each high school. The current analysis is based on the subset of 

adolescents (n = 3,473) who received the version containing all variables of interest in this 

study.

Measures

Frequency of E-cigarette Use—Following the prompt, “How many days out of the past 

30 did you use e-cigarettes?”, participants wrote the number of days they had used e-

cigarettes in the past 30 days.

Socioeconomic Status (SES)—SES was assessed using the Family Affluence Scale 

(FAS), which has shown to be a reliable and a valid measure of SES among adolescents 

(Boyce and Dallago, 2004; Boyce et al., 2006). The 4 items examine 1) whether an 

adolescent’s family owns a car, van, or truck (no = 0; yes one = 1; yes, two or more = 2), 2) 

whether an adolescent has his/her own bedroom (no = 0; yes = 1), 3) the number of laptops/

computers an adolescent’s family owns (none = 0; 1 = 1; 2 = 2; more than 2 = 3), and 4) 

whether an adolescent’s family had vacationed in the past 12 months (not at all = 0; once = 

1; twice = 2; more than twice = 3). A summary score was created from the four items, with 

higher scores indicating higher SES.

Exposure to Advertisements—Exposure to advertisements was assessed using the 

following item: “Where have you recently seen e-cigarette advertisements (select all the 
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apply)?” Response options included: 1) TV, 2) radio, 3) billboard, 4) magazines, 5) local 

stores (gas stations, convenience stores), 6) vape shops, 7) mall kiosks, 8) tobacco shops, 9) 

social media, and 10) I did not see any. For each option, responses were coded 1 if 

participants had seen the specific type of advertisement and 0 if participants had not seen a 

specific type of advertisement. Similar to prior studies, we calculated the sum of advertising 

exposure by adding the responses for choices 1 to 9 (Kasza et al., 2011; Li et al., 2009; Yong 

et al., 2008). The International Tobacco Control Survey has shown that inquiring about 

places youth have seen tobacco advertisements is a valid method to assess exposure to 

advertising in youth (Fong et al., 2006).

Covariates

Demographics: Participants reported their sex (male or female), grade level (9th, 10th, 11th 

or 12th), and race/ethnicity (White, Black/African American, Hispanic/Latino, Asian, 

American Indian or Alaska Native, Native Hawaiian or Other Pacific Islander, Middle 

Eastern).

Perceived Social Norms: Three separate covariates provided continuous measures of 

perceptions of male peer, female peer and adult e-cigarette use. We adapted items that are 

valid and reliable for assessing perceived social norms in tobacco use (Chassin et al., 1984) 

and e-cigarettes (Petrescu et al., 2017). Specifically, adolescents answered the following 

questions: 1) what percentage of males your age do you think use e-cigarettes? 2) what 

percentage of females your age do you think use e-cigarettes? and 3) what percentage of 

adults do you think use e-cigarettes?

Other tobacco product use: Participants indicated whether they had ever tried any of the 

following tobacco products: cigarettes, cigars, smokeless tobacco, blunts, hookah or 

cigarillos (recoded as 1 = tried any other tobacco product, 0 = did not try any other tobacco 

product).

Data Analytic Plan

We examined descriptive statistics and bivariate associations using SPSS version 24 (IBM, 

2012). We conducted mediation analyses using the Model Indirect command in MPlus 7.4 

(Muthén and Muthén, 1998–2013) to examine whether the effect of SES on past-30-day 

frequency of e-cigarette use was mediated by advertising exposure. Model Indirect uses the 

product of the coefficients approach to mediation analyses (see MacKinnon et al., 2007 for a 

review). In this approach, the amount of mediation (or indirect effect) is defined as the 

product of the coefficient for the association between the independent variable (e.g. SES) 

and the mediator (adverting exposure) and coefficient for the association between the 

mediator and the dependent variable (frequency of past 30-day e-cigarette use). Statistical 

significance was determined with the delta method and a 95% confidence interval that did 

not contain 0 (MacKinnon et al., 2007). If the indirect effect is statistically significant, then 

mediation exists. We used full information maximum likelihood estimation with robust 

estimates to handle missing data. When modeling complex samples, this approach is robust 

to non-normality and non-independence of observations. For all variables, fewer than 2% of 

cases were missing data. Since frequency of e-cigarette use was a count variable, with 81% 
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of participants reporting no use, we applied a negative binomial distribution. We controlled 

for the effects of sex, grade level, race/ethnicity, use of any tobacco product (other than e-

cigarettes) and perceived social norms on exposure to advertisements and frequency of e-

cigarette use. We also accounted for clustering by school.

Results

Participants

Descriptive statistics are presented in Table 1. The sample was 50.7% female. Regarding 

race/ethnicity, due to small sample size, the “Other” category comprised participants who 

indicated they were American Indian or Alaska Native, Native Hawaiian or other Pacific 

Islander, and Middle Eastern on the survey. Participants could select more than one race/

ethnicity. Therefore, a Multiracial category was created for participants who checked more 

than one race. After these considerations, the sample was 52.7% White, 14.7% Latino/a 

Hispanic, 14.6% Black, 12.0% Multi-Race, 3.4% Asian, and 2.6% Other. Participants were 

evenly distributed across 9–12 grades (23.1% to 26.5% for each grade). Regarding perceived 

social norms, on average adolescents perceived that 43.3% of males their age, 32.4% of 

females their age, and 46.2% of adults used e-cigarettes.

On average, adolescents used e-cigarettes on 1.1 days (SD = 4.9) over the past 30-days, with 

81.0 % of participants reporting no use. Thirty-nine percent of adolescents had ever tried 

tobacco products other than e-cigarettes. Participants recently had seen advertisements via 

2.1 (SD = 2.8) channels of advertisement. Participants reported seeing advertisements via 

local stores (36.3%), TV (32.7%), vape shops (32.7%), magazines (23.2%), social media 

(23%), tobacco shops (20.3%), mall kiosks (16.3%), billboards (15.1%), and radio (11.7%). 

Fewer than 1% of adolescents reported that they had not seen any advertisements. The 

average score on the FAS was 6.2 (SD = 1.82; range 0–9).

Bivariate correlations indicated that SES was positively associated with total advertising 

exposure and that total advertising exposure was positively associated with past 30-day use 

of e-cigarettes. However, SES was not associated with past 30-day use of e-cigarettes (see 

Table 2 which also includes associations with covariates).

Mediation Analysis

Table 3 and Figure 1 show the results of the mediation analysis. Higher SES was associated 

with greater advertising exposure. Furthermore, exposure to more advertising was 

significantly associated with using e-cigarettes more frequently. The indirect effect of SES 

was modest, but statistically significant (β =.01, SE=.00, 95% CI [.001, .010], p=.02; B =.

01, SE=.01, 95% CI [.003, .022], p=.01). The pattern of results suggest that SES indirectly 

influenced frequency of e-cigarette use such that higher SES was associated with greater 

exposure to e-cigarette advertising and this exposure was, in turn, associated with greater 

frequency of e-cigarette use.
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Discussion

The current study is the first to demonstrate that exposure to e-cigarette advertisements 

mediates the relationship between SES and e-cigarette use in adolescents. Specifically, 

higher SES was associated with more exposure to e-cigarette advertising, and, in turn, with 

greater frequency of past month e-cigarette use. Our findings are consistent with prior 

research that has shown that higher SES is associated with greater exposure to e-cigarette 

messaging in adults (Emery et al., 2014) and research showing that exposure to e-cigarette 

advertising is associated with greater ever use, current use, and susceptibility to use of e-

cigarettes in adolescents (Mantey et al., 2016). We did not observe a significant direct effect 

of SES on e-cigarette use, which is consistent with two prior studies (Barrington-Trimis et 

al., 2015; Moore et al., 2015), but not consistent with our prior research among a cohort 

sampled in 2014 which found that lower SES is associated with greater likelihood of e-

cigarette use among adolescents (Simon et al., 2017). The difference in the association 

between SES and e-cigarette use in this study versus our prior cohort may be due to changes 

in the e-cigarette advertising climate. That is, research has shown that e-cigarette advertising 

has increased (Centers for Disease Control and Prevention, 2016), with widespread 

advertising exposure in higher SES communities (Emery et al., 2014). Alternatively, 

compared to our prior study, the current study included schools from a broader range of 

SES. The prior study included 3 schools from 3 of the 9 demographic reference groups 

(DRGs) in Connecticut whereas the current study included schools from 7 of 9 DRGS. The 

greater number of DRGs in the current study reflects increased variability in the range of 

socioeconomic background of communities and may provide a more accurate picture of SES 

differences in e-cigarette use.

Consistent with prior research showing that alternative tobacco products (including e-

cigarettes) are more likely to be sold in higher income communities, higher SES adolescents 

in the current study reported being exposed to more e-cigarette advertisements than lower 

SES adolescents (Dai and Hao, 2016). Higher SES individuals may be more desirable 

targets for e-cigarette advertisements because they are more likely to adopt new technologies 

like e-cigarettes (Kennedy and Funk, 2016) and they have more disposable income to spend 

on e-cigarettes (U.S. Bureau of Labor Statistics, 2017).

It is not clear how e-cigarette cost may influence e-cigarette use., a recent study that 

compared the cost of combustible cigarettes, disposable e-cigarettes and rechargeable e-

cigarettes across 45 countries (including the US) found that a) combustible cigarettes cost 

less than disposable e-cigarettes in almost every country studied and b) e-liquids that are 

used with rechargeable e-cigarettes are cheaper per unit than combustible cigarettes, but the 

startup cost is high (Liber et al., 2017). Specifically, the study reported that in the US, the 

average cost of combustible cigarettes, disposable e-cigarettes and rechargeable e-cigarettes 

are $6.82, $7.99 and $9.99, respectively (Liber et al., 2017). Additional research is needed to 

determine the role of e-cigarette cost in use patterns among youth by SES.

This study highlights concerning levels of youth exposure to e-cigarette advertisement. 

Ninety-nine percent of youth reported exposure to one or more e-cigarette advertisements. 

Top sources for youth e-cigarette advertising exposure were local stores, TV, magazines and 
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social media. It should be noted that one of the top sources of advertising for e-cigarettes 

was a context where cigarette advertisements have been banned (i.e., TV).

Our study has important implications for understanding disparities in nicotine exposure 

among youth as they relate to frequency of past month e-cigarette use. While tobacco 

regulation has contributed to steady declines in cigarette use among youth, these declines 

have occurred more quickly for higher SES rather than lower SES adolescents (Johnston et 

al., 2014). Considering the observed results, exposure to e-cigarette advertising among high 

SES youth may result in greater e-cigarette use among high SES youth, potentially slowing 

declines in nicotine exposure in this group, as many use e-cigarettes containing nicotine. 

Thus, efforts to reduce youth exposure to e-cigarette advertising may be especially relevant 

to high SES youth. Although the rates of advertising exposure generally were higher for 

high SES youth across all sources studied, regulatory efforts focused on targeting the top 4 

advertising sources (i.e., local stores, TV, magazines, and social media) could significantly 

reduce exposure to e-cigarette advertising for all youth. Additionally, youth perceived high 

rates of use among their peers (males: 43.3%, female: 32.4%) and adults (46.2%). These 

perceived rates are higher than reported use rates (Dutra and Glantz, 2017; Schoenborn and 

Clarke, 2017). Perceiving such high rates of e-cigarette use is concerning, as social norms 

theory has linked such perceptions to future use (Perkins, 2003). These findings may point to 

the need for counter-marketing to correct perceptions among youth.

Although the results of this study have important implications for understanding youth e-

cigarette use, they should be considered in light of several limitations. This study was cross-

sectional, so the temporal ordering of the observed associations could not be determined 

definitively. Support for the direction examined in the current study is drawn from prior 

research that has used longitudinal data to demonstrate that advertising exposure predicted 

initiation of e-cigarettes (Camenga et al., 2018).

Another limitation is that this study relied on self-reported data and is therefore limited by 

participants’ ability and willingness to report honestly about their SES, e-cigarette use, and 

exposure to advertising. However, this concern is mitigated by the fact that our surveys were 

anonymous. An additional limitation is that detailed information about advertising (e.g., the 

specific timeframe of ad exposure, the frequency of exposure by channel or exposure to 

specific brands) was not collected. It is possible that seeing an advertisement everyday may 

be more influential than seeing an advertisement only once. At the same time, there are 

some advertisements that are so salient that the impact after viewing the advertisements once 

may be more influential than seeing other advertisements multiple times. Nevertheless, we 

used a method of assessing advertising exposure that has been valid in prior studies (Fong et 

al., 2006).. Future research should assess the effects of dose and salience of advertisements 

on e-cigarette use.

In conclusion, this study identified advertising exposure as a mediator of the association 

between SES and frequency of past month e-cigarette use. Specifically, high SES youth were 

more likely to report exposure to e-cigarette advertising, which, in turn, was associated with 

greater frequency of past month e-cigarette use. Identifying exposure to advertising as a 

potential mechanism through which SES exerts an effect on adolescent e-cigarette use is an 
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important first step toward informing regulations to reduce disparities in nicotine exposure 

among high and low SES youth. Future research should continue to build upon this work by 

exploring the observed findings using longitudinal data, using more nuanced assessments of 

advertising exposure, and utilizing a nationally representative sample.
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Highlights

• Mediators of the association between SES and e-cigarette use are yet 

unknown.

• We examined data from 3,473 high school students.

• Higher SES is associated with greater exposure to e-cigarette advertising.

• Higher advertising exposure is associated with greater e-cigarette use.

• Advertising exposure mediates the association between SES and e-cigarette 

use.
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Figure 1. 
Associations between SES and e-cigarette use through total number of sources of advertising 

exposure. Standardized estimates are shown with standard errors in parenthesis. Indirect 

effect: β =.01, SE=.00, 95% CI [.001, .010], p=.02. This model includes the following 

covariates: grade level in school, sex, race/ethnicity, having ever tried tobacco products other 

than e-cigarettes, and perceived social norms (i.e. perception of the percentage of adults, 

same age males and same age females who use e-cigarettes). Effects of covariates are not 

shown. This model also adjusts for clustering within school. Participants are adolescents 

from Connecticut who were surveyed in 2015. *p < .05, **p < .01, ***p < .001
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Table 1

Descriptive Statistics

Variable Value

Demographics

Family Affluence Scale (n = 3,471): Mean (SD) 6.3 (1.8)

Female (n = 3,422): % 50.7

Grade (n = 2,448): %

9 29.3

10 25.7

11 23.5

12 21.6

Race/Ethnicity (n = 3,454): %

White 52.7

Black 14.6

Hispanic 14.7

Asian 3.4

Other 2.6

Multiracial 12.0

Tobacco Use Variables

Past 30-day number of days of e-cigarette use (n = 3,190): Mean (SD) 1.1 (4.9)

Tried other tobacco products (3,473): % 39.0

Percent of males your age you think use e-cigarettes (n = 2,929): Mean (SD) 43.3 (26.3)

Percent of females your age you think use e-cigarettes (n = 2,934): Mean (SD) 32.4 (24.3)

Percent of adults you think use e-cigarettes (n = 2,916): Mean (SD) 46.2 (27.4)

Advertising Exposure

Sum of Advertising Exposure (n = 3,473): Mean (SD) 2.1 (2.8)

SD = Standard deviation

Participants are adolescents from Connecticut who were surveyed in 2015.
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