UVM ScholarWorks

The Effect of Estrogen in the
Dorsolateral Striatum on Fear Extinction

ltem Type undergraduate thesis

Authors Kraus, Adina R

Download date 2026-07-12 00:08:28

ltem License http://creativecommons.org/licenses/by-nc-nd/3.0/
Link to Item https://hdl.handle.net/20.500.14849/5600



http://creativecommons.org/licenses/by-nc-nd/3.0/
https://hdl.handle.net/20.500.14849/5600

Perceptions of Reduced Nicotine Cigarettes in Vulnerable Populations 1

The Influence of Educational and Mental Health Vulnerabilities on Risk Perceptions of Reduced

Nicotine Cigarettes

Seraphina Fecher

University of Vermont



Perceptions of Reduced Nicotine Cigarettes in Vulnerable Populations 2

Abstract

The 22" Century Group Inc. has introduced their VLN cigarettes to the market, a brand
of low nicotine-content cigarettes that could help curb addiction for people who smoke. The U.S.
Food and Drug Administration approved them to be marketed as modified risk tobacco products.
This project is concerned with whether this label might influence perceptions of this product
within the smoking population, potentially contributing to false beliefs regarding the effects
VLNSs have on human health. In particular, the goal was to determine how marketing may impact
at-risk populations with a greater tendency to smoke, namely users with a mental health
comorbidity and users with low educational attainment. Participants were shown advertisements
for VLNs and then responded to survey questions assessing their perceptions and attitudes.
Responses were compared based on the presence or absence of a vulnerability. Results indicated
that participants from the at-risk samples under study were more likely to falsely believe that
VLNs have an addictive value similar to full-yield cigarettes. Neither at-risk group showed
significantly more false beliefs regarding the toxicity of VLNs. Additionally, participants from
these vulnerable populations were more likely to have negative evaluations of VLN, reporting
less intent to use them in the future. These findings can be used to inform policies surrounding
low nicotine-content cigarettes as policymakers consider how these cigarettes are viewed by and

marketed to vulnerable populations.
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Introduction
Current Smoking Trends in the U.S.

According to data published by the Centers for Disease Control and Prevention (CDC),
cigarette smoking is the leading cause of preventable disease, disability, and death in the United
States, with over 480,000 smoking-related deaths occurring every year. In addition to causing a
host of cancers—including cancer of the mouth, throat, lung, stomach, pancreas, and liver (CDC,
2023a), smoking can lead to heart disease, diabetes, and chronic obstructive pulmonary disease
(CDC, 2020).

As of 2021, the CDC reports that 11.5% of U.S. adults smoke cigarettes regularly. And
while the percentage of people who smoke in the country has been reduced by nearly 50% in the
last two decades, current trends suggest that every day, about 1,600 youths try their first cigarette
(CDC, 2022).

Nicotine and Tobacco Policies

To address the health risks associated with and caused by cigarette smoking, U.S.
governing agencies such as the Department of Health and Human Services and the
Environmental Protection Agency (EPA) have looked to policy reformation surrounding tobacco
products. The 2009 Family Smoking Prevention and Tobacco Control Act (FSPTCA) was a
landmark ruling that empowered the U.S. Food and Drug Administration (FDA) to develop and
enforce tobacco-related policies. This legislation created the FDA Center for Tobacco Products,
which has the authority to propose new rules for the manufacturing and marketing of tobacco
products. This department implements and amends policies that fall under the FSPTCA, manages
campaigns focused on educating populations on the risks of smoking and tobacco, and oversees

funding for tobacco-related research. Additionally, the Center for Tobacco Products is
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instrumental in determining how tobacco products are marketed. Specifically, it can approve
them to be labeled as modified risk tobacco products (MRTPs) if they meet certain criteria.
Companies can submit an MRTP application for their product, which will then be reviewed by
the Tobacco Product Scientific Advisory Committee. Determinations are made based on the
relative health risks to users of the product and its appeal to non-users (FDA, 2024).

In 2016, this authority was extended to cover all nicotine-containing products deemed
relevant by the FDA, referred to as the “Deeming Rule” (FDA, 2016). Currently, the Center for
Tobacco Products has multiple rulings under consideration. Of particular concern to the
department is the appeal of flavored tobacco products to youth. For this reason, the FDA is
proposing a menthol ban and combusted flavoring ban. Menthol is an additive that makes
cigarettes and cigars easier to smoke by providing a minty taste, which has boosted its popularity
among children ages 12 and older (FDA, 2022a). This ban would be accompanied by the
prohibition of flavored cigars, which have also been increasingly used among youth populations.
According to the FDA, neither of these bans would criminalize individuals using such products,
but will be enforced against manufacturers, distributers, and retailers.

In 2018, FDA Commissioner Scott Gottlieb also announced that the FDA would be
committing to further research of low nicotine-content cigarettes (LNCs) in preparation for
future policies (FDA, 2018). An official proposal for this plan was made in 2022, backed by the
Biden-Harris Administration. This standard would enforce a maximum nicotine content for
combustible cigarettes, making them “minimally- or non-addictive” (FDA, 2022b). The present
project is concerned with informing FDA around the proposed reduced nicotine product

standard.



Perceptions of Reduced Nicotine Cigarettes in Vulnerable Populations 5

Reduced Nicotine Cigarettes

Nicotine is the addictive chemical compound found in tobacco, which is procured from
the Nicotiana plant. Native to North and South America, this plant was originally used by
indigenous people throughout these regions (Mishra & Mishra, 2013). Tobacco can be smoked,
inhaled through the nose, or chewed. While no form of tobacco is perfectly safe, cigarette
smoking has been identified as the highest cause of tobacco-related disease in the United States
(American Cancer Society, 2023).

Nicotine addiction occurs via a process of neuroadaptations. Normally, the
neurotransmitter Acetylcholine (ACh) binds to nicotinic receptors (nAChRs) to assist in
functions of the peripheral and central nervous systems. But when ingested, nicotine acts as an
agonist that binds to the nAChR, desensitizing them after repeated activation. Extended
desensitization results in nicotine tolerance, increasing the number of nAChRs in the body.
Without continued ingestion of nicotine, the surplus of nAChRs may cause withdrawal
symptoms, motivating the user to increase the nicotine in their body by consuming more tobacco
(Hancock & McKim, 2018).

In the early 1990s, Dr. Neal Benowitz and Dr. Jack Henningfield delved into studies of
nicotine in search of a threshold for nicotine addiction. They proposed that manufacturing
cigarettes with a nicotine content equal to or below this threshold could curb and possibly
prevent nicotine addiction in people who are just beginning to smoke. These reduced nicotine
products could also be viable options for those attempting to quit (Benowitz & Henningfield,
1994).

Their theory gained traction as clinical trials began showing positive results. A large-

scale randomized trial focused on cigarette users found that by the end of the trial, participants
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who smoked low nicotine-content cigarettes (with a nicotine content at or below 2.4 mg per
gram) consumed significantly fewer cigarettes each day when compared to the control group
(Donny et al., 2015). Additionally, at week six, those who were smoking cigarettes with 0.4 mg
of nicotine scored significantly lower on a measure of nicotine dependence than did those who
were smoking full-yield cigarettes.

These findings extend to cigarette consumers from vulnerable populations. Participants
with a psychiatric condition and participants at a socioeconomic disadvantage assigned to smoke
LNCs were found to have lower scores on a measure of nicotine dependence by the end of the
twelve-week study, and reported fewer cigarettes smoked (Higgins et al., 2020).

Vulnerable Populations

While public health campaigns, smoke-free policies, and increased taxes have decreased
overall rates of smoking over the past thirty years, certain minoritized and/or disadvantaged
demographics have not seen this reduction and continue to smoke at elevated rates. These
populations are at a greater risk of smoking initiation, high frequency of smoking, and severe
negative side effects as a result (Drope et al., 2018; Twyman et al., 2014; Levy et al., 2005).

Two particularly impacted populations are individuals with mental health conditions and
individuals with low educational attainment. For instance, individuals who reported experiencing
severe psychological distress were more than twice as likely to smoke cigarettes (28.1%) than
those who did not (10.9%), according to the CDC (2021). Smoking adults who report long term
depression, anxiety, or both showed higher nicotine dependence, more frequent smoking, and
lower quit rates compared to people who smoke but did not have these comorbidities (Lasser et
al., 2000; Trosclair & Dube, 2010). While the cause of this co-occurrence is uncertain, research

has supported the theory that smoking and major depression may have a shared etiology brought
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about by a third variable, such as the social environment or coping styles of the individuals
(Breslau et al., 1998). Additionally, smoking has been found to increase the risk of symptoms for
both anxiety and depression (Moylan et al., 2013; Wu et al., 2023). Smoking can lead to
alterations in neural mechanisms responsible for inhibitory control, cortical thinning, and
reductions in the brain’s gray matter, all of which have been implicated in the development
and/or progression of mental health disorders (Galvan et al., 2013; Karama et al., 2015; Hanlon
et al., 2016; Boksa, 2017).

Low educational attainment also presents a significant risk factor for nicotine addiction
and increased smoking severity. Recent surveys have found that for adults who have not received
a high school degree, smoking prevalence is almost three times as high (31.6%) than for adults
who have obtained an undergraduate degree (10.8%) (Garrett et al., 2019). The same report
states that the percentage of people who smoke declines as level of educational attainment
increases. Several factors likely interact to bring this about. Most smoking experimentation
begins in adolescence (CDC, 2023b), and higher rates of lifetime smoking are correlated with
low parental educational attainment (Assari, et al., 2020). Because low educational attainment is
often predictive of a similar status in children (APA, 2017), there can be a generational effect of
education on patterns of smoking (Cao et al., 2023). Moreover, low educational attainment is
associated with increased financial stress, negative affect, and a lack of social support, which can
make smoking cessation especially difficult (Businelle et al., 2010). Hence, smoking rates
remain high in this demographic.

Another possible mechanism by which mental health conditions and low educational
attainment may contribute to increased risk of cigarette use is the elevated likelihood that

individuals from these populations will perceive smoking-related harms as less important. Those
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with a university education were found to rate cigarette smoking as significantly more dangerous
than did those who lacked this education (Bekalu et al., 2022). Similarly, people who smoke and
have a comorbid mental health condition have also been found to have misperceptions
surrounding cigarettes, specifically relating to beliefs that smoking cigarettes can reduce negative
mood and relieve stress (McEwan, 2008). This conclusion, referred to as the "self-medication
hypothesis” (Khantzian, 1985), has been discounted by recent research, which has found that the
association between smoking and stress is not an indicator of nicotine reducing stress (Pesko &
Baum, 2016; Wu et al., 2023). In other words, while people who smoke may increase cigarette
use after stressful life events, assessments of stress levels reveal that the act does not
significantly contribute to an increase in positive mood. As stated, empirical research has gone
on to suggest that, contrary to this belief, successful quit attempts may even result in increased
mood and fewer depressive symptoms (Lembke, 2007). Such misperceptions among those who
smoke are of significant concern for researchers, as beliefs about cigarettes have been found to
impact the likelihood of attempting to quit (Hahn & Renner, 1998; Park et al., 2009; Savoy et al.,
2014)
Impact of a Proposed Reduced Nicotine Product Standard on Vulnerable Populations

While vulnerable populations have been found to benefit from nicotine reduction in
clinical trials (Higgins et al., 2020), the possibility remains that certain individuals will be at risk
for continued harm if the products become available.

In August of 2022, a tobacco manufacturer, 22" Century Group Inc., began test
marketing two LNCs as "VLN King” and “VLN Menthol King” after receiving MRTP approval

by the FDA in the year prior. The test market included 100 convenience stores in the Chicago
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metropolitan area. These cigarettes—with a 95% lower nicotine content than their full-yield
counterparts—represent a potential new wave of reduced nicotine products.

As stated, the FDA has found that the research surrounding reduced nicotine cigarettes is
promising enough to warrant a proposal for a reduced nicotine standard. This would mean that
all cigarette manufacturers would be required to lower the nicotine content in cigarettes to the
same level as the VLN brand. The legal challenges to the proposed nicotine product standard are
expected to be varied and complex, and the FDA will need evidence to address potential
arguments around harms, including the possibility that individuals at risk would misperceive
VLN brand cigarettes as “safer” and smoke even more. Because vulnerable groups generally
consume cigarettes at higher rates than the rest of the population, an understanding of how these
groups perceive risk of harm from combusted tobacco products is necessary to advise the FDA in
their efforts to combat tobacco-related disease.

Prior Research on Risk Perceptions of LNCs

While LNCs can promote the goal to reduce nicotine addiction, they are still combustible
cigarettes with the potential to cause severe health defects. However, preliminary studies have
found that some cigarette users may be inclined to misunderstand how these products—and other
reduced nicotine cigarettes—differ from full-yield cigarettes.

Byron et al. (2018) studied the perceptions of LNCs among a nationally representative
sample of smoking adults and found that nearly half of participants (47.1%) believed that LNC
cigarettes are less likely to cause cancer than full-yield cigarettes. They also reported that this
misperception was more likely to be found among those aged 55 or older. Additionally, it was
more common among Black participants than among White participants. These variations

indicate that certain populations may be more affected by LNC misperception than others.
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Mercincavage and colleagues (2017) assessed smoking adults' beliefs about the safety,
strength, and taste of LNCs in association with their consumption of them. Findings indicated
that for participants who rated the LNCs more positively, they were also more likely to hold false
beliefs regarding the health of the product and to consume a greater amount. This establishes an
important potential relationship between attitudes toward LNCs, false beliefs, and smoking
behavior. A later study by Mercincavage et al. (2019) found that in a sample of cigarette users
without prior knowledge of LNCs, most understood the carcinogenic effects of these products,
contrary to expectations. However, most participants did hold misperceptions regarding LNC
addictiveness, endorsing the false belief that they are less addictive and do not aid in smoking
cessation. Thus, while most of the participants were correct in their evaluation of LNC toxicity,
they seemed to misunderstand LNC addictiveness.

More recently, Mercincavage et al. (2021) studied the effects of LNC advertisements on
cigarette users' perceptions of the product now that they have been approved as modified risk
tobacco products. Participants of the study were made up of two sample groups: a smoking group
and a non-smoking group. Each one viewed a potential brand name (either "Moonrise" or
"Moonlight") that may or may not have been accompanied by a disclaimer delineating the health
effects of the product. The industry-proposed content disclaimer stated: "Nicotine is addictive.
Less nicotine does NOT mean a safer cigarette. All cigarettes can cause disease and
death." Findings of this study indicated that those who did not smoke better recalled the details
of the disclaimer, whereas cigarette users better recalled the actual name of the brand. Moreover,
they found that the industry-proposed content disclaimer performed nearly the same as no

disclaimer at all among the smoking sample. This may suggest that cigarette users are not as
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likely to attend to disclaimer information, which can affect their perceptions—and
misperceptions—about the product under study.
The Present Study

The current thesis seeks to expand on prior research by studying the MRTP-approved
22" Century VLN marketing materials to assess risk perceptions through a lens that incorporates
the potential effects of demographic vulnerabilities on such perceptions. Specifically, it looks at
how the presence or absence of a mental health condition and/or the level of educational
attainment could factor into beliefs surrounding the LNCs currently on the market: "VLN King"
and "VLN King Menthol."

This study also considers how attitudes and intentions toward LNCs may shape or be
shaped by these beliefs. Thus, this research is significant to policymakers as they consider the
implementation of a reduced nicotine standard. Additionally, results of this research can and
should inform how modified risk tobacco products are marketed to smoking populations,
especially to vulnerable groups. Significant false beliefs can inhibit efforts to promote LNCs and
other modified risk tobacco products. Consequently, this could make a transition to reduced
nicotine products more difficult for the people most affected by nicotine addiction. Because this
study uses multiple scales to assess beliefs and perceptions of the current LNCs on the market, it
provides an important basis for the inclusion of smoking populations in the conversation
surrounding tobacco production and regulation.

Methods
Participants
This study recruited participants from the Chicago metropolitan area, obtained via email

lists, Facebook, and past contact lists by the research contractor, Fieldwork Chicago-



Perceptions of Reduced Nicotine Cigarettes in Vulnerable Populations 12

Schaumburg. To be eligible for the study, participants were required to report current cigarette
smoking status, defined as someone who has smoked >5 cigarettes per day for at least 1 year.
Participants were required to state plans to remain in the Chicago area for at least 6 more months,
with an agreement to participate in a 6-month follow-up. Those who reported an active quit
attempt or plans to quit in the next 6 months and/or dual use of alternative tobacco products (e.g.,
cigars, vapes, pouches) for more than 15 of the previous 30-day period were ineligible. All
materials and procedures received approval from the University of Vermont Institutional Review
Board (#18-0238).
Materials
Risk Beliefs

Risk beliefs were assessed with a scale adapted from Mercincavage et al. (2017) to
measure risk perceptions of VLN- and usual-brand cigarettes. The scale consisted of 8 items.
Each was a statement that could be rated on a five-point scale (1 = "Definitely untrue", 3 =
“Unsure”, 5 = "Definitely true"). Items consisted of true and false statements, as shown in Table
1. Choices were scored such that accurate responses were assigned a value of "0" and inaccurate
responses were assigned a value of "1" (“Unsure” responses were categorized as incorrect; cf.
Mercincavage et al., 2021). Values for each participant were summed to create a composite false
belief score.
Perceived Risks

Each participant was asked to rate their perceived risk of developing certain health
conditions (addiction, lung cancer, or heart disease) while using VLN cigarettes versus their
usual-brand cigarettes (Mercincavage et al., 2021). Ratings were given using a 7-point Likert

scale, with "1" indicating a "very low" risk of developing the given condition, and "7" indicating
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a "very high" risk. The mean of these ratings was taken to give each participant an overall
perceived relative risk score.
Attitudes

Attitudes toward VLN cigarettes were assessed using a semantic differential scale
(Mercincavage et al., 2021). Eight items were used to evaluate general opinions regarding VLNS.
The measure asked, "If VLN cigarettes became commercially available in the next 30 days,
which of the words below would best describe your use of this product?" The participant could
then select which words from the following items most accurately expressed their beliefs and
ideas: (1) bad/good, (2) unenjoyable/enjoyable, (3) unpleasant/pleasant, (4) foolish/wise, (5)
difficult/easy, (6) more/less harmful, (7) not under/under my control, and (8) less/more healthy.
Intentions

The intentions measure consisted of two items: (1) Would you smoke only VLN if given
the opportunity to purchase them? (2) Would you smoke only VLN if given them free for one
month? Participants could select one of the following responses for each item: (1)
purchase/smoke only these cigarettes, (2) purchase my preferred brand of cigarettes, (3) purchase
an alternate nicotine product, or (4) try to quit smoking (Strasser et al., 2008).
Procedure
Study Design

Surveys were distributed to participants through a link provided by Fieldwork. Over 900
eligible participants were recruited in Wave 1, which took place in October of 2022. These
participants were asked to respond to the survey again in April of 2023 for Wave 2. Quality
checks were administered for participants who completed both surveys to ensure that their

demographic details (e.g. age and race) were consistent across time. Wave 2 yielded a total of
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794 participants who satisfied data quality assessments. The present analysis is focused on data
from Wave 1 and only included participants that completed each wave and met data quality
requirements.

Participant Flow

Eligible participants received a link to access the survey. Participants first answered items
concerned with cigarette smoking and dependence (Fagerstrom, 1978; Heatherton et al., 1991),
where they usually purchase cigarettes and what brand they normally prefer, and whether they
had ever heard of VLN cigarettes or had tried VLN cigarettes. They then viewed a 30-second
advertisement for the VLN cigarettes, which was selected from the approved MRTP application
submitted by 22" Century Group. Participants were randomly assigned to view one of five
advertisement formats: Social Media, Email, Digital, Print, or Point of Sale. The viewing was
followed by two recall items to evaluate participant engagement with the advertisements (“What
was the name of the product shown in the advertisement image you viewed?” and “How much
less nicotine do VLN have in comparison to regular cigarettes?”. Following the recall items,
participants completed each of the perception measures: risk beliefs, perceived risks, attitudes
toward VLN products, and intentions of use.

Participants concluded the survey by filling out basic demographic details about
themselves, including age, gender, race, ethnicity, household income, educational attainment,
disability status, and current substance use severity.

They also completed two mental health measures—the Patient Health Questionnaire-2
(PHQ-2) to assess depression (Kroenke et al., 2003) and the Generalized Anxiety Disorder-2
(GAD-2) to assess anxiety (Kroenke et al., 2007). Participants who received a score of 3 or more

(out of a total possible score of 6) on at least one of the mental health questionnaires were
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categorized as MH+ (anxiety/depression/both). Participants who received a score below 3 on
both questionnaires were categorized as MH-.

Based on demographic responses, two categories to assess educational attainment were
used. High educational attainment (High-Ed) referred to participants who obtained an education
beyond a high school degree. Participants with an educational background at or a below a high
school degree were categorized as having low educational attainment (Low-Ed).

Data Analysis

Once participants were dichotomized into MH+/MH- and Low-Ed/High-Ed, the analysis
focused on comparisons of risk beliefs, perceived risk, attitudes (semantic differentials), and
intentions measures using analysis of variance (ANOVA) that included age, gender,
race/ethnicity, and smoking dependence (FTND) as covariates. Statistical significance was
determined at an alpha level of .05.

Results

Sample characteristics are shown in Table 2. Participants were mostly over 30 years of
age and reported moderate cigarette dependence. The majority of participants identified as men,
and close to half reported Hispanic and Non-Hispanic Black or other race and ethnicity.
According to the criteria for current mental health symptoms, close to 44% of the sample
reported depressed mood and/or anxiety. Approximately 13% of the sample reported < high
school diploma or G.E.D. level of educational attainment.

Main Outcomes
Risk Beliefs
The findings from the risk belief measure are shown in Figure 1. Participants with an

MH-+ status were found to have significantly more false beliefs about the addictiveness of VLN
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cigarettes, F(1, 780) = 36.00, p <.0001. They were more likely than their MH- counterparts to
believe that VLN cigarettes do not reduce the risk of addiction to nicotine users. However, the
results indicate that they were not more likely to believe that VLN are less toxic than full-yield
cigarettes. In fact, those that met MH+ criteria had fewer false beliefs around VLN toxicity, F(1,
780) =7.90, p = .0051.

A similar pattern of scores was seen for participants with an education level at or below a
high school diploma/GED (Low-Ed group) when compared to those with higher education
(High-Ed group). The Low-Ed group had significantly higher false beliefs surrounding addiction,
F(1,780)=30.95, p <.0001, but not more false beliefs concerning VLN toxicity. Rather,
participants in the Low-Ed group were found to have fewer misperceptions about VLN toxicity,
F(1,780) = 6.79, p = .0093.

Perceived Risks

As shown in Figure 2, participants in the MH+ group perceived the risk for smoking
VLN cigarettes to be higher than did those in the MH- group, F(1, 780) = 51.03, p <.0001.
Conversely, they also perceived their usual brand of cigarettes to be /ess risky than their MH-
counterparts, (1, 780) = 56.71, p <.0001.

Similar results were found for those in the Low-Ed group. They significantly rated VLN
cigarettes as having a higher risk of causing health conditions than did those in the High-Ed
group, , F(1, 780) = 4.87, p = .0276, and they were also more likely than the High-Ed group to
rate their usual brand of cigarettes as safer F(1, 780) = 17.53, p <.0001.

Attitudes
As indicated in Figure 3, participants in the MH+ group had a significantly less positive

evaluation of VLN cigarettes than did those in the MH- group, F(1, 780) = 69.15, p <.0001.
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Participants with lower education were also less likely to have a positive attitude toward VLNs
when compared with their High-Ed counterparts, F(1, 780) = 20.88, p <.0001.
Intentions

These results are depicted in Table 2. Participants in the MH+ group and/or the Low-Ed
group were less likely to indicate that they intended to purchase VLN cigarettes when given the
opportunity to do so (Intent Item 1). Similarly, these groups were also less likely to report that

they would smoke only VLN if they were given them free for one month (Intent Item 2).

Discussion

Overall Findings

The results of this study confirm the expectation that some false beliefs are more
common in groups of smoking adults who also have a comorbid mental health condition and/or
have achieved low educational attainment. However, the original hypothesis that people in these
vulnerable populations would be less inclined to recognize the safety hazards of VLNs was not
supported by this research. Instead, results indicate that these populations were more likely to
misunderstand the addictive qualities of the products under study. MH+ and Low-Ed groups
were both significantly more likely to rate the true statement, "VLN cigarettes are less addictive
than regular cigarettes,” as false. Thus, the main marketing message of these cigarettes—that
their reduced nicotine content results in a reduced addictive value—appears to be less apparent to
smoking adults with a reported mental health condition and for those from low education
backgrounds.

Additionally, both vulnerable groups under study were more likely than their comparison
groups to rate their usual brand of cigarettes as safer than VLN products. Attitudes toward VLN

products were also significantly lower in the MH+ and Low-Ed samples, as was their reported
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intentions to purchase and/or smoke VLNSs in the future. In general, people in the vulnerable
groups were more likely to prefer their usual brand, even after viewing the advertisement for
reduced-nicotine cigarettes.
Strengths and Limitations

The study randomized participants so that they viewed a variety of message formats to
control for the possibility that it is the format—not the message itself—that influenced
participants' understanding of the product. Additionally, each vulnerability group under study
had a similar sample size, making it easier to reliably compare them to each other. And finally,
by using similar measures implemented by prior studies, this study can also be included in a
larger body of research on LNCs as a supplement to other completed works, making it especially
relevant to the field.

However, the study was limited in that it took place when the only VLN available were
located in the same metropolitan area, and all participants were residents of the region. It is
possible that cigarette consumers from Chicago differ meaningfully from the whole population,
and so nation-wide studies may show varied results. In a similar vein, this study only tested
perceptions of a single brand of LNCs. If the FDA were to implement the reduced nicotine
standard, we can expect that more LNCs from a range of brands will become available, and the
brand and additives that vary across manufacturers may further influence perceptions and use
patterns. And of course, as is the case with survey-based research, there is always the risk that
participants provided untrue responses that do not accurately reflect their beliefs and opinions.
Participants who did not fully read or reflect on prompts and measure items may increase the
variability of the results.

Implications and Future Research
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As cigarette companies and government officials alike consider next steps for cigarette
manufacturing and distribution, they will want to look at current smoking trends. And as this
study supports, smoking individuals from vulnerable populations may have a tendency towards
certain beliefs, perspectives, and attitudes toward cigarette products and government regulation
of them. While it was believed that labeling a cigarette product as an MRTP would result in more
optimistic views toward the product in question, this expected effect was not demonstrated
among participants. This is especially the case for those who reported having one or both
vulnerabilities under study.

Correspondingly, a significant number of participants from the vulnerable groups
reported no inclination to switch to VLNs. This poses several questions. Firstly, how can product
labels be made more effective for more cigarette consumers? Answering this question requires
the inclusion of how these labels are viewed by vulnerable groups, as smoking is more common
in these subsects of the population. Mercincavage et al. (2021) showed that individuals who
smoke were likely to ignore, misunderstand, and/or forget the message of the cigarette warning
label under study. The present study indicates that potentially there is a compounded risk for
smoking adults in vulnerable populations. Thus, research should be conducted to determine if
certain types of messages are more accessible for these specific populations. Are there some
advertising platforms that result in a better understanding of the products (for example, a textual
disclaimer accompanied by an image)? Should the name of the product be adapted so that it
better represents its content?

Additionally, this research provides information about attitudes and intentions that will
also be necessary to consider as future policies are reviewed and implemented. Because

participants with a greater number of false beliefs surrounding the addictiveness of VLNs were
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also more likely to have negative opinions of these products, it is possible that people will also
have a negative opinion of a government-enforced reduced nicotine standard. Although the
Higgins et al. (2020) study found that cigarette consumers with psychiatric conditions and/or at a
socioeconomic disadvantage could benefit from a transition to reduced nicotine products, the
present study shows that they are less inclined to even try them.

Further research could delineate the possibility of a causal relationship between false
beliefs and patterns of use which could inform how policymakers could address the lack of
support toward VLNs in vulnerable groups of cigarette consumers. Knowing the attitudes and
beliefs surrounding VLNSs can also inform policymakers as they determine whether a reduced
nicotine standard should be implemented on the federal level. The association between attitudes
and intentions of use could be significant as governing agencies consider the potential
ramifications of statewide nicotine reduction policy. For instance, cigarette consumers who
strongly prefer their usual brand may be motivated to travel to a state in which that brand is still
sold, similar to the trend that was found when certain states banned the distribution of nicotine
vaping products (Cheng et al., 2024). This could significantly impact the effectiveness of this
regulatory policy. Future studies should investigate how attitudes and intentions toward VLNs
may influence sales in a real-world market when LNCs are the only cigarette available to
purchase.

Notably, the present study only included participants who did not report a willingness to
quit in the near future. It will be important to assess how attitudes toward VLNs may be affected
by an increased desire to quit, and how that could influence VLN consumption. Additionally, it

will be necessary to further research beliefs and attitudes surrounding VLNs among groups of
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people who do not currently smoke but are interested in doing so, again testing to see if these
beliefs influence cigarette consumption.

In summary, the present study found that cigarette users with low educational attainment
and/or a mental health condition were more likely to believe VLN are as addictive as full-yield
cigarettes. Overall, they rated their usual brand of cigarettes more positively than did their in-
study counterparts, with more negative appraisals of VLNs. These findings suggest that a
reduced nicotine standard and accompanying MRTPs with reduced risk messaging may be
misinterpreted by vulnerable populations. More research is needed to examine how vulnerable
populations use LNCs in relation to other nicotine products on the market, specifically when

LNC:s are the only combusted tobacco products available to purchase.
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Table 1

Items from Risk Perception Scale

Statement Accuracy
VLN cigarettes are lower in nicotine than regular cigarettes True
VLN cigarettes are lower in tar than regular cigarettes False
VLN cigarettes are less addictive than regular cigarettes True
VLN cigarettes are less likely to cause cancer than regular cigarettes False
VLN cigarettes have fewer chemicals than regular cigarettes False
VLN cigarettes are healthier than regular cigarettes False
VLN cigarettes make smoking safer False
VLN cigarettes help people quit smoking True

Note. Items adapted from Mercincavage et al. (2017).
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Table 2
Participant Characteristics
N 789
Age [mean (SD)] 34.00 (6.8)
Smoking Dependence (FTND) 5.6 (1.5)
Gender [n (%)]
Women 264 (33.1)
Race/Ethnicity
Hispanic 88 (11.2)
Non-Hispanic Black/Other 243 (30.8)
Non-Hispanic White 457 (57.9)
Mental Health (MH+) 347 (43.9)

Low Educational Attainment (Low-Ed) 105 (13.3)

Note. SD is standard deviation. FTND is Fagerstrom Test of Nicotine Dependence (Heatherton et
al., 1991).
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Table 3

Intentions To Use VLNs —Odd Ratio Estimates

Category Point Estimate Confidence P-Value
Limits
Intent Item 1 Low-Ed 0.363 0.220 - 0.601 <.0001
MH+ 0.345 0.253 -0.470 <.0001
Intent Item 2 Low-Ed 0.327 0.207 -0.517 <.0001
MH+ 0.160 0.116 — 0.222 <.0001

Note. Compares intentions of vulnerable samples (MH+ or Low-Ed) with the non-vulnerable
sample.
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Figure 1

False Beliefs of VLN Toxicity and Addictiveness Among Vulnerable Individuals

Addictiveness False Beliefs Toxicity False Beliefs

2.0 54
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: e
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Vulnerability Category Vulnerability Category

Note. 1llustrates the average false belief scores regarding addictiveness and toxicity, respectively.
Score are marginal means adjusted for covariates (age, gender, race/ethnicity, and FTND) and are
represented according to vulnerability category (MH+ or Low-Ed) and according to the presence
or absence of the respective vulnerability (“Meets Criteria” or “Does Not Meet Criteria”). Error
bars are the standard error of the mean.
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Figure 2

Perceived Risk Measures Among Vulnerable Individuals
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Note. lllustrates the average risk score participants gave VLN cigarettes and their usual brand of
cigarettes, respectively. Scores are marginal means adjusted for covariates (age, gender,
race/ethnicity, and FTND) and are represented according to vulnerability category (MH+ or
Low-Ed) and according to the presence or absence of the respective vulnerability (“Meets
Criteria” or “Does Not Meet Criteria”). Error bars are the standard error of the mean.
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Figure 3

Attitudes Toward VLNs Among Vulnerable Individuals — Semantic Differentials

Bl Meets Criteria
I Does Not Meet Criteria

Mean Score

MH+ Low-Ed
Vulnerability Category

Note. Compares attitudes towards VLNs with scores averaged across the eight items on the
semantic differential scale. Scores are represented according to vulnerability category (MH+ or
Low-Ed) and according to the presence or absence of the respective vulnerability (“Meets
Criteria” or “Does Not Meet Criteria”). Error bars are the standard error of the mean.
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