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Introduction 

The recreational use of tobacco products materialized centuries ago, with almost every 

part of the world taking part in this behavior in some capacity (Hammond, 2009). Throughout 

history, a global slew of shifting cultural norms and ideals has contributed to dynamic 

perceptions of tobacco product usage and, therefore, nicotine consumption (Hammond, 2009). 

As the popularity of these products has fluctuated, so have their impacts on the world’s medical 

and economic sectors, forming fascinating cycles of clinical and legislative responses. More 

specifically, within the United States, a lack of ongoing research focused on types of nicotine 

consumption has constructed patterns of significant inaction followed by rapid changes in order 

to counter the consequences of various nicotine-containing products. Organizing consistent 

research efforts, however, could help to establish more efficient preventative methods for this 

global health issue. Most recently, the introduction of electronic cigarettes (also known as 

e-cigarettes or vapes) has again demonstrated the need for more thorough and persistent research 

in light of an expanding health crisis (Centers for Disease Control and Prevention, 2019). 

Many tobacco and nicotine products have a complicated history regarding their health 

perception. At the height of cigarette popularity in the United States, it was common for tobacco 

companies to pair with physicians to make advertising claims such as “More doctors smoke 

Camels than any other cigarette” and “20,679 physicians say Luckies are ​less irritating​” (Little, 

2018). Unfortunately, it was not until decades later2 that scientists linked smoking to lung cancer 

(Proctor, 2012). Since this discovery, blunt warnings concerning cigarettes and related products 

have gained prevalence. For example, in 2006, the World Health Organization (WHO) stated, 
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“cigarettes are among the most deadly and addictive products ever produced by mankind. When 

used as intended…they kill approximately one-half of their users” (WHO, 2006). Although that 

particular statement was issued over ten years ago, today, according to the Centers for Disease 

Control and Prevention (CDC), “smoking is the single largest preventable cause of death and 

disability in the United States” (2017a). Smoking kills more people than HIV/AIDS, TB, and 

malaria do combined, although smoking is the most choice-directed and preventable (WHO, 

2018).​ ​Further, 14% of adults in the United States still report using cigarettes, with 75% of them 

smoking every day (CDC, 2017b).  

The continued use of cigarettes despite such clear cautioning about their effects can be 

largely attributed to the addictive nature of nicotine (Stolerman & Jarvis, 1995). Only about 19% 

of smokers are successful in quitting (Viswesvaran & Schmidt, 1992). To further complicate the 

situation, most smokers have to make multiple attempts before successfully quitting (United 

States Department of Health and Human Services, 2011), implying that smokers must be highly 

motivated and tenacious to succeed in cessation. In 2006, electronic cigarettes were introduced to 

the world as a potential cessation tool (Hajek et al. 2014). The products were designed to 

simulate the experience of smoking while significantly reducing a person’s exposure to nicotine, 

tobacco, and other additives in traditional cigarettes (Kaisar et al., 2016). Although the invention 

was initially slow to gain traction, e-cigarette use drastically increased in popularity in 2015 with 

the founding of JUUL Labs, Inc., a company specializing in the creation of sleek, 

modern-looking e-cigarette devices (JUUL Labs, Inc., 2019). Within two years of the company’s 

founding, JUUL products alone made up 40% of the entire e-cigarette market (Huang et al., 

2018). 
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Despite their stated mission “to improve the lives of the world's one billion adult smokers 

by eliminating cigarettes,” (JUUL Labs, Inc., 2020), JUUL managed to bring a whole new 

dilemma to the table: the recreational use of their devices by youth and young adults who had 

never smoked before. According to the 2019 Monitoring the Future (MTF) Survey conducted by 

the United States’ National Institute of Drug Abuse, “One in 4 twelfth-graders say they vaped 

nicotine in the past month, along with 1 in 5 tenth-graders, and nearly 1 in 10 eighth-graders.” 

Youth gained interest in JUUL devices for several reasons, none of them connecting to cessation 

purposes. The MTF survey states, “Many teens say they vape for the flavor, to experiment, for 

social reasons, or to feel good.” In 2019, 20.7% of eighth-graders, 36.4% of tenth-graders, and 

40.5% of twelfth-graders reported having ever tried a nicotine vaping product (Miech et al, 

2019). To further compound the issue, some research indicates that JUUL devices may serve as a 

gateway for the use of other tobacco products by children and young adults (Kaisar et al., 2016), 

completely reversing the intended purpose of JUUL devices.  

In addition to influencing an incredibly vulnerable audience, the effectiveness of 

e-cigarettes as a cessation tool for adults is questionable. Existing literature pertaining to their 

short- and long-term effects are largely contradictory or inconclusive (Kaisar et al., 2016). This 

deficit in knowledge proved to be especially problematic in 2019, as e-cigarette use was linked to 

several thousand hospitalizations, cases of lung damage, and deaths in the United States (CDC, 

2019a). As the problem increased in severity, the government quickly began to roll out 

legislative solutions. For example, in September of 2019, the Trump administration announced 

plans to remove all flavored e-cigarette products from the market as a response to the outbreak 

(Peltz, 2019). In early November, however, Trump refused to sign his own decision memo, 
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stating that his proposed ban would lead to significant job losses within the country (Kelly, 

2019). Instead, the minimum sales age for all tobacco purchases was increased from 18- to 

21-years-old throughout the country in order to make it more difficult for young adults to obtain 

the products (Howard, 2019). Because most youth e-cigarette users were already under the age of 

18, however, the ban may not make as dramatic a difference as one would hope. At the 

beginning of 2020, the Trump administration did impose a partial flavor ban, calling for the 

removal of mint- and fruit-flavored products, the flavors most often used by youth, from market 

shelves and preserving the sale of menthol products (Alltucker, 2020). Due to how recently these 

policies were established, the effectiveness of these changes in curbing underage use of 

e-cigarettes remains unclear. 

Considering how closely related e-cigarettes are to traditional nicotine-containing 

products, it is interesting to consider how little attention has been directed towards researching 

the potential consequences and impacts of e-cigarettes. One reason as to why this type of 

research was neglected may be tied to the importance of e-cigarettes and other tobacco products 

within the national and global economies. The economic impact of nicotine products goes 

beyond the sales between companies and users. Instead, it also encompasses the money that 

companies pour into the economy on marketing, testing, and employment. For example, the 

CDC notes that “e-cigarette companies have rapidly increased advertising spending, from $6.4 

million in 2011 to $115 million in 2014.” (CDC, 2017b). This number has only continued to 

increase, as the United States Federal Trade Commission (FTC) reports that in 2017, “tobacco 

companies spent $9.36 billion marketing cigarettes and smokeless tobacco in the United States. 

This amount translates to more than $25 million each day, or more than $1 million every hour” 
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(2019). This amount is nearly five times more than the United States spends on advertising and 

marketing alcoholic beverages (Strasburger, 1999). Therefore, completely eliminating tobacco 

companies from financial systems could influence other private and public sectors. Further, this 

influence extends to the global economy. One account states that the sale of tobacco products 

“produces huge tax revenues for most governments, especially in high-income countries, as well 

as employment in the tobacco industry” (Ekpu & Brown, 2015). The widespread effect of 

tobacco and nicotine on many economies likely contributes to the hesitance government officials 

have to fund research investigating health concerns that may indirectly call for a negative impact 

on the economy. 

As Dr. Neal Benowitz, a prominent physician who has focused much of his career on the 

effects of tobacco dependence, stated in a 2010 review article, “Tobacco addiction involves the 

interplay of pharmacology, learned or conditioned factors, genetics, and social and 

environmental factors (including tobacco product design and marketing).” The current thesis 

aims to further investigate this interdisciplinary nature of the current vaping crisis in the United 

States via several objectives. More specifically, this project seeks to better understand the recent 

spike in e-cigarette popularity by analyzing trends of tobacco usage and nicotine consumption in 

a historical context. Additionally, this project will investigate the medical and economic 

influence that e-cigarettes have in the United States, arguing that the United States has largely 

ignored the importance of proactive, continued, and medically-based research on 

nicotine-containing products due to the notable influence these items have on the economy.  

Moreover, in an effort to emphasize the need for consistent research on e-cigarettes and 

their constituents while also contributing to the current pool of available studies, the current 
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thesis includes a research project which investigates the impacts of e-cigarette liquids on the 

behavior of larval zebrafish (​Danio rerio​). Although rodent models have previously proven to be 

useful in pharmacological studies, they are more expensive and take longer to develop than 

zebrafish (Kimmel et al., 1995). Zebrafish can be tested much more quickly and at a lower cost 

than rodent or non-human primate models, making them a useful screening tool for 

pharmacology before a potential medication advances to rodent, non-human primate, or human 

trials (Grunwald & Eisen, 2002; Kimmel et al., 1995; Stewart et al., 2014). Previous research has 

found that about 20% of larval zebrafish seek nicotine (Schneider et al., 2018). The current study 

is designed to better understand how e-cigarette liquids and their components influence 

previously established levels of seeking-behavior.  

Finally, this thesis aims to better understand how current and potential users of 

e-cigarettes should approach these devices. Despite the many illnesses and deaths linked to 

e-cigarettes, many researchers believe that vaping is safer than smoking traditional cigarettes. 

Research further states that the secondhand smoke from e-cigarettes is likely less harmful than 

the byproducts of combustible tobacco products (Hajek et al., 2014). With respect to current 

legislative actions and clinical implications surrounding e-cigarettes, the final objective of this 

project is to determine whether there are any benefits to e-cigarettes, and how those benefits can 

be reaped considering the many complications associated with vaping.  
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A Brief History of Tobacco and Nicotine 

Tobacco has a history spanning thousands of years in North America, with its first 

cultivation taking place around 6000 BCE (Brandt, 2007). Beginning at approximately 1 BCE, 

the crop was used in Native American religious ceremonies and medical practices (Brandt, 

2007). When Europeans reached America in 1492, the indigenous people offered dried tobacco 

as a gift to the colonists. At first, the settlers did not immediately understand the plant’s value, 

accepting the gift but not fully comprehending its use and potential (Hammond, 2009). They 

eventually realized, however, that tobacco possessed qualities that made it especially desirable 

and useful for trade. In 1612, John Rolfe was the first settler to grow tobacco in North America 

at his plantation in Jamestown, Virginia, launching the commercialization of the plant and 

marking the beginning of its economic influence (U.S. National Park Service, 1998). Within the 

decade, tobacco became the leading export in the United States (U.S. National Park Service, 

1998).  

During this early phase of tobacco’s history in North America, many people embraced 

the Native American’s belief in the medicinal powers of the plant, especially for colds and fevers 

(Charlton, 2004). At the onset of its popularity, the tobacco grown by settlers was used for 

pipe-smoking, snuffing, and chewing (Brandt, 2007). Over time, the use of tobacco became more 

leisurely and reliance on its curative uses was minimized. In the early 1800s, cigars gained 

notable popularity in the United States as a more recreational means of consuming tobacco and 

nicotine (Altman, 2009). While the introduction of cigars certainly increased tobacco 

consumption in the United States, the automation of cigarette production completely 

revolutionized the tobacco industry (Burns et al., 1997).  
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James Albert Bonsack developed the first cigarette-making machine in 1881, an 

invention that significantly increased cigarette production and allowed for a significant rise in 

distribution (Witschi, 2001). Prior to Bonsack’s invention, the habit of smoking cigarettes was 

considered especially glamorous as cigarettes were almost exclusively used by the wealthy elite 

(Rodrigues, 2009). This was largely due to the fact that cigarettes had to be hand-rolled, a slow 

process that yields little output, with one person typically rolling about 200 cigarettes in a day 

(Burns et al., 1997). Bonsack’s machine, on the other hand, could produce 120,000 cigarettes in 

approximately 10 hours (Burns et al., 1997). The ability to mass-produce cigarettes made them 

more accessible to the general public, and soon the means of tobacco consumption began to shift. 

In 1900, cigarettes went from composing 2% of tobacco consumed in the United States, whereas 

chewing tobacco made up 50% of consumption (Hammond, 2009). Fifty years later, cigarettes 

constituted 80% of the country’s tobacco consumption (Hammond, 2009).  

A 1999 study by the CDC analyzing smoking trends in the United States throughout the 

20th century found several factors, in addition to the rise of mass production, that contributed to 

the increase in smoking during this period. These factors include: “the introduction of blends and 

curing processes that allowed the inhalation of tobacco, the invention of the safety 

match…transportation that permitted widespread distribution of cigarettes, and use of mass 

media advertising to promote cigarettes” (CDC, 1999). All of these factors significantly 

increased the ease by which people could obtain cigarettes. Throughout the 20th century, more 

people were drawn to cigarettes than ever before, but with little knowledge of exactly why their 

appeal was so strong or of the impacts that these products could possibly have on the user’s 

health. 
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While tobacco was increasing in popularity throughout North America, other parts of the 

world were trying to better understand the addictive qualities of the crop. Two German 

physicians were the first people to extract nicotine from tobacco in 1828. Wilhelm Heinrich 

Posselt and Karl Ludwig Reimann concluded that the chemical compound they discovered was 

responsible for the addictive qualities of tobacco products (Goodman, 2005). Additionally, they 

demonstrated that the compound possessed poisonous characteristics, causing hypertension and 

various types of organ malfunctions in dogs and rabbits (Mishra et al., 2015). They ended their 

report by declaring strong suspicions that the chemical would also have harmful effects on 

humans (Goodman, 2005). Despite the alarming conclusions Posselt and Reimann drew from 

their studies, the scientific community expressed minimal interest concerning further research 

efforts on nicotine and its effects. Consequently, tobacco remained a staple crop around the 

world and its use continued to serve as a favored pastime in the United States (Goodman, 2005).  

It was not until nearly a century later that the first connection between smoking and lung 

cancer was reported, although the study only presented correlational data. In 1912, Isaac Adler, 

another German physician, reported that smoking was likely to blame for an increase in lung 

tumors found during the autopsies of soldiers from German tobacco workers (Proctor, 2012). 

Due to the lack of causal information, society expressed minimal concern and little change came 

about in response to the findings. Several more decades passed before the American Cancer 

Society finally released its first warning to smokers in 1944 suggesting that cigarettes may 

influence a user’s susceptibility to developing lung cancer. (U.S. Department of Health and 

Human Services, 2014). This initial announcement, however, did little to affect the general 
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public’s loyalty to their tobacco products and cigarettes remained America’s choice of tobacco 

product (Hammond, 2009), likely due to the ambiguous nature of the available data.  

From there, the American Cancer Society sought to conduct its own research on the link 

between cigarettes and cancer. In 1952, Dr. E. Cuyler Hammond and Dr. Daniel Horn were hired 

to conduct a study following approximately 188,000 American men aged 50 to 69 (Mendes, 

2014). The men were interviewed extensively about their cigarette use. For about 20 months, 

researchers checked in on the men to determine whether or not they were still living. If the 

participants had died since the last check-in, the researchers obtained their death certificate to 

determine their cause of death. Hammond and Horn found that men who had smoked cigarettes 

had a significantly higher death rate than men who consumed tobacco through other means and 

men who did not use tobacco at all. They also noted that the cause of death for men who smoked 

cigarettes was typically cancer or heart disease (Hammond & Horn, 1958). When this data was 

first presented in 1954, it was the largest and most convincing study on the subject, even 

influencing Hammond and Horn to give up cigarettes themselves (Mendes, 2014). 

After obtaining this preliminary data, Hammond continued to work with the American 

Cancer Society on collecting evidence of the harmful effects of cigarettes. His work influenced a 

1961 letter to President John F. Kennedy urging him to create a coalition tasked to tackle this 

public health issue (Mendes, 2014). President Kennedy assigned the job to Luther Terry, the 

Surgeon General at the time. In 1964, with help from Hammond’s latest data, Terry made a 

landmark report on smoking in the United States, calling for more extensive research. This report 

stated that cigarettes were a cause of both lung and laryngeal cancers in men, a probable cause of 

lung cancer in women, and the single most important cause of chronic bronchitis (CDC, 2006). 
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As a result of this report, many scientists and doctors began to focus on the relationship between 

smoking and cancer at this time (Mendes, 2014). As a result of Terry’s report and the resulting 

studies, the United States began to respond to warnings regarding nicotine with unprecedented 

urgency. 

Eleven days after Terry’s announcement, the FTC required that cigarette manufacturers 

place warning labels on all of their products (Cummings, 2002). As a result, cigarette sales began 

to decline, but manufacturers began to advertise their “filtered” cigarettes, marketing them as a 

safer alternative that would not expose the user to as many harmful toxins (Cummings, 2002). 

Research has since established that negative health outcomes of filtered and unfiltered cigarettes 

are the same, indicating that the filtered versions do not provide a health advantage, with some 

studies even claiming that the filtered versions pose an even greater health risk (Hall, 2017).  

Throughout the 50 years that have passed since Terry’s 1964 report, many new control 

mechanisms have been established to hinder smoking. For example, tobacco advertising 

decreased, the circulation of public warnings increased, and cigarette taxes were implemented 

(CDC, 2006). Since the establishment of these early policies, smoking in the United States 

smoking rate has dropped by approximately 50% (Mendes, 2014). While this drop is certainly 

significant and a step in the right direction, the CDC estimates that smoking still kills more than 

480,000 Americans every year (CDC, 2017b). In other words, although the problem of cigarette 

and tobacco use has slowly diminished, a severe public health issue still exists.  

The sustained prevalence of smoking likely exists due to the physical and psychological 

hardships that frequently accompany cessation attempts. In a 2018 report, the American Heart 

Association stated that “Nicotine is addictive – reportedly as addictive as cocaine or heroin.” 
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With this statement, the American Heart Association communicated two main points: 1) 

Nicotine addiction is just as serious and concerning as other kinds of drug addictions, and 2) 

Quitting is hard. With this kind of severe addiction comes the emergence of withdrawal 

symptoms when people try to give up smoking. These symptoms include experiences such as: 

“irritability, frustration or anger, anxiety, dysphoric or depressed mood, restlessness, difficulty 

concentrating, insomnia… cough, dizziness, increased dreaming, and mouth sores” (Hatsukami, 

Stead, & Gupta, 2008). In an effort to avoid these symptoms, people often relapse as they lean 

into the temptation of immediate gratification. In other words, users may conceptualize the 

immediate experience of quitting as more unpleasant than the potential of developing the various 

long-term consequences of smoking. As a response to the tension between the short-term effects 

of cessation and the long-term effects of prolonged use, a continuously-growing market of 

cessation programs and devices has emerged to help mitigate the experience of withdrawal 

symptoms and assist patients in kicking their habit of smoking.  

Some of the most common cessation programs include combinations of pharmacological 

interventions, psychotherapeutic methods, and nicotine-replacement therapies (Hatsukami, 

Stead, & Gupta, 2008). The effectiveness of each of these programs is highly variable. Just as the 

likelihood of an individual developing a nicotine addiction depends on a combination of genetic 

and environmental factors, the effectiveness of treatments also depends on many of the same 

elements  (Hatsukami, Stead, & Gupta, 2008). Because of the inconsistency of success amongst 

these treatments, an ongoing search exists for a more reliable device.  

In response to this important search, the e-cigarette was invented by Chinese pharmacist 

Hon Lik in Hong Kong in 2003 (Hajek et al., 2014). The devices generally consist of a 
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mouthpiece where the user inhales vapors, a cartridge that contains a nicotine solution dissolved 

in propylene glycol and/or glycerin, a heating element that turns the nicotine solution into vapor, 

a microprocessor that activates the heating element when the mouthpiece is used, and a battery 

(Goniewicz et al., 2013). The e-cigarette was a popular choice for people interested in quitting 

because the original design looked just like a cigarette, giving the user the experiential 

component of smoking while allegedly eliminating many of the concerning contents of 

traditional cigarettes. Further, at this time the world began to widely accept the fact that cigarette 

smoke is toxic to both the user and those who were just in close proximity to the smoke. 

E-cigarettes were designed to be less toxic to all parties, therefore enhancing their overall appeal 

as users began to believe that they would be able to use the product anywhere, regardless of 

preexisting smoking laws banning cigarette use in many public areas (Grana, Benowitz, & 

Glantz, 2014). 

E-cigarettes were first introduced to the United States in 2006 (Hajek et al. 2014). 

Although manufacturers enthusiastically advertised these products as a cessation tool, little 

empirical evidence backed up their claims. In 2008, WHO asserted that it did not consider 

e-cigarettes a valid smoking cessation device, demanding that companies remove any 

advertisements implying efficacy (World Health Organization, 2008) for the time being. 

Regardless of this uncertainty, Americans still took faith in e-cigarettes, showing an increased 

interest in these products. This behavior undoubtedly warrants continued research on the ability 

of e-cigarettes to curb smoking habits. The inflexibility of American smokers in 2008 reflected 

smokers’ behaviors in 1944 when large-scale public announcements began to circulate regarding 

the dangers of traditional cigarettes. Researchers began to respond again with studies attempting 
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to confirm the underlying processes of this unconventional means of smoking and its influence 

on the human body. 

The United States Food and Drug Administration (FDA) published its first studies in 

2009, attempting to answer basic questions regarding e-cigarettes. They first tested two brands of 

e-cigarettes, NJOY and Smoking Everywhere, to determine the amount of nicotine in each 

product. Although both brands were advertised as nicotine-free products, the FDA found that 

both products contained low-levels of nicotine (FDA, 2009). Two months after this conclusion, 

the FDA released a warning to consumers about the risks of using e-cigarettes. In this warning, 

the FDA stated concerns that “consumers currently have no way of knowing whether e-cigarettes 

are safe for their intended use” (2009). Additionally, for the first time, the FDA warned that 

“e-cigarettes can increase nicotine addiction among young people and may lead kids to try other 

tobacco products, including conventional cigarettes” (2009). Although research skeptical of 

e-cigarettes was gaining traction, the e-cigarette market was quickly expanding. One study 

suggests that “In 2014, there were an estimated 466 brands and 7764 unique flavors of 

e-cigarette products” (Dinakar & O’Connor, 2016). Although the use of e-cigarettes at this time 

was obviously common, it would soon skyrocket. In fact, the devices would eventually begin to 

influence the lives of millions of Americans beginning in 2015, the year that JUUL, Inc entered 

the equation (JUUL, Inc, n.d.).  

JUUL Inc. was founded by Stanford graduates Adam Bowen and James Monsees. Their 

device, simply known as a “JUUL,” was designed as a fresh take on e-cigarettes. Like most 

e-cigarette and vape products at the time, JUUL, Inc. was co-founded as an attempt to find an 

effective alternative for smoking. Both co-founders had been smokers themselves and attributed 
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their previous vice as a chief reason as to why their product had such an appeal amongst smokers 

(JUUL, Inc, n.d.). They used their insight on the various struggles smokers face in quitting to 

develop their idea, and their knowledge of industrial design to create a sleek product that 

appealed to many people. According to the JUUL website, Bowen and Monsees were so wildly 

successful in creating their product because “As smokers, they knew a true alternative to 

cigarettes would have to offer a nicotine level found in no other alternative on the market. It 

would also have to invite its own ritual. The result was JUUL” (JUUL, Inc, n.d.). Smooth, black, 

and discreetly resembling a flash drive, the devices have been referred to as “the iPhone of 

e-cigarettes” by several sources (Huang et al., 2014), and they have certainly become ritualistic 

for many groups, but not in the same manner that Bowen and Monsees proposed. 

Instead of adults using JUUL products for smoking cessation, youth and young adults 

have taken hold of the trend and are using these devices for recreation. Youth usage is alarming 

because adolescents and young adults are often unaware of the effects of e-cigarettes or carefree 

to the potential risks (Fadus et al., 2019). To further compound the issue, e-cigarettes often serve 

as a type of gateway device for other means of tobacco and drug use (Fadus et al., 2019). A 

meta-analysis by Fadus et al. (2019) found that e-cigarette use is positively associated with 

traditional cigarette and cannabis use. The study also found that adolescents and young adults 

using JUULs are three times more likely to be using these other products compared to 

age-matched controls who do not JUUL (Fadus et al., 2019).  

Although JUUL claims that they did not purposefully advertise their products to 

adolescents, not everyone believed that JUUL’s actions were unintentional. JUUL’s advertising 

techniques have been blamed a number of times for targeting this particular demographic group 
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(Mitchell & Young, 2019). In October 2019, Sheila Kaplan, an investigative reporter for the New 

York Times, criticizes JUUL’s advertising tactics on a podcast by ​The Daily​: 

Publically, JUUL is saying that they want to be an alternative for smokers. But the 

advertising and social media are really all about how cool JUUL is… JUUL takes on a 

very creative, silicon valley-like ad campaign. Ads that have attractive young people 

vaping in glamorous settings like the beach and concerts. They have influencers on 

Instagram and Facebook who are beautiful and in love and vaping together. (Mitchell & 

Young) 

Furthermore, the New York Times article claims that JUUL “began targeting consumers 

in their 20s and early 30s… in a furious effort to reward investors and capture market share 

before the government tightened regulations on vaping” (Creswell & Kaplan, 2019). In other 

words, some groups believe that JUUL had always plotted to target these specific groups, while 

others believe that their advertising was a result of legal pressures. The FDA made it necessary 

for e-cigarettes to include health warnings on their products (Fadus et al., 2019), but by this 

point, the damage was already done. As a result, JUUL is facing hundreds of ongoing lawsuits. 

Some of these lawsuits address the aforementioned advertising concerns, while others pose 

claims that the company’s products were linked to the development of various health problems in 

users, ranging from nicotine addiction to lung cancer (Ducharme, 2019).  

On November 13th, 2018, because of FDA regulations, JUUL removed all posts from 

their Instagram account, aside from a message stating that the account would become inactive 

following the current post (Fadus et al., 2019). Although their Twitter account once displayed 

celebrity testimonials and colorful photos displaying their range of flavors, the account now 

24 



 

features research efforts, and many of the tweets are focused around preventing underage vaping. 

Today, JUUL’s official YouTube channel only features testimonials of adults who stopped using 

combustible tobacco products in favor of JUULs as opposed to the upbeat commercials 

showcasing the JUUL’s modern design (Fadus et al., 2019).  

Unfortunately, these changes came too late for many users. In June of 2019, patients 

began to enter hospitals around the United States complaining of pneumonia-like symptoms, 

such as weight loss, shallow breath, and increased fatigue (Abbott, 2019). Considering that 

pneumonia cases are far more prevalent during the colder months of Winter, doctors were 

especially stumped by the timing of these complaints (Abbott, 2019; Butala et al., 2019). Health 

care professors quickly discovered a striking commonality between all of these unseasonal cases: 

all patients used vaping devices or e-cigarettes (Abbott, 2019). Not long after this discovery, the 

United States reported its first death related to an e-cigarette, or vaping, product use-associated 

lung injury (EVALI). As of February 18th, 2020, the CDC reported 2,807 hospitalized EVALI 

cases from all 50 states, the District of Columbia, and two U.S. territories (Puerto Rico and the 

U.S. Virgin Islands). Further, 68 deaths had been confirmed in 29 states and the District of 

Columbia.  

These alarming statistics pushed the world to the quickest, most dramatic actions it had 

ever taken in response to a nicotine product. China banned the devices from online markets, and 

they are completely banned in India (Diaz, 2019). Massachusetts placed a four-month ban on the 

sale of vaping products and Walmart completely stopped selling e-cigarettes. The United States 

government was in the spotlight as the world awaited its response.  
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As opposed to acknowledge a dire need for increased research on e-cigarettes and exactly 

how they were producing these symptoms, the government reacted to the illnesses and deaths by 

quickly imposing several legislative actions. In early September of 2019, the Trump 

administration proposed a ban on all flavored tobacco products in order to minimize youth use of 

e-cigarettes. Trump later feared that a strict ban would have a significant negative influence on 

unemployment, causing hundreds of tobacco workers to lose their jobs. Instead, the 

administration chose to raise the legal age to buy tobacco products to 21 in December of 2019 

(Howard, 2019). The legal age increase was catalyzed by a statistic from the Surgeon General 

claiming that 95% of smokers begin using tobacco before 21 (Preston, 2019). Research has 

supported this claim; according to Jordan & Andersen (2017), “As individuals continue to 

mature between 13 and 21 years, the likelihood of lifetime substance abuse and dependence 

drops 4-5% for each year that initiation of substance use is delayed.” The thought process behind 

the legal age increase is, if people are not smoking before age 21, they may never start.  

Many health and law officials did speculate that the age increase would be strong enough 

to curb current smoking and vaping habits among youth, so at the beginning of 2020, the FDA 

passed a ban on mint- and fruit-flavored e-cigarette products. This ban was much more narrow 

than the one that the Trump administration proposed in early September of 2019, as the current 

restrictions still allow for menthol- and tobacco-flavored products to be sold with minimal. 

Further, the ban temporarily allows vape and smoke shops to continue selling flavors from 

open-tank systems where customers can mix their own nicotine with various flavoring agents. 

While the ban is not perfectly restrictive, in combination with the raised tobacco age, it does 

have the potential to combat a large portion of youth use (Alltucker, 2020). 
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While the government was rapidly issuing these back-to-back policy changes, the CDC 

pushed out an important announcement regarding the Summer’s medical cases, stating, 

“National and state data from patient reports and product sample testing show 

tetrahydrocannabinol (THC)-containing e-cigarette, or vaping, products… are linked to most 

EVALI cases and play a major role in the outbreak” (CDC, 2019a). In other words, physicians 

found that many of the people experiencing effects vaped a combination of THC, the active 

chemical in marijuana, and nicotine, implying that companies like JUUL were not responsible 

for the majority of the hospitalizations. Because THC is still illegal in the United States and 

therefore is not federally regulated, users often resort to the black-market to get their devices 

(Sawrey, 2019). These illicit devices are sometimes called “dank vapes,” and almost all of them 

contain Vitamin E acetate, the substance that may be the culprit behind this particular lung 

disease (Sawrey, 2019). Dank vapes use Vitamin E acetate to increase the size of the smoke 

cloud a user blows after using their e-cigarette or vaping device, and it was found in the lungs of 

the majority of EVALI patients (CDC, 2019a). Conversely, this compound is not found in solely 

nicotine-containing, federally regulated e-cigarette and vaping products.  

With all of these things in mind, it is important to note that still, not all of the illnesses 

and deaths were linked to marijuana vaping; some patients contracted EVALI by only using 

nicotine-containing e-cigarettes. Further, just because nicotine-only products did not necessarily 

cause the hospitalizations does not mean that they are not having other, potentially major, 

negative impacts on the body. There is currently minimal data regarding the long-term impacts 

of e-cigarette use, meaning that continuous users could be subject to developing illnesses just as 

long-term cigarette users are more likely to develop heart disease and lung cancer (CDC, 2006).  
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Additionally, some studies argue that e-cigarettes actually are effective as a cessation 

device (Brown et al., 2014; Rahman et al., 2015), implying that changing policies may be 

causing unnecessary stress to adults who are appropriately using the products to quit traditional 

cigarette use. Although government-issued policies are making attempts to curb smoking habits, 

these ventures are focused primarily on youth and young adults, largely ignoring the influence of 

these products on adults. A lack of research on this area combined with the increasing amount of 

policy changes makes it difficult to tease out whether or not e-cigarettes are truly effective when 

used appropriately by adults for cessation purposes. Although laws have largely restricted many 

aspects of e-cigarettes and their components, these devices still need to be thoroughly analyzed 

in order to better understand any potential efficacy they have when used appropriately.  

In addition, the legislative changes are riddled with loopholes that could potentially 

diminish their overall effectiveness. For example, just as underage individuals find ways to 

access alcohol, adolescents can certainly manage to enable the continued use of e-cigarettes and 

vaping products. Therefore, e-cigarette use still remains a critical issue to be researched, as does 

tobacco consumption at large. In 2018 alone, United States tobacco farms harvested over 533 

million pounds of the crop, showcasing the strong ties the country continues to have with 

tobacco and its uses (U.S. Department of Agriculture, 2019). The current state of tobacco use 

and abuse in the United States continues to call for prolonged and intensive research on potential 

cessation therapies that yield consistently high success rates. With so many unanswered 

questions still surrounding tobacco, e-cigarette, and nicotine use, there is a great need to further 

investigate the potential medical consequences and an array of scientific unknowns underlying 

these products before adopting further policy changes. 
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Medical Consequences and Scientific Unknowns 

E-cigarettes have a significant influence on society, yet numerous aspects of these 

devices remain unexplored. This lack of research makes it especially difficult to accurately 

assess the true effects of e-cigarettes on both smoking cessation and general health outcomes. In 

1999, the CDC asserted that “research is needed to determine whether new ‘highly engineered’ 

products can reduce the harmful effects of tobacco or whether the mistakes associated with low 

tar and nicotine cigarettes will be repeated.” While e-cigarettes have yet to produce as negative 

of an impact as traditional cigarettes, a troublesome pattern, one of ignoring a need for research 

until an enormous problem emerges, may still develop. Despite the CDC’s early advice, initial 

research efforts on e-cigarettes were minimal, and the few studies that were published did not 

receive widespread promulgation. Further, many of these early studies focused on the 

effectiveness of these products on cessation attempts rather than on the physical effects they have 

on the body. After the 2019 outbreak of EVALI cases, policy changes trumped over research 

efforts, leaving many unanswered questions regarding exactly how e-cigarettes impact health. 

Considering that e-cigarettes containing only nicotine made up a small percentage of the EVALI 

illnesses and deaths (CDC, 2019a), it is crucial to better understand which aspects of these 

products could have contributed to the observed negative health outcomes. 

On the other hand, some of the unknowns accompanying e-cigarettes could provide 

useful explanations as to why these products increase the rate of traditional cigarette cessation 

success among some groups of users. In studies focused on adults who use e-cigarettes as a 

cessation therapy, numerous researchers report optimistic conclusions about these devices 
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(Brown et al., 2014; Rahman et al., 2015; Siegal et al., 2011). Unfortunately, many of the 

legislative changes focused on curbing adolescent e-cigarette use also make it more difficult for 

adults to obtain their preferred vaping products, especially if they had previously relied on 

flavoring agents. This difficulty can potentially create a huge hurdle in a person’s journey to quit 

smoking. The tension between observed negative health outcomes within some individuals and 

observed cessation success in others calls for more refined studies about e-cigarettes to confirm 

their actual benefits and detriments. 

Perhaps one explanation underlying the lack of early research on e-cigarettes and their 

health impacts stems from how quickly the devices evolved during their first several years on the 

market (Dinakar & O’Connor, 2016). Some researchers claim that various “generations” of 

e-cigarettes can produce different effects and consequences. For example, newer brands and 

models, like JUUL and NJOY, may be more satisfying to use than older models due to their 

overall appearance and discreteness, but may also produce more harmful effects depending on 

the contents of the liquid (Dinakar & O’Connor, 2016). An overwhelming number of e-cigarette 

products currently exist on the market, with one source reporting over 7,000 different kinds of 

flavors available for purchase, not including products that are inevitably purchased on the 

black-market (Dinakar & O’Connor, 2016). The chemical makeup of these chemicals varies, and 

therefore all of the chemicals have different effects on the human body. Therefore, researchers 

are faced with many choices when deciding which flavors and products to examine. Because the 

e-cigarette industry is largely dominated by JUUL, as the company holds approximately 75% of 

market shares, it is important for researchers to prioritize researching this specific device and 

how its components impact both negative health outcomes and cessation (LaVito, 2018).  
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JUUL attempts to be transparent about the components of their products, but the 

company provides minimal information on how these elements and their combination actually 

impact the human body. According to their website, JUUL pods contain a mixture of propylene 

glycol and glycerin, which work to create a visible vapor that resembles a smoke cloud (JUUL, 

Inc, n.d.). Notably, the long-term effects of the aerosolization and inhalation of two major 

components of all e-cigarettes, propylene glycol or vegetable glycerin are unknown, although 

their ingestion is FDA approved (Fadus et al., 2019). In addition to the propylene glycol and 

glycerin mixture, JUULs also contain benzoic acid. JUUL’s website states that benzoic acid “is 

an ingredient that when combined with nicotine as part of our nicotine salts formulation, helps 

provide cigarette-like satisfaction” (JUUL, Inc, n.d.). While chemists have found that benzoic 

acid makes nicotine salts easier to inhale, they have also uncovered the compound’s relation to 

several alarming side effects, such as significant nose, throat, and eye irritation when a person is 

exposed to it in its vapor form (National Center for Biotechnology Information, 2020). 

In addition to the propylene glycol and glycerin mixture and benzoic acid, JUUL states 

that its products contain “pharmaceutical grade nicotine from tobacco plants” (JUUL, Inc, n.d.). 

JUUL pods can contain up to 5% nicotine, compared to most other devices which hold 

concentrations of 1-3% (JUUL Labs, Inc., 2020). This high nicotine concentration makes their 

product especially addictive relative to other alternatives on the market, as nicotine is the active 

ingredient that triggers addiction (Blaha, 2020). While the mechanisms underlying e-cigarettes 

are still not completely understood, the negative effects of nicotine have been extensively 

investigated. One meta-analysis documented several alarming findings concerning the effects of 

nicotine on various organ systems. The meta-analysis documents several consistent findings that 
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emphasize the widespread effects of nicotine on the human body. According to Mishra et al., 

nicotine consumption decreases the heart’s efficiency, increases the risk of chronic kidney 

disease, leads to cancers of the lung, pancreas, breast and the gastrointestinal system, causes loss 

of penile erections and erectile dysfunctions, and causes immunosuppression (2015). Notably, 

this list is not comprehensive of all of the study’s findings, further demonstrating the strong 

relationship between nicotine and negative health outcomes (Mishra et al., 2015). Due to 

nicotine’s widespread adverse effects on body systems, as well as its addictive properties, the 

reviewers concluded that nicotine products should be under the control of a trained medical 

professional (Mishra et al., 2015).  

A different publication by Kennedy et al. (2019) reviews experimental studies that have 

investigated the effects of nicotine on the cardiovascular system. This review explains that the 

nicotine initiates a metabolic pathway which arouses the sympathetic nervous system, in turn 

stimulating the cardiovascular system and increasing myocardial contractility, heart rate, blood 

pressure, and coronary vasoconstriction. Additionally, the reviewers clarify that although 

e-cigarettes were designed to alleviate the cardiovascular influence of combustible tobacco 

products, they do not eliminate the problem because they still contain nicotine, which is the true 

culprit behind the cardiovascular effects observed after prolonged tobacco use. The researchers 

also mention that smokeless tobacco use is associated with fatal coronary artery disease, 

although existing research cannot tell whether this relationship is due to nicotine or due to other 

substances in e-cigarettes (Kennedy et al., 2019).  

The documented negative effects of nicotine are especially crucial to keep in mind when 

analyzing e-cigarettes as some researchers have found that people who use e-cigarette are 
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Appendix 

Acute Response Test Track Map Visualizations 

All supplementary images show track map visualizations of acute response tests. The panels to 
the right show a yellow track of the two minutes before application of 200 μl of the substance of 
interest, which is indicated above the image. The panels to the left show a yellow track of the 
two minutes after application of 200 μl of the substance of interest. The “after” tracks show the 
last two minutes of a five-minute recording.  
 

BEFORE ADDITION OF CA (1 MILLIMOLAR) AFTER ADDITION OF CA (1 MILLIMOLAR) 

  

BEFORE ADDITION OF CA (1 MICROMOLAR) AFTER ADDITION OF CA (1 MICROMOLAR) 

  

Supplementary Figure 1. ​Track map visualizations of larval zebrafish exposed to 
cinnamaldehyde. In all images, fish are wildtype.  
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BEFORE ADDITION OF VAPING LIQUID (2%) AFTER ADDITION OF VAPING LIQUID (2%) 

  

BEFORE ADDITION OF VAPING LIQUID (20%) AFTER ADDITION OF VAPING LIQUID (20%) 

  

Supplementary Figure 2. ​Track map visualizations of larval zebrafish exposed to vaping 
liquids. In all images, all fish are wildtype.  
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BEFORE ADDITION OF VAPING LIQUID (2%) AFTER ADDITION OF VAPING LIQUID (2%) 

  

BEFORE ADDITION OF VAPING LIQUID (20%) AFTER ADDITION OF VAPING LIQUID (20%) 

  

Supplementary Figure 3. ​Track map visualizations of larval zebrafish exposed to vaping 
liquids. In all images, Fish 1, 2, 5, 6, 9, and 10 were pre-treated with .01% vaping liquid and Fish 
3, 4, 7, 8, 11, and 12 were pre-treated with DMSO.  

107 


