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Abstract

Background: Electronic cigarettes (e-cigarettes) represent an emerging public health issue. These 
devices deliver nicotine along with other constituents, including flavorants, via an inhalable aero-
sol. Their uptake is rapidly increasing in both adults and youths, primarily among current smokers. 
Public debate is increasing on how these devices should be regulated and used, yet only limited 
peer-reviewed research exists. To develop a informed policy for e-cigarettes, their effects on human 
behavior, physiology, and health need to be understood.
Purpose: This paper describes proceedings from a National Institutes of Health–sponsored work-
shop, which was held in November 2013, to identify research needs related to the effects of 
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e-cigarettes. Discussion topics included e-cigarette risks and abuse potential; the potential role for 
e-cigarettes in harm reduction and smoking cessation; unintended consequences of e-cigarette 
use, such as becoming a gateway to conventional cigarettes; and dual use of both e-cigarettes and 
conventional cigarettes.
Results and Conclusions: The research needs identified by the workshop participants included the 
following: standards to measure the contents and emissions of e-cigarettes; biomarkers of expo-
sure; physiological effects of e-cigarettes on tissues and organ systems, including pulmonary and 
cardiovascular; information on e-cigarette users, how the devices are used, and identification of 
the best tools to assess these measures; factors that drive use and influence patterns of use; and 
appropriate methods for evaluating a potential role for e-cigarettes in smoking or nicotine cessa-
tion. To understand fully the challenges and the opportunities that e-cigarettes represent, expertise 
will be needed in basic, behavioral, translational, and clinical sciences.

Introduction

Electronic cigarettes (e-cigarettes), a type of electronic nicotine 
delivery system, represent a dramatic new nicotine delivery tech-
nology. These devices can deliver nicotine along with other con-
stituents via an aerosol, which is then inhaled, mimicking the feel 
of a conventional cigarette. This may serve to satisfy many of the 
behavioral and sensory cues of smoking in addition to provid-
ing nicotine. Introduced in the United States in 2007, e-cigarettes 
sales have been doubling annually and by 2013 were projected to 
become a nearly $2 billion industry.1,2 This rapid uptake suggests 
e-cigarettes are a disruptive innovation to the conventional ciga-
rette market. They may represent a less risky alternative to conven-
tional cigarettes because users are not exposed to carbon monoxide 
(CO) or other toxicants at the same levels produced by the combus-
tion of tobacco as in conventional cigarettes. However, the conse-
quences of long-term exposure to the constituents of e-cigarettes 
remain unknown.

Data on the effects of e-cigarettes on human physiology and health 
are limited in part due to their recent emergence as well as their rap-
idly evolving construction and lack of standardization.3–5 Currently 
in the United States, the devices are largely unregulated at the federal 
level. Although some jurisdictions in the United States have laws pro-
hibiting use in some public places and prohibiting sales to minors, 
the US Food and Drug Administration (FDA) currently does not have 
the authority to regulate e-cigarettes as tobacco products. A  rule 
was proposed in April 2014 to extend the FDA’s “tobacco product” 
authorities (which currently only apply to conventional cigarettes, 
cigarette tobacco, roll-your-own tobacco, and smokeless tobacco) to 
additional categories of tobacco products that meet the statutory 
definition of “tobacco product,” including e-cigarettes (www.regula-
tions.gov/#!documentDetail;D=FDA-2014-N-0189-0001).

Given the increasing popularity of e-cigarettes and their potential 
impact on the use of conventional cigarettes, the health science com-
munity must understand the effects of e-cigarettes on human health, 
how they affect nicotine addiction, and their potential role in smok-
ing cessation and replacing combustible tobacco.

The National Institutes of Health (NIH) in 2013 sponsored an 
e-cigarette workshop to inform and promote research in this area. The 
goal was to facilitate interaction among investigators experienced in 
working with conventional and e-cigarettes and to discuss the need for 
a broad research perspective that should include tobacco use, nicotine 
addiction, biomarkers, harm reduction, epidemiology, and smoking 
cessation. Although not intended to be all-inclusive, this workshop 
represented an effort to identify many of the important research gaps.

The workshop focused on device design and characteristics, 
delivery of nicotine and other constituents, physiological conse-
quences of exposure, patterns of e-cigarette use and issues associated 
with designing clinical studies to evaluate e-cigarette use in harm 
reduction and smoking cessation. These topics were further divided 
into subsections, presented below. In addition, regulatory perspec-
tives were provided by representatives from the FDA Center for 
Tobacco Products (CTP) and the FDA Center for Drug Evaluation 
and Research (CDER).

E-Cigarette Design and E-Liquid Constituents
A typical e-cigarette consists of a battery, a reservoir containing 
e-liquid (usually a mixture of propylene glycol, glycerol, nicotine, 
flavorants, and other additives), a microprocessor, an air flow sensor 
or activating button, and a heating element. The heating element is 
usually a wire or rod made from various metals (e.g., nickel, chro-
mium, copper coated with silver). In many devices, when a user takes 
a “puff,” an air flow sensor activates the flow of electricity to the 
heating element, which heats and aerosolizes some of the e-liquid. 
This aerosol is analogous to the mainstream smoke from a con-
ventional cigarette.6 Numerous e-cigarette designs are currently on 
the market with new ones rapidly becoming available. The original 
e-cigarette design, often called “cigalikes,” resemble conventional 
cigarettes. Newer, larger devices often referred to as “tank systems” 
or “personal vaporizers,” deliver nicotine more effectively and are 
increasingly popular.2,3 Tank systems have larger e-liquid reservoirs, 
larger batteries, and often bear no resemblance to a conventional 
cigarette. Because voltage affects delivery of nicotine (and other 
e-liquid constituents) to the aerosol, many devices now incorporate 
a tunable voltage battery.2,7,8 Users can adjust, or “tune,” the voltage 
to optimize the amount of nicotine in each puff. Other customizable 
features that may result in higher concentrations of nicotine or other 
constituents in the aerosol include dual coil atomizers and multiple 
chamber atomizers.6

The chemical composition of the e-liquids varies considerably 
from brand to brand.9 In most products, nicotine is dissolved in mix-
tures containing propylene glycol and/or glycerol. Although some 
manufacturers indicate use of current Good Manufacturing Practices 
to generate their e-liquids, no standards are mandated. E-cigarettes 
may contain undisclosed additives and new formulations are con-
tinually introduced into the market. US regulation bans conventional 
cigarettes with characterizing flavors (not including menthol), such 
as pineapple, chocolate, and cherry.10 It is important to note that 
younger smokers exhibited a preference for flavored cigarettes.11 
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E-cigarettes are often sold in flavored varieties including fruit and 
candy flavors and, in a similar manner, the flavors may preferentially 
increase the product’s appeal to younger smokers. Other additives 
may include ethyl alcohol, stabilizers, and non-nicotine pharmaco-
logically active compounds.

Aerosol Generation and Constituents
A key aspect of e-cigarette function is its ability to deliver nicotine 
from the e-liquid to an inhalable aerosol, popularly called vapor.12 
Smoking machine technology, developed for quantifying combusti-
ble tobacco smoke toxicant yield, can potentially be used with e-cig-
arettes to generate aerosols for analysis. Nicotine yield in the aerosol 
is influenced by multiple factors, including the way air flows through 
the device, puff volume, and puff duration (i.e., the “puff topogra-
phy”).6,7,13 The correlation between experimental product emissions 
and what is generated by the user is high when machine puffing 
exactly mimics human behavior.14 However, accurate data on puff 
topography are required. For example, current e-cigarettes generally 
deliver less nicotine per puff than conventional cigarettes.4,15 Because 
an e-cigarette can contain up to 40 times more nicotine than a con-
ventional cigarette, the user can compensate for the decreased nico-
tine per puff by employing a different frequency, depth, and intensity 
of puffing to obtain more nicotine. Understanding the topography 
will allow accurate characterization of the devices.

Analyses of the aerosols from several brands of e-cigarettes 
revealed differences in their efficacy and consistency of nicotine aero-
solization.4,9 This is likely to result from differences in device design, 
including heating elements, cartridge size, and battery strength. An 
empirically derived mathematical model is under development that 
may aid in understanding how these differences affect the amount of 
nicotine in the aerosol.7 Studies are also needed to explore how the 
puffing behavior is influenced by nicotine levels in an aerosol, sensory 
effects of nicotine and aerosol constituents (e.g., so-called “throat-
impact”), taste and flavor of inhaled aerosol, and efficacy and speed 
of nicotine delivery to the bloodstream and brain to alleviate crav-
ings. These characteristics modulate how smokers use conventional 
cigarettes, and e-cigarette users are likely to be similarly affected.16,17

In addition to characterizing the aerosol nicotine concentration, 
the identities and concentrations of other aerosolized constituents 
and toxicants need to be determined. Recent studies found that 
though the aerosols contained some toxic and carcinogenic sub-
stances, including formaldehyde, acetaldehyde, acrolein, and traces of 
nitrosamines, the levels were 9–450 times lower than in conventional 
cigarette smoke and were often comparable with the amounts gener-
ated by a nicotine inhaler.9,12 The levels of these substances, however, 
can depend on the voltage used to generate the aerosol.8 Heavy met-
als have also been identified in e-cigarette aerosols.9,18,19 Studies are 
needed to assess whether the levels of toxicants in e-cigarette aerosol 
pose a health risk and to determine their toxicity thresholds.

Nicotine bioavailability and other biomarkers of exposure need 
to be measured. The aerosol deposition and absorption sites in the 
oral cavity and respiratory tract depend to a large extent on par-
ticle size. However, tobacco smoke exhibits far greater deposition 
than would be predicted by particle size due to the so-called “cloud 
motion” interaction among the particles.20 Although e-cigarette aer-
osol particles are generally similar in size to that of tobacco smoke, 
it is unclear if they interact in a similar manner.21,22 Data are needed 
on the sites of e-cigarette aerosol deposition, the route of absorption, 
and the relationship between the concentration of nicotine in the 
aerosol and the rate of uptake to the blood stream.

Secondhand and Thirdhand Exposure to Aerosol 
Constituents
Although e-cigarettes do not generate sidestream aerosol emissions, 
secondhand mainstream aerosol exhaled by the e-cigarette user may 
involuntarily expose nonusers to the nicotine, ultrafine particles, 
volatile organic compounds, and other constituents released with 
exhaled aerosol.18,23–25 Substances remaining on the surfaces in areas 
where people have used e-cigarettes may contribute to thirdhand 
exposure. For example, studies show nicotine from tobacco smoke 
can react with oxidizing chemicals in the air to form secondary pol-
lutants, such as carcinogenic nitrosamines.26 This reaction may also 
occur with nicotine from e-cigarette aerosol. Research is needed to 
evaluate the level of exposure and health consequences of second-
hand and thirdhand exposure to the constituents in e-cigarette aero-
sol, especially among vulnerable populations, including children and 
pregnant women.

Unintended Uses of E-Cigarettes
There is a potential for e-cigarettes to be misused, either by altering 
how they interact with nicotine liquids or by using the devices to 
deliver drugs other than nicotine. One reported method of altering 
the nicotine delivery characteristics is via “dripping,” that is, placing 
drops of the e-liquid directly onto the heater.27 Dripping can produce 
increased levels of nicotine and volatile aldehydes in the resulting aero-
sol because the heating element can reach a higher-than-intended tem-
perature when not submerged fully in liquid.6,7,28 E-cigarettes may also 
be used with drugs other than nicotine, such as marijuana extracts.29–31

Abuse Liability: Nicotine
The risk that the use of a drug containing product will lead to addic-
tion is often referred to as it’s “addiction sustaining liability,” “abuse 
potential,” or “abuse liability.”32,33 The abuse liability of a given drug 
can be greatly influenced by the design of the product’s dosing char-
acteristics including speed of delivery and absorption, and other fac-
tors that contribute to the ease, pleasure, and attractiveness of use 
of the product.32,34,35

Nicotine delivery by e-cigarettes has gained the attention of some 
tobacco smokers as a means to decrease their exposure to the toxi-
cants from combustible tobacco. However, there is a potential health 
risk for individuals who are not current tobacco users and may 
become dependent on nicotine via e-cigarettes. These individuals 
may be former smokers who relapse or nonsmokers who use nicotine 
for the first time. Rapid arterial absorption of nicotine via the lungs 
following inhalation of tobacco smoke leads to a reinforcement of 
the effects of nicotine and is an important contributor to addiction 
risk or abuse liability.36,37 In contrast, for example, products can be 
designed to minimize addiction risk, as with nicotine by gum or loz-
enge in which the delivery is buccal, and provides relatively slow and 
low venous exposure compared with inhaled nicotine.

Studies of early e-cigarettes indicated nicotine was absorbed at 
low levels, suggesting a lower risk of abuse liability than with con-
ventional cigarettes.3,38–40 Newer versions of e-cigarettes, however, can 
readily deliver higher levels of nicotine. Furthermore, e-cigarette users 
can modify their behavior to optimize nicotine delivery, with some 
able to achieve conventional cigarette-like plasma nicotine concen-
trations27,41,42 Evolution in design could lead to devices that carry an 
equal or higher risk of abuse liability and addiction than conventional 
cigarettes, which may be positively related to the likelihood of uptake, 
continued use, and the potential to substitute for combusted tobacco. 
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Thus, the abuse liability of e-cigarettes needs to be assessed, both 
with current models and with new devices as they develop to deliver 
greater amounts of nicotine. As previously noted, the behavioral and 
sensory aspects of e-cigarettes may also play an important role in their 
abuse liability and these may be useful to consider when assessing the 
devices. A variety of methods are used to assess abuse liability of drugs, 
and can include measurements such as liking, craving, withdrawal, 
and other psychological responses.32,40,43 Furthermore, investigations 
should take into account the variety of populations that may use these 
products. Policies and practices regarding e-cigarettes will require bal-
ancing their potential to assist adult users of conventional cigarettes to 
quit, with their potential to facilitate nicotine addiction among youth 
and adult nonsmokers, and relapse among former smokers.

Effects of Chemosensory Agents and Flavorants
Flavorants and other constituents that contribute to the chemosen-
sory effects of a product can affect its appeal and abuse liability.34 
Agents that may have these effects, such as pyrazines, inorganic acids, 
and essential oils, are added to the liquids of at least some e-ciga-
rettes.18,44 The Merit brand conventional cigarette had pyrazines arti-
ficially added to enhance its flavor.45,46 Consumer testing sponsored 
by the manufacturer of Merit, Philip Morris, found the majority of 
participants reported that the new Merit was equal or superior in 
taste to brands that delivered 60% more tar.46,47 Merit subsequently 
gained a large portion of the conventional cigarette market.46 Similar 
compounds, found in the “flavor” fluids of e-cigarettes, may alter the 
sensory and chemosensory effects of the e-cigarette aerosol in a way 
that increases user satisfaction.48,49 These characteristics not only 
have the potential to make e-cigarettes more satisfying and promote 
switching from conventional cigarettes, but may also increase their 
abuse potential. Moreover, some of these agents were identified as 
potential reproductive toxicants.50

Evaluating Acute and Long-Term Biophysical Effects
The measures for tobacco-induced harm (particularly smoking) were 
designed to detect changes occurring over many years, long after 
initiation. The recent introduction of e-cigarettes requires measures 
that must also assess the acute health impact. Use of e-cigarettes can 
increase lung flow resistance, modulate oxidative stress, and increase 
heart rate and blood pressure, with some of these effects directly 
related to the delivery of nicotine.40,42,51,52 However, few reports 
focusing on the acute effects of e-cigarettes are available, and both 
basic and clinical studies are needed. The majority of the e-liquid 
in e-cigarettes is comprised of propylene glycol and glycerol. These 
compounds have the designation, “Generally Regarded as Safe” as 
a food additive (www.fda.gov/food/ingredientspackaginglabeling/
gras/default.htm). Additionally, propylene glycol is used in some 
asthma inhalers. However, there is limited data available on the 
inhalation of either compound at the concentrations present in e-cig-
arettes. For glycerol-containing solutions, one concern is that when 
heated they can produce acrolein, a compound shown to be harmful 
to lung function.53–55 Propylene glycol can cause airway irritation, 
eye inflammation, and nasal congestion,56,57 and some of these effects 
have been reported by users of e-cigarettes.51,58 The health effects of 
inhaling these constituents repeatedly throughout each day for years 
need to be evaluated. Relevant assessments include pulmonary, car-
diovascular, and carcinogenic measures. Evaluations of associated 
health risks are needed to assess the potential role of e-cigarettes in 
harm reduction. Specifically, data are needed to evaluate both their 
short-term use as a smoking or nicotine cessation therapy and their 

longer term use as an alternative to and potentially less risky source 
of nicotine than combustible tobacco products.

Biomarkers of Exposure
Studies on the acute use of e-cigarettes will require urine or plasma 
biomarkers that can provide an objective indicator of dose. This 
approach is extremely useful in assessing toxicant and carcinogen 
exposure in people who use tobacco products.59 Measures have 
yet to be identified that specifically report on e-cigarette use and 
would not show altered levels from dual use with conventional cig-
arettes. Previously described biomarkers not unique to e-cigarette 
use include total nicotine equivalents (sum of nicotine, cotinine, 
3ʹ-hydroxycotinine, and their glucuronides), which can be measured 
in urine.60 These urinary compounds represent approximately 73%–
96% of the nicotine dose and provide a superb indicator of nicotine 
uptake. The nicotine metabolite ratio (ratio of 3ʹ-hydroxycotinine to 
cotinine) in plasma is an excellent phenotypic indicator of hepatic 
CYP2A6 activity in smokers and can be used as a measure of indi-
vidual risk for addiction.61

The tobacco-specific nitrosamines, 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone (NNK) and N’-nitrosonornicotine (NNN), may 
provide important indicators of relative combustible tobacco and 
e-cigarette use, as their levels in e-cigarettes were recently shown to 
often be substantially lower than in combustible tobacco.9,62 The 
ratio of cotinine to total NNK metabolites (4-(methylnitrosamino)-
1-(3-pyridyl)-1-butanol (NNAL) and its glucuronides) in urine could 
be a useful biomarker of dual use of combustible tobacco products 
and e-cigarettes as it is expected to be significantly lower in combus-
tible tobacco product users than in e-cigarette users.63,64 Total NNN, 
including its glucuronide, can be measured in urine. Although NNN 
is expected to be low in e-cigarette users, it can be generated in the 
body by nitrosation of nornicotine, which is co-extracted with the 
nicotine from tobacco or can be generated in vivo through nicotine 
metabolism.

Quantification of e-cigarette contaminant exposure is also impor-
tant. 3-Hydroxypropylmercapturic acid (3-HPMA) and 2-HPMA 
(metabolites of acrolein and propylene oxide, respectively) can 
be measured. Acrolein is produced by the heating of glycerol, and 
propylene oxide is a potential decomposition product of propylene 
glycol. Additional toxic effects of e-cigarettes potentially could be 
assessed by measuring DNA adducts of formaldehyde and acrolein 
in leukocytes.59 This suite of biomarkers has the potential to provide 
objective data on levels of nicotine as well as selected important car-
cinogens and toxicants that may be associated with e-cigarette use.

Determining Patterns of Use
Data on how e-cigarettes are being used and how they affect the 
prevalence of conventional cigarettes are critical for understanding 
the impact of these devices on public health. To fully explain the 
interest in these devices, it is important to know the patterns of use, 
the beliefs about the devices, the reasons for their use, and how these 
are affected by the changing marketplace. A pressing challenge is how 
to gather and integrate information over time to best understand 
the specific patterns of risk and exposures. Cross-sectional studies 
of e-cigarette use from 2010 to 2012 among US adults showed they 
were primarily being used by current smokers, with “ever use” rang-
ing from 6.8% to 11.4% in 201065,66 and increasing to 32.2% in 
2012.67 This rapid uptake by current smokers could indicate their 
desire to find a less risky alternative to conventional cigarettes. The 
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perception that e-cigarettes are less harmful/toxic than conventional 
cigarettes is one of the most commonly cited reasons for use; other 
reasons include believing e-cigarettes will help reduce tobacco crav-
ing and withdrawal symptoms, wanting to reduce conventional ciga-
rettes smoked or to quit smoking conventional cigarettes altogether, 
and wanting to prevent relapse to conventional cigarettes.66–72 Use 
by former smokers increased from 2.5% in 2010 to 7.4% in 2011, 
though what fraction were recent quitters of conventional cigarettes 
is unknown. Use by never-smokers ranged between 1.0% and 2.0% 
over the years 2010–2012, with no apparent directional trend.65–67 
Additional assessments are needed to determine if this low rate will 
continue.

Surveillance systems and studies are needed to further understand 
the patterns and trajectories of use. The Population Assessment of 
Tobacco and Health (PATH) Study is a longitudinal study of up to 
59,000 individuals, includes youths and adults and will likely pro-
vide invaluable information on e-cigarette use (www.pathstudyinfo.
nih.gov). However, the PATH Study’s annual data collection may 
make rapid assessment of e-cigarette use difficult. Monitoring the 
Future surveys 50,000 8th, 10th, and 12th graders and also includes 
questions about e-cigarettes (www.monitoringthefuture.org). This 
annual survey should supply key information about how the devices 
are being used by US youth. Nonetheless, reporting more often than 
annually is needed to spot trends in this rapidly changing area and 
to efficiently identify the populations using e-cigarettes, how they are 
being used, why they are being used, and under what conditions. For 
example, the Legacy Longitudinal Survey is bi-annual and surveys 
young adults 18–29  years of age. This survey recently found that 
among the 23% of young adult current conventional cigarette users, 
30% reported dual use with other tobacco or nicotine containing 
products, with e-cigarettes accounting for 9% of total dual use.73

Dual Use
Many e-cigarette users are not exclusive users of the devices, but are 
“dual users,” that is, users of both e-cigarettes and conventional ciga-
rettes.74 This suggests that rather than quitting their combustible use, 
the smokers instead added e-cigarettes. Although dual use can lead 
to substantial reductions in conventional cigarette consumption, this 
behavior may not confer significant reduction in harm, particularly 
for long-term conventional cigarette users. However, long-term dual 
use of nicotine replacement therapy (NRT) and conventional ciga-
rettes does not produce significant adverse events and increases, not 
decreases, the motivation to stop smoking.75,76 Mean cotinine levels 
of e-cigarette dual users appear to be similar to that of conventional 
cigarette-only users, indicating nicotine intake remains relatively 
constant.77,78 Thus far, limited longitudinal data provide a conflicting 
picture of whether dual use is linked to consistent changes in motiva-
tion to stop conventional cigarette use.77,79–81

Assessments of dual use will need to be very clear about how it is 
characterized. Definitions that may exclude or include the very dif-
ferent situations of using 1 e-cigarette a week and 20 conventional 
cigarettes per day versus using 5 conventional cigarettes a week and 
e-cigarettes daily could result in very different measurements of dual 
use. These differing definitions will affect measurement of the preva-
lence and incidence of dual use, the percent of e-cigarette users who 
dual use, and the direction of trends in dual use.

The long-term impact of dual use is unknown. Does dual use 
lead to greater reductions in conventional cigarette use over time, 
facilitate or delay quit attempts, or alter dependence (e.g., increased 
dependence because of greater nicotine exposure or decreased 

dependence due to less rapid delivery of nicotine via e-cigarettes)? 
The scientific literature is also sparse on the effects of dual use on the 
smoking topography of usual brand cigarettes and resultant nicotine 
and toxicant exposures.

Youth and E-Cigarettes
The prevalence of e-cigarette use among US  adolescents doubled 
between 2011 and 2012.82 The percentage of high school students 
who reported ever use increased from 4.7% in 2011 to 10.0% in 
2012 and use within the past 30 days increased from 1.5% to 2.8% 
over the same time. Use nearly doubled among middle school stu-
dents, from 1.4% in 2011 to 2.7% in 2012. A cross-sectional survey 
of four high schools in Connecticut and New York indicated simi-
lar trends, with past 30-day e-cigarette use increasing from 0.9% in 
2010 to 2.3% in 2011.83 Greater than 75% of high school e-cigarette 
users were dual users with conventional cigarettes.82,83 However, the 
increased prevalence of e-cigarette use in US youth is occurring at a 
time when overall smoking by teens showed a decrease, from 10.6% 
in 2012 to 9.6% in 2013.85

A primary question is whether e-cigarettes promote nico-
tine addiction or conventional cigarette use in youth above what 
would otherwise be the case if the devices did not exist, whether 
they would further reduce conventional cigarette use, or result in 
dual use. In high school, youth current smokers have the highest 
rate of knowledge, willingness to use, or use of e-cigarettes.84,86–88 
Although some youths who are nonsmokers also report e-cigarette 
ever use, estimates suggest this represents about 10% of middle and 
high school users.82 There are multiple reasons for teens and young 
adults to become interested in using e-cigarettes, varying across age 
groups.84,89–92 Focus groups of college, high school, and middle school 
students uniformly reported use due to curiosity and the attractive-
ness of flavors.90 Among college and high school students, use of 
e-cigarettes by friends and family and the desire to quit smoking 
were motivating factors for use. Availability was also an important 
factor among high school students as were signs of independence 
among middle school students. Factors deterring initiation of e-cig-
arette use included smoking perceived as not cool, the expense, and 
their similarity to cigarettes.84,90 When those who tried e-cigarettes 
were asked the reason for e-cigarette discontinuation, youth smokers 
noted that they were not the same as cigarettes and youth nonsmok-
ers indicated that the novelty wore off.84,90 An understanding of the 
trajectory of youth e-cigarette use, reasons for use, and consequences 
of use are needed.93 Additionally, the role of flavors in the initiation 
and maintenance of e-cigarette use in youth, and strategies to reduce 
and prevent youth initiation need to be evaluated.

E-Cigarettes and Pregnant Women
Pregnant women who smoke conventional cigarettes are a population 
especially vulnerable to the use of e-cigarettes because of the popular 
view that the devices represent a less risky alternative to nicotine deliv-
ery. This is despite several studies indicating that NRT is not efficacious 
for smoking cessation during pregnancy.94–97 Although some high-
income countries recommend NRT for pregnant smokers when behav-
ioral therapies have failed, other countries do not recommend NRT 
presumably due to lack of maternal and fetal safety and smoking ces-
sation efficacy data.98 However, NRT treatment did lead to increased 
birth weight and gestational age compared with placebo, probably due 
to a reduction in CO and other toxicants in tobacco smoke.96,97 Similar 
to NRT, e-cigarettes do not produce CO and e-cigarette aerosols may 

http://www.pathstudyinfo.nih.gov
http://www.pathstudyinfo.nih.gov
http://www.monitoringthefuture.org
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have reduced toxicant exposure relative to conventional cigarettes. The 
potential for e-cigarettes to not only deliver nicotine but also mimic 
the sensory aspect of smoking may be an important factor in reducing 
cigarette cravings in women by these devices.99,100

As pregnant women are considered a vulnerable population, 
and nicotine, CO, carcinogens, and other chemicals in tobacco are 
reproductive toxicants,96 the risk/benefit profile of e-cigarettes needs 
to be determined in this population of smokers. Of primary inter-
est is to characterize the prevalence rates, overall nicotine exposure, 
cessation outcomes, and maternal and infant health outcomes of 
women who use e-cigarettes during pregnancy. Short-term clinical 
studies examining changes in acute and overall nicotine exposure 
and maternal and fetal hemodynamic parameters with e-cigarettes 
compared with conventional cigarettes and NRT are needed prior 
to longer term efficacy trials. Despite the potential for e-cigarettes to 
be useful for cessation in this population, the safety of the constitu-
ents in e-cigarettes has yet to be fully investigated and use during 
pregnancy may pose additional risks to the mother and the fetus.9,101

Clinical Studies
Prospective clinical studies are needed to understand whether e-ciga-
rettes have value in harm reduction by leading to a complete switch 
from conventional cigarettes to e-cigarettes, by reducing conventional 
cigarette use or by aiding in nicotine cessation. Data from the lim-
ited number of clinical trials using e-cigarettes for smoking cessation 
suggest no differences in abstinence rates between e-cigarettes that 
do or do not contain nicotine or between NRT and e-cigarettes.77,79 
However, caveats with these studies include the limited size of the 
samples, the use of first-generation e-cigarette products that may 
not have delivered nicotine effectively, and the possible use of inad-
equate instructions. A retrospective analysis of data from the U.K. 
Smoking Toolkit Study indicated that individuals using e-cigarettes 
to quit smoking were about 1.6-fold more successful than users of 
NRT with no professional support or no aid.102 It is unknown what 
proportion of the e-cigarettes users who quit smoking still used the 
devices. Regardless, if e-cigarettes are equally effective for smoking 
cessation as NRT but more popular, on a population level there may 
be a greater overall decrease in smoking with the devices.

Several challenges and product-specific considerations are associ-
ated with e-cigarette clinical trials. For example, comparing e-cigarette 
trials with studies evaluating other cessation treatments may be dif-
ficult because of the differences in the marketing practices, as well as 
differences in the motivations of the participants for entering a trial 
(e.g., reducing harm by smoking fewer cigarettes, converting to long-
term use of e-cigarettes, or using e-cigarettes as a means of quitting the 
use of all nicotine products). Additional important factors include the 
specific characteristics of the device used (including voltage of power 
supply, resistance of heater, concentration of nicotine, and nicotine 
delivery to the user), the sample population, the participant’s percep-
tions of the product, and their rationale for entering the study.

Comparative effectiveness designs of nicotine cessation tri-
als may be particularly informative for evaluating e-cigarettes. 
Understanding the value of the devices relative to current cessation 
therapeutics is needed to make informed risk/benefit analyses; trials 
comparing only placebo versus active treatment are less useful.

In conducting clinical trials with e-cigarettes, specific param-
eters need to be considered, such as the optimal duration of use and 
dose, which can be particularly challenging as differences in puff 
topography among users could lead to substantial variations in nico-
tine exposure. Clinical trials may require providing instructions to 

subjects on how to use the product, in order to standardize expo-
sures. Additionally, the availability of e-liquids with varying nicotine 
concentrations suggests that trials to assess gradual nicotine reduc-
tion may be particularly suitable for these devices.103

Outcomes that may be especially important in determining the 
relative effectiveness of e-cigarettes as a smoking cessation aid would 
include the health effects of long-term use, patterns of dual use, nicotine 
and toxicant exposure biomarkers, and abstinence from combustible 
products. Exposure biomarkers that differentiate between e-cigarette 
and conventional cigarette use would be important for studies investi-
gating a switch from combustible tobacco to e-cigarettes.

FDA Regulations and Requirements for E-Cigarettes 
in Clinical Studies
In 2008 and prior to the enactment of the Family Smoking 
Prevention and Tobacco Control Act (Tobacco Control Act), FDA 
determined that certain e-cigarettes were unapproved drug/device 
combination products. This determination was challenged in court. 
The US Court of Appeals for the D.C. Circuit ruled that e-cigarettes 
and other products “made or derived from tobacco” can be regu-
lated as tobacco products and are not drugs and/or devices unless 
they are marketed for therapeutic purposes (Sottera, Inc. v. Food & 
Drug Administration, 627 F.3d 891 [D.C. Cir. 2010]).

Table 1. Key Research Gaps: Definitions and Methods

Definitions

•  �What should the devices be called: electronic nicotine delivery 
systems (ENDS, though some contain no nicotine), electronic 
cigarettes, e-cigarettes, aerosolized delivery system?

•  What is the definition of ENDS and electronic cigarettes?
•  How should the various types of e-cigarettes be classified?
•  �What terms should be used when surveying consumer use, such as 

e-hookah or hookah pen?

Methods, populations, moderating factors

•  �What standardized methods should be used to assess the function 
and effects of e-cigarettes?

       –Machine-determined exposures (mimic human behaviors)
       –Aerosol generation and constituent evaluation
      � –Pharmacokinetic and acute effects studies (control for volume, 

duration, naive vs. experienced users, etc.)
      � –Quantification of e-cigarette use—number of cartridges, tank refills, 

disposable products
       –Quantification of dependence
      � –Clinical trial methods and outcome measures
       –Animal models
•  What tools could be developed to understand effects?
       –Labeled nicotine tracer in e-cigarette liquid to assess delivery
      � –Placebo e-cigarettes with additive (e.g., capsaicin) to mimic nicotine 

harshness
•  �What are the intra- and inter-variation in user response to 

e-cigarettes?
•  What factors within populations moderate the effects of e-cigarettes?
       –Age
       –Sex
       –Race
       –Pregnancy
      � –Vulnerable populations (low income, co-morbid mental illness or 

other disease, high-risk groups such as youth)
       –History of e-cigarette use, e.g., naive and experienced users
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Currently, FDA CTP does not have regulatory authority over 
e-cigarettes. However, in April 2014, FDA proposed a rule, which 
would deem additional tobacco products to be subject to regulation 
under the Tobacco Control Act. If this rule is finalized, any e-ciga-
rette that meets the legal definition of a “new tobacco product” will 
require a marketing authorization order from CTP. CTP may exempt 
a “new tobacco product” that is intended for investigational use from 
the Tobacco Control Act’s new tobacco product provisions. CTP may 
also issue regulations establishing the conditions under which persons 
can use a tobacco product for investigational use. Investigators with 
questions about exemptions from new tobacco product regulations 
may request a meeting with CTP’s Office of Science. CTP intends 
to develop a guidance document to clarify the process and describe 
CTP’s current thinking about investigational tobacco products.

FDA CDER does have jurisdiction over drug products, includ-
ing e-cigarettes, with therapeutic claims. In general, a study evalu-
ating the use of e-cigarettes for a therapeutic purpose requires an 
investigational new drug (IND) application if it is a “clinical inves-
tigation.” A “clinical investigation” is any experiment in which a 
drug is administered or dispensed to, or used involving, one or 
more human subjects (21 CFR 312.3(b)). In clinical investigations 
where an e-cigarette is being evaluated for a therapeutic purpose, 
the e-cigarette would be considered a drug/device combination 
product for which FDA CDER has primary regulatory jurisdiction. 
An IND is required for such research to assure the safety and rights 
of subjects in all phases of the clinical investigation and, in phases 2 
and 3, to help assure that the quality of the research is adequate to 
permit an evaluation of the drug’s effectiveness and safety (21 CFR 
312.22). The applicable procedures and requirements for clinical 
investigations conducted under an IND are set forth in title 21 of 
the Code of Federal Regulations, part 312 (21 CFR 312) (the IND 
regulations).

Whether an IND is required for a study that involves the use 
of an e-cigarette by human subjects depends largely on the study’s 
objectives. As noted previously, if the study is intended to evaluate 
the use of e-cigarettes for a therapeutic purpose, it is regulated by 
CDER as a study of a drug/device combination product and would 
most likely require an IND. Investigators with questions regarding 
whether their study protocol would require an IND can make an 
inquiry to FDA CDER.

Research Gaps and Key Challenges
Despite the ready availability of e-cigarettes at local stores and 
on the Internet, only limited published research is available and 
significant research gaps remain. The paucity of data is not sur-
prising as these devices have been commercially available for less 
than a decade, became popular only in the last few years, and 
are rapidly evolving. Tables 1–3 present the key research ques-
tions raised by the workshop attendees. As described in Table 1, 
there is a lack of agreement on what defines the class of devices 
and appropriate terminology. Table 1 also presents basic research 
needs, which includes defining measurement standards on the per-
formance and emissions of e-cigarettes and determining how to 
measure their effects using animal models. Table 2 lists research 
questions related to product design and constituents, health risks, 
addiction, and sensory appeal. These questions address gaps in 
knowledge surrounding technological aspects of the devices and 
their biochemical and physiological effects. Table  3 presents 
research questions related to use behaviors and the potential role 
of e-cigarettes in harm reduction and smoking cessation. The 
questions identify the need for appropriate standards to measure 

their effects in clinical studies and how to evaluate the potential 
opportunity that e-cigarettes represent for cessation of combusti-
ble tobacco and nicotine.

Research gaps that may be best addressed by NIH were con-
sidered. For example, clinical studies with e-cigarettes are ham-
pered by the lack of device standards and the rapid pace of device 

Table 2. Key Research Gaps: Design, Biomarkers, and Appeal 

Design and constituents

•  �What are the characteristics of the different brands and types of 
e-cigarettes (constituents, dose, stability under different storage 
conditions, voltage and temperature, particle size and density, lung 
deposition, changes during use, and so on)?

•  �What are the most important design features that impact health, 
appeal (sensory aspects), and addiction potential?

•  �What are the most important constituents (e.g., nicotine, minor 
tobacco alkaloids, monoamine oxidase inhibitors, pyrazines, 
propylene glycol, glycerol, and so on) including flavorants and 
impurities in the liquids and aerosols that impact health, appeal 
(sensory aspects), and addiction potential? 

•  �How do the aerosol constituents vary by device and user variables 
(topography, temperature and so on)? What toxicants are created 
in the generation of the aerosol? What is the potential for 
pharmaceutical interactions?

•  �What are the pharmacokinetics of nicotine across products? How 
does the nicotine pharmacokinetics differ between e-cigarettes and 
conventional cigarettes?

•  �How should toxicity be measured and what are acceptable levels of 
toxicity?

•  �What design and composition features of e-cigarettes contribute to 
minimizing health risks (e.g., minimal/no toxicants, stable and low 
temperature, minimal or high addiction potential, sealed liquids to 
block tampering vs. user-accessible constituents)?

Indicators of health risk, addiction, and sensory appeal

•  �How do people use the devices (e.g., puff duration, change in 
topography over time, flow rate, patterns, and frequency of use) and 
how does use vary by product design?

•  �What are the relevant pulmonary, cardiovascular, cancer, and 
fetal toxicity biomarkers to assess the acute and chronic effects of 
e-cigarettes, evaluating both the e-cigarette overall and the individual 
constituents? What biomarkers can predict health effects?

•  �What are the health effects of dual or poly-tobacco use compared 
with e-cigarettes alone or to conventional cigarette products? How 
do e-cigarettes compare with medicinal nicotine products? What 
quantitative measures can accurately assess extent of dual use?

•  �What are the health effects of secondhand and thirdhand exposure 
to e-cigarette aerosol?

•  �How should the abuse liability of e-cigarettes be measured and 
how do e-cigarettes compare with other tobacco and nicotine only 
containing products?

•  �How do sensory effects contribute to the abuse liability of 
e-cigarettes? How are these measured and what are the mechanisms 
of these effects (peripheral vs. central nervous system)? What role do 
they play in learned behavior and relapse?

•  �What role does nicotine in varying doses versus sensory aspects 
play in the e-cigarette’s addiction potential (e.g., subjective effects, 
withdrawal suppression, concurrent tobacco use, relapse)?

•  �What characteristics of e-cigarettes make users of conventional 
cigarettes consider switching?

•  �Are there different characteristics of use or of the user population 
among different generations of e-cigarettes?

•  �What experimental models or self-reports could be used to predict 
addictiveness or toxicity?
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evolution. Many clinical studies cannot begin without an IND for 
a chosen e-cigarette. IND approval requires a level of product data 
and manufacturing documentation that is currently unavailable to 
many researchers. The research community needs to have access to a 
standard, well-characterized e-cigarette for clinical studies. Creating 
this resource and making it generally available for researchers is a 
large task that would benefit from the coordination and experience 
of NIH. In addition, NIH has experience in coordinating some of 
the large annual surveys of tobacco use and adolescent behavior. 
These may be considered a model for initiating more frequent stud-
ies to assess e-cigarette use in order to obtain more timely informa-
tion about this rapidly moving phenomenon. Addressing e-cigarette 
knowledge gaps and facilitating e-cigarette research should be a pri-
ority for NIH.

Conclusions

There is extensive public discussion on whether e-cigarettes could 
substantially reduce conventional cigarette smoking, be an effective 
aid for nicotine cessation, or both. However, there is limited data 
available that directly addresses these issues. Concerns have also 
been raised about the potential for e-cigarettes to facilitate nicotine 
addiction, especially among youths and young adults, and to pro-
mote relapse among former smokers. The short-term and long-term 
effects of e-cigarettes on human physiology and behavior have yet to 
be fully explored. Independent, peer-reviewed research is the appro-
priate mechanism to evaluate e-cigarettes to assess both the potential 
risks and potential opportunities they represent.
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Behaviors of use
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smoking cigarettes) and factors moderating these trends?

•  �Do e-cigarettes delay or facilitate cessation? What characteristics 
influence cessation?

• � How is dual use defined? What are the patterns of and reasons for dual 
use? Does dual use lead to conventional cigarette or nicotine cessation? 
Does dual use lead to altered addiction levels or changes in health risk? 
What factors can decrease the likelihood of sustained dual use?

•  �How will use of e-cigarettes affect smoking prevalence and 
morbidity and mortality outcomes?

•  �Does e-cigarette availability affect uptake by former users? Can this 
lead to smoking relapse?
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this substitute or complement uptake of conventional cigarettes?
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use among youth and former cigarette smokers?

•  �How do changes in product types, cost, and availability affect 
uptake and continued use?

Cessation and harm reduction

•  �What is the efficacy of e-cigarettes in cessation of conventional 
cigarettes or nicotine, either alone (placebo or nicotine e-cigarettes) 
or with approved therapies? How will e-cigarette use affect exposure 
biomarkers and toxicants? Will nicotine fading be an effective 
treatment?

•  �What roles do nicotine delivery and behavioral aspects of 
e-cigarettes have in cessation of combustible tobacco or nicotine?

•  �Are there acceptable outcome measures unique to e-cigarettes short 
of cessation, such as level of combustible use, toxicant exposure, 
degree of dependence?

•  �Who are the best candidates for cessation or conventional 
cigarette reduction intervention with e-cigarettes? What are the 
unique considerations for special populations, individuals with 
comorbidities, or institutionalized populations?

•  �What is the optimal instructional set in a clinical study for using 
e-cigarettes to replace conventional cigarettes or for nicotine 
cessation? Are there complexities unique to e-cigarettes due to the 
variability of nicotine puff yield between naïve and experienced 
users?

•  How can cessation opportunities with e-cigarettes be maximized?
•  �What is the population reach of e-cigarettes; is it different from 

approved cessation products?
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