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Abstract

Regulatory authorities have devoted increasing attention and resources to a range of issues sur-
rounding the regulation of novel nicotine and tobacco products. This review highlights the in-
herent complexity of evaluating prospective policies that pertain to products that heat solutions 
containing nicotine, but not tobacco leaf, sometimes referred to as electronic nicotine delivery 
systems (ENDS). The US Food and Drug Administration (FDA) is compelled to incorporate a set 
of public health criteria in their decision making, collectively referred to as the Population Health 
Standard. Adherence to this standard is necessary to estimate the impact of prospective ENDS 
policy decisions on net population harm associated with nontherapeutic nicotine products. For 
policies that are expected to decrease or increase ENDS use, application of the Population Health 
Standard requires a comprehensive assessment of the status quo impact of ENDS use on popula-
tion health. Accordingly, this review first assesses the state of the evidence on the direct harms of 
ENDS and the indirect effects of ENDS use on smoking, particularly rates of initiation and cessa-
tion. After that, the example of flavor restrictions is used to demonstrate the further considerations 
that are involved in applying the Population Health Standard to a prospective ENDS policy.
Implications: This narrative review aims to inform regulatory considerations about ENDS through 
the prism of the Population Health Standard. More specifically, this review (1) describes and ex-
plains the importance of this approach; (2) provides guidance on evaluating the state of the evidence 
linking ENDS to the net population harm associated with nontherapeutic nicotine products; and (3) 
illustrates how this framework can inform policymaking using the example of flavor restrictions.
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The Population Health Standard

Regulatory authorities have devoted increasing attention and re-
sources to a range of issues surrounding the regulation of novel 
nicotine and tobacco products. In the United States, Congress has 
delegated authority over all tobacco products that do not meet 
the definition of a drug or medical device to the Food and Drug 
Administration (FDA) with the passage of the Family Smoking 
Prevention and Tobacco Control Act (hereafter “Tobacco Control 
Act”) in 2009. This review pertains to products that heat solu-
tions containing nicotine, but not tobacco leaf, sometimes referred 
to as electronic nicotine delivery systems (ENDS) or vaping prod-
ucts. Other novel products such as dissolvable oral tobacco prod-
ucts or heated tobacco products are beyond the scope of this review, 
as are more established products such as snus, although some of 
the broader concepts addressed here may extend to these products 
as well.

The FDA formally deemed ENDS to be included in the to-
bacco products regulated by the Tobacco Control Act in 2016. The 
Tobacco Control Act repeatedly references a set of criteria related to 
population health collectively referred to as the “Population Health 
Standard.” These criteria include consideration of the following:

 • “the risks and benefits to the population as a whole, including 
users and nonusers”;

 • “the increased or decreased likelihood that existing users of to-
bacco products will stop using such products”; and

 • “the increased or decreased likelihood that those who do not use 
tobacco products will start using such products.” 1

The Tobacco Control Act requires that the Population Health Standard 
be considered in reference to nearly all significant regulatory actions 
related to tobacco products, including restrictions on sale, distribu-
tion, access, and advertising [section 906(d)(1)]; promulgation of new 
tobacco products standards [section 907(a)(3)(B)(I)]; marketing au-
thorization decisions on Pre-Market Tobacco Applications for new 
products [section 910(c)(4)]; and marketing authorization decisions for 
“Reduced Risk” [section 911(g)(1)] or “Reduced Exposure” [section 
911(g)(2)(B)(iv)] tobacco product applications [section 911(g)(4)].

In addition to the ubiquity of these standards in the text of the 
Tobacco Control Act, the criteria outlined in the Population Health 
Standard correspond to the key parameters of population models that 
produce quantitative estimates on population impact.2–8 These criteria 
are also in alignment with the reasoning of scholarly work that addresses 
the net impact of ENDS on population health.8–10 The core rationale for 
the Population Health Standard is to ensure that regulatory decisions 
for tobacco and nicotine products are not made without comprehensive 
consideration of their potential and likely consequences. Public health 
groups pushed for these criteria to be written into the Tobacco Control 
Act due in part to an understanding of the damage that had accrued 
during past policymaking processes that had lacked this broader view.11,12 
Although Congress wrote these criteria into the Tobacco Control Act for 
the explicit purpose of guiding FDA decisions on tobacco and nicotine, 
the rationale for these criteria is no less applicable to tobacco and nico-
tine policy decisions made by other governmental bodies at the state and 
local level or abroad. In addition, there is a growing recognition that 
FDA should put increased emphasis on population health considerations 
into their drug and device decision making.13

We focus on three core ways that ENDS use—and, thus, pol-
icies expected to reduce or increase ENDS use—might affect disease 
burden at the population level. These map to the key inputs used in 
population models that attempt to assess the net population health 
impact of ENDS.2–8

 (1) Direct harms associated with ENDS use among nonsmokers, es-
pecially youth never smokers and adult former smokers. This 
would include harms associated with nicotine, metals, solv-
ents, flavoring chemicals, contaminants, or other potentially 
hazardous chemicals—apart from any impact on subsequent 
smoking initiation or progression ([2] below).

 (2) Indirect effects on the rate of smoking initiation or progression 
among nonsmokers, particularly youth and young adults.

 (3) Indirect effects on the rate of smoking cessation, including com-
plete switching from combustible tobacco use to ENDS-only use.

Levy et  al.9 elaborate on causal pathways not emphasized above, 
including prolonged dual use among individuals who other-
wise would have only smoked, direct harms on all never smokers 
including adults, and indirect effects on the rate of reinitiation of 
smoking among former smokers.

The indirect effects of ENDS use on smoking are described in terms 
of the effect of ENDS use on rates of initiation and cessation to account 
for how ENDS policy can affect smoking prevalence through changes 
in the prevalence of ENDS use among nonsmokers and smokers re-
spectively (Figure 1). This is in addition to ways in which ENDS policy 
can affect the average probability that an individual ENDS user ini-
tiates or quits smoking. The core dilemma for policymakers is that 
situations often arise where it is difficult or impossible to design a 
policy that will affect ENDS prevalence among nonsmokers without 
similarly affecting smokers, and vice versa. As a result, policies that 
broadly affect the appeal, availability, or cost of ENDS and that cannot 
be easily tailored to affect only specific subpopulations to the exclusion 
of others—examples include premarket review decisions, excise taxes, 
nicotine levels, and flavor restrictions—are highly likely to cause unin-
tended consequences. In such cases, it is especially important to adhere 
to a decision-making process that is grounded in the Population Health 
Standard criteria. Many causal mechanisms that might link such pol-
icies to disease rates are best described as amplifying or dampening the 
status quo harms and benefits of ENDS. Consequently, a general assess-
ment of these initial harms and benefits—especially (1)–(3) above—is 
needed to evaluate the advisability of any such policy.

Direct Harms Associated With ENDS Use 
Among Nonsmokers

Assessing direct harms is necessary both to understand the abso-
lute risks of ENDS use and to estimate the relative risks of ENDS 
compared with cigarette smoking. Exclusive use of ENDS exposes 
users to substantially lower exposures to many toxins known to con-
tribute to the health risks of smoking.8 This reduction is visible both 
in comparisons of ENDS aerosol to cigarette smoke and in com-
parisons of the metabolites of these toxins in the urine of vapers 
and smokers.14 These exposure reductions suggest the promise of 
ENDS as a reduced-harm alternative to smoking. However, ENDS 
still present a set of established risks that are nontrivial—though 
they could potentially be minimized through regulation—as well as 
potential risks that could plausibly turn out to be quite severe.

First, ENDS deliver substantial doses of nicotine, which is widely 
recognized as addictive to users.8,15 Long-term harms from nico-
tine use have not been definitively established but cannot be ruled 
out. Animal studies have raised concerns about the possible impact 
of nicotine on the developing adolescent brain, and short-term ef-
fects of nicotine on heart rate and blood vessels has raised concerns 
about whether there might be longer term effects on cardiovascular 
health.8 Pod systems like JUUL and similar products deliver sub-
stantially higher levels of nicotine per puff compared with earlier 
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ENDS products.16 The speed of delivery to the bloodstream and the 
relative physical tolerability of vaping compared with smoking may 
engender higher blood nicotine levels and greater symptoms of nico-
tine dependence.14,17 This could entail substantial nicotine-associated 
health risks among high-intensity vapers—the intensity/harm gra-
dient of nicotine is not well established.

Second, researchers have identified several hazardous or poten-
tially hazardous chemicals in ENDS flavoring or emissions from 
ENDS flavoring being heated and/or mixed with other e-liquid com-
ponents. Cinnamaldehyde may present a particularly acute threat,18 
and vanillin and pentanedione may also be especially harmful.18 
There appear to be far greater hazards associated with some flavors 
than with others.19 Studies have shown the potential for wide vari-
ance in aldehydes in general,20 diacetyl, and acetyl propionyl21 across 
flavors. Notably, the substantial variance in free radicals across fla-
vors bears seemingly no relationship to the actual user experience 
(eg, different “vanilla” flavors show up at the most and least harmful 
ends of the spectrum).22

Third, the interaction of ENDS aerosol with the highly sensitive 
and reactive tissues in the lungs and airways may entail substantial 
respiratory harm even at relatively low levels of exposure to toxins. 
ENDS use has been associated with irritation to the respiratory 
system,8 which might be caused by the nicotine itself, solvents such 
as propylene glycol or vegetable glycerin, flavoring chemicals, con-
taminants, or some combination.

Fourth, black market products or legal products with insufficient 
safety regulations may expose users to harmful contaminants or 
dangerous device malfunctions. Poisonings and accidental injuries 
have been an issue from the beginning,23 and the recent epidemic of 
e-cigarette or vaping product use-associated lung injury—which has 
been linked to illicit tetrahydrocannabinol cartridges diluted with 
vitamin-E acetate24—demonstrates the dangers associated with black 
market supply chains. E-cigarette or vaping product use-associated 

lung injury has not been directly connected to nicotine vaping, but 
this episode serves to highlight both the harms that contaminants 
can cause given the sensitivity of lung tissues and the relationship 
between the effectiveness of regulatory oversight and the level of 
danger that ENDS users are likely to encounter.

Lastly, it is also important to consider whether the direct harms 
might differ across subgroups. ENDS use has become more prevalent 
among youth and young adults than older adults,25–27 which means 
policymakers need to specifically consider whether there might be 
differential risks faced by these subpopulations. The marginal harm 
associated with the acquisition of an addiction to nicotine among 
never users of tobacco should be considered greater than the mar-
ginal harm associated with the perpetuation of nicotine addiction 
among former smokers who have completely switched to ENDS. 
Youth and young adults may also be more likely to encounter coun-
terfeit products and their associated risks due to their higher like-
lihood of obtaining products through informal or social sources.28 
Regulatory actions restricting product availability could exacerbate 
this problem.

The challenge for public health authorities is that the true se-
verity of these risks will not be known for many years. There are 
clear opportunities for reducing harms associated with established 
risks. For risks that are plausible but unproven, regulators must 
make estimates and assumptions pending further research.

Indirect Effects on the Rate of Smoking 
Initiation or Progression Among Nonsmokers

The Population Health Standard requires consideration of a potential 
causal “gateway” role, which, if realized, would be very damaging to 
net population health because the hazards of smoking are so severe. 
The dramatic increase in ENDS initiation among youth,25,26 coupled 

Figure 1. Relating change in ENDS policy to change in population-level smoking prevalence.
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with evidence that ENDS use is associated with subsequent initiation 
of cigarette smoking among nonsmokers,8 challenges researchers 
to carefully consider the underlying causal relationships between 
vaping and smoking in the youth and young adult populations.

Assessing potential gateway effects is challenging because it is 
difficult to identify an unbiased estimate of the actual causal effect 
of ENDS use on smoking initiation. Specifically, it is difficult to dis-
tinguish correlations between ENDS use and subsequent smoking 
that result from posited causal mechanisms,9,29 and those that re-
sult from “common-liability” factors that could affect both ENDS 
experimentation and smoking experimentation.30,31 These include 
individual-level factors related to curiosity, susceptibility, and ex-
posure to marketing; family and peer factors including the number 
of smokers in an individual’s household and among their peer group; 
school-level factors related to social norms and surrounding retailer 
density; 32 and policy factors at the municipal, state, and national 
levels. Surveys often attempt to capture some of these factors, but 
many cannot be precisely measured, some change rapidly over time, 
and few, if any, data sets are rich enough to include all variables 
known to affect smoking initiation. ENDS use may be acting as a 
“signal” for some individuals if it correlates with unmeasured risk 
factors, making it easier to identify those who are at greatest risk for 
subsequent smoking but not independently increasing the risk that 
it reveals.

Given the obstacles to implementing experimental designs to 
examine the impact of ENDS use on youth populations, observa-
tional studies must be relied upon. One such approach involves co-
hort studies that look at whether ENDS users are more likely than 
nonusers to initiate smoking. Advantages of this approach include 
the ability to characterize the exposure and outcomes in detail and 
greater statistical power due to the direct focus on ENDS use and 
smoking. The disadvantage is the likelihood of biased estimates due 
to omitted variables that correlate with both pre-existing smoking 
propensity and the decision or opportunity to use ENDS.

Another approach is to conduct econometric studies that at-
tempt to exploit exogenous (ie, unconfounded) variations in policies, 
prices, or other factors that can be expected to affect propensity to 
use ENDS but not directly affect smoking behaviors. The advantage 
of econometric studies is that they are explicitly designed to identify 
causal effects, typically estimating an association that can only be ex-
plained by a causal effect given a set of underlying assumptions. One 
disadvantage of this approach is that exposure is assessed indirectly. 
This makes it more difficult to assess precisely the magnitude of the 
relationship between ENDS use and smoking. Perhaps most import-
antly, the assumptions necessary for causal inference may not hold 
(ie, variables posited as being exogenous may not be), leading to 
biased estimates. For example, state and municipal legislative actions 
toward ENDS might be reflective of electorates with certain views 
and attitudes toward all nicotine products, including cigarettes.

The results of cohort studies have consistently shown that 
nonsmoking youth who use ENDS are more likely to initiate tobacco 
smoking than nonsmoking youth who do not.8,33 The robustness 
of these results across settings was considered to be “substan-
tial” evidence for causality in the National Academies of Sciences, 
Engineering, and Medicine (NASEM) report.8 The research cited 
by NASEM firmly establishes the plausibility of a causal gateway, 
noting the variety of geographic and age settings that show a cor-
relation between ENDS use and subsequent smoking among youth 
and young adults. Other reviews examining the same cohort-study 
evidence have not concluded that a causal link has been established 

using causal criteria that are more conservative and consistent with 
the criteria applied to studies of cessation impact in the NASEM 
report.30 Causal reasoning through correlations found in cohort 
studies requires the refutation of alternative noncausal explanations, 
especially “common-liability” factors, which can otherwise explain 
why ENDS use would be associated with subsequent smoking.31

There are several reasons why common-liability explanations 
cannot be easily dismissed. First, consistently observed associations 
between ENDS use and smoking susceptibility34–37 cast doubt on 
included studies that do not rigorously measure this at baseline. 
Second, measured associations between ENDS use and subsequent 
smoking consistently tend to shrink when previously unmeasured 
covariates are included.35 A study analyzing data from the Population 
Assessment of Tobacco and Health (PATH) survey, which includes 
the most rigorous set of confounders, showed that controlling for 
baseline marijuana use or smoking susceptibility reduces the ob-
served association below statistical significance38 (see Supplementary 
Tables). Third, many empirical associations have been observed 
where causal explanations are relatively less likely compared to 
common-liability explanations, such as brief experimental ENDS 
use, and past but not current ENDS use at baseline.34,38,39 In sum, the 
cohort literature clearly establishes an association between ENDS 
use and subsequent smoking initiation, but we cannot infer that this 
entails a causal gateway without being able to rule out common-
liability explanations.

Several econometric studies have attempted to identify a causal 
effect of ENDS use on smoking initiation by conducting “differ-
ence in differences” studies that utilize the exogenous policy vari-
ation in minimum age laws for ENDS across states. Most, with one 
exception40 have found that minimum age laws for ENDS lead to 
more smoking among youth41–44—the opposite of a causal gateway. 
However, one rigorous analysis instead found that minimum age 
laws for ENDS reduced youth smoking.40 It is not immediately clear 
what explains this discrepancy, and so it is difficult to draw firm con-
clusions from the existing econometric literature.

A related body of literature closely examines the trend in youth 
smoking prevalence before and after the emergence of ENDS. Levy 
et al.45 found that the downward trend in youth smoking preva-
lence accelerated during the period when youth vaping prevalence 
increased from 2014 to 2017, a result that is more consistent with 
a diversion effect than a gateway effect. Hammond et al.46 report 
a similar decrease in smoking more recently among youths aged 
16–19 in the United States and Canada as vaping has spiked in 
each country. The causal meaning of these ecological trends is more 
speculative than that of econometric studies. Changes in preva-
lence result from a mix of factors including cohort replacement, 
changes in initiation rate, and changes in cessation rate that cannot 
be easily disentangled from one another. In addition, youth preva-
lence trends might primarily result from contemporaneous changes 
in the policy or cultural environment that are unrelated to ENDS. 
One important causal implication of these trends is that they are 
not consistent with the presence of a large causal gateway effect. 
If they continue, further consideration will need to be given to the 
prospect that the net impact of vaping may be to decrease smoking 
initiation.

The causal evidence on the gateway effect is weak overall, with 
no definitive answer as to whether it exists or not. If there is one, it 
is yet to produce a spike in smoking initiation, which suggests that 
the upper bound on what the net gateway effect could be is rela-
tively low.

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntaa190#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntaa190#supplementary-data
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Indirect Effects on the Rate of Smoking 
Cessation

The Population Health Standard requires considering the impact of 
ENDS policymaking on smoking cessation. There are at least three 
distinct ways in which ENDS availability and use in general might 
have a causal impact on smoking cessation: elicitation, appeal, and 
efficacy. Elicitation entails increased odds of attempting to quit. 
Appeal entails a greater likelihood that smokers will use ENDS for 
cessation, which will increase population-level cessation rates if ef-
ficacy is above zero. Efficacy entails that ENDS increase the odds of 
cessation among smokers who use them for this purpose.

The potential for elicitation of quit attempts47 is a relatively 
distinct feature of ENDS in comparison to conventional cessation 
aids and approaches. Although consistent with population data that 
show increases in quit attempts in recent years,48,49 it is very difficult 
to determine the true effect of ENDS on quit attempts because there 
is a key source of bias—reverse causality—that is applicable to al-
most any cohort study that attempts to address this issue. It is diffi-
cult to distinguish instances of elicited quit attempts among smokers 
who would not otherwise have attempted to quit from instances of 
quit attempts that would have occurred anyway for which ENDS are 
used as a quit method.

Even though ENDS cannot lawfully be marketed for this cessa-
tion, evidence from studies that analyze PATH data from waves 1 
and 2 have found that ENDS are an appealing method of smoking 
cessation compared with other quit aids such as conventional nico-
tine replacement or prescription medications.50,51 Increased use of 
ENDS as a quit method has been outpacing displacement of nico-
tine replacement therapy.52,53 This suggests that ENDS might be 
appealing more to a different set of smokers than do conventional 
nicotine replacement therapy products and increasing the overall 
share of quit attempts that involve quit aids.

A growing body of research has sought to determine whether 
ENDS are efficacious for smoking cessation. Randomized controlled 
trials (RCTs) of first-generation ENDS suggested cessation efficacy 
at or above that of conventional nicotine replacement therapies,54–57 
but these estimates were imprecise. Two major RCTs have been pub-
lished since the publication of most other meta-analyses and reviews 
including the NASEM report.58,59 The more powerful of these, Hajek 
et al.,58 was the first RCT to find a significantly higher cessation rate 
for a group receiving free tank-style ENDS than one receiving free 
nicotine replacement therapy. Both products were distributed in con-
junction with smoking cessation counseling, and ENDS users were 
taught how to use the product. The majority of participants in the 
ENDS arm who successfully quit were still using ENDS at follow-up. 
In Halpern et al.,59 the only group to receive “free e-cigarettes” and 
no other aids or incentives had a higher cessation rate than did the 
only group that did not receive any free ENDS (the “usual care” 
group). The raw p-value, appropriate for researchers aiming to 
evaluate the efficacy of ENDS because only this single comparison 
could be used to assess this, was below the threshold of statistical 
significance (p = .040) for the primary ITT analysis. The effect size 
was very small due to poor compliance. The authors’ secondary ana-
lysis, which nonrandomly excluded participants that did not sign 
into the study web portal after treatment assignment, yielded a larger 
effect size but a higher raw p-value (p = .067).59

RCTs have inherent limitations in terms of generalizability. Real-
world users will not be provided with free products, are rarely given 
individual instructions for use, and trials typically use products that 
contain outdated technology. The definition of compliance with the 

protocol could have a substantial impact on the interpretation of the 
trial outcome in real-world applications. For example, are subjects 
assigned to an ENDS arm or an RCT who do not follow the protocol 
and reject ENDS use altogether considered a failure of the product’s 
efficacy, an excluded participant because of noncompliance, or are 
they moved to the control group?

Econometric observational studies that are designed to identify 
causal effects have found effects consistent with product substitu-
tion.60–64 Cross-price elasticities have proven difficult to measure be-
cause ENDS sales can be difficult to track due to the preponderance 
of online and specialty store sales as well as the frequent introduc-
tion of novel product types. Generally, they have been shown to be 
positive, indicating substitution, when results are statistically signifi-
cant.62,65–67 Similarly, higher e-cigarette prices have been shown to 
lead to higher monthly cigarette consumption among youth.64 Most 
of these results do not allow for the contribution of smoking reduc-
tion to be disentangled from that of smoking cessation.

Observing the ecological trends in population smoking be-
haviors allows for a more precise focus on metrics of cessation, 
although the causal interpretation of these trends is far less 
straightforward. Following an increase in adult vaping in 2013,68 
quit attempt rates and cessation rates increased during the period 
between 2014–2016 compared with previous years48,49 paralleling 
a similar finding in England.69 The elevated quit attempt and ces-
sation rates were concentrated among smokers who reported 
past year48 or current49 ENDS use. Rates for nonusers of ENDS 
remained near the pre-2014 baseline. However, these trends do 
not imply a causal effect of increased vaping rates. Several con-
textual factors likely played roles in increased attempt rates. For 
example, mass media antismoking efforts such as the CDC “Tips” 
campaign aimed at adults and the FDA “Real Cost” campaign 
aimed at youth were on the air for much of this period. Moreover, 
smokers who were more likely to make a quit attempt or succeed 
at quitting might also have been more likely to initiate and sus-
tain ENDS use. Further studies that can provides more recent data 
on quit attempt rates and cessation rates with more granular age 
subgroups would be welcome, especially considering the large in-
crease in young adult vaping after 2016.

Observational cohort studies have shown wide-ranging results, 
due in part to inconsistent study populations, inclusion restrictions, 
and various aspects of study quality.70 Additionally, Villanti et  al. 
emphasize that “non-randomized studies must be scrutinized with 
respect to the appropriateness of comparison groups used and as-
sessment of the most plausible confounders relevant to the question 
at hand (ie, beyond demographics) to rule out other likely sources 
of bias.” 70 Unlike cohort studies of nonsmokers focused on initiation 
where one specific type of bias is nearly always applicable—unmeas-
ured or unobservable common-liability factors—cohort studies of 
cessation may be biased in various ways.

Observational cohort studies that compare cessation rates 
among smokers who initiate ENDS use after baseline and those who 
do not71,72 will be biased toward a finding of greater cessation rates 
for ENDS users because of the likelihood that ENDS use selects for 
time-varying quit intention that cannot be controlled at baseline, 
similar to what would be expected if we compared smokers who 
initiated nicotine replacement therapy or other cessation aids after 
baseline with those who did not.

Several other design approaches would be biased toward a 
finding of reduced cessation. Studies that compare ever or dual users 
at baseline with never or nonusers of ENDS at baseline73–77 will be 
biased toward a finding of reduced cessation rates for ENDS users 
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because ENDS users who quit before baseline will be excluded from 
the study entirely; filtering out these quitters will overpopulate the 
sample of included ENDS users with quit failures. Studies that focus 
only on success rates among quit attempters will be biased if they do 
not measure whether ENDS are being used as a quit method; other-
wise, ENDS use may signal for lack of success using other methods. 
Similarly, studies that compare the cessation or success rates of 
ENDS users against nonusers in a clinical setting, especially as part 
of a secondary analysis of a smoking cessation trial designed to test 
the impact of a different intervention,78,79 will be biased toward a 
finding of reduced cessation because of the likelihood that ENDS use 
reveals relative dissatisfaction with the recommended intervention.

This list of likely and potential biases is far from exhaustive, 
and it is doubtful that any of these biases can be fully addressed 
through the inclusion of control variables at baseline because the 
selection mechanisms generating these biases are either unobserv-
able or would occur after baseline. Given these limitations, there are 
still some consistent patterns that can be observed across the cohort-
study literature. Both prospective71,72,80–83 and retrospective47,51,84 co-
hort studies show that some measures of ENDS use—for example, 
intense use, daily use, and use of tank-style products—are much more 
likely to be associated with increased cessation, whereas others—for 
example, intermittent use, nondaily use, and use of disposable prod-
ucts—are much more likely to be associated with reduced cessation. 
This includes a recent prospective study using PATH data.71 Another 
recent cohort study that uses PATH data compares success rates 
among quit attempters across quit methods, finding that smokers 
who used ENDS as a quit method were more likely to quit smoking 
(with many continuing to use ENDS) than smokers who did not.50 
Although focusing on success rates among attempters using ENDS 
as a quit method manages to avoid the biases mentioned previously, 
it is still possible that these results are influenced by unmeasured 
confounders.

Giving priority to randomized studies, as others have,55,70 sug-
gests that ENDS may increase a smokers’ odds of quitting. Unlike 
the previous section, the evidence base for cessation allows for a 
more straightforward causal interpretation due to its foundation in 
controlled experiments. Agreement between these experiments and 
the higher quality observational studies that lack clear threats to in-
ternal validity further supports this inference. The primary utility of 
the remaining studies, which give mixed answers about the efficacy 
of ENDS, are that they suggest when and how ENDS might lead 
to cessation and what mediating or moderating factors should be 
considered.

Relating ENDS Policy to Indirect Harms and 
Benefits Associated With Smoking: The Case 
of Flavors

Projecting the indirect impact of an ENDS policy on tobacco cig-
arette smoking (Figure 1) requires an assessment of (1) how such 
a policy is likely to modify or amplify the status quo relationships 
between ENDS and smoking and (2) whether the impact of such a 
policy is likely to be asymmetrical across subpopulations. As an illus-
trative example, consider a policy that intends to restrict nontobacco 
ENDS flavors.

First, use of a nontobacco-flavored ENDS may have differen-
tial causal effects on smoking initiation probability (path “a” in 
Figure 1) or cessation efficacy (path “b”) in comparison to tobacco-
flavored ENDS use. This is an emerging focus for tobacco control 

researchers, but there is not strong evidence of differential effects 
at present. For initiation, there are not yet any published studies 
that directly address this question. For cessation, prospective cohort 
studies of smokers using PATH data have found a significant cor-
relation between use of nontobacco flavor,85 or flavors other than 
tobacco and menthol,82 and the probability of subsequent cessation. 
These associations may be driven disproportionately by young adult 
smokers (defined as 18–34 for Chen et al.),82 who are more likely to 
prefer flavors than older adults (defined as 30 and older in Harrell 
et al.).86

Second, ENDS flavors may amplify the impacts of the causal 
effects of ENDS on initiation probability or cessation efficacy by 
increasing the appeal of ENDS use. Evidence suggests that the 
availability of menthol and other nontobacco flavors is a major 
contributor to the appeal of ENDS to youths 86–90 as well as adult 
smokers.86,91,92 Increasing the appeal of ENDS in general (path “c”) 
simultaneously amplifies (through paths “e” and “f”) the population-
level impact of any pre-existing individual-level effect of ENDS on 
the probability of initiation (parameter “i”) or cessation (param-
eter “ii”) by expanding the affected share nonsmokers and smokers 
respectively. This point is worth underscoring. If a causal gateway 
were to be established, then flavors would be expected to increase 
the population-level smoking initiation rate even if nontobacco-
flavored products had the exact same effect as tobacco-flavored 
products on an individual’s transition to smoking (ie, even if path 
“a” were eliminated). This is correspondingly true of population-
level cessation (ie, eliminating path “b”). Given the strong evidence 
connecting flavors to appeal, and the thin evidence that connects 
flavors to an individual’s probability of smoking initiation or cessa-
tion, this appeal-related amplification should be the primary consid-
eration of how flavors affect the overall rates of smoking initiation 
and cessation at the population level.

As such, determining the advisability of a policy measure per-
taining to ENDS flavors cannot be disentangled from an assessment 
of the status quo impact of ENDS on net population harm, espe-
cially an assessment of the status quo gateway and cessation effects 
(parameters “i” and “ii”). Population models can serve as a useful 
guide here. As one might expect, the outputs of these models gener-
ally reflect their inputs. Models showing very little cessation effect 
and a very strong gateway effect6 estimate that ENDS are a detriment 
to public health—and thus permissive ENDS policy is detrimental 
as well. Models that parametrize causal gateway and cessation ef-
fects at levels commensurate with the evaluations in the preceding 
sections3,5,7,8 estimate that ENDS are likely to reduce smoking rates 
and improve public health in their baseline scenarios. Notably, these 
estimates tend to be much more sensitive to changes in the cessation 
effect parameter than that of the gateway effect.7,8 If policymakers 
believe there to be a substantial cessation effect, then the gateway 
effect would need to be very large to yield a net loss in life-years 
from increased ENDS use, suggesting that the greater concern at this 
juncture is the potential for direct harms from ENDS.

A further, related consideration is whether there is a differ-
ential impact of flavors on appeal across subpopulations (path 
“d”). Nontobacco flavors appear to disproportionately interest 
nonsmokers, who are less interested in tobacco-flavored products 
than smokers.93 At the same time, the absolute number of current 
smokers and recent former smokers that use nontobacco-flavored 
ENDS is far greater than that of never smokers or long-term 
former smokers.93 Similarly, youth nicotine-containing ENDS 
prevalence is currently much higher than adult prevalence,26,27,94 
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and there is an even greater prevalence disparity for use of fla-
vored ENDS because youth ENDS users are more likely to be 
using nontobacco-flavored liquid than adult users.86 However, 
because a larger absolute number of adults than youth report 
past 30-day ENDS use (over two and a half times as many in 
201826,95), the absolute number of adults who use nontobacco-
flavored ENDS or cite flavors as a reason why they use ENDS is a 
multiple of the absolute number of youth saying the same thing. 
Projecting the net impact of a policy to restrict or remove ENDS 
flavors requires several considerations beyond the general impact 
on the safety and appeal of ENDS, including the relative priority 
of the subpopulations of nonsmoking youth and smoking adults, 
the disproportionate appeal of nontobacco flavors to youth and 
nonsmokers, and the disproportionate reach of nontobacco-
flavored ENDS into the populations of current smokers and re-
cent former smokers.

Concluding Discussion

Applying the Population Health Standard to ENDS regulations re-
quires policymakers to incorporate a comprehensive assessment of 
the direct and indirect effects of their decisions. Several policies re-
lating to direct harms would be easy to justify by this standard, es-
pecially regulations to better protect ENDS users from unscrupulous 
suppliers and dangerous manufacturing practices. Restrictions on 
certain flavoring chemicals that pose excess risks are needed as well, 
as are standards for batteries and other potentially volatile or faulty 
device components.

Direct harms can be further reduced at the population level by 
reducing ENDS use among never smokers and youths. Presuming 
the NASEM report assessment that “current evidence points to 
e-cigarettes being less harmful than combustible tobacco cigarettes” 8 
is correct, the risks of ENDS use are arguably acceptable for indi-
viduals seeking to quit smoking, but that does not extend to never 
smokers. Recently, policies aimed at restricting the sale of flavored 
ENDS have been proposed at the federal level, following similar pol-
icies that have been enacted or proposed in an increasing number 
of states and localities, all with the aim of responding to the rapid 
escalation in youth ENDS use. The relationship between flavors and 
appeal among youth suggests that a more restrictive policy on fla-
vors is worthy of consideration.

Applying the Population Health Standard here—or to any 
other policy decision that would be expected to broadly affect the 
appeal, availability, or cost of ENDS—requires assessing indirect 
effects as well. An assessment that ENDS use is increasing the 
odds of smoking initiation among ENDS users would give more 
credence to a restrictive policy. A determination that ENDS use is 
increasing cessation rates among smokers would present a major 
drawback to a restrictive policy. In such cases, strong consider-
ation must be given to more tailored policies, such as increasing 
the minimum age of sale to 21 (“Tobacco 21”),96,97 which can 
potentially reduce youth vaping with minimal spillover impact on 
adult smokers.

If tailored policies are insufficient, the Population Health 
Standard does not provide a simple roadmap for how to balance 
competing considerations. Population models can offer guid-
ance, but by their nature, they cannot encompass the various nu-
ances of a policy decision as it confronts a regulator or politician. 

An overly aggressive push toward a restrictive or permissive 
policy may engender so much opposition from either advocates 
for smokers seeking alternatives or advocates for protection 
of youth from harmful products that the entire endeavor gets 
blown off course. The issue of youth vaping has demonstrated 
such strong political salience in the United States that the scope 
for permissive ENDS regulation has been effectively narrowed at 
this time. An overly aggressive push against flavors might simi-
larly engender strong salience among opponents that in turn nar-
rows the scope for reducing the appeal of ENDS to youth. More 
than anything, the Population Health Standard requires careful 
deliberation on the part of policymakers because incautious pol-
icymaking is unlikely to be successful in any context.

Lastly, designing policies for ENDS must consider the wider 
policy environment for nicotine products, especially combustible 
tobacco products but also including less dangerous conventional 
nicotine replacement products. It is possible that restricting ENDS 
flavors will increase the odds of transitioning to smoking by creating 
a situation where nonsmoking ENDS users are much more likely to 
encounter tobacco flavoring, or else by encouraging dual use versus 
complete switching. Certainly, removing ENDS flavors including 
menthol while permitting menthol cigarettes to remain on the 
market would seem likely to shift some menthol ENDS users toward 
menthol cigarettes. Proliferation of flavored cigars would need to 
be addressed as well.98 The prospect of shifting ENDS users toward 
smoking could be reduced through the simultaneous introduction of 
new policies aimed at tobacco cigarettes, such as a menthol-flavoring 
ban99 or the reduction of nicotine to nonaddictive levels in cigarettes 
and other combustible tobacco products.100 ENDS policies should 
never be more restrictive than those for combustible tobacco or less 
restrictive than those for medicinal nicotine.
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