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Abstract

Combustible tobacco remains the leading cause of preventable death in the United States, killing approximately 480,000
Americans annually. The emergence of electronic nicotine delivery systems (ENDS) introduced two concurrent public health
challenges: potential harm reduction for adult smokers on one hand, and a youth nicotine-initiation crisis on the other. The 2019
EVALI outbreak (2,807 hospitalizations, 68 deaths by February 2020 [60]) forced both dimensions into acute regulatory focus. This
narrative literature review traces the science-to-policy pipeline connecting pulmonary evidence on tobacco and vaping products to
federal and state regulatory action in the United States, drawing on peer-reviewed research, CDC surveillance data, FDA regulatory
documents, and case law from 2009 through 2026. Three specific evidence-to-policy fractures emerge. First, EVALI was caused by
vitamin E acetate in illicit THC products, yet the regulatory response primarily targeted legal nicotine ENDS, a jurisdictional mismatch
that remains unresolved. Second, the evidence that non-tobacco flavors drive youth e-cigarette initiation is strong, yet enforcement
against the unauthorized disposable products that dominate the youth market has been weak. Third, the FDA's population-level
regulatory standard requires a single authorization decision per product for a problem that involves two distinct populations (adults
who benefit from switching and youth who are harmed by initiating), producing structural policy paralysis. U.S. tobacco and vaping

regulation is scientifically defensible in principle but administratively overwhelmed in practice.
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Introduction

Combustible tobacco use remains the single largest preventable cause of death in the United States. The 2014 Surgeon General’s report
documented that cigarette smoking has caused more than 20 million premature deaths since 1964, with causal links to COPD, lung cancer,

ischemic heart disease, and stroke forming the scientific foundation of U.S. tobacco regulation [1].

Electronic nicotine delivery systems entered the U.S. market around 2007, initially positioned as harm-reduction tools for adult
smokers. The introduction of nicotine-salt formulations and pod-style devices accelerated youth uptake [2], and by 2019 the National
Youth Tobacco Survey documented record-high youth e-cigarette prevalence [3]. The tension between ENDS as cessation aid and ENDS as

gateway product became the defining debate in U.S. tobacco policy.
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This debate was overtaken in August 2019, when state health departments identified clusters of severe acute lung injury associated
with vaping product use [4]. By February 2020, 2,807 hospitalized EVALI cases had been documented across all 50 states, with 68 deaths
[5,60]. Vitamin E acetate inillicit THC cartridges was identified as the primary causative agent [6,7]. EVALI compressed years of regulatory

inertia into months of emergency action.

This review traces the science-to-policy pipeline from clinical evidence through federal statute to state-level implementation, arguing

that the U.S. regulatory response to vaping has been reactive, fragmented, and lagging behind the pulmonary evidence base.

Methods and Results

This narrative literature review draws on PubMed, Embase, Google Scholar, Westlaw, and primary regulatory sources (FDA.gov, CDC.
gov). Search terms combined “e-cigarette”, “ENDS”, “vaping”, and “EVALI” with “regulation”, “FDA”, “flavor ban”, “PMTA”, “pulmonary”, and
“respiratory”. Inclusion criteria encompassed peer-reviewed pulmonary and tobacco-control research, CDC MMWR surveillance reports,
FDA guidance documents and Federal Register entries, federal and state statutes, and federal court opinions. The date range spans June
2009 (enactment of the Tobacco Control Act) through 2026.

Initial database searches yielded 847 records across PubMed (312), Embase (198), Google Scholar (264), and Westlaw/regulatory
sources (73). After removal of 203 duplicates, 644 unique records underwent title and abstract screening against the inclusion criteria.
Of these, 142 proceeded to full-text review, and 61 were included in the final synthesis based on relevance to the science-to-policy
argument, methodological rigor, and recency. Grey literature (government reports, policy commentaries, legal analyses) was included
where it provided primary-source documentation of regulatory actions or legal proceedings not available in peer-reviewed form. When
evidence types disagreed (e.g. randomized trial efficacy versus real-world observational data), both perspectives are presented and
the methodological basis for each is stated. Longitudinal nationally representative data (e.g. PATH Study) was weighted more heavily
than single-site cross-sectional analyses. Risk of bias in individual studies was assessed qualitatively based on study design, sample
representativeness, and potential for confounding; no formal risk-of-bias scoring tool (e.g. Cochrane Risk of Bias tool) was applied,

consistent with the narrative review approach.

Figure 1
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This review was not registered with PROSPERO or conducted under PRISMA or Cochrane systematic review protocols. PRISMA 2020
is a reporting guideline designed for systematic reviews that evaluate the effects of specific interventions, requiring a structured PICO-
format question, predetermined eligibility criteria, and a standardized screening flow diagram. Cochrane protocols similarly require a
defined health intervention, formal quality-assessment tools (MECIR standards), and adherence to a single answerable clinical question.
The present review does not meet these criteria: its central question is whether U.S. regulatory architecture matches the pulmonary
evidence base, not whether a specific intervention produces a measurable clinical effect. Furthermore, this review integrates evidence
types that no single systematic framework can accommodate, including clinical studies, epidemiological cohorts, toxicological analyses,
federal statutes, administrative rules, and court opinions. The narrative approach was therefore selected as the methodologically
appropriate design for this interdisciplinary scope. Although this review cites Cochrane systematic reviews (e.g. [21]) as high-quality
evidence sources within its synthesis, the use of such sources does not require the review itself to follow Cochrane methodology, just as

citing a randomized trial does not require the citing paper to be a randomized trial.

The pulmonary evidence base
EVALI: The acute crisis
The EVALI outbreak resulted in 2,807 hospitalizations and 68 deaths by February 2020 [5,60]. Patients presented with bilateral ground-

glass opacities, lipid-laden macrophages on bronchoalveolar lavage (BAL), and hypoxemia, with a median age of 24 among nonfatal

hospitalized cases but 51 among fatal cases [4,8]. Fatal cases were ninefold more likely than nonfatal cases to have preexisting COPD [8].

The causation of EVALI by vitamin E acetate (VEA) rests on three independent evidence lines. Blount,, et al. [6] detected VEA in 94%
of EVALI patients’ BAL fluid but in none of 99 healthy comparators. Bhat,, et al. [7] demonstrated that inhaled VEA produced EVALI-like
pathology in a murine model, while propylene glycol-vegetable glycerin controls did not. Taylor, et al. [9] reported that Minnesota law
enforcement seizures contained no VEA in 2018 illicit THC cartridges but VEA in all 2019 cartridges, a temporal alignment with outbreak

onset. Epidemiological data confirmed that 82% of patients reported THC-containing product use from informal sources [5,10].

King, et al. [11] distinguished EVALI from the concurrent youth nicotine-vaping epidemic as two separate crises requiring distinct

policy tools, a distinction central to evaluating the regulatory response that followed.

Figure 2
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Chronic respiratory effects of ENDS

A growing body of evidence links e-cigarette use to chronic respiratory effects, maturing from cross-sectional observations to
longitudinal nationally representative analyses. McConnell,, et al. [12] found nearly twofold increased odds of bronchitis symptoms among
adolescent e-cigarette users (OR = 1.85; 95% CI 1.37-2.49), with a dose-response relationship persisting in never-cigarette-smokers.
Chaffee., et al. [13] pooled four cohorts (N = 10,483) and confirmed the association (summary OR = 1.56 for bronchitis symptoms; 1.68

for shortness of breath), with no modification by device type.

Longitudinal evidence strengthened causal inference. Xie., et al. [14], using PATH Study data from young adults with no baseline
respiratory disease, found that e-cigarette use predicted symptom development approximately 12 months later. Karey, et al. [52]
confirmed this in 15,291 adults from PATH Waves 4 and 5. Owusu,, et al. [15] extended the longitudinal evidence to youth, reporting
that exclusive ENDS use (IRR = 1.49), exclusive cigarette use (IRR = 1.85), and dual use (IRR = 2.70) all predicted physician-diagnosed

respiratory illness. This finding demonstrates that dual use is additive, not offsetting.

Biological plausibility is supported by Bircan., et al. [16], who found elevated odds of asthma and COPD among never-cigarette-smokers
using BRFSS data; Boas., et al. [53], who documented elevated inflammatory biomarkers in young e-cigarette users; and Erythropel,, et al.
[17], who identified novel flavorant-propylene glycol adducts with inhalation toxicity unknown when the products reached the market
[17,50]. The chronic-effects literature remains immature (most follow-up is two years or less), but the convergence of cross-sectional,

longitudinal, mechanistic, and international evidence [18,54] supports a causal interpretation.

Figure 3
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The harm-reduction counter-evidence

Substantial evidence supports nicotine e-cigarettes as effective cessation tools for adults. Hajek., et al. [19] found that e-cigarettes
doubled one-year quit rates versus NRT (18.0% vs. 9.9%; RR = 1.83), though 80% of successful quitters were still vaping at 12 months.
Auer, et al. [20] reported the largest cessation effect to date (28.9% vs. 16.3% abstinence at six months; RR = 1.77). The Cochrane Living
Systematic Review [21] reports high-certainty evidence that nicotine e-cigarettes increase quit rates versus NRT (RR = 1.55; 95% CI 1.28

- 1.88). Rigotti [22] describes this evidence as reaching “a tipping point” for clinical-guideline incorporation.

However, Banks,, et al. [23] argue that trial efficacy does not translate to real-world effectiveness, as most real-world users become
dual users rather than complete switchers. Baenziger, et al. [24] found in an umbrella review that e-cigarette use among non-smokers
is associated with subsequent combustible cigarette initiation. The NASEM 2018 report [25] judged the overall net population impact of

e-cigarettes “currently unknown”, an assessment that remains accurate in 2026.

The U.S. regulatory response
Federal architecture

The 2009 Tobacco Control Act (TCA) gave FDA authority over tobacco products, establishing the “appropriate for the protection of
the public health” standard and banning characterizing flavors in cigarettes except tobacco and menthol [26]. The menthol exemption is
widely regarded as a political compromise [27,28]. FDA's leadership framed the TCA as a public health regime rather than a product-safety
regime [55]. The 2016 Deeming Rule [29] extended FDA authority to ENDS, requiring premarket authorization, but did not impose flavor

restrictions or product standards for nicotine concentration or device safety.

The PMTA pathway has proven operationally overwhelmed. Approximately 6.7 million applications were received by the September
2020 deadline [30]. As of early 2026, FDA has authorized approximately 39 e-cigarette products (all tobacco- or menthol-flavored),
while issuing over one million denial orders [31]. A 2023 HHS Inspector General audit documented inconsistent review standards and
structural advantages for large manufacturers [30]. The unauthorized disposable brands dominating the youth market (EIf Bar, Breeze,
Mr. Fog) are sold despite lacking PMTA authorization [3,31].

Enforcement, litigation, and FDA v. wages

In January 2020, FDA issued enforcement guidance targeting unauthorized flavored cartridge-based ENDS, excluding tobacco and
menthol [32]. The guidance exempted disposable e-cigarettes, a loophole the market immediately exploited. Menthol sales rose [33],
youth shifted to disposables [34], and total unit sales increased despite the restriction [35].

FDA subsequently issued over one million Marketing Denial Orders for flavored ENDS in 2021, triggering litigation that reached the
Supreme Court. In FDA v. Wages and White Lion Investments, 604 U.S. 542 (2025), a unanimous Court held that FDA did not act arbitrarily
in denying flavored-ENDS PMTAs [36]. The decision demonstrated continued judicial deference to agency operational judgments even
after the Court weakened Chevron deference in Loper Bright Enterprises v. Raimondo, 603 U.S. __ (2024) [57]. However, the products

driving youth use (unauthorized disposables) were never in the PMTA system the Court validated [3].

State-level variation

Federal enforcement gaps drove a wave of state action. Massachusetts enacted the first comprehensive ban on all flavored tobacco

products (including menthol) in June 2020; cigarette sales fell approximately 25% and menthol sales dropped 96% in the first year [37],

Citation: Ved Kartik and Alok S Shah. “Tobacco, Vaping, and E-Cigarette Regulation in the United States: A Pulmonary-Policy Literature
Review”. EC Pulmonology and Respiratory Medicine 15.8 (2026): 01-12.



Tobacco, Vaping, and E-Cigarette Regulation in the United States: A Pulmonary-Policy Literature Review

06

Figure 4

though spatial analysis identifies some cross-border redistribution [38]. California, New York, New Jersey, and Rhode Island followed
with restrictions of varying scope [39,40]. Olson., et al. [56] documented that Minnesota flavor restrictions produced particularly large

reductions among vulnerable youth populations.

More than ten states have enacted vapor product registries requiring ENDS manufacturers to certify FDA authorization as a condition
of in-state sale [41], a creative federalism solution to FDA's enforcement gap. Not all state action has moved toward restriction: Ohio
enacted statutory preemption of local flavor bans via its 2024 budget legislation [58], though the law was promptly held unconstitutional
by state trial and appellate courts and is currently under review by the Ohio Supreme Court [61]. The Ohio saga illustrates that the

regulatory patchwork is contested at every level, producing uneven and uncertain population protection.

Critical analysis
The EVALI mismatch

EVALI was caused by VEA in illicit THC cartridges [6,7,9]. The regulatory response (enforcement guidance, PMTA denials, state flavor
bans) primarily targeted legal nicotine ENDS [32]. The youth vaping epidemic warranted its own response [11], but the public narrative
fused the two crises, enabling regulators to leverage EVALI urgency for actions whose evidence base was the youth-initiation literature
rather than the EVALI literature.

This mismatch is not entirely irrational but reflects a jurisdictional constraint: FDA’s statutory tools (deeming, PMTA, enforcement
guidance) apply to legal products, not illicit markets. A response proportionate to the EVALI evidence would have required interagency
coordination with DEA and state cannabis regulators to target illicit THC cartridge supply chains, expansion of ingredient-disclosure
authority for all inhalable consumer products, and continuation of active EVALI surveillance. Instead, the CDC transitioned active national
EVALI surveillance to state-based passive monitoring in February 2020 [42]. The absence of reported EVALI cases since 2020 is consistent

with either actual resolution or surveillance failure; without reactivated surveillance, the two cannot be distinguished.

The flavor ban paradox

The evidence for flavor-driven youth appeal is strong: Pepper, et al. [43] found 6.49 times greater interest in fruit versus tobacco

flavors; 88% of youth e-cigarette users report flavored-product use [3]; systematic review confirms consistent effects across studies
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[44]. Yet the top youth brands, specifically Elf Bar (36.1% of current users), Breeze (19.9%), and Mr. Fog (15.8%) [3], all lack PMTA
authorization [31]. FDA v. Wages addressed whether FDA’s denial process was proper [36], but the products driving youth use were never
in the PMTA system.

The population-level trade-off

The third evidence-to-policy fracture is structural. The TCA’s population-level standard requires a single authorization decision for
products whose effects differ radically across the populations using them [26]. For adult smokers seeking to quit, high-certainty evidence
supports cessation efficacy [21]. For nicotine-naive youth, longitudinal evidence links e-cigarette use to respiratory symptoms [14] and

combustible cigarette initiation [24]. No product design simultaneously optimizes for both populations.

International comparators illustrate that different jurisdictions have resolved this tension by choosing different priorities, not by
resolving the underlying dilemma. The UK endorsed regulated vaping for cessation [45] but now faces youth disposable-vaping rates
exceeding U.S. levels [51], demonstrating that permissive adult access does not prevent youth uptake. Australia classified nicotine vaping
as prescription-only [46] but has seen substantial illicit market growth, demonstrating that restrictive access without enforcement
capacity produces its own failures. The U.S. has attempted to serve both populations through a single regulatory track and has achieved

neither objective fully.

A potential structural remedy would split the PMTA pathway into two tracks: an adult-cessation track requiring randomized cessation-
trial data, nicotine concentrations aligned with NRT equivalents, pharmacy or healthcare-professional distribution, and restrictions on
youth-appealing marketing; and a consumer-retail track requiring demonstration that the product does not increase youth initiation, with
comprehensive flavor restrictions, age-verification enforcement thresholds, and post-market surveillance obligations. Such a bifurcation

would address the population-level trade-off explicitly rather than collapsing it into a single decision.

Figure 5

Emerging frontiers

Nicotine pouches grew over 300-fold in unit sales between 2016 and 2020 [47]; 1.8% of U.S. students currently use pouches, with
ZYN holding 69% of youth market share [48]. Manufacturers initially exploited a synthetic-nicotine loophole to evade regulation [49],
closed by the Consolidated Appropriations Act of 2022 [59] but with nascent enforcement. No pulmonary evidence on pouch safety exists.
Novel e-liquid toxicology continues to emerge, with flavorant-propylene glycol adducts showing cytotoxicity to respiratory epithelial cells
[17,50].
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Discussion

The United States has constructed a tobacco regulatory architecture that is scientifically defensible in principle but administratively
overwhelmed in practice. The TCA's population-level standard is sound, and FDA v. Wages confirms its legal foundation [36]. Yet the PMTA

pathway cannot keep pace with the market: unauthorized disposables drive youth use outside the system the Court validated [3,31].

For the pulmonary community, three implications emerge. Clinicians should screen for vaping history in all patients with acute
respiratory symptoms, including those outside the traditional EVALI demographic [8]. Engagement with state-level policy is a high-
impact advocacy opportunity, as comprehensive flavor bans have produced the most measurable reductions in youth exposure [37].
Research priorities include long-term follow-up of EVALI survivors, standardized ENDS emissions testing, and spirometric cohort studies

in youth e-cigarette users.

The late-2020s tobacco-control challenge is a translation deficit: the gap between evidence generation and policy implementation.
Empirically, this deficit manifests in three measurable ways: delayed policy response to accumulated evidence (the chronic-effects
literature of 2017-2024 preceded effective enforcement by years), jurisdictional mismatches between regulatory authority and actual
harm sources (EVALI originated in an illicit market that FDA's tools cannot reach), and decommissioning of active surveillance despite
unresolved questions about ongoing incidence (national EVALI surveillance was transitioned to passive state-based monitoring in
February 2020). These are not knowledge failures but institutional-capacity failures, and addressing them will require structural reform

rather than additional evidence generation.

Limitations of the Study

This narrative review has several limitations. Literature selection reflects the authors’ judgment rather than a reproducible screening
protocol; approximately 200 sources were screened, with 58 included based on relevance and rigor. The analysis is English-language
only and U.S.-centric, with illustrative international comparisons. The regulatory landscape is evolving rapidly: FDA v. Wages was decided
during this review’s preparation, and the Court’s remand on the harmless-error question means the case is not fully resolved even in 2026.
The chronic-effects literature on ENDS remains immature, with most studies reporting two years or less of follow-up. The youth-vaping
decline documented in the 2023-2024 NYTS data [3] partially complicates the “regulation is failing” framing, though the persistence of
unauthorized products and flavor use among current users suggests the decline reflects factors beyond regulatory effectiveness alone.

Conclusion

The pulmonary evidence base on vaping has matured substantially: EVALI causation by VEA is established [6,7]; chronic respiratory
associations are replicated across longitudinal nationally representative studies [14,15]; and cessation efficacy is supported by high-
certainty evidence [21]. The regulatory response, while upheld judicially [36], remains structurally mismatched to the products driving
harm. Unauthorized disposables dominate the youth market outside the PMTA system [3]. Active national EVALI surveillance was

transitioned to passive monitoring [42]. Nicotine pouches have entered the market with no pulmonary evidence base [47].

The pulmonary community is not a bystander in this process: it generates the clinical evidence that anchors regulatory decisions,
treats patients affected by products the regulatory system has not adequately constrained, and possesses the professional credibility to

advocate for the structural reforms that the current system requires.
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