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Executive Summary

This report provides an in-depth examination of the acute health effects observed in nicotine
vaping, emphasizing both biomolecular impacts and immediate epidemiological changes. It
focuses solely on nicotine vaping, drawing on recent studies from 2023 to 2025 that highlight
cellular, cardiovascular, and pulmonary consequences. The analysis integrates findings from
animal and cell models, randomized controlled studies, and epidemiological investigations, as
well as a detailed evaluation of device design and aerosol formation. The goal is to synthesize the
current state of research necessary for understanding and ultimately mitigating acute health
risks.

1. Introduction

Nicotine vaping, initially marketed as a safer alternative to combustible cigarette use, has rapidly
become a subject of intense scrutiny. Recent investigations have revealed a range of acute
adverse effects at the cellular, molecular, cardiovascular, and pulmonary levels. This analysis is
organized into several detailed sections that summarize the learnings from recent research,
discuss the pathways of toxicity, and suggest experimental and regulatory strategies to further
delineate and combat the acute toxicities associated with nicotine vaping.

2. Acute Biomolecular and Inflammatory Mechanisms
2.1 Initiation of Oxidative Stress and Inflammatory Signaling

Acute exposure to nicotine vaping has been demonstrated to trigger rapid oxidative stress in
both cell and animal models. Key observations include:

Reactive Oxygen Species (ROS): Following exposure, there is a notable surge in ROS generation.
The thermal degradation of e-liquid solvents (propylene glycol and glycerol) combined with
nicotine metabolism (notably through nicotine iminium formation) induces a significant oxidative
burst. This elevated ROS level is a molecular initiating event leading to widespread cellular
damage.

DNA Damage: Elevated ROS levels correlate with increased DNA strand breaks, contributing to
genomic instability even after short-term exposure.



Inflammatory Cytokine Release: Several models have shown heightened levels of cytokines such
as IL-6 and TNF-a. This rapid inflammatory response is triggered not only by nicotine's direct
effects on nicotinic acetylcholine receptors (nAChRs) but also by secondary reactive
intermediates formed during the aerosolization process.

2.2 Mitochondrial Dysfunction

Nicotine metabolism creates by-products that compromise mitochondrial integrity.
Mitochondrial dysfunction, a hallmark of acute exposure, further exacerbates oxidative stress by
reducing the efficiency of electron transfer and increasing superoxide production. This interplay
lays the groundwork for subsequent acute cellular and vascular responses.

3. Aerosol Generation and Role of Device Parameters
3.1 E-liquid Composition and Thermal Degradation

Understanding the acute health effects of nicotine vaping requires a detailed analysis of the e-
liguid composition and the conditions under which it is vaporized:

E-liquid Constituents: Standard formulations typically include nicotine dissolved in mixtures of
propylene glycol and glycerol. When heated, these are subject to thermal degradation, forming
toxic aldehydes such as formaldehyde, acetaldehyde, and acrolein. Under normal operating
temperatures (<300°C), these toxicants are produced at baseline levels; however, under "dry
puff" conditions, where coil temperatures exceed 1000°C, their formation surges dramatically.

Thermal Hot Spots and Coil Degradation: Device parameters are critical. Variations in coil type,
wattage, and voltage settings can lead to localized hot spots. These not only accelerate the
production of carbonyl compounds but also result in the release of trace metals (e.g., nickel and
chromium) from coil degradation, intensifying the acute biochemical stress and inflammatory
response.

3.2 Standardizing Aerosol Delivery in Research

Recent studies emphasize the need for standardized aerosol delivery systems. Key aspects
include:

Dosing Consistency: Precise dosing of nicotine and accurate control of aerosol particle size are
essential to isolating biomolecular changes. Consistency in power settings precludes variables
that could confound outcomes.

Dual Exposure Models: Coupling nicotine aerosol exposure with pharmacologic nicotine delivery
systems (e.g., nasal spray) in cross-over designs helps differentiate the specific impacts of inhaled
toxicants from those mediated solely by nicotine. This methodology allows dissection of



pathways such as direct nAChR stimulation versus those secondary to thermal degradation
products.

4. Acute Cardiovascular Impacts
4.1 Hemodynamic Changes

Acute nicotine vaping provokes immediate cardiovascular responses, mainly via sympathetic
nervous system activation:

Heart Rate and Blood Pressure: Meta-analyses across randomized crossover studies have
consistently demonstrated that even a single vaping session elevates heart rate (by an average of
~11.3 bpm) and increases systolic/diastolic blood pressure (approximately 12.9/7.7 mmHg
respectively). These rapid changes serve as early markers for more chronic cardiovascular
dysfunctions.

Endothelial Dysfunction: Markers of vascular function such as flow-mediated dilation are notably
impaired. This is mediated partly by diminished bioavailability of nitric oxide, which predisposes
to arterial stiffness and early atherogenic changes.

4.2 Biochemical Markers of Vascular Injury

The acute cardiovascular stress is closely coupled with observed alterations in biochemical
markers:

Oxidative Stress and Inflammation: Elevated ROS levels translate into increased systemic
inflammation, contributing to endothelial injury. The resultant inflammatory milieu can enhance
the risk of acute arrhythmogenic events and myocardial infarctions, especially in users with dual
exposures or pre-existing vulnerability.

Sympathetic Activation: Nicotine directly interacts with nAChRs, stimulating a cascade of
autonomic responses that increase catecholamine release. This amplifies the acute
cardiovascular response and is measurable through increases in circulating biomarkers.

5. Pulmonary Effects of Nicotine Vaping
5.1 Immediate Respiratory Responses

While chronic issues such as EVALI have garnered significant attention, acute pulmonary effects
also merit consideration:

Inhalation Injury and Epithelial Disruption: Toxic aldehydes and flavoring chemicals (e.g., diacetyl
and menthol) cause rapid irritation of the respiratory epithelium. This results in symptoms such



as coughing, dyspnea, and airway hyperresponsiveness, mainly due to epithelial-mesenchymal
transition and subsequent redox imbalances.

Acute Inflammatory Syndromes: Cases of acute lipoid pneumonia and diffuse alveolar
hemorrhage have been reported even in the context of short-term exposures. The interplay
between direct chemical irritation and the systemic inflammatory response creates a complex
clinical picture that may mimic other acute pulmonary syndromes.

5.2 Pulmonary Immune and Inflammatory Response
The acute pulmonary response includes:

Cytokine Storms and Inflammatory Cell Recruitment: Rapid elevations in pulmonary cytokines
can lead to localized inflammation. This is potentially augmented by flavor additives that, when
aerosolized, produce secondary toxicants capable of reshaping local immune responses.

Biochemical Markers: Biomarkers such as IL-6 and TNF-a, already elevated in systemic circulation,
are also observed at increased levels in bronchoalveolar lavage fluid after acute exposure. These
markers serve as early indicators of pulmonary epithelial injury and subsequent risk of
developing more severe lung pathology.

6. Device Variability and User Demographics
6.1 Device Design and Operational Variations
The type of device used for vaping significantly influences the profile of acute toxicant exposure:

POD vs. MOD Systems: Younger users, often never-smokers, tend to prefer compact POD devices
that offer high nicotine concentrations (often exceeding 50 mg/mL) and flavors like mint or
menthol. In contrast, former smokers may choose MOD devices with customizable settings that
result in lower nicotine doses but variable thermal conditions.

Impact on Toxicant Formation: Higher power settings in MOD systems are associated with an
increased risk of hot spot formation and, therefore, greater production of harmful aldehydes and
metal particulates. Public health initiatives need to account for these differences to tailor risk
communication effectively.

6.2 Differential Exposures Affecting Biomolecular Outcomes
Demographic factors not only influence device choice but also the acute biomolecular response:

Localized Versus Diffuse Injury Patterns: The variations in inhalation behavior (e.g., puff duration,
frequency) and device type result in variations in toxicant dose delivery. This is reflected in
studies where differences in self-reported symptoms (like morning cough) were noted among
different age and user groups.



Dual Exposure Risks: While exclusive vaping may yield a distinct acute biomolecular profile
compared to combustible smoking, dual users are observed to have synergistically elevated risks
for myocardial infarction and other cardiovascular events. Such nuances underscore the need for
detailed epidemiologic screening in future studies.

7. Integrative Discussion
7.1 Synthesis of Acute Effects

Recent studies (2023—2025) reinforce an integrated view of acute toxicity from nicotine vaping,
identifying a cascade of events initiated by oxidative stress:

1. Molecular Initiating Event: Formation of ROS is driven by thermal degradation of solvents
and nicotine's metabolic products.

2. Early Biomolecular Alterations: These include DNA strand breaks, mitochondrial
dysfunction, and activation of inflammatory pathways.

3. Intermediate Physiological Changes: Resulting in sympathetic nervous system activation,
heightened heart rate, and increased blood pressure.

4. Manifestations in Target Organs: Evident in vascular endothelium (impaired nitric oxide
signaling and flow-mediated dilation) and pulmonary tissues (epithelial disruption and
cytokine release).

7.2 Recommendations for Future Research

While current research elucidates the immediate impacts of nicotine vaping, several avenues
warrant further exploration:

Dual Exposure Models: Future studies should systematically incorporate dual exposure designs to
delineate the acute effects of aerosolized toxicants versus pure pharmacologic nicotine. This will
help clarify the relative contributions of various chemicals and thermal degradation products.

Device Heterogeneity: Investigating the impact of device-specific parameters (e.g., wattage, coil
material) in large-scale epidemiological studies can refine risk assessments. Standardization
across studies is critical to minimizing variability.

Innovative Biomarkers: Emerging biomarkers (for instance, novel oxidative stress indicators or
mitochondrial bioenergetic markers) may offer improved sensitivity and specificity in detecting
early toxicological events.

Regulatory and Screening Approaches: Given the observed acute cardiovascular and pulmonary
changes, regulatory bodies should consider incorporating biomolecular endpoints into post-
market surveillance and risk stratification models.



Advanced In Vitro Models: Utilization of 3D lung organoid models and microfluidic systems
mimicking systemic circulation could provide more precise mechanistic insights into vaping-
induced toxicity.

8. Conclusions

This comprehensive review of acute health effects concerning nicotine vaping reveals a complex
array of biomolecular and physiological alterations. Key conclusions include:

Acute Cellular Injury: Immediate exposure induces oxidative stress, mitochondrial dysfunction,
and enhanced inflammatory signaling, which collectively contribute to cellular injury and DNA
damage.

Cardiovascular Effects: Vaping nicotine acutely elevates heart rate and blood pressure, disrupts
endothelial function, and initiates early vascular remodeling, setting the stage for long-term
cardiovascular issues.

Pulmonary Consequences: Acute inflammatory and epithelial injuries in the lungs, exacerbated
by harmful flavoring chemicals and toxic aldehydes, underscore the inherent risks associated with
even short-term exposure to vaping aerosols.

Implications for Device Regulation: Variability in device design and user demographics plays a
significant role in exposure levels and subsequent health effects. Standardization and stricter
regulatory measures are required to mitigate risk, especially in populations vulnerable to dual
use.

Overall, the research from 2023 to 2025 underscores that while nicotine vaping may not exhibit
the full spectrum of harms seen with combustible cigarette use, its acute effects are both
measurable and clinically significant. Continuous monitoring and rigorous research will be
necessary to balance the evolving regulatory landscape with public health interests.

9. Future Directions

While specific PMIDs and references have been incorporated implicitly in the synthesis of
biomolecular and clinical endpoints (e.g., PMIDs 40559943 and 40010935), ongoing research
should emphasize:

e Continuous refinement of the Adverse Outcome Pathway (AOP) framework for vaping-
induced toxicity

e Integration of real-time monitoring of biomarkers in clinical settings for early detection of
acute cardiovascular and pulmonary effects



e Longitudinal studies to track individual biomolecular responses post-exposure

This multi-faceted approach will be vital for developing both targeted interventions and policy
frameworks aimed at reducing acute harm among users of nicotine vaping products.

Appendices
Appendix A: Experimental Design Recommendations

Randomized Controlled Cross-Over Designs: Using within-subject comparisons for nicotine versus
nicotine-free aerosols.

Dual Exposure Conditions: Pairing aerosol exposure with a pharmacological nicotine delivery
system.

Standardization Protocols: Detailed calibration of aerosol generation systems to control for
wattage, temperature, and nicotine dose.

Appendix B: Considerations for Regulatory Bodies

¢ Monitor and possibly mandate enhanced safety features in device design to avoid "dry
puff" conditions

e Strengthen guidelines on acceptable levels of thermal degradation products and metal
particulates in e-cigarette aerosols

e Develop educational campaigns stressing the acute cardiovascular and pulmonary risks,
particularly among younger populations
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