
KDH RESEARCH & COMMUNICATION   NUMBER 32 :: SEPTEMBER 2024 :: PAGE 1 

 

INFORMING PUBLIC HEALTH  
RESEARCH BRIEF 
 
KDH Research & Communication    Number 32 :: September 2024 

 
Flavor Danger: Exploring Toxin Exposure 
During ENDS Use 
 
Tabatha Reynolds, Morgan L. Fleming, Kristen D. Holtz, and Andrew Simkus 
 
 
Background 
 
Electronic nicotine delivery systems (ENDS) are 
the most popular tobacco product among 
adolescents,1 and flavors contribute to their 
popularity. Indeed, among youth who report 
ENDS use, 88% report using a flavored 
product.2 Research has well-established that 
flavors increase curiosity in ENDS initiation,3 
facilitate easier use,4 and potentiate the addicting 
nature of ENDS.4–7 Youth are often attracted to 
using flavored vapes without knowing the severe 
health consequences. 
 
There is no safe ENDS flavor, with or without 
nicotine. Both flavorings and nicotine are 
independently associated with serious potential 
health risks8 and addiction6,8. To expand our 
nuanced understanding of ENDS use, however, 
this brief discusses additional factors that may 
relate to enhanced risk, including comparative 
toxicity of different ENDS flavorings and how 
device types, e-liquid composition, and usage 
behaviors can increase exposure to unsafe ENDS 
chemicals. A more detailed understanding of 
ENDS behaviors can contribute to specific 
research questions, regulatory statutes, and 
prevention messaging that target the “most 
dangerous” of this risky behavior.  
 
Flavor danger 
 
Science is still in the early stages of unveiling 
the exact chemicals and interactions between 
chemicals in ENDS vapor that are harmful.  
Such research is made more difficult by the fact 
that many ENDS companies ambiguously and 

broadly label their e-liquid flavor ingredients as 
“natural and artificial flavors” without 
specificity. Nonetheless, a review conducted in 
20219 counted at least 65 unique ENDS flavor 
ingredients with known toxicity, among which 
cinnamaldehyde (often used in cinnamon 
flavoring) was most often reported as being toxic 
to human cells. Other ingredients that topped the 
toxicity list included vanillin and ethyl vanillin 
(often used in vanilla flavorings); menthol (often 
used in ice, mint, and menthol flavoring); ethyl 
maltol (often used in sweet/caramel/cotton candy 
flavorings); benzaldehyde (often used in cherry 
and almond flavors); and linalool (often used in 
fruit and lavender flavorings). The more 
complex the flavor is, the more ingredients it is 
likely to have, and the toxicity to the ENDS user 
increases in turn.10 Mixtures of flavorings have 
been found to damage human cells worse than 
individual flavorings.9 Researchers at University 
of North Carolina - Chapel Hill (UNC) have 
created a database of flavors that can be used to 
understand a wide range of flavors’ toxicity 
levels at www.eliquidinfo.org.10 
 
Common flavoring chemicals have been found 
to induce toxicity in the respiratory tract, 
circulatory and cardiovascular systems, skeletal 
system, and skin.9 For example, a study of 36 
flavors found that the following flavors were 
highly toxic to human lung cells: butterscotch, 
caramel, coffee, fruit, chocolate, menthol, 
tobacco, and cinnamon.9,11 Similarly, cinnamon 
and cookie flavors have demonstrated toxicity 
for the human cardiovascular and circulatory 
systems.9,12 Flavors such as Irish latte, mango 
blast, and sweet melon have demonstrated 

http://www.eliquidinfo.org/
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negative impacts to the skeletal development through the 
flavors’ chemicals effect on gene behavior.9,13 While the 
effects of ENDS flavors on the skin is still mostly unknown, 
one study found that skin exposure to e-liquid flavors such 
as balsamic lead to signs of tissue damage.9,14 While 
research is still unfolding, early signs indicate flavoring 
chemicals commonly used in ENDS have high and 
widespread impact on human cell function and health.  
 
Device types and e-liquid composition 
 
The type of ENDS device being used and its power output 
can all lead to differences in how ENDS e-liquids thermally 
degrade into toxic compounds.15 For example, dry puffs, or 
vape puffs when the e-liquid has run out, leads to exposure 
to toxic compounds called aldehydes.16 Specific aldehydes 
such as formaldehyde and acetaldehyde have been classified 
as a human carcinogen and probable human carcinogen 
respectively by the International Agency for Cancer 
Research.15 The taste of a dry puff is caustic, and ENDS 
users naturally avoid dry puffs for this reason. However, 
accidental dry puffs do happen. The type, power, or design 
of the ENDS device can affect the likelihood and intensity 
of dry puffs. The following sections describe the ways that 
the ENDS device specifics, such as construction and power 
intensity, effect the likelihood and intensity of dry puffs, 
which increase ENDS toxicity in turn. 
 
ENDS devices can be sorted into two main categories 
depending on where the coil is found on the device: top coil, 
higher powered devices, which are more likely to induce a 
dry puff, and bottom coil, cotton wicked pod-based devices. 
Each device is associated with negative health 
consequences. Top coil devices tend to emit more toxins 
compared to pod-based devices that appear to emit 
substantially lower amounts of carbonyls.17,18 Carbonyls are 
chemical compounds that also include toxic chemical 
compounds such as aldehydes.16,17 Carbonyls emissions 
increase the risk of mortality and morbidity when using 
ENDS devices due to the emitted carbonyls being toxic 
and/or carcinogenic.17 While producing less carbonyls, pod-
based devices tend to deliver more nicotine, the most 
addictive component of ENDS.18  
 
In addition to coil placement, coil resistance impacts the 
level of carbonyls produced.19 Coil resistance describes how 
easily the electricity moves through and powers the ENDS 
coils, and can be categorized as either high resistance (high 
ohm) or low resistance (low ohm).19 Adolescents often seek 
a combination of low resistance ENDS coils and high 
wattage batteries to create thick clouds of vapor that leads to 
strong sensations and the ability to perform vapor tricks. 
However, such devices are linked to higher levels of 
carbonyls, which in turn are associated with rapid alterations  

of gene expression in human epithelial cells. In addition, 
flavorings may thermally degrade differently with low 
resistance coils, increasing toxicity.20   
 
Aside from device characteristics, composition of the e-
liquid aside from flavoring chemicals can influence 
toxicity. For example, higher concentrations of propylene 
glycol, the main e-liquid additive used to create vapor, 
have been also associated with higher levels of carbonyls 
that are associated with the risks described above.18   

 
Usage behavior 
 
Beyond device power and type, vape puff style and 
frequency of ENDS use may also impact a users’ exposure 
to toxic chemicals. Longer puff durations by users have 
been linked to higher amounts of carbonyls and carbon 
monoxide.18 Dripping is a method of vaping where ENDS 
users drip the refillable ENDS e-liquid directly onto the 
heating coil, in attempts to create a thicker puff.17 This 
method of vaping causes the coil to burn much hotter, 
increasing the risk of toxicity and making accidental dry 
puffs and potential exposure to carcinogens more likely to 
occur.21–23 
 
Studies have shown that ENDS users who use ENDS e-
liquids/devices with lower nicotine content tend to 
compensate by using their ENDS devices more frequently 
and with higher wattage compared to higher nicotine 
content users. These usage behaviors result in exposing 
lower nicotine users to higher rates of toxins, including 
nicotine, over time.24,25 While ENDS users with lower 
nicotine e-liquids/devices may be attempting to decrease 
their exposure to nicotine, it is important to limit usage 
frequency in tandem because more puffs equate to more 
toxic exposure. 
 
Discussion 
 
As we have explored, the toxicity of ENDS use relates to a 
variety of factors including the flavor, the type of ENDS 
device used, the device’s power output settings, the 
composition of the ENDS e-liquids, and ENDS users’ 
personal vaping behaviors. By informing current ENDS 
users about the risks associated with these factors, we may 
be able to help deter the most concerning types of toxicant 
exposure while simultaneously reminding ENDS users 
that no ENDS product or usage is safe. 
 
More nuanced understanding of ENDS behaviors and the 
impacts of those behaviors paves the way for more 
specific research questions, regulatory statutes, and 
prevention messaging that targets the most dangerous  
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aspects of the addicting nature of ENDS products. 
Informative, trustworthy platforms such as UNC’s flavor 
database allows health and public health professionals to 
gain that nuanced understanding needed to promote the 
safest ENDS options while warning against the most 
dangerous options. While not using any ENDS product is 
the only truly safe option, any potential increases in 
mindfulness about toxicant exposure among current health 
and public health professionals may be beneficial towards 
curbing the use of, or damage caused by ENDS products for 
current and future users. 
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