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Introduction 
The use of electronic cigarettes (e-cigs), also referred to 
as vaping, has been marketed as a safe alternative to 
tobacco use, both entities similarly serving to deliver 
the stimulant nicotine.  E-cigs, packaged in a liquid 
form stored in a cartridge, which can be loaded onto a 
battery-operated electronic heating device, can heat up 
into a vapour that users breathe in.  The liquid in the 
cartridge contains not only nicotine but also the 
necessary organic solvents isopolypropylene glycol and 
vegetable glycerin, as well as various flavours intended 
to appeal to users, especially young people.  E-cigs 
thus delivers nicotine in aerosol via controlled heating 
of liquid while avoiding tobacco leaves and burning. 

A growing epidemic in e-cigarette use in the U.S. 
The alarming rise in the use of e-cigs among US 
adolescents is seen by the US Food and Drug 
Administration (FDA) as reaching epidemic proportions. 
Currently, 3.2% of the adult population in the US, while 
3.6 million junior-high and high-schoolers, are e-cig 
smokers.1  The most recent US statistics showed that 
the vaping prevalence among 8th, 10th and 12th graders 
(equivalent to secondary school years 2, 4, and 6, 
respectively) has doubled in each of the 3 grades from 
2017 to 2019; the prevalence of use during the previous 
30 days was more than 1 in 4 in 12th graders, more than 
1 in 5 in 10th graders and more than 1 in 11 in 8th 
graders.2  This trend signifies a failure of current 
measures, be they at the governmental, community or 
school level, in the US in curbing the vaping popularity. 
Nicotine addiction in the young is particularly 
problematic as nicotine is a powerful central nervous 
system stimulant that provides users with 
instantaneous gratification and leads to long-term 
addiction that is difficult to overcome once established. 

Carcinogenicity of nicotine seen in a mouse model of 
e-cigarette use
Tobacco smoke, which delivers numerous carcinogens
generated during tobacco curing and burning, has
become the leading cause of human cancers, including
lung cancer and bladder cancer.

Measuring the level of nitrosamines, the breakdown 
products of nicotine, in body fluids has been a gold 
standard for assessing the potential carcinogenic effect 
of tobacco smoke.  When a similar method is adopted 
to assess the carcinogenic potential of e-cigs, it has 
been noted that the levels of these nicotine breakdown 
products are only 5% of the levels found in tobacco 
smokers, which suggests nicotine nitrosation does not 
take place in e-cig smoke (ECS).  This finding has 
supported the recommendation by some public health 
experts that e-cigs are 95% safer than traditional 

cigarettes.1  

Nevertheless, it is not clear whether the marker of 
carcinogenicity could be equally applied to traditional 
smoking and e-cig smoking.  A group of researchers at 
New York University have shown that instead of 
measuring body levels of nitrosamines, the study of 
DNA damages may shed better light on the 
carcinogenicity induced by ECS.  An animal model 
showed mice exposed to short-term (12 weeks) ECS 
sustained extensive DNA damage in lung and bladder 
mucosa and diminished DNA repair in the lungs, similar 
to DNA changes observed in human lung epithelial and 
bladder urothelial cells upon exposure to nicotine and 
its nitrosation products.  The research group went on 
to study the potential carcinogenicity of nicotine using 
the same mouse model.  Three groups of mice were 
subjected to the following chamber conditions 4 hours 
each day and 5 days per week for 54 weeks:   

1. Exposure to ECS generated from nicotine juice
at concentration of 36 mg/mL dissolved in
isopolypropylene glycol and vegetable glycerin
at 1:1 ratio, with a nicotine aerosol
concentration of 0.196 mg/m3 (n=45)

2. Exposure to aerosol inhalation which is free
from nicotine but at comparable level of the
vehicle solvent isopolypropyline glycol and
vegetable glycerin (n=20)

3. Exposure to ambient filtered air (n=20)

At the end of 54 weeks of exposure, it was found that 
22.5% of group 1 surviving mice (9 out of 40) developed 
adenocarcinoma of the lung in comparison to groups 2 
(zero incidence) and 3 (one out of 18) (p<0.05); similarly, 
57.5% of group 1 mice developed bladder urothelial 
hyperplasia vs 1 in group 2 and 0 in group 3 (p<0.001). 
The researchers concluded that the DNA damage 
induced by metabolites of nicotine nitrosation products 
are likely the major causes for lung as well as bladder 
carcinogenesis in mice.1    

Mysterious vaping illness in the US 
In July 2019, the Wisconsin Department of Health 
Services and the Illinois Department of Public Health 
received reports of pulmonary disease associated with 
the use of e-cigs.  This led to a coordinated public 
health investigation that resulted in a report of 53 case 
patients published in the New England Journal of 
Medicine.3  Case patients were defined as those with 
a history of vaping within 90 days before symptom 
onset and had pulmonary infiltrates on imaging not 
attributable to other causes.   
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The key findings of these 53 case patients were as 
follows: 

• Median age: 19 years of age (range 16-53); 
male: 83% 

• Respiratory symptoms: 98%; gastrointestinal 
symptoms: 81%; constitutional symptoms: 
100% 

• Bilateral infiltrates on chest imaging: 100% 

• Hospitalization: 94% 

• Intubation and mechanical ventilation: 32% 

• Death: 1 case patient 

• History of having used tetrahydrocannabinol: 
84%3 

The outbreak of this mysterious pulmonary condition 
pushed the US authorities to establish stricter 
regulations on e-cigs.  In the US, it is illegal for vendors 
to sell e-cigs to those <18 of age; in some states and 
cities, the age limit is 21.  However, a good proportion 
of those with this pulmonary condition were younger 
than 21.  The US FDA in September 2019 announced 
the plan to remove flavoured e-cig devices from the 
market.  San Francisco, a smart city, was ahead in the 
game as it was the first US city to ban e-cig sales in June 
2019.4  Following the eruption of lung injuries, US 
states that have banned sales of flavoured e-cigs 
include New York, Michigan, Rhode Island and 
Massachusetts.5  The latest figures with regard to the 
surge of this mysterious lung condition were reported 
in Nature on 17 October 2019: 1,300 case patients and 
26 deaths.6    

Four imaging patterns correlated with pathological 
findings have been reported based on 19 case patients:  
acute eosinophlic pneumonia, diffuse alveolar damage, 
organizing pneumonia and lipoid pneumonia suggestive 
of various forms of lung injuries in response to 
inhalational insult.7 

Various scientific postulations as the culprit of such lung 
injuries arising from vaping have been put forth.  
Because of the diverse vaping practices, plausible 
culprits include:  

• tetradhydrocannabinol, although this was 
absent in 16% of the original case series of 53 
patients;  

• various chemicals included in the flavourings, 
among which the most infamous appears to be 
the cinnamaldehyde, a chemical that can kill 
lung cells;5  

• the oils carrying the nicotine or the 
tetrahydrocannabinol, leading to a syndrome 
called lipoid pneumonia, etc.   

Given the wide range of chemicals vapers are exposed, 
there is a chance we may never be able to track down a 

single cause for the outbreak of this respiratory illness, 
says a pulmonologist at Harvard’s School of Public 
Health.6 

Surprisingly, in a latest report of vaping-associated lung 
injury, Larsen et al. described the pathological analysis 
of lung tissue taken from 17 affected vapers.  Against 
their expectation, they did not find exogenous lipoid 
pneumonia nor eosinophilic changes.  They noted 
general lung damage and inflammation; the authors 
hence postulated that vaping-associated lung injury 
represents a form of airway-centered chemical 
pneumonitis from one or more inhaled toxic substances, 
the exact toxin remaining elusive up to this point.8 

E-cigarettes are more addictive than traditional 
cigarettes! 
In addition to the harms of carcinogenesis and direct 
toxic lung injury from e-cig smoke as detailed above, 
one recent study highlights the hidden danger of e-cigs: 
vapers can be more nicotine-addicted than users of 
traditional cigarette smoking.   

In a joint Polish and Canadian study, a group of highly 
educated young adults at a mean age of 22.4 were 
recruited into this study, including 30 cigarette smokers, 
30 exclusive e-cig users and 30 dual users.  A 25-item 
questionnaire collected information related to the 
patterns and attitudes towards the use of cigarettes and 
e-cigs.  Nicotine dependence was also assessed via 
standard tools.  It was found that nicotine 
dependence levels were over 2 times higher among e-
cig users compared to traditional smokers.  The 
authors postulated that likely these young smokers 
were using the more advanced e-cig devices which can 
deliver high doses of nicotine and that the younger 
brain may be more prone to nicotine addiction.9  The 
absence of the social stigma of traditional smoking may, 
I surmise, also encourage more intense use of e-cigs and 
hence higher level of addiction. 

Conclusion 
2019 has been a remarkable year in the US as far as 
vaping is concerned.  It is a year in which multiple 
authorities are saying NO to e-cigs.  It is also a year in 
which there is an outpouring of scientific data on the 
harms of e-cigarette smoke, be it a mouse model 
showing the carcinogenic effects of nicotine or over 
2,000 patients (and 26 deaths) with a vaping lung 
disease that remains to be clearly defined and 
delineated.  The ability of e-cigs to induce powerful 
nicotine addiction in highly educated young adults is 
not to be ignored.  It is high time that the Hong Kong 
SAR Government imposes a total ban of e-cigarettes, 
taking a good lesson from the American experience.  
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