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ABSTRACT  
The use of tobacco and electronic cigarettes is harmful to health and can cause genetic damage, increasing the 
risk of cancer and other serious diseases. Although e-cigarettes contain fewer toxic chemicals than 
conventional tobacco, recent studies have shown that the vapor caused by burning produced by e-cigarettes 
can also be toxic and carcinogenic. Various studies have found that those exposed to tobacco and vaping have 
significantly higher levels of damage to their DNA in different types of cells and tissues. Evidence has 
accumulated that e-cigarette vaping can alter cellular functions and DNA itself, increasing the risk of cancer 
and aging. The present work evaluates the cytogenetic damage in individuals exposed to conventional cigarette 
vapors by burning with nicotine and vapors without nicotine, compared with a non-smoking population. The 
study included participants with an average age of 30 years (+/-10), with a majority of men representing 70% 
of the sample. The Chi-square test found no significant statistical differences between the men and women 
exposed (p<0.05). The results of chromosomal fragility found in the four groups studied (control group, 
conventional smokers, vapers with nicotine and vapers without nicotine) showed breaks and gaps in one or 
both of the chromatids in all exposed individuals, with highly significant statistical differences (p<0.001) 
compared to the unexposed control group. No statistically significant differences were found between the 
group of conventional smokers and the vapers with and without nicotine, nor between the two types of vapers 
(p>0.05). In conclusion, cytogenetic evidence of DNA damage produced by vaping is shown in the same 
proportions as a normal cigarette. This will significantly impact public health, which must be considered in 
preventive actions. 
Keywords: cigarettes, vaping, chromosome breakage, DNA damage 

INTRODUCTION
Tobacco use is one of the leading causes of death worldwide. It is estimated that more than eight million 
people die each year due to tobacco-related diseases. Tobacco contains chemicals that are harmful to health, 
such as tar, carbon monoxide, and nicotine. These substances can cause genetic damage and increase the risk 
of cancer and other serious diseases1-3. 
In recent years, electronic cigarettes have emerged as an alternative to conventional tobacco. Although initially 
believed to be a safer option than tobacco, many studies have shown otherwise1-5. The vapor produced by e-
cigarettes contains toxic and carcinogenic chemicals, albeit at lower levels than tobacco smoke. Additionally, 
-cigarette devices may also contain additional ingredients that are toxic and inhaled directly into the lungs1-5. 
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Tobacco and e-cigarettes are two of the most common forms of nicotine consumption today. However, there 
is significant controversy about which is more harmful to health. Recently, the DNA of the epithelial cells of 
the oral cavity of 72 tobacco users, vapers and non-consumers was analyzed, finding that those exposed to 
smoking and vaping had significantly higher levels (p<0.005) of DNA damage between vapers and smokers6. 
It has been known for many years that the consumption of conventional tobacco and electronic cigarettes, 
depending on their exposure time and composition, causes various cellular, cytogenetic and DNA damage1-11. 
In a previous in silico study1, we identified 50 compounds in e-cigarettes with possible carcinogenic effects 
and genes reported to be deregulated in the oral epithelium of e-cigarette users. The most important health 
risks include respiratory tract irritation, eyes and skin, with a 50% incidence and 10% cytotoxicity. The types 
of cancer with the highest risk identified are ovary, uterus, bladder, lung, esophagus and stomach. 
Additionally, in a previous study that we carried out in smokers12, we found an increase in chromosomal 
damage and telomeric associations (TA), a sign of predisposition of cells to genetic instability reflected in 
chromosomal damage and DNA breaks. We found that the group exposed to tobacco showed a higher 
percentage of TA than the control group (p<0.001). 
Currently, evidence has accumulated that the vapors of electronic cigarettes alter cell functions and DNA itself. 
According to the WHO classification, ENDS (Electronic Nicotine Delivery Systems) and conventional 
cigarettes share some 27 chemicals that have been proven to be harmful to DNA. In our previous study, we 
found 234 chemical compounds: 150 for conventional cigarettes and 84 for e-cigarettes; we found 34 
compounds in common with e-cigarettes and 50 present exclusively in e-cigarettes. Additionally, in 11% of 
the compounds, their effect on health issues has not been established yet, although half of these have been 
tested in animals as damaging to DNA1. 
Studies conducted exposing human and animal cells to vapors from conventional and e-cigarettes show an 
increase of more than three times in cell damage: decreased cell division and DNA degradation, increased 
apoptosis, shortening of telomeres, and genotoxicity. All of this is associated with a higher risk of cancer and 
aging6-21. 
As far as we have been able to review, there is no study of DNA damage reflected in chromosomal breaks in 
individuals exposed to vaping with nicotine or Electronic Nicotine Delivery Systems (ENDS) and Electronic 
Non-Nicotine Delivery Systems (ENNDS). The present work evaluates the cytogenetic damage, according to 
the consumption of conventional cigarettes, vapers with nicotine and vapers without nicotine, compared with 
a non-smoking population. 

 

MATERIALS AND METHODS 

 
The experimental and quantitative study was conducted with 120 individuals divided into four groups aged 
25 to 40. Each group underwent a survey and had clinical records taken. The study complies with all 
Ecuadorian regulations' legal and ethical aspects, and the informed consent was thoroughly discussed with the 
study participants. 
The first group exposed to cigarettes included 30 smokers (>5 packs a year). The second group exposed to 
vaping by burning with nicotine (ENDS) included 30 individuals who consumed 3 to 6 milligrams of nicotine, 
with at least one year of exposure and no more than four years. The third group of non-nicotine-burning vapers 
(ENNDS) included 30 individuals with at least one year of exposure and no more than four years. The fourth 
group was the Control Group (CG), consisting of 30 healthy individuals of similar ages to those exposed to 
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vaping and tobacco and who were not in contact with vaping or tobacco or other known genotoxic potentials. 
Additionally, in the analysis of results, it will be considered whether or not there is variation depending on the 
sex of the individuals, men or women. 
Peripheral blood T lymphocyte cultures were implemented using the standard technique: 5 milliliters of 
RPMI-1640 culture medium, supplemented with fetal bovine serum (10%), penicillin (10,000 IU/ml), 
streptomycin (10 mg/ml), L-glutamine (200 mM), HEPES buffer (1 mM) and phytohemagglutinin (1 mg/ml). 
Cultures were maintained for 48 h at 37°C. Harvest was carried out using standard techniques. Slides were 
air-dried and stained with 5% Giemsa. One hundred metaphases per individual were analyzed at 1000X 
magnification with an optical photomicroscope, recording chromosome fragility: breaks and gaps in one or 
both chromatids and radial figures. The chi-square test was used for statistical analysis with p<0.05. This 
methodology has been validated in several studies12, 22, 23. 
 

RESULTS 
The average age of the participants was 30 years (+/-10). Although the study did not include the classification 
of women and men, on average, men represented 70% of the sample. Despite this differentiation, we did not 
find significant statistical differences between the groups of men and women exposed to these toxins (p<0.05). 
Table 1 shows the results of chromosomal fragility found in the four groups studied: CG, conventional 
smokers, vapers with nicotine (ENDS) and vapers without nicotine (ENNDS). The cytogenetic study showed 
breaks and gaps in one or both of the chromatids and occasional radial figures (<1%) (Figure 1), without 
finding other alterations such as dicentric chromosomes, rings or fragments. All exposed individuals presented 
highly significant statistical differences (p<0.001) when compared to the unexposed control group (Table 2). 
When we compared the group of conventional smokers with vapers with nicotine (ENDS) and without nicotine 
(ENNDS), as well as when comparing the damage between the two types of vapers, we found no statistically 
significant differences between them (p>0.05). All exposed groups present significant statistical differences 
compared to the unexposed 30 healthy individuals control group (p<0,001). 

Subsection  
Number of individuals 

(70% men) 
% of chromosome damage: 

breaks, gaps and figures 

Normal Controls 30 2 
Smokers 30 16 

Vapers without 
nicotine (ENNDS) 

30 11 

Vapers with nicotine 
(ENDS) 

30 14 

 
Table 1. Cytogenetic damage produced by conventional tobacco and vaping by burning electronic cigarettes, compared 
with the control group 
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Samples CN/CN CN/Smokers CN/Vapers 
without 
nicotine 

CN/Vapers 
with 

nicotine 

Smokers/Vapers 
without nicotine 

Smokers/Vapers 
with nicotine 

vapers without 
nicotine/vapers with 

nicotine 

p >0,05 <0,001 <0,01 <0,001 >0,05 >0,05 >0,05

Table 2. Comparative statistical analysis was done using a Chi-square test and p-value between the exposed groups versus the 
control normal group (CN). 

Figure 1. Variety of breaks in one and two chromatids on different chromosomes (1 to 4 and 6 to 8). Tetraradial figure (5). 
Triradial figure (9). Normal Chromosome (N). 

DISCUSSION 

Our data show the chromosomal damage produced by traditional tobacco, vaping with nicotine and without 
nicotine, when compared with the control group, in the same way as conventional cigarettes when compared 
with electronic ones, do not show statistical differences; their behavior in the percentage of chromosome 
fragility is the same. Chromosomal damage in one or two chromatids defines vape compounds as genotoxic 
agents, as evidenced in several articles 1-14, 16-21, 24. 
The significance of genotoxicity is widely highlighted. Conventional tobacco contains more than 70 chemicals 
known to be carcinogenic. The tar in tobacco smoke contains substances capable of causing mutations in 
cells1-14. A study conducted by the National Cancer Institute found that smokers are up to 15 times more likely 
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to develop lung cancer than non-smokers14. Other studies have also shown that tobacco can increase the risk 
of cancer of the bladder, pancreas, mouth, pharynx, esophagus, larynx, kidney, liver, stomach, and cervix.3, 24 
E-cigarettes are consumed as a safer alternative to conventional tobacco. However, studies show that nicotine-
burning e-cigarettes can also cause genetic damage, using liquids containing nicotine, flavorings, and others 
such as formaldehyde and acetaldehyde, known to cause DNA damage and increase the risk of cancer1, 9- 14, 

16-21. 
Moreover, it is documented that vapers have higher levels of toxic chemicals in their urine than non-smokers 
and conventional cigarette smokers25 or have more significant amounts of DNA damage in mouth cells 
compared to non-smokers18. There is evidence that e-cigarettes can damage lung function and cause 
inflammation in lung tissues and liver damage26, 27. Our data reinforce the criteria for genetic damage from 
exposure to both types of cigarettes, conventional and e-cigarettes. 
It has been shown that the damage of e-cigarette vapor depends on the power of the vaping system. Powers 
from 18 to 30 Watts produce an increase in DNA damage evaluated by the comet assay, the micronucleus test 
and the Pig-a gene mutation assay, depending on whether the exposure is subacute (4 days), subchronic (3 
months) and chronic. (6 months)26. The high-power e-cigarette and a conventional cigarette induced oxidative 
damage to DNA in the lungs and liver of exposed mice26. Our data agrees with these chronic exposure results 
since the individuals analyzed in this study were exposed between 6 months and 4 years. 
Cytogenetic damage from conventional and e-cigarettes depends on the amount and type of chemicals present 
in the smoke and vapor1-21. Vapes do not contain tar, carbon monoxide, or other harmful chemicals found in 
conventional tobacco smoke. However, the e-liquids used in e-cigarettes contain other chemicals that can 
harm health1, 19, 26, 27. 
The genotoxic action is demonstrated in studies of DNA alterations. The results of Tommasi et al. (2023), 
detected significantly higher levels of DNA damage in both vapers and smokers (p<0.005), compared to non-
users (p=0.020)6, data very similar to our study, which shows highly significant differences between smokers 
and vapers, compared to the control group. 
In the study by Tommasi et al., vapers who used sweet, mint/menthol, and fruit-flavored e-liquids showed 
higher levels of DNA damage than the control group6. Although our study did not analyze these vaping 
characteristics, it is legitimate to think that chromosomal damage has the same characteristic if we compare 
controls versus users, which has been widely documented in other studies1-14, 16-27. 
In our study, as found in other publications6, 26, 27, the nicotine content of vaping liquids did not predict DNA 
damage. We evaluated e-cigarettes by burning with at least 3 mg or more of nicotine per load, evidencing 
cytogenetic damage. 
Additional studies have shown, including with adolescents and at the prenatal level25, 28, that while nicotine 
levels in e-cigarettes can vary, just because the vapors do not contain the same chemicals found in conventional 
cigarettes does not mean they are safe.  
Moreover, in a previous study1, in which we reviewed the exclusive chemical compounds of e-cigarettes 
through in silico selection and which included articles that reported chemical composition and risks associated 
with health, we detected that, of the chemical compounds classified according to the code According to the 
"Chemical Abstracts Service" 29 for chemical substances, at least 50 dangerous compounds are present in e-
cigarettes. 
In addition, the potential carcinogenic effects of vaping are related to the deregulation of epithelial genes in 
33 tumors; at least 878 genes published and analyzed in silico are associated with this deregulation in e-
cigarette users30. 
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According to our data from the present study and previous reports1, 11, we conclude that there is actual damage 
to chromosomes associated with consuming conventional tobacco, ENDS and ENNDS. According to the last 
findings1, it could additionally be associated with 11% of new compounds found in e-cigarettes, apart from 
the 123 compounds typical of conventional cigarettes, 50 typical of e-cigarettes and 34 common to both. This 
translates into an increased carcinogenic risk that would affect individual health, evidenced in chromosome 
breaks, since they produce irritation of the respiratory tract, eyes and skin with a 50% higher incidence in 
consumers, as well as a 10% evidenced by cytotoxic effects, and more significant risks of ovarian, uterine, 
bladder, lung, esophagus and stomach1, 11. 
Although various studies suggest that vaping may be less harmful than conventional cigarettes, there has not 
been enough long-term research to assess the health risks associated with vaping entirely. Furthermore, some 
studies suggest that the use of e-cigarettes may be a step towards conventional tobacco consumption and not 
an effective alternative13. 
Regarding the impact on public health, some studies 5, 7, 8, 14, 15, 20 analyze the relationship between the use of 
e-cigarettes and the reduction of tobacco consumption. The results showed that although some people may 
use e-cigarettes as a tool to give up tobacco smoking, it is also common for people who have never smoked to 
start using them, which can tempt new smokers with their respective genotoxic and carcinogenic risks.  
The study has some limitations, such as the variety of vaping products, the concentrations of vaping liquids, 
and the quality of products used for vaping. This is a current public health problem with so many brands and 
types of vapes available, which determines that there must be controls and standardization of vaping products. 
Given our data, the genotoxic risk should be evaluated more broadly in vaper populations. More excellent 
controls on marketing and consumption will undoubtedly be proposed, as well as education campaigns about 
the dangers of exposure to vaping products. 

 

 

CONCLUSIONS 

According to our data, electronic cigarettes, like traditional tobacco, are shown to be genotoxic, evaluated by 
chromosomal studies for fragility. Although electronic cigarettes without nicotine produce less chromosome 
damage, when compared to electronic cigarettes that do contain nicotine, the statistical differences show that 
they are equally genotoxic (p<0.01). Electronic cigarettes for vaping should be considered genotoxic whether 
they contain nicotine or not; the results, when compared with the control population, demonstrate this 
(p<0.001). A more significant number of studies and analyzed individuals are needed to evaluate the real 
genotoxicity of electronic cigarettes and to carry out educational and public health campaigns on the risks of 
their consumption. 
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