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ASSESSMENT OF THE GENETIC AND CANCER RISKS RELATED TO SHISHA SMOKING AMONG ADOLESCENTS AND YOUNG ADULTS IN BAYELSA STATE, SOUTHERN NIGERIA.

ABSTRACT
Introduction: Shisha smoking has gained popularity globally, and has become an emerging public health concern to adolescents and young adults. Unlike cigarette smoking, it is perceived as less harmful, yet emerging evidences indicate that it poses serious risk to human health. 
[bookmark: _GoBack]Aim: This study assessed the genetic and cancer risk related to shisha smoking among shisha users in Bayelsa State, Nigeria. 
Methodology: A longitudinal study design which comprised of 150 subjects categorized into five groups of 30 each comprising: waterpipe smokers, cigarette smokers, both users, secondhand smokers, and non-smokers. Blood samples were collected for the determination of the biochemical parameters using Atomic Absorption Spectrophotometry, and Enzyme linked immunosorbent assay techniques. Statistical analysis was done using Statistical Package for Social Sciences, and p<0.05 were considered significant. 
Results: The findings indicated a statistically significant increase (p< 0.05) in serum lead (Pb) and cadmium (Cd) concentrations across all categories of smoker compared to non-smokers, whereas serum zinc (Zn) levels were significantly reduced in smokers. Serum carcinoembryonic antigen (CEA) levels were significantly elevated (p< 0.05) in smokers compared to non-smokers. The levels of cancer antigen-125 (CA-125), cancer antigen 15-3 (CA 15-3), 8-Nitroguanine (8-NO₂-Gua), and 4-Hydroxynonenal (4-HNE) were slightly elevated in smokers than non-smokers. Primary shisha smokers demonstrated significantly lower concentrations of Pb, Cd, Zn, CA 15-3, and CEA compared to cigarette smokers. In contrast, secondhand shisha smokers exhibited elevated levels of Pb, Cd, CA-125, CA 15-3, CEA, 8-NO₂-Gua, and 4-HNE compared to primary shisha smokers. Individuals who smoked both shisha and cigarettes showed significantly increased levels (p<0.05) of Pb, Cd, CA 15-3, and CEA when compared to primary shisha users. Additionally, a positive correlation was observed between Pb and Cd, and DNA damage biomarkers, while zinc exhibited a negative correlation with DNA damage biomarkers. 
Conclusion: This study confirmed the genotoxicity and carcinogenicity of waterpipe smoking, hence emphasized the necessity of an increased public awareness campaigns and interventions in Bayelsa State.
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1.0 INTRODUCTION
Shisha, also known as "Waterpipe" or "Hookah," is a method of smoking tobacco, which typically involves using charcoal to heat flavored tobacco, and inhaling the resultant smoke after it has been passed through water (Blank et al., 2011). The device consists of several parts: a head containing the tobacco, a body, a water-filled base, release valves, a hose, and a mouthpiece. The heated smoke is inhaled via the mouthpiece and hose after it bubbles through the water in the bowl and carried via the hose (Azab et al., 2015). The passing of the smoke through water is thought to reduce the smoke's toxicity, but there no solid empirical evidence supporting this claim (Kadhum et al., 2015). This misconception, along with the attractive scents and flavors, has contributed to the growing preference for shisha among teenagers and young adults compared to cigarettes (Adham et al., 2021).
Shisha smoking has been associated with a range of health problems, including heart diseases (Kadhum et al., 2015), reproductive diseases (Al-Sheyab et al., 2016), metabolic syndrome (Waziry et al., 2016), respiratory conditions (Khabour et al., 2018), infectious diseases (Chandir et al., 2010), lung cancer and oral cancer (Darawshy et al., 2021), as well as genetic damage and epigenetic changes (Sabi et al., 2020).  Available data revealed that shisha smoke is said to contain over 4900 chemicals compounds, out of which, over 250 are toxic/harmful, and 69 are said to be carcinogenic. These chemicals including nicotine, polycyclic aromatic hydrocarbons (PAHs), heavy metals, volatile organic compounds (VOCs), carbon-monoxide, and several aldehydes such as benzaldehyde, and acrolein (Rostami et al., 2021) accumulate in the several tissue/organs in the human body where they react and bind to DNA, leading to many forms of cancers and genetic mutations (Jamil et al., 2020).
Humans are exposed to many carcinogenic and genotoxic substances through eating, breathing, or skin contact. Among these, tobacco smoking is one of the most controllable sources of exposure. It has been linked to mutations in the p53 tumor suppressor gene, which plays a key role in regulating cell division. Mutations in this gene, which appear in over half of all human cancers, can lead to uncontrolled cell growth (Bitton et al., 2005). Additionally, tobacco smoke contributes to oxidative stress, DNA damage, carbon monoxide toxicity, and introduces heavy metals that promote cancer development (Patil et al., 2022).
[bookmark: _Hlk197653663]Several studies have indicated that concentration of heavy metals such as Pb, Cd, As, Mn, Co, Cu, Ni, and Zn are elevated in tobacco smokers (Bao et al., 2021; Yousefinejad et al., 2017). These heavy metals are known to cause several health complications in humans. Cancer biomarkers such as carcinoembryonic antigen (CEA), cancer Antigen -125 (CA-125), cancer Antigen -125 (CA-125), 4-hydroxynenonal (4-HNE) and 8-Nitroguanine (8-NO2-Gua) have been reported to be elevated in a variety of cancers including lung, oral, oesophageal, stomach, bladder, colorectal, liver cancer, and nasopharyngeal cancer (Patil et al., 2019; Aslam et al., 2014). 4-hydroxynenonal (4-HNE) is a very reactive diffusible product of lipid peroxidation (LPO) of polyunsaturated free fatty acids (Žarković et al., 2014). It is a crucial mediator of many cellular processes, and its impacts are concentration dependent. At a higher amount, 4-HNE can cause irreversible damage to cells, leading to necrosis, while at a lower amount, it acts as a cell signaling molecules that controls cell proliferation and differentiation, antioxidant capacity, and apoptosis in various patho-physiological processes (Jaganjac et al., 2020). 8-Nitroguanine (8-NO2-Gua) is a mutagenic DNA lesion that occur during chronic inflammation when guanine in DNA react with reactive nitrogen species, such as peroxynitrite (Hiraku et al., 2014). It accounts for about 5% of steady state oxidative damage to DNA (Hamilton et al., 2011), and it is reported to be high in the lungs, liver, and heart of mice exposed to cigarette smoke (Azab et al., 2015).
Carcinoembryonic antigen (CEA) is a glycoprotein predominantly produced from the fetal endodermal epithelium under the influence of oncogenes during embryogenesis (Vijaya and Shiva, 2023). It is one of the most important and commonly utilized tumor markers, especially significant in the diagnosis of colorectal cancer (Thomas et al., 2015). Elevated CEA levels can also be observed in other solid tumors such as pancreatic, esophageal, lung, and epithelial ovarian cancers, as well as in non-cancerous conditions like cirrhosis and pancreatitis (Anoop et al., 2022). Cancer antigen 125 (CA-125) is a large mucin-type glycoprotein that is located on the surface of ovarian carcinoma cells (Charkhchi et al., 2020). It is a gynecological tumor marker primarily associated with ovarian cancer, and endometrial cancer (Pradjatmo, 2016). Elevated levels of CA-125 from blood and cervical or vaginal secretions can be used for detection of precancerous lesions (He et al., 2018). Cancer antigen 15-3 (CA-15-3) is a membrane-bound glycoprotein typically found in epithelial cells, but its expression increases significantly in epithelial-derived cancers such as breast, ovarian, pancreatic cancers, and multiple myeloma (Tang et al., 2010). It also serves as a strong prognostic marker and an independent predictor of cancer recurrence in individuals with advanced breast cancer (Abrar et al., 2024).
Although the impacts of cigarette smoking on human health has been widely studied across the globe, while that of shisha smoking on human health and disease development including its carcinogenic and genotoxic effects has not been well studied. Reports on the genotoxic and carcinogenic effects of shisha smoking using DNA damage markers such as 4-hydroxynonenal and 8-Nitroguanine, and tumor biomarkers such as CEA, CA-125 and CA-15-3 has not been properly studied. Therefore, this study evaluated the genotoxicity and carcinogenicity of shisha smoking using CEA, CA-125, CA-15-3, 4-HNE, and 8-NO2-Gua biomarkers in blood.
2.0 MATERIALS AND METHODS
2.1 Study Area
This study was conducted in Bayelsa State, located in the Southern region of Nigeria. it focused on various socio-economic areas such as bars, lounges, sit-out areas, and nightclubs across Yenagoa city.
2.2 Study Population 
The study comprises of male and female subjects within the age bracket of 18 to 35 years, who often visit socio-economic areas like nightclubs, lounge, bars, and sit-outs, with history of smoking waterpipe and cigarette for over two years. A total of one hundred and fifty subjects were categorized into five groups comprising: thirty waterpipe smokers (individuals who smoke at least twice a week), thirty cigarette smokers (individuals who smoke at least 5 sticks daily); thirty both waterpipe and Cigarette smokers; thirty secondhand smokers (Club/bar/lounge attendants), and thirty apparently healthy non-smokers.
2.3 Study Design
This study is a longitudinal multiple case control design carried out from March, 2024 to February, 2024. Blood samples were collected from waterpipe smokers, cigarette smokers, both smokers, secondhand smokers and the non-smokers prior to the commencement of the experiment (Baseline). Thereafter, at 6th month of the smoking or exposure, blood samples were collected from all groups. 
2.4 Selection Criteria
Participants in the study were apparently healthy males and females between the ages of 16 and 35. The groups included waterpipe smokers (smoking at least twice a week), cigarette-only smokers (smoking at least five sticks per day), individuals who used both shisha and cigarettes for a minimum of two years, secondhand shisha smokers (such as workers in clubs, bars, and lounges), and non-smokers who consented to take part in the study. Excluded from the study were subjects with a known chronic metabolic disease, those who had history of alcohol abuse and habitual user of hard drugs, and those who did not consent to the study.
2.5 Sample Collection and Preparation 
Before the commencement of the experiment, five milliliters of baseline blood samples were obtained from the antecubital vein of waterpipe smokers, cigarette smokers, both shisha and cigarettes, secondhand smokers, and non-smokers. The blood was collected into plain containers and left at room temperature for one hour to allow proper clotting. After clot formation, the clots were dislodged and the samples centrifuged for 10 minutes at 1000 rpm. The resulting serum was separated, transferred into clearly labeled plain tubes, and stored at -20 °C in a deep freezer until analysis, which was performed within 14 days. Following six months of continued waterpipe and cigarette smoking, another 5 mL blood sample was collected from the same subjects and processed similarly to obtain serum. The serum was analyzed for biochemical markers including heavy metals (Pb, Cd and Zn), carcinoembryonic antigen (CEA), cancer antigen 125 (CA-125), 4-hydroxynonenal (4-HNE), and 8-nitroguanine (8-NO2-Gua).
2.6 Determination Biochemical Parameters
Heavy metal such as Pb, Cd and Zn were determined using Atomic Absorption Spectrophotometer (model: Agilent 55B SPECTRA) according to the method of APHA 4500 as described by Yousefinejad et al., (2017) with modifications. The DNA damage biomarkers such as 8-Nitroguanine and 4-Hydroxynonenal was estimated in using enzyme linked immunosorbent assay (ELISA) method described Sliwinska et al., (2016) by using OxiSelect™ Oxidative RNA Damage ELISA Kit manufactured by Cell Biolabs, Inc. San Diego, USA. The Cancer Biomarkers such as Cancer Antigen-15-3, (CA-15-3), Cancer Antigen-125 (CA-125), and Carcinoembryonic antigen (CEA) were measured using with ELISA method as described by Kang et al., (2010) using Accu-bind Enzyme Immunoassay microwells kit (Product Code: 5625-300; 3025-300; and 1825-300 respectively) manufactured by Monobind Inc. Lake Forest, USA.
2.7 Statistical Analysis
Statistical package for Social Sciences (SPSS) Version 23.0 (SPSS Inc., Chicago, IL, USA; Version 23.0) was used for all statistical analysis. One Way ANOVA was used for comparing values of the measured biochemical parameters between the control and experimental groups. All post hoc testing were done using Turkey HSD and Games-Howell methods as applicable. Data were considered significant ap<0.05. 
3.0 RESULTS
Table 1 and 2 shows that the serum levels of Pb and Cd were significantly (p<0.05) higher in the smokers compare to non-smokers, while the serum Zn level was significantly (p<0.05) lower in the smokers than the non-smokers at baseline and 6th month of smoking. Serum Pb, Cd, and Zn levels in the shisha smokers were significantly (p<0.05) lower than cigarette smokers. The secondhand smokers exhibited higher serum Pb, Cd, and Zn levels compared to shisha smokers. Serum Pb and Cd levels were observed to be highest in the both smokers than other smokers at baseline and 6th months of smoking. The serum levels of CEA in the smokers were significantly higher than non-smokers at baseline (p=0.000). While serum CA-125, CA-15-3, 8NO2-Gua, and 4-HNE levels showed no significant difference (p>0.05).  However, the serum CA-125, CA-15-3, CEA, 8NO2-Gua, and 4-HNE levels were higher in cigarette smokers than shisha smokers. Secondhand shisha smokers exhibited slightly higher CA-125, CA-15-3, CEA, 8NO2-Gua, and 4-HNE levels than the primary shisha smokers. The results of both shisha and cigarette users revealed significantly (P<0.05) elevated levels of Pb, Cd, CA-15-3, and CEA compared to shisha smokers. Table 3 shows a strong positive correlation was observed in shisha smokers between Pb and 8NO2-Gua (r=0.532; p=0.002), 4-HNE (r=0.511; p=0.000), CA-125 (r=0.637; p=0.013), CA 15-3 (r=0761; p=0.000), and CEA (r=0.328; p=0.000). A significant positive correlation was observed between Cd and 8NO2-Gua, 4-HNE, CA-125, CA 15-3, and CEA. A significant negative correlation was observed between zinc and CA-125, CA-15-3, and CEA. Table 4 shows a positive correlation was observed in cigarette smokers between Pb and 8NO2-Gua, 4-HNE, CA-125, CA 15-3, and CEA. A positive correlation was observed between cadmium and 8NO2-Gua, 4-HNE, CA-125, CA 15-3, and CEA. A negative correlation was observed between Zn and 8NO2-Gua, 4-HNE, CA-125, CA 15-3, and CEA. Cadmium (Cd) and lead (Pb) showed a positive correlation in the both users with 8NO2-Gua, 4-HNE, CA-125, CA 15-3, and CEA, while zinc showed a negative correlation with 8NO2-Gua, 4-HNE, CA-125, CA 15-3, and CEA (table 5).










Table 1: Mean ± SD Values of Some Heavy Metal and DNA-Damage Biomarker Levels in the Study Population at Baseline.
	Parameter
	Mean ± SD
	F-value
	p-value

	
	Non-smokers 
(n = 30)
	Shisha smokers
(n = 30)
	Cigarette smokers
(n = 30)
	Both Smokers
(n = 30)
	Second
hand smokers
(n = 30)
	
	

	Pb (ppm)
	0.29±0.16α 
	0.55±0.16 δ
	0.76 ± 0.17
	0.79 ± 0.13
	0.73 ± 0.16
	33.21
	0.000***

	Cd (ppm)
	0.28±0.14β 
	0.36±0.09 γ 
	0.60 ± 0.17
	0.69 ± 0.17
	0.54 ± 0.17
	25.67
	0.000***

	Zn (ppm)
	0.68±0.15 µ 
	0.24 ±0.19 λ
	0.51 ± 0.16
	0.23 ± 0.15
	0.48 ± 0.16
	15.31
	0.000***

	CA-125 (µ/mL)
	7.25 ±2.33 
	8.04 ±2.12 
	9.52 ± 3.90 
	10.88 ± 5.29
	11.38 ± 4.81
	1.85
	0.173

	CA-15-3 (µ/mL)
	11.18±2.28 
	12.38 ±2.15 
	13.27±4.24
	14.96 ± 6.11
	11.72 ± 2.06
	0.21
	0.581

	CEA (ng/mL)
	1.31 ±0.25η 
	2.35 ±0.39 φ 
	4.47 ±0.90
	2.84 ± 1.25
	2.07 ± 0.62
	14.88
	0.000***

	8-NO2-Gua (ng/mL)
	28.82±4.82
	30.40 ±2.93
	31.10±3.29
	30.65 ± 1.99
	30.75 ± 3.91
	1.25
	0.294

	4-HNE (ng/mL)
	31.54±3.46
	32.08 ±3.12
	32.86±2.82
	31.89 ± 1.64
	32.63 ± 2.61
	0.75
	0.562


Key: n = total number, SD = standard deviation, F = ANOVA statistic, p = error probability, Pb = lead, Cd = cadmium, Zn = Zinc, CA-125 = cancer antigen 125, CA-15-3 = cancer antigen 15-3, CEA = carcino-embryogenic antigen, 8NO2Gua = 8-Nitroguanine, 4-HNE = 4-hydroxynonenal. 

Table 2: Mean ± SD Values of Heavy metals and DNA-Damage Biomarkers in the Study Population at 6th month of Smoking.
	Parameter
	Mean ± SD
	F-value
	P-
value

	
	Non-smokers 
(n = 30)
	Shisha smokers
(n = 30)
	Cigarette smokers
(n = 30)
	Both Smokers
(n = 30)
	Second
hand smokers
(n = 30)
	
	

	Pb (ppm)
	0.29±0.16 α
	0.68±0.16 β 
	0.82 ± 0.15
	0.85± 0.14
	0.79±0.16
	42.11
	0.000***

	Cd (ppm)
	0.28±0.14 γ 
	0.40± 0.11δ
	0.71 ± 0.18
	0.74± 0.19
	0.62 ± 0.19
	28.37
	0.000***

	Zn (ppm)
	0.71±0.13 µ
	0.37±0.19 λ
	0.54 ± 0.17
	0.33±0.15 
	0.60 ± 0.17
	16.72
	0.000***

	CA-125 (µ/mL)
	7.25±2.33α
	8.45± 2.03 
	8.89 ± 3.11
	9.09±4.42
	9.13 ± 4.71
	1.12
	0.101

	CA-15-3 (µ/mL)
	11.10±2.28 γ
	11.18±2.2
	13.83±5.31
	14.13±4.53
	13.13±6.21
	2.04
	0.095

	CEA (ng/mL)
	1.31±0.25η 
	3.03± 0.44
	4.62 ± 1.03
	4.32±1.35
	4.76 ± 0.57
	10.80
	0.000***

	8NO2-Gua (ng/mL)
	28.82±4.82
	30.50± 2.0
	31.31±3.25
	31.43±2.84
	31.80±2.88
	2.60
	0.051

	4-HNE (ng/mL)
	31.54±3.46
	32.25±2.5
	33.17±2.78
	32.69±2.76
	32.63±2.61
	0.92
	0.456


Key: n = total number, SD = standard deviation, F = ANOVA statistic, p = error probability, Pb = lead, Cd = cadmium, Zn = Zinc, CA-125 = cancer antigen 125, CA-15-3 = cancer antigen 15-3, CEA = carcino-embryogenic antigen, 8NO2Gua = 8-Nitroguanine, 4-HNE = 4-hydroxynonenal. 
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Table 3: Pearson Correlation between Heavy Metals and DNA damage Markers for SHISHA smokers.   
	
	8-NO2-Gua
	4-HNE
	CA-125
	CA-15-3
	CEA

	
	p -value
	r-
value
	p -value
	r- value
	  p-       r-value   value 
	p –         r-
value   value
	p -value    
	    r- 
value

	Pb (ppm) 

	0.002
	0.532*
	0.000
	0.511*
	0.013   0.637*
	0.000   0.761*
	0.000
	0.328*

	Cd (ppm) 

	0.001
	0.657*
	0.000
	0.592*
	0.001   0.431*
	0.013   0.573*
	0.014
	0.473*

	Zn (ppm)

	0.253
	-0.356
	0.121
	-0.151
	0.037  -0.543*
	0.012  -0.742*
	0.011
	-0.547*


Key: 8-NO2-Gua= 8-Nitroguanine; 4-HNE= 4-Hydroxynonenal; CA-125= Cancer Antigen-125; CA-15-3=Cancer Antigen 15-3; CEA=Carcinoembryogenic Antigen. * Correlation is significant at the p<0.05 level.
Table 4: Pearson correlation between Heavy Metals and DNA damage biomarkers for CIGARETTE smokers.
	
	8-NO2-Gua 
	4-HNE
	CA-125
	CA-15-3
	CEA

	
	p –value
	r-
value
	p –value
	r-
value
	  p –      r-  value   value 
	p –         r-
value   value
	p -value
	r-
value

	Pb (ppm)

	0.009
	0.172*
	0.000
	0.572*
	0.010   0.541*
	0.000   0.433*
	0.031
	0.513*

	Cd (ppm) 

	0.023
	0.347*
	0.042
	0.126*
	0.000   0.931*
	0.001   0.710*
	0.014
	0.321*

	Zn (ppm) 
	0.017
	-0.511*
	0.041
	0.655*
	0.001  -0.348*
	0.012  -0.527*
	0.011
	-0.479*


Key: 8-NO2-Gua= 8-Nitroguanine; 4-HNE= 4-Hydroxynonenal; CA-125= Cancer Antigen-125; CA-15-3=Cancer Antigen 15-3; CEA=Carcinoembryogenic Antigen. * Correlation is significant at p<0.05 level

[bookmark: _Hlk196273986]Table 5: Relationship between Heavy Metals and DNA damage and Cancer Biomarkers for BOTH smokers (Pearson correlation)   
	
	8-NO2-Gua 
	     4-HNE
	CA-125
	   CA-15-3
	     CEA

	Parameters
	p –value
	r-
value
	p –value
	r-
value
	  p –       r-value   value 
	  p –         r-
value   value
	p -value
	r-
value

	Pb (ppm)

	0.000
	0.421*
	0.011
	0.757*
	0.000   0.441*
	0.007   0.391*
	0.000
	0.715*

	Cd (ppm) 

	0.001
	0.476*
	0.016
	0.452*
	0.010   0.536*
	0.000   0.710*
	0.000
	0.542*

	Zn (ppm) 
	0.004
	-0.763*
	0.012
	0.794*
	0.000  -0.211*
	0.010  -0.326*
	0.000
	-0.214*


Key: 8-NO2-Gua= 8-Nitroguanine; 4-HNE= 4-Hydroxynonenal; CA-125= Cancer Antigen-125; CA-15-3=Cancer Antigen 15-3; CEA=Carcinoembryogenic Antigen. * Correlation is significant at the p<0.05 level.





[bookmark: _Hlk196274023]Table 6: Relationship between Heavy Metals and DNA Damage Biomarkers and Cancer Biomarkers for SECONDHAND Shisha Smokers (Pearson correlation)   
	Variables
	    8-NO2-Gua 
	     4-HNE
	CA-125
	CA-15-3
	    CEA

	Parameters
	p –value
	r-
value

	p –value
	r-
value
	  p –       r-value   value 
	  p –         r-
value   value
	p -value
	r-
value

	Pb (ppm)

	0.027
	0.579*
	0.036
	0.952*
	0.121   0.747
	0.110   0.181
	0.042
	0.459*

	Cd (ppm) 

	0.110
	0.171
	0.219
	0.982
	0.010   0.434*
	0.091   0.612
	0.047
	0.441*

	Zn (ppm) 
	0.190
	-0.133
	0.451
	-0.173
	0.095   -0.482
	0.301  -0.761
	0.042
	-0.513*


Key: 8-NO2-Gua= 8-Nitroguanine; 4-HNE= 4-Hydroxynonenal; CA-125= Cancer Antigen-125; CA-15-3=Cancer Antigen 15-3; CEA=Carcinoembryogenic Antigen. * Correlation is significant at the p<0.05 level
DISCUSSION 
Smoking tobacco through shisha has become popular globally, particularly among adolescents and young adults. In Nigeria, waterpipe smoking is common in most socioeconomic centers including bars, lounge, nightclubs, hotels, sit-outs, and other social gathering as the laws against smoking are not taking waterpipe seriously. The increasing trend of waterpipe smoking is attributed to the attractive flavors and misconception that it poses no harm to human health (Muzammil et al., 2019; Abraham et al., 2019). However, there are reports that waterpipe contains potentially toxic chemicals, including carcinogens and other toxicants, as cigarette (Barnett et al., 2017). This study investigated the genotoxic and carcinogenic effects of shisha tobacco use among smokers.     
Tobacco smoke contain many carcinogens and other harmful chemicals such as volatile organic chemicals (VOCs), polycyclic aromatic hydrocarbons (PAHs), carbon monoxide, particulate matter, volatile aldehydes, nicotine, and heavy metals like aluminum, copper, manganese, cadmium (Cd), lead (Pb), arsenic (As), nickel (Ni), zinc (Zn), and cobalt (Co), that can cause several health complications including; lung, oral, and esophageal cancers, chronic obstructive pulmonary disease (COPD), infertility, cardiovascular and respiratory diseases (Bao et al., 2021; Yousefinejad et al., 2017). 
In this study, the serum levels of lead (Pb) and cadmium (Cd) were significantly higher in all categories of smokers compare to non-smokers. This could be attributed to the fact that tobacco plant absorbs heavy metals from the soil, water and fertilizers used during cultivation, and these metals accumulate in the tobacco leaves. When tobacco is burnt, heavy metals in the leaves are released into the smoke and subsequently inhaled by smokers, resulting in direct absorption into the bloodstream of smokers (Shojaei and Rostami, 2022; Naalbandi et al., 2016). This confirms the works of Ghaderi et al., (2022), Sadiq et al., (2019), and Khabour et al., (2019), which in their separate studies demonstrated high serum concentration of heavy metals in tobacco smokers than non-smokers.
The serum level of zinc (Zn) was significantly lower in all categories of smokers than the non-smokers. at baseline and 6 months smoking. This result suggests that tobacco smoking is associated with low serum zinc level (hypozincemia), which renders smokers more susceptible to oxidative stress. According to Richter et al. (2017), although tobacco combustion releases a notable amount of zinc, it is less volatile than heavy metals such as cadmium and lead, and consequently, less zinc makes it past the cigarette filter into the smoke inhaled by users. Rodgman and Perfetti (2013) noted that a smaller percentage of zinc (0.4–2.7%) is transferred from tobacco into smoke during combustion compared to cadmium (7–22%). Studies by Proudfoot et al. (2011) and Bertini et al. (2010) suggest that insufficient zinc levels can disrupt genetic integrity, contribute to cancer development, and elevate oxidative stress levels. This reduced level of zinc (Zn) in the tobacco smokers could be attributed to increased blood cadmium (Cd) concentration, which induces the expression of metallothioneins, which bind cadmium but also zinc, thus, disrupts zinc bioavailability (Richter et al., 2017). This is in consonance with the works done by Al-Azzawy, (2011); and Afridi et al., (2010) which indicated that serum zinc concentrations were lower in smokers than nonsmokers. Anetor and colleagues (2008) found that Nigerian smokers exhibited significantly higher serum cadmium and lower zinc levels than non-smokers.
[bookmark: _Hlk145677304]The serum Pb, Cd, and Zn levels in the shisha smokers were significantly lower than cigarette smokers. This may be attributed to the ability of water in the waterpipe to absorb or trap certain heavy metals during the bubbling phase of shisha smoking, thereby lowering their concentrations in the inhaled smoke (Al‑Kazwini et al., 2015). This confirms the works of Abbas et al., (2021), and Saeed and Kazeem (2022), which documented lower lead (Pb) and cadmium (Cd) levels in shisha smokers than cigarette smokers. Hani and colleagues, (2022) also documented a lower level of zinc, magnesium, cadmium in shisha smokers than cigarette smokers. However, it contradicts the work of Yousefinejad and co-workers, (2017), who reported an elevated serum concentration of heavy metals in shisha smokers compared with cigarette smokers and non-smokers. The secondhand smokers exhibited higher serum Pb, Cd, and Zn levels compared to shisha smokers. This could be credited to frequent exposure time of them to the waterpipe smoke (Goumenou and Tsatsakis, 2019). This is in agreement with the previous work of Shojaei and Rostami, (2022), who documented high levels of heavy metals in blood of the waterpipe cafes’ employees than the shisha smokers.
Tobacco smoke has been reported to contains over 69 carcinogens that are associated with pancreatic cancer, lung cancer, oral cancer, esophageal cancer, bladder carcinoma, and prostate cancer (Bassam et al., 2019). These cancers can be investigated by the measurement of carcinogenic biomarkers such as Cancer antigen 125 (CA-125), Cancer antigen 15-3 (CA-15-3), and Carcinoembryonic antigen (CEA). CA-125 is a protein primarily used as a biomarker for ovarian cancer, and can also be elevated levels in non-malignant conditions like endometriosis, pelvic inflammatory disease, or liver diseases (Charkhchi et al., 2020). CEA is a known biomarker of malignant transformation and chronic inflammation, which is elevated in a variety of cancers such as pancreatic cancer, esophageal cancer, colon cancer, uterine cancer and cancers of lung and breast (Anoop et al., 2022).
In this study, the serum levels of CEA in the smokers were significantly higher than non-smokers, while CA-125, CA-15-3, 8NO2-Gua, and 4-HNE levels showed no significant difference, but slightly elevated.  This could be attributed to the fact that tobacco smoke contains several carcinogenic chemicals (Bassam et al., 2019). This is consistence with Ingrid et al., (2020), and Sajid et al., (2008), which indicated higher levels of CEA in smokers than non-smokers. The U.S. Food and Drug Administration (FDA) also stated that using water does not effectively remove harmful substances from smoke, which still carries significant amounts of toxic compounds such as carbon monoxide, heavy metals, and carcinogens.
Shisha smokers exhibited lower levels of serum CA-125, CA-15-3, CEA, 8NO2-Gua, and 4-HNE compared to cigarette smokers. This could be explained to the fact that some carcinogenic agents (nicotine, heavy metals, etc.) in shisha smoke may be filtered by the water in the device during the bubbling phase, or could be due to the frequency of smoking (Zahran et al., 1982). A study by Sajid et al., (2008) reported that smoking shisha produces less carcinogenic effect than cigarette smoking. This confirmed the works of Khan et al., (2017), and Sajid et al., (2008), which demonstrated a significantly higher levels of CEA in cigarette smokers than shisha smokers. Also, the serum concentration CA-125, CA-15-3, and CEA were slightly elevated in secondhand smokers than shisha smokers but not statistically significant. 
Tobacco smoking has been linked to mutations in the p53 tumor suppressor gene, a critical alteration that leads to uncontrolled cell proliferation and is present in more than half of all human cancers (Bitton et al., 2015). Research has shown that tobacco smoke contains harmful substances such as 3-Bromooctane, Benzaldehyde, Lead, Zinc, Cadmium, 1-Methylcycloheptene, and tar (Elsayed et al., 2016). These compounds have been associated with DNA damage, thereby contributing to cancer development and a variety of genetic mutations (Sadiq et al., 2019). 4-Hydroxynonenal (4-HNE), a highly reactive and diffusible byproduct of lipid peroxidation, plays a significant role in oxidative stress-mediated cellular signaling and programmed cell death (apoptosis) (Tabakh et al., 2021). 8-Nitroguanine (8NO2-Gua) is formed through the interaction between guanine in DNA and reactive nitrogen species (RNS), particularly peroxynitrite (ONOO⁻). Both 4-HNE and 8NO2-Gua serve as specific indicators of DNA damage resulting from oxidative and nitrosative stress, and they are closely linked to mutagenesis, cancer development, and persistent inflammatory diseases.
In this study, 8-NO2-Gua and 4-HNE showed no significant difference between the smokers and non-smokers. However, there is slight elevation in the smokers compared to the nonsmokers. This elevation could be attributed to the fact that tobacco smoke generates reactive oxygen species (ROS) that attack polyunsaturated fatty acids in cell membranes, leading to the formation of 4-HNE, or due to fact that tobacco smoke releases reactive nitrogen species (RNS), such as peroxynitrite, which react with guanine in DNA to form 8-NO2-Gua, leading to rise in 8-NO2-Gua. Yadav and Thakur, (2000) indicated that shisha smoking was linked to an elevation in frequency of chromosomal aberrations (CA), sister chromatid exchanges (SCE), and mitotic index in waterpipe users compared with non-users. No significant difference in serum 8NO2-Gua, and 4-HNE levels between shisha smokers and cigarette smokers. Alsatari and co-workers, (2012), and Khabour and colleague, (2011) reported that shisha smoking is genotoxic, resulting in DNA damage in lymphocytes, and the magnitude of its genotoxicity in waterpipe smoking was higher than that induced by cigarette smoking. Bayoumi and Colleagues (1992) indicated an increase in chromosomal breaks, chromosomal terminal deletions and polyploidy among the tobacco smoker groups. However, no significant difference was observed between the smoker groups, which is similar to the findings of this study. 
Furthermore, the study revealed a linear relationship of different degrees between the studied biochemical parameters in the smokers. Lead (Pb) and Cadmium (Cd) showed a significant positive correlation with 8-Nitroquanine, 4-Hydroxynonenal, Cancer Antigen-125, Cancer Antigen 15-3, and Carcinoembryogenic Antigen in shisha smokers, cigarette smokers, and both smokers. However, a significant negative correlation was observed between zinc and 8-Nitroquanine, 4-Hydroxynonenal, Cancer Antigen-125, Cancer Antigen 15-3, and Carcinoembryogenic Antigen. This finding aligns with Maradi et al. (2019), who observed a strong negative correlation between serum zinc levels and CA-125 in patients with ovarian cancer. Similarly, Voyatzoglou et al. (1982) identified a notable association between reduced serum zinc and the presence of bronchogenic carcinoma. In addition, Mi-Hyun and Mi-Kyeong (2018) found that serum CEA levels were negatively correlated with the intake of several nutrients, including protein, carbohydrates, zinc, vitamin B6, and folate in both men and women. Abbas and colleagues, (2021) also documented a positive correlation between serum Pb, Cd and CEA levels in colon, lung and gastric cancer patients.
These results are consistent with the findings of Ifenkwe et al. (2017), who reported that heavy metals have the capacity to alter oxidative stress biomarkers. This suggests that lead (Pb), cadmium (Cd), and zinc (Zn) act as significant oxidative agents, capable of inducing detectable levels of 8-NO2-Gua, 4-HNE, CA-125, CA-15-3, and CEA. The concentrations of Pb, Cd, and Zn observed in this study support the conclusions drawn by Richter et al. (2017), which indicated that tobacco use increases cadmium levels in blood and urine. Furthermore, long-term exposure to Pb and Cd has been associated with various pathological conditions, including impaired lung function, obstructive pulmonary disease, bronchogenic carcinoma, reproductive dysfunction, kidney disorders, and cardiovascular diseases such as myocardial infarction and peripheral arterial disease, as well as cancers of the prostate, cervix, pancreas, and oral cavity. The carcinogenic potential of Pb and Cd is believed to stem from their ability to exhaust cellular antioxidants and enzymes, leading to an upsurge in reactive oxygen species production (Ifenkwe et al., 2017).
4. CONCLUSION
The findings in this study revealed that waterpipe smoking is associated with genotoxicity, carcinogenicity, and heavy metals bio-accumulation, which may contribute to oxidative stress and its related health conditions. It further confirmed that waterpipe smoking is more harmful than cigarette smoking emphasizing the necessity of an increased public awareness campaigns and interventions to alleviate these dangers.
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