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Abstract

:

Background: Cancer is currently a major public health problem worldwide, with a marked increase of about 70% in the number of expected diagnosed cases over the next two decades. The amount of tobacco and alcohol consumed is calculated based on the subjective information provided by the user. Tobacco exposure can be assessed using the Fagerström Test for Cigarette Dependence (FTCD) and alcohol consumption by the Alcohol Use Disorder Identification Test (AUDIT). Materials and Methods: Forty-eight subjects answered the Fagerström, and AUDIT tests and we studied them as likely screening tools for oral cancer and their correlation with the expression of CYP1A1, GSTM1, GSTP1, and GSTT1 genes by the RT-qPCR method. Results: There were significant differences in the AUDIT score and CYP1A1 expression between cancer and control groups. Participants in advanced stages, whether due to tumor size or regional metastasis, showed significant differences in the duration of tobacco use, FTCD, AUDIT score, and CYP1A1 expression when compared to patients in early stages. Among subjects without cancer, we found a significant correlation between participant age and GSTP1 expression. Furthermore, the expression of GSTP1 was significantly correlated with the number of cigarettes smoked per day, duration of tobacco use, and FTCD. Conclusions: Questionnaires designed to evaluate the degree of tobacco and alcohol exposure and dependence combined with gene expression tests can be useful to assess the risk of developing oral cancer. Furthermore, raising the awareness of individuals regarding their degree of dependence and encouraging them to participate in cessation programs are important educational measures for the prevention of tobacco-related malignancies.
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1. Introduction


Cancer is currently the second largest public health problem worldwide, with a marked increase of about 70% in the number of diagnosed cases being expected over the next two decades [1]. In developed countries, cancer is related to higher sociocultural status and longevity, although its main consequences in terms of morbidity and mortality are found in low-income populations, especially in developing countries [1]. About 20 new cases of oral cancer per 100,000 inhabitants are diagnosed in Brazil every year [1,2,3]. Squamous cell carcinoma (SCC) is the most common malignant neoplasm of the head and neck region. The diagnosis, treatment, and prognosis of head and neck tumors are based on the TNM classification (UICC/AJCC), which has been updated by the inclusion of molecular factors [4,5].



It is estimated that about 1.5 billion people worldwide use tobacco products [1,6]. Tobacco use is classified as an addictive disease by the World Health Organization (WHO) and is the main cause of cancer in the world [7]. Like tobacco, alcohol consumption is an important risk factor for head and neck cancers, which participates not only in the carcinogenic process but also acts as a potentially addictive drug [8,9,10]. Smoking, associated with excessive consumption of alcoholic beverages, increases by up to 15 times the risk of oral cancer [10,11,12,13,14,15].



CYP1A1 is one of the most important genes responsible for the bioactivation of tobacco carcinogenic substances including polycyclic aromatic hydrocarbons (PAH) and nitrosamines and benzopyrenes, as well as alcohol metabolism [16]. Phase II of glutathione S-transferase (GSTs) enzymes has an important role in the detoxification of carcinogens, and especially the polycyclic aromatic hydrocarbons (PAH) found in tobacco smoke [17,18,19].



Over the past decades, many highly toxic combustion compounds, known as carcinogens, have been identified in tobacco-related products. These compounds include benzopyrenes and other polycyclic aromatic hydrocarbons derived from nicotine, such as nicotine-specific nitrosamines. Other toxic substances such as benzene, formaldehyde, carbon monoxide, cyanide, acrolein, and polonium can also be found [20]. These toxic compounds are activated and detoxified in two phases. In Phase I, the carcinogens are metabolized by cytochrome P450 enzymes to become more soluble for excretion or more electrophilic for elimination by Phase II glutathione S-transferase (GSTs) enzymes [21]. These enzymes are highly polymorphic, and their prevalence varies among different populations; however, in Brazil, the prevalence of these polymorphisms is low because of the extensive miscegenation among the three main ethnic colonization groups [22,23,24,25].



The amount of tobacco and alcohol consumed is usually calculated by subjective inference from the information provided by the user. The pack-years variable is widely used to estimate tobacco consumption during the smoker’s life, but the degree of dependence on cigarettes which can estimate the life exposure of tobacco may be assessed using the Fagerström Test for Cigarette Dependence (FTCD) [26]. Alcohol consumption depends on variables such as the type and content of alcohol in each product and the frequency and intensity of use, as well as the real magnitude of intake described by the user. The Alcohol Use Disorder Identification Test (AUDIT) was developed by the WHO as a simple and validated tool for alcohol use screening [27].



Since oral cancer is a global health concern and alcohol and tobacco consumption are major risk factors involved in its carcinogenesis, the aim of this study was to evaluate the Fagerström and AUDIT tests as likely screening tools for oral cancer and their correlation with the expression of CYP1A1, GSTM1, GSTP1, and GSTT1 genes measured by the RT-qPCR method. Questionnaires to assess the degree of exposure and dependence, such as tobacco and alcohol associated with simple genotyping tests, can be a useful tool to assess the risks of developing oral cancer.




2. Materials and Methods


2.1. Sample Selection


This is an observational study with a cross-sectional and ecological design. The project was submitted and approved by the Research Ethics Committee (CAAE No. 42387315.0.0000.0077) and was conducted in accordance with the ethical principles of the Declaration of Helsinki. All participants received information about the aims of the study and agreed to participate by signing the informed consent form. Samples were collected from patients over 18 years of age, smokers or non-smokers, with a diagnosis of oral SCC, who sequentially attended the Celso Pierro Hospital of the Pontifical Catholic University of Campinas/SP (PUC-Campinas) and the Mario Gatti Municipal Hospital, Campinas/SP. As the control group, tissue fragments were collected from the healthy border at least 1 cm away from a benign lesion such as mucocele and fibroma of patients treated at the Oral Diagnosis Clinic, Department of Biosciences and Oral Diagnosis, Institute of Science and Technology/Unesp, and at the Municipal Health Department in São Sebastião/SP. The samples were collected during incisional biopsy or surgical treatment and sent for anatomopathological examination. Patients with a history of and treated for malignant neoplasms in any other organ or system or patients with lip cancer were not included, as it is related to sun exposure and not tobacco and alcohol. Information on TNM staging was collected for cancer patients [28].




2.2. Evaluation of Tobacco and Alcohol Dependence


Nicotine dependence was evaluated using the FTCD [26,29]. This questionnaire consists of six questions and is scored according to the answers. In the end, the patient’s nicotine dependence is classified into five categories: very low (0 to 2 points), low (3 to 4 points), moderate (5 points), high (6 to 7 points), and very high (8 to 10 points). The cut-off for nicotine dependence was ≥4 points [30]. The AUDIT was used to estimate risk behavior related to alcohol consumption. This instrument consists of 10 questions that identify four patterns of alcohol consumption: low risk use (0 to 7 points), risk use (8 to 15 points), harmful use (16 to 19 points), and probable dependence (≥20 points). The cut-off for risk consumption was 8 points [27].




2.3. RNA Extraction and Quantification


All samples were stored in an Eppendorf tube with Allprotect tissue reagent (Qiagen, Carlsbad, CA, USA) overnight at 4 °C and then at −80 °C until use. Total RNA was extracted using the TRIzol kit (Ambion, Inc., Carlsbad, CA, USA) according to manufacturer recommendations. TRIzol (1 mL) was added to a 2.0 mL microtube containing solid tumor tissue and the mixture was incubated at room temperature for 10 min. Next, 200 μL chloroform (Sigma-Aldrich, St. Louis, MO, USA) was added and the microtubes were centrifuged at 12,000× g for 15 min at 4 °C. The supernatant was transferred to a new tube with 500 µL isopropanol (Sigma-Aldrich, St. Louis, MO, USA). After centrifugation, the pellet was washed with 70% ethanol (Sigma-Aldrich, St. Louis, MO, USA), centrifuged again, and resuspended in 50 µL of RNA storage buffer (Ambion, Inc., Carlsbad, CA, USA). The concentration, purity, and quality of the RNA were verified in a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Inc., Wilmington, DE, USA) and RNA was visualized under a transilluminator. The total RNA extracted (1 µg) was treated with DNase I (Turbo DNase Treatment and Removal Reagents, Ambion, Inc., Carlsbad, CA, USA) and transcribed into complementary DNA (cDNA) using the SuperScript® III First-Strand Synthesis SuperMix for RT-qPCR kit (InvitrogenTM, Carlsbad, CA, USA) according to the protocols recommended by the manufacturer.




2.4. Selection of the Genes Studied


Three reference genes were selected: ACTB, GAPDH, and TUBA1C. The last was selected because it showed the highest compatibility with the samples. The primer sequences were confirmed on the NCBI/GenBank website, which was specific for the Homo sapiens species and homology. The following primers were chosen for the study: CYP1A1 (Fwd.—CTTCCGACACTCTTCCTTCG, Rev.—GGTTGATCTGCCACTGGTTT); GSTM1 (Fwd.—ACTTGATTGATGGGGCTCAC, Rev.—ATGGTTGTCCATGGTCTGGT); GSTP1 (Fwd.—CAGGTGTCAGGTGAGCTCTG, Rev.—ATGACCCGTTACTTGGCTGG); GSTT1 (Fwd.—GTTGCTCGAGGACAAGTTCC, Rev.—ATCAGCTCCGTGATGGCTAC); TUBA1C (Fwd.—CCGGGCAGTGTTTGTAGACT, Rev.—TTGCCTGTGATGAGTTGCTC). The efficiency of the primers was tested, and the amount and concentration of cDNA and annealing temperature were standardized. All primers showed efficiency between 95 and 154%.




2.5. Gene Expression Analysis


The RT-qPCR method was applied to evaluate the amount of cDNA in the exponential phase of the amplification reaction. The SYBR® Green fluorophore (Platinum® SYBR® Green RT-qPCR SuperMix-UDG, Applied Biosystems, Framingham, MA, USA) was used in the following reaction mixture: 12.5 µL of Platinum SYBR Green SuperMix, 1 μL of ROX (reference dye), 300 µM of the forward primer, 300 µM of the reverse primer, 2 μL of cDNA solution, and 2.1 µL of Ultrapure water (InvitrogenTM, Carlsbad, CA, USA) to obtain a final volume of 20 µL in each well of a 96-well plate (InvitrogenTM, Carlsbad, CA, USA). The wells were sealed with an optical adhesive film (InvitrogenTM, Carlsbad, CA, USA) and the plates were placed in a StepOnePlus™ System (Applied Biosystems, Framingham, MA, USA). The following cycling parameters were used: 50 °C for 2 min, followed by initial denaturation at 95 °C for 2 min and 40 cycles at 95 °C for 15 s and 60 °C for 30 s. After the last cycle, the samples were subjected to dissociation (melting) curve analysis at intervals of 0.1 °C. No bimodal curve or abnormal amplification signal was observed. The 2−ΔΔCT method was used to determine the relative changes in gene expression [31].




2.6. Statistical Analysis


The sample was analyzed regarding gender, smoking status (smoker and non-smoker), tobacco consumed in cigarettes per day, and duration of tobacco consumption. The consumption pattern of alcoholic beverages was also evaluated. Tumors were divided into early (stages I and II) and advanced stages (stages III and IV). The normality of the data was evaluated by the D’Agostino–Pearson test. Non-parametric data are reported as the median and interquartile range (IQR). The groups were compared by the Mann–Whitney test. Spearman’s correlation coefficient was used to evaluate the correlation between the variables studied. A significance level of 5% was adopted for all tests. The GraphPad Prisma software was used for data analysis.





3. Results


Forty-eight subjects, 32 men (67%) and 16 women (33%), with a mean age of 55 ± 14.5 years, were included. Thirty-three participants had cancer (24 men and 9 women) and twenty-seven of them were smokers (22 men and 5 women) (Figure 1). The AUDIT results in the cancer group presented statistical significance between the genders (p = 0.035) with 19 men and 2 women classified as behavioral risk score (≥8 points) (p = 0.002). The remaining 15 subjects with benign lesions included 8 men and 7 women, and of these, 9 were smokers, and 3 scored ≥ 8 points in the AUDIT. The sample data are described in Table 1. Regarding the tobacco use duration in the cancer group, it was observed that the men had used tobacco for the longest time compared to the women (40 ± 20 and 24 ± 22, years, median ± IQR). The score results are described in Table 2.



The Mann–Whitney test showed significant differences in the AUDIT score (p = 0.002) and CYP1A1 expression (p = 0.015) between the cancer and control group. However, we found no differences in the number of cigarettes smoked per day (p = 0.256), duration of tobacco use (p = 0.059), or FTCD (p = 0.061). There were also no differences in the expression of GSTM1 (p = 0.32), GSTP1 (p = 0.398), or GSTT1 (p = 0.133).



Participants in advanced stages showed significant differences in duration of tobacco use (p = 0.047), FTCD (p = 0.002), AUDIT score (p = 0.013), and CYP1A1 expression (p = 0.002) when compared to patients in early stages. Nevertheless, no significant differences were observed in the number of cigarettes smoked per day (p = 0.135), nor in the expression of GSTM1 (p = 0.336), GSTP1 (p = 0.357), or GSTT1 (p = 0.50).



Smokers had larger tumors (p = 0.012) and more regional metastases (p = 0.044) than non-smokers. We also found higher AUDIT scores among smokers (p < 0.001), even among those with cancer (p = 0.017), when compared to non-smokers.



Considering the whole sample, Spearman’s correlation coefficient showed significant correlations between tumor size and duration of tobacco use (p = 0.036), AUDIT score (p = 0.001), and CYP1A1 expression (p = 0.002). The presence of regional metastases was correlated with higher AUDIT score (p = 0.009) and higher expression of CYP1A1 (p = 0.014). We also observed significant correlations of the AUDIT score with the expression of CYP1A1 (p = 0.002) and tobacco consumption parameters, such as number of cigarettes smoked per day (p = 0.033) and duration of tobacco use (p = 0.002) (Table 3).



In the group of patients with early-stage cancer, we found strong correlations between the AUDIT score and the number of cigarettes smoked per day (p = 0.010), duration of tobacco use (p = 0.005), and FTCD (p = 0.001) (Table 4). Among patients in advanced stages, there was a significant correlation between regional metastases and the number of cigarettes smoked per day (p = 0.046).



Among the subjects in the control group, we observed a significant correlation between the age of the participants and the expression of GSTP1 (p = 0.002). In addition, GSTP1 expression was significantly correlated with the number of cigarettes smoked per day (p = 0.028), duration of tobacco use (p = 0.037), and FTCD (p = 0.041) (Table 5).




4. Discussion


Oral SCC is one of the most common malignancies worldwide, with higher prevalence in some regions. This cancer is responsible for high morbidity and mortality, usually because it is diagnosed in more advanced stages [32]. Multicenter studies conducted by large research consortia such as Gencapo [33], Arcage [34], Inhance [35], InterCHANGE [36], and, more recently, HeadSpace [37], mapped biomolecular characteristics of head and neck cancers, including oral cancer, in different populations. Although biomolecular science has made incredible advances for cancer study, unfortunately, its usefulness in daily medical care is available for few countries or institutions, becoming more used in research centers.



We chose to use internationally validated and accessible questionnaires to assess the degree of tobacco and alcohol dependence and compare it with the expression of genes involved in carcinogen metabolism [38]. In this way, those questionnaires could be a useful tool to estimate indirectly the degree of exposure to tobacco and alcohol harmful products, as well as the gene expression in patients with oral cancer [39].



Alcohol acts as a trigger of tobacco use and vice versa. In our series, all smokers with cancer were regular consumers of alcohol, with mainly high-risk consumption. We also observed that most of the heavy drinkers were also heavy smokers and more nicotine dependent. These findings illustrate the multiple chemical addictions (tobacco and alcohol) in patients with head and neck cancer [40]. This profile differs from the results reported by Graner et al. [41] for patients diagnosed with oral cancer, with only 32.6% being alcoholics. Our data showed that the majority of patients who reported no alcohol use were also non-smokers, even in the control group.



Another finding was that gender had an impact on the disease stage. Most cases in patients with advanced diagnosis were males, which corresponds to the Brazilian reality characterized by higher male prevalence and late diagnosis of the disease in men [42,43]. This is due to the fact that men usually have a higher tolerance for discomfort, postponing the medical evaluation by health professionals. In addition, men tend to neglect their symptoms, either for fear of the diagnosis or for issues related to the impossibility of working, dependence on family or friends, and feelings of inferiority [44].



The CYP1A1 gene is one of the main genes responsible for the metabolism of alcohol and tobacco carcinogens [45]. The correlation between CYP1A1 and some Phase II genes seems to be influenced by tissue factors themselves that change the synergy effects between the genes [46]. We did not observe differences in GSTM1, GSTP1, or GSTT1 gene expression in the cancer group, but as Phase II enzymes are responsible for detoxification of carcinogens, once cancer is present, it possibly means that the role of these enzymes is not proceeded to neutralize the toxic substances. The greater correlation found between CYP1A1 expression and tumor size, and regional metastases reinforce the hypothesis that the more bioactivation and presence of carcinogens, the poorest outcome can be found [47].



Since Phase I and II enzymes show an opposite reaction regarding activation and detoxification of the carcinogens, it was expected that CYP1A1 expression would be higher in cancer samples. On the other hand, GSTP1 was predominant among benign lesions and significantly correlated smoking parameters such as number of cigarettes smoked per day, duration of tobacco consumption, and nicotine dependence assessed by TFCD, providing a probable protective action to smokers. The CYP1A1 and GTSP1 results found in our study may indicate that this hypothesis may be true.



This correlation between CYP1A1, GSTM1, GSTP1, and GSTT1 seems to be important, once this balance between activation and detoxification of carcinogens can influence the development, progression, and prevention of cancer. This relationship was found with the polymorphic forms and has been associated with other types of malignancies such as breast, colon, and lung cancer. Besides that, the research of polymorphic genes in head and neck cancer is more prevalent in specific countries such as India, China, Japan, Spain, and Germany. Unfortunately, Brazil did not have scientific data regarding the prevalence of these polymorphisms and due to our population characteristics, we decided not to include polymorphic forms of those genes in our study [48,49,50,51,52].



The CYP1A1 gene was significantly correlated with the instruments chosen to estimate the parameters of tobacco and alcohol consumption (FTCD and AUDIT scores), confirming the already known statement that the dual use of these substances substantially increases the risk of developing cancer. To the best of our knowledge, this correlation has not been evaluated before in Brazil. Our results partially disagree with the findings of Masood et al. [46] who observed reduced expression of CYP1A1 in some patients with oral cancer, but higher expression in cases in advanced stages. In our series, the number of cigarettes smoked per day and the exposure time were determinant for the tumor stage, represented by the variable tumor size and regional metastasis.



Older patients with a higher history of tobacco consumption and with benign lesions expressed more GSTs, indicating that this gene should be an important protective factor in this group of patients. Could GSTP1 thus be considered a marker? It appears that, even though cancer development is multifactorial, through the study of gene expression in this scenario, we can draw some conclusions. It was possible to demonstrate that the gene expression of some carcinogen metabolizers can vary depending on the degree of exposure of individuals to agents such as tobacco and alcohol. The mutual analysis of the Fagerström and AUDIT questionnaires combined with the gene expression study was superior to the single gene expression analysis to determine the risk of oral cancer. Thus, the clinical aspects obtained by the questionnaires must be valued, and not just the molecular factors.



These questionnaires are easy to apply and can be used by any healthcare professional. Few studies have applied these tools in the context of oncology. In a recent study, Yokoyama et al. [53] used the AUDIT for the follow-up of patients with esophageal cancer, showing its clinical applicability in the early diagnosis of a second primary tumor. The same approach can be used to follow-up on oral cancer patients, encouraging them to stop their harmful habits and promoting better health.



The assessment of nicotine dependence is still not a routine procedure in initial oncological assessment, although continued smoking after a cancer diagnosis is associated with a poor prognosis. Almeida et al. [54] described high nicotine dependence among patients with head and neck cancer and highlighted the need to assess the smoking profile of cancer patients. In another study, Schiller et al. [55] reported some aspects of the profile of patients with head and neck cancer related to tobacco and alcohol consumption using the same instruments. The authors also emphasized the issue of multiple addictions and the lack of smoking and alcohol cessation programs in this specific group of patients in cancer treatment services.



As a limiting factor of our work, we must emphasize that it was not possible to carry out a complementary immunohistochemical analysis for all samples.




5. Conclusions


Motivating health professionals, especially oncologists, to evaluate smokers’ nicotine dependence and encouraging them to participate in cessation programs are important educational measures and can undoubtedly impact the outcomes not only for disease prevention, whether malignant or not, related to tobacco and alcohol dependence, but also to the treatment response. The FTCD and AUDIT questionnaires designed to evaluate and estimate the degree of exposure and dependence to tobacco and alcohol combined with simple gene expression tests can be useful tools to assess the risks of developing oral cancer.
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Figure 1. Sample diagram. 






Figure 1. Sample diagram.
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Table 1. Demographic data of the sample.






Table 1. Demographic data of the sample.





	
Sample

	
n = 48




	
Age (Years, Mean ± SD)

	
55 ± 14.5






	

	
Cancer group

	
Control group




	

	
n = 33 (75)

	
n = 15 (25)




	
Gender

	
Male

	
Female

	
Male

	
Female




	
Subjects (n, %)

	
24 (50)

	
9 (18.75)

	
8 (3.84)

	
7 (3.36)




	
Cancer stage

	

	

	

	




	
Stage I

	
2

	
-

	
-

	
-




	
Stage II

	
3

	
6

	
-

	
-




	
Stage III

	
4

	
1

	
-

	
-




	
Stage IV

	
15

	
2

	
-

	
-




	
AUDIT score (median ± IQR)

	
12 ± 6.5

	
4 ± 5

	
*




	
≥8 points

	
19

	
2

	
2

	
1




	
<8 points

	
5

	
7

	
6

	
6








SD: standard deviation, IQR: interquartile range. * Statistical analysis not performed due to sample size.













[image: Table] 





Table 2. Description of FTCD and AUDIT score results.






Table 2. Description of FTCD and AUDIT score results.










	FTCD Score of Dependence
	Cancer Group (n/%)
	Control Group (n/%)





	0–2 = very low dependence
	3 (8.33)
	2 (5.56)



	3–4 = low dependence
	6 (16.66)
	1 (2.78)



	5 = moderate dependence
	4 (11.11)
	3 (8.33)



	6–7 = high dependence
	11 (30.555)
	2 (5.56)



	8–10 = very high dependence
	3 (8.33)
	1 (2.78)



	Total
	27
	9



	AUDIT Score
	
	



	0–7 points = low risk use
	10 (26.32)
	4 (10.53)



	8–15 = risk use
	14 (3.84)
	2 (5.26)



	16–19 points = harmful use
	5 (13.16)
	1 (2.63)



	≥20 points = probable dependence
	2 (5.26)
	-



	Total
	31 *
	7







* 2 subjects with cancer declared not using tobacco and alcohol.
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Table 3. Spearman’s correlation coefficient of whole sample.
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Cigarettes Per Day

	
Duration of Tobacco Use

	
Tumor Size

	
Nodal Metastasis

	
AUDIT Score

	
CYP1A1






	
Cigarettes per day

	
Rho

	

	

	

	

	

	




	
p-value

	

	

	

	

	

	




	
Duration of tobacco use

	
Rho

	
0.606

	

	

	

	

	




	
p-value

	
0.000

	

	

	

	

	




	
Tumor size

	
Rho

	
0.143

	
0.304

	

	

	

	




	
p-value

	
0.333

	
0.036

	

	

	

	




	
Nodal metastasis

	
Rho

	
0.249

	
0.073

	
0.536

	

	

	




	
p-value

	
0.088

	
0.624

	
0.000

	

	

	




	
AUDIT score

	
Rho

	
0.308

	
0.433

	
0.483

	
0.371

	

	




	
p-value

	
0.033

	
0.002

	
0.001

	
0.009

	

	




	
CYP1A1

	
Rho

	
0.057

	
0.285

	
0.361

	
0.353

	
0.445

	




	
p-value

	
0.702

	
0.050

	
0.002

	
0.014

	
0.002

	








Rho: Spearman’s Rho.
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Table 4. Spearman’s correlation coefficient of early-stage cancer.
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Cigarettes Per Day

	
Duration of Tobacco Use

	
Fagerström Test

	
AUDIT Score






	
Cigarettes per day

	
Rho

	

	

	

	




	
p-value

	

	

	

	




	
Duration of tobacco use

	
Rho

	
0.861

	

	

	




	
p-value

	
0.003

	

	

	




	
Fagerström test

	
Rho

	
0.701

	
0.784

	

	




	
p-value

	
0.019

	
0.007

	

	




	
AUDIT score

	
Rho

	
0.761

	
0.800

	
0.876

	




	
p-value

	
0.010

	
0.005

	
0.001

	








Rho: Spearman’s Rho.
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Table 5. Spearman’s correlation coefficient of the control group.
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Age

	
Smoking Status

	
Cigarettes per Day

	
Duration of Tobacco Use

	
Fagerström Test

	
GSTP1






	
Age

	
Rho

	

	

	

	

	

	




	
p-value

	

	

	

	

	

	




	
Smoking status

	
Rho

	
0.506

	

	

	

	

	




	
p-value

	
0.066

	

	

	

	

	




	
Cigarettes per day

	
Rho

	
0.597

	
0.880

	

	

	

	




	
p-value

	
0.021

	
0.000

	

	

	

	




	
Duration of tobacco use

	
Rho

	
0.511

	
0.887

	
0.812

	

	

	




	
p-value

	
0.003

	
0.000

	
0.000

	

	

	




	
Fagerström test

	
Rho

	
0.491

	
0.882

	
0.987

	
0.839

	

	




	
p-value

	
0.066

	
0.000

	
0.000

	
0.000

	

	




	
GSTP1

	
Rho

	
0.730

	
0.601

	
0.566

	
0.542

	
0.533

	




	
p-value

	
0.002

	
0.018

	
0.028

	
0.037

	
0.041

	








Rho: Spearman’s Rho.
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