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A B S T R A C T

Introduction: With the absence of effective reinforcement of tobacco control laws in the country, the Lebanese
population has been vulnerable to the health burden of smoking. Smoking and quitting behaviors are influenced
by genetic factors, mainly CYP2A6 polymorphisms. To date, the assessment of the genetic profile and its effect on
the behavior of Lebanese smokers has not yet been studied. The aim of this study was to determine the CYP2A6
polymorphisms and its relation to smoking and quitting behavior in a cohort of Lebanese smokers.
Methods: Healthy adult Lebanese smokers were recruited from the American University of Beirut and its Medical
Center. Their nicotine metabolite (NM) levels and CYP2A6 alleles (2, 4, 9 and 12) were determined. The smoking
behavior, Nicotine Dependence Score (NDS) and quitting behavior of the participants were assessed after filling
a “smoking assessment questionnaire”.
Results: 53 healthy adult smokers participated in our study (M: F = 4:1, median age = 38.47 +/− 14.15 years).
Mutated CYP* 2 was present in 33.9% (18/53 cases), CYP* 4 in 11.3% (6/53 cases), CYP* 9 in 100% (53/53
cases) and CYP* 12 in 86.7% (46/53 cases). Slow metabolizers constituted 90.6% of our group while 9.4% were
intermediate metabolizers. Slow metabolizers smoked a smaller number of cigarettes per day (CPD)
(median = 15 CPD vs 25 CPD) and had higher NM levels (median = 23 ng/mL vs 10 ng/mL or undetectable)
than intermediate metabolizers. A statistically significant correlation with NDS and quitting behavior was not
found in either group.
Conclusion: In this first study from Lebanon, a unique distribution of CYP2A6 alleles (high prevalence of
CYP2A6*9 and CYP2A6*12) was detected. In accordance with previously published data, slow metabolizers
smoked a lower number of CPD and had higher NM levels in their serum. Larger studies are required to fully
elucidate the CYP2A6 polymorphisms of Lebanese smokers and include them in personalized smoking cessation
programs.

1. Introduction

Despite large scale proactive strategies deployed by governing
agencies to reduce its frequency, smoking remains one of the leading
causes of preventable death worldwide (Health and Services, 2014).
The Lebanese population is particularly affected by this burden, with a
smoking prevalence of 53.6%, a mean daily of 23 CPD, with up to
67.4% of Lebanese smokers consuming > 20 CPD (Baddoura and
Wehbeh-Chidiac, 2001). Lack of implementation of an effective tobacco

control law in Lebanon partly accounts for this alarming smoking epi-
demic (Salti et al., 2014). Apart from environmental/social factors,
genetic factors play a role in determining tobacco dependence, the
number of cigarettes consumed per day and predicting smoking cessa-
tion behaviors (Malaiyandi et al., 2005).

Nicotine is the primary molecule responsible for the pharmacolo-
gical and addictive effects of tobacco use through its action on neuronal
nicotinic acetylcholine receptors (nAChRs) in the brain (Dwyer et al.,
2009). The maintenance of NM levels in blood drives smoking patterns
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by the user to achieve optimal satisfaction (Ray et al., 2009). As such,
slow metabolizers smoke fewer CPD and experience less cravings
(Malaiyandi et al., 2005).

The enzyme CYP2A6 is responsible for 80% of nicotine metabolism
to its inactive metabolite, cotinine, as well as the activation of tobacco
smoke procarcinogens including N-nitrosonornicotine and 4-(methyl-
nitrosamino)-1-(3-pyridyl)-1-butanone (Quaak et al., 2009; Tanner and
Tyndale, 2017). Therefore, it is believed to be the most important
predictor of the rate of nicotine metabolism (Benowitz et al., 2006a;
Benowitz et al., 2006b). Human cytochrome P450 2A6 (CYP2A6,
human coumarin 7-hydroxylase) has > 40 variants; many harboring
clinical impact on nicotine metabolism (Rao et al., 2000). Null
(CYP2A6*2 or CYP2A6*4), reduced activity (CYP2A6*9 or CYP2A6*12)
and wild-type (CYP2A6*1) alleles for the CYP2A6 gene determine the
metabolic activity of the enzyme. Slow metabolizers (< 50% of
CYP2A6 activity) either have one or two copies of the null alleles
(CYP2A6*2 or CYP2A6*4) or carry two copies of the reduced activity
alleles (CYP2A6*9 or CYP2A6*12). Intermediate metabolizers (80% of
CYP2A6 activity) harbor single CYP2A6*9 or CYP2A6*12 allele, and
normal metabolizers (100% CYP2A6 activity) are those with *1/*1
(wild type). Other variants include the CYP2A6*1×2 allele (duplica-
tion variant) and CYP2A6*1B which are associated with higher rates of
nicotine metabolism (Ray et al., 2009).

Genetic variants of CYP2A6 affect smoking behaviors including the
number of cigarettes smoked per day, the amount of nicotine and car-
cinogens uptake by one puff, dependence scores and quitting rates
(Patterson et al., 2008; Sofuoglu et al., 2012; Chenoweth et al., 2013). It
is also hypothesized that these variants correlate with smoking related
diseases such as lung cancer (Loriot et al., 2001; Tan et al., 2001;
Ariyoshi et al., 2002; Wassenaar et al., 2011; Yuan et al., 2017; Ezzeldin
et al., 2018).

Polymorphisms of the CYP2A6 gene and their role in nicotine me-
tabolism significantly differ by ethnicity (Murphy, 2017). To date, no
data has been reported regarding polymorphisms of CYP2A6 in the
Lebanese population, nor with respect to a potential effect on smoking
habits. In this study, we investigated the allelic distribution of cyto-
chrome P450 2A6 in healthy adult Lebanese smokers. We also checked
for a possible association between NM levels and smoking habits in-
cluding daily cigarette consumption (NDS), attempts to quit and
smoking cessation behavior.

2. Materials and methods

2.1. Subjects

Adult Lebanese smokers were enrolled either directly or through
announcements posted at various locations at the American University

of Beirut (AUB) campus and its medical center (AUBMC). To be in-
cluded, smokers had to be physically healthy as determined by a
“smoking assessment questionnaire” and without exposure to medica-
tions that might affect CYP2A6 activity. Subjects with acute or chronic
illness like cancer, psychiatric problem, or other medical conditions like
allergies and seizures requiring the use of medications that influence
CYP2A6 activity (antiepileptics: losigamone, letrozole, valproic acid,
phenobarbital; neurotransmitters; antidepressants; tegafur; steroids;
antibacterial: quinoline, rifampicin; antifungal: ketoconazole) and al-
cohol abusers were excluded from the study.

2.2. Genomic DNA

Peripheral blood samples were collected from the participants using
EDTA tube for molecular analysis. DNA was extracted using the
QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) as described by the
manufacturer. The concentration and purity of DNA samples were as-
sessed using Nanodrop spectrophotometry 2000c (ThermoFisher
Scientific, Massachusetts, USA) at 260 nm.

2.3. Genotyping of CYP2A6 alleles

CYP2A6 alleles (2, 4, 9 and 12) were determined using a two-step
allele-specific polymerase chain reaction (PCR) assay. The first PCR
amplified the allele-specific wild region of CYP2A6 on chromosome 19
and the PCR product underwent a second allele-specific PCR each with
wild type primers and variant primers. The primers and reaction con-
ditions are shown in Tables 1 and 2, respectively. With each PCR run, a
negative control (to exclude contamination) and a 100 bp or 1 kb ladder
(to detect the band size of interest) were added. After each PCR step,
the amplified product was analyzed using a 2% agarose gel containing
ethidium bromide.

CYP2A6 alleles (2, 4, 9 and 12) were specifically chosen for testing
in the Lebanese population since these were reportedly common in
most Caucasian populations studied (Lopez-Flores et al., 2017).

2.4. NM serum concentration measurement

Blood for NM measurement was collected into serum separation
tubes. NM was determined by Siemens Immulite 2000 (Siemens
Healthcare GmbH, Erlangen, Germany), using a solid-phase competi-
tive chemiluminescent immunoassay highly specific for cotinine. The
analytical range was 10–500 ng/mL. The assay precision was 11.5%
and 7.4% at 14.5 and 49.2 ng/mL, respectively. Recovery was 92.8% or
higher.

Table 1
Primers for CYP2A6*2, CYP2A6*4, CYP2A6*9 and CYP2A6*12 genotyping assay.

Primers (5′ to 3′)

Forward Reverse

CYP 2A6*2 First PCR CCTTGGAGCTGCTCCGCTCCTGC* GGAGGTTGACGTGAACTGGAAGA
Second PCR CTCATCGACGCCCT CTCATCGACGCCCA

TCGTCCTGGGTGTTTTCCTTC
CYP 2A6*4 First PCR GGCCAAGATGCCCTACATG GGAATAGGTGCTTTTTAAGAATC

Second PCR ACCCACATTAGAAGCTTTCTAGA GCTTTTTAAGAATCTGTCTAGAA
CCCCATTAGAAGCTTTCTACTCA

CYP 2A6*9 First PCR TCAAGTCAGCCCCTGGACCCAGTG* CCCAAGATCCTGTCTTTCTGAT
Second PCR ATCCTCCACAACAGAAGACCCCTAA ACGGCTGGGGTGGTTTGCCTTTA

ACGGCTGGGGTGGTTTGCCTTTC
CYP 2A6*12 First PCR GCACCCCTCCTGAAGTACCAC CGCTCCCCGTTGCTGAATA

Second PCR TGGCTGTGTCCCAAGCTAGGCA CGCTCCCCGTTGCTGAATA
TGGCTGTGTCCCAAGCTAGGTG

⁎Primers used for this study were taken from Emamghoreishi et al. (Emamghoreishi et al., 2008), except those with an asterisk.
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2.5. Nicotine dependent score

The NDS was determined as per Fagerstrom's test for nicotine de-
pendence (Heatherton et al., 1991). This test consists of a series of
questions that allows scoring of the smoker's dependence severity:
score = 1–2: low dependence; 3–4: low to moderate dependence; 5–7:
moderate dependence; 8+: high dependence.

2.6. Statistical analysis

Statistical analysis was performed using SPSS statistics version 23.
Descriptive statistics are presented as medians with interquartile
ranges, and percentages as appropriate. Baseline differences between
the two groups were checked using the Wilcoxon rank test and the
Fisher Exact test, as appropriate. Statistical significance was determined
as p < .05.

3. Results

3.1. Participants' characteristics and CYP2A6 variants

Our study consists of 53 healthy adult Lebanese smokers (43 males
and 10 females) with an age range of 18–71 years and a median ( ± SD)
of 38.47 (+/− 14.15) years. The overall employment rate was 71.6%;
72.9% among slow metabolizers and 60% in the intermediate meta-
bolizers group (p= .4). No statistically significant difference was ob-
served in educational level, physical activity and alcohol consumption
(glass/week) between intermediate and slow nicotine metabolizers
(p= .1, 0.9 and 0.2, respectively), Table 3.

Genotyping of CYP2A6 showed CYP* 2 in 33.9% (18/53 cases),
CYP* 4 in 11.3% (6/53 cases), CYP* 9 in 100% (53/53 cases) and CYP*
12 in 86.7% (46/53 cases). As such, 90.6% belonged to the slow ni-
cotine metabolizers group (48/53), 9.4% belonged to the intermediate
metabolizers group (5/53) and 0% belonged to the fast metabolizers
group (0/53). Details of polymorphisms are elaborated in Table 4.

3.2. Smoking behavior and nicotine metabolism

Peer pressure and social activities were the major triggers to initiate
smoking in both groups (83.3% of slow and 100% of intermediate
metabolizers). The rest of participants belonging to the slow nicotine
metabolism group started smoking due to emotional stress or parents'
influence in 4.1% and 12.5%, respectively.

Slow metabolizers were found to consume a lower number of CPD
(median = 15 CPD) as compared to intermediate metabolizers

(median = 25 CPD). Their median NM level was higher
(median = 23 ng/mL) than the median NM level of intermediate me-
tabolizers (median = 10 ng/mL or undetectable). The majority of slow
metabolizers belonged to the low and low to moderate dependence
groups according to their NDS (low: 37.4%, 18/48; low to moderate:
41.65%, 20/48). Intermediate metabolizers were divided into low de-
pendence (40%, 2/5), low to moderate (40%, 2/5) and moderate de-
pendence scores (20%, 1/5).

Table 2
Reaction conditions for CYP2A6*2, CYP2A6*4, CYP2A6*9 and CYP2A6*12 two-step genotyping assays.

CYP 2A6*2 CYP 2A6*4 CYP 2A6*9 CYP 2A6*12

DNA (ng/μL) First PCR Second PCR First PCR Second PCR First PCR Second PCR First PCR Second PCR

≈30 (0.4 μL from first
PCR product)

≈30 (0.5 μL from first
PCR product)

≈30 (0.4 μL from first
PCR product)

≈30 (0.5 μL from first PCR
product)

Primer (20 μM each)(μM) 0.3 0.3 0.4 0.5 0.3 0.3 0.3 0.5
DNTP Mix (25 mM) (mM) 0.37 0.37 0.4 0.4 0.37 0.37 0.4 0.4
MgCl2 (25 mM) (mM) 3.1 2.5 3 2.5 3.1 2.5 3 2.5
Taq Polymerase (250 Units-5 U/μL)

(units)
2.5 2.5 5 5 2.5 2.5 5 5

Buffer (10×)(x) 1 1 1 1 1 1 1 1

Thermal cycling conditions
Initial denaturation °C (min) 95(15) 95(15) 95(15) 95(15) 95(15) 95(15) 95(15) 95(15)
Denaturation °C (s) 95(45) 95(45) 95(45) 95(45) 95(45) 95(45) 95(45) 95(45)
Annealing °C (s) 64(45) 52(45) 52(45) 52(45) 60(45) 70(45) 58(45) 65(45)
Extension °C (s) 72(60) 72(45) 72(180) 72(120) 72(60) 72(60) 72(120) 72(120)
Number of cycles 38 22 38 25 38 25 35 25
Final extension °C (min) 72(10) 72(7) 72(10) 72(7) 72(10) 72(7) 72(7) 72(7)

Table 3
Educational level, physical activity and alcohol consumption according to ni-
cotine metabolizing groups.

All (n= 53) Slow
Metabolizer
Group
(n= 48)

Intermediate
Metabolizer
Group (n= 5)

p value

Education n (%) p = .1
Illiterate 8 (15.0) 8 (16.6) 0 (0)
elementary 13 (24.5) 13 (27) 0 (0)
Middle school 24(45.2) 21(43.7) 3 (60.0)
High school 6(11.3) 5 (10.4) 1 (20.0)
University 2 (3.7) 1 (2.0) 1 (20.0)

Physical activity n
(%)

p= .9

Active 21 (39.6) 19 (39.5) 2 (40)
Moderate 15 (28.3) 13 (27.0) 2 (40)
Light 9 (16.9) 8 (16.6) 1 (20)
Sedentary 8 (15.0) 8 (16.6) 0 (0)

Alcohol
Consumption
(glass/week)

0 [0–2] 0 [0–2] 2 [0–2] p= .2

Table 4
Distribution of nicotine metabolism groups according to mutated cytochromes.

Group Mutated cytochrome Frequency (n; %)

Intermediate CYP 2A9 5; 9.4%
Slow CYP 2A2, CYP 2A4, CYP 2A9, CYP 2A12 3; 5.7%

CYP 2A2, CYP 2A9, CYP 2A12 11; 20.7%
CYP 2A9, CYP 2A12 28; 52.9%
CYP 2A4, CYP 2A9, CYP 2A12 4; 7.5%
CYP 2A2, CYP 2A9 1; 1.9%
CYP 2A2, CYP 2A4, CYP 2A9 1; 1.9%
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3.3. Quitting behaviors

The desire to quit was high in both slow and intermediate meta-
bolizers groups with up to 71% of slow metabolizers and 60% of in-
termediate metabolizers having attempted quitting at least once. In
both groups, smokers primarily attempted to quit due to health pro-
blems (51.3%). Religion related fasting and exercise constituted other
quitting motifs (2.7% each). In the remaining cases, no specific reason
was stated. No medications were used to assist most participants in
their quitting attempts (73.5% of slow and 66.6% of intermediate me-
tabolizers). Nicotine replacement therapy and nicotine gum were used
in 10.8% of cases each, while other pharmacotherapies were prescribed
in 5.4%. No differences were found in quitting behaviors (desire and
motifs to quit, use of pharmacotherapy) between slow and intermediate
nicotine metabolizers (p > .05).

4. Discussion

4.1. Participants' characteristics and CYP2A6 variants

In our cohort, there was a clear predominance of male smokers (M:
F = 4:1). Traditionally, males were more frequent smokers than fe-
males, however the gender gap declined in the 1970's with increasingly
high number of female smokers (Bilal et al., 2016; Szklo et al., 2016;
Andler et al., 2018). In the Arab world, cigarette smoking seems to be
significantly lower in women. However, due to cultural reasons and
false beliefs that waterpipe smoking is healthier, Arab women tend to
use tobacco in the form of waterpipe (Veeranki et al., 2015). Indeed,
studies including waterpipe smokers in Lebanon show lower male to
female ratios (M:F = 1.3:1) (Kheirallah et al., 2016; Daou et al., 2017).

Concerning CYP2A6 polymorphisms, our data demonstrates a
higher rate of the CYP2A6*2 allele variant in Lebanese as compared to
other populations, Table 5. CYP2A6*2 is rare in Asian populations such

as the Koreans, Japanese and Chinese (Chen et al., 1999; Kitagawa
et al., 1999; Oscarson et al., 1999a; Oscarson et al., 1999b; Kwon et al.,
2001; Nakajima et al., 2001). An allelic frequency of around 1% was
found in Swedes, Finns, Brazilians and African North Americans
(Oscarson et al., 1998; Schoedel et al., 2004; Vasconcelos et al., 2005;
Djordjevic et al., 2013). Slightly higher rates were observed in Iran
(2.2%) (Emamghoreishi et al., 2008) and Caucasians including Ger-
mans (2.3%) (Oscarson et al., 1998), Spanish (3%) (Oscarson et al.,
1998) and European Americans (3.2%) (Bloom et al., 2011).

In contrast, the frequency of the whole gene deletion, CYP2A6*4
allele, in our group appears to be comparable to Alaskan (Binnington
et al., 2012) and Asian populations (Japanese, Koreans and Chinese)
(Oscarson et al., 1999a; Kwon et al., 2001; Nakajima et al., 2001; Ando
et al., 2003; Djordjevic et al., 2013), Table 5. Frequencies are lower in
Spanish (0.5%) (Oscarson et al., 1999a), Brazilians (0.5%) (Vasconcelos
et al., 2005), Iranians (0.95%) (Emamghoreishi et al., 2008) and Eur-
opean Americans (1.6%) (Bloom et al., 2011). These observations are
consistent with the data reported by Shoedel et al. where the CYP2A6*4
variant was detected in only 1.9%, 1% and 1.2% of African North
Americans, Canadian Native Indians and Caucasians, while reaching
6.7% and 24.2% in Chinese and Japanese, respectively (Schoedel et al.,
2004).

Ethnic variations also exist in the distribution of the CYP2A6*9 al-
lele with Orientals carrying higher frequencies (15.6–22.3%) than
Caucasians (7.1%) and Brazilians (5.7%), Table 5. The CYP2A6*9
variant was the most common allele detected in Iranians, with a per-
centage of 12.4%, standing between Asians and Caucasians
(Emamghoreishi et al., 2008). This variant was also the most common
in our cohort, present in 100% of our participants. The presence of this
SNP within the TATA box region of CYP2A6 causes a reduction in gene
transcription resulting in a subsequent decrease in nicotine metabolism
and clearance (Pitarque et al., 2001; Benowitz et al., 2006b; McDonagh
et al., 2012). Larger population studies are required to ascertain the

Table 5
CYP2A6*2, *4, *9 and *12 across different populations.

Population CYP2A6*2 CYP2A6*4 CYP2A6*9 CYP2A6*12

Lebanese 33.9% 11.3% 100% 86.7%
Alaska 0.4% (Binnington et al., 2012) 14.5% (Binnington et al., 2012) 8.9% (Binnington et al., 2012) 1.6% (Binnington et al., 2012)
Japanese 0% (Kitagawa et al., 1999; Nakajima et al.,

2001; Schoedel et al., 2004)
24.2% (Schoedel et al., 2004);
20.1% (Nakajima et al., 2001);
18% (Ando et al., 2003);
35.4% (Ito et al., 2015)

20.3% (Schoedel et al., 2004);
21.3% (Yoshida et al., 2003)

0.8% (Schoedel et al., 2004)

Korean 0% (Kwon et al., 2001) 11% (Kwon et al., 2001);
15.1
(Oscarson et al., 1999a)

22.3% (Yoshida et al., 2003) N. A.

Chinese 0% (Oscarson et al., 1999a; Oscarson et al.,
1999b; Schoedel et al., 2004);
0.7% (Chen et al., 1999)

6.7% (Schoedel et al., 2004);
15.1% (Oscarson et al., 1999a;
Oscarson et al., 1999b)

15.6% (Schoedel et al., 2004);
15.7% (Pitarque et al., 2001)

0% (Schoedel et al., 2004)

Brazilian 1.7% (Vasconcelos et al., 2005) 0.5% (Vasconcelos et al., 2005) 5.7% (Vasconcelos et al., 2005) N. A.
African

North
American

1.1% (Schoedel et al., 2004) 1.9% (Schoedel et al., 2004) 7.1% (Schoedel et al., 2004) 0.4% (Schoedel et al., 2004)

Canadian
Native Indian

0% (Schoedel et al., 2004) 1.0% (Schoedel et al., 2004) 15.5% (Schoedel et al., 2004) 0.5% (Schoedel et al., 2004)

Caucasian 2.2% (Schoedel et al., 2004);
2.3% (Chen et al., 1999)

1.2% (Schoedel et al., 2004) 7.1% (Schoedel et al., 2004) 2.0% (Schoedel et al., 2004)

European Americans 3.2% (Bloom et al., 2011) 1.6% (Bloom et al., 2011) 6.3% (Bloom et al., 2011) 2.4% (Bloom et al., 2011)
Germans 2.3% (Oscarson et al., 1998) N. A. N. A. N. A.
Swedes 1.1% (Oscarson et al., 1998) 0.011% (Djordjevic et al., 2013) 0.079% (Djordjevic et al., 2013);

5.2% (Pitarque et al., 2001)
N. A.

Spaniards 3% (Oscarson et al., 1998; Oscarson et al.,
1999a; Oscarson et al., 1999b)

0.5 (Oscarson et al., 1999a; Oscarson
et al., 1999b)

N. A. N. A.

Turkish N. A. N. A. 7.2% (Pitarque et al., 2001) N. A.
Iranian 2.2% (Emamghoreishi et al., 2008) 0.95% (Emamghoreishi et al., 2008) 12.4% (Emamghoreishi et al.,

2008)
1.34% (Emamghoreishi et al.,
2008)

Finns 1.4% (Oscarson et al., 1998) 1% (Oscarson et al., 1999b) N. A. N. A.
Nigerian N. A. N. A 0.110 (allele frequency) (Adehin

and Bolaji, 2017)
N. A

N. A.: Not Available.
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effect of the high prevalence of CYP2A6*9 on nicotine metabolism and
dependence patterns in Lebanon.

Similar to the distribution of CYP2A6*2, CYP2A6*12 was found to
be higher in Caucasians (2%) than Asians (0% in Chinese and 0.8% in
Japanese) (Schoedel et al., 2004). Iranians were found to carry inter-
mediate frequencies (1.34%) (Emamghoreishi et al., 2008). The
CYP2A6*12 allele was found to be present in the majority of our par-
ticipants (86.7%). Despite the small number of subjects constituting our
cohort, the high allelic frequencies of CYP2A6*9 and CYP2A6*12 might
point to an ethnic polymorphism of the CYP2A6 gene in the Lebanese
population. Indeed, certain CYP2A6 variants appear to be exclusive to
different ethnicities such as CYP2A6*17, *20, *23-*27, and *35 in
African Americans (Benowitz et al., 2006b) and CYP2A6*7 in Asians
(Fukami et al., 2004; Nakajima et al., 2006).

4.2. Smoking behavior and nicotine metabolism

Concordant with previous studies (Rao et al., 2000; Ariyoshi et al.,
2002; Minematsu et al., 2003; Fujieda et al., 2004; Schoedel et al.,
2004; Malaiyandi et al., 2006; Wassenaar et al., 2011), our data shows
that the number of cigarettes smoked per day was lower in the slow
metabolizers group (median = 15 CPD) than in the intermediate me-
tabolizers group (median = 25 CPD). This observation seems to also
affect young/novel smokers. In their study targeting adolescent smo-
kers, Chenoweth et al. observed that young slow metabolizers con-
sumed 74 less cigarettes per month when compared to their adjusted
normal metabolizers group (Chenoweth et al., 2016).

Also, slow metabolizers in our cohort had higher NM levels
(median = 23 ng/mL) than intermediate metabolizers
(median = 10 ng/mL or undetectable). In a study conducted by
Malaiyandi et al., slow metabolizers had higher nicotine plasma levels
due to lower clearance but similar levels of cotinine when compared to
normal metabolizers (Malaiyandi et al., 2006). The similarity in coti-
nine levels was postulated to be due to the lower percentage of nicotine
to cotinine transformation in slow metabolizers being balanced by a
lower clearance of cotinine (Malaiyandi et al., 2006).

The effect of genetic variations in CYP2A6 on dependence scores
seems to change during the smoking course. Because slow metabolizers
maintain higher levels of nicotine in their blood, new smokers are
postulated to develop resistance to the aversive effects of smoking
(Malaiyandi et al., 2005). Starting in adolescence, slow metabolizers
are at a higher risk of dependence (HR = 2.3; 95% CI = 1.1, 4.8 and
HR = 2.8; 95% CI = 1.3, 6.3) than normal metabolizers (O'Loughlin
et al., 2004; Audrain-McGovern et al., 2007; Chenoweth et al., 2016). In
adults, however, the reduction in nicotine metabolism is accompanied
by lower dependence rates (Ray et al., 2009; Thorgeirsson et al., 2010).
For example, Japanese fast metabolizers had more difficulty refraining
from the first morning cigarette than slow metabolizers (Ito et al.,
2015). Also, intermediate metabolizers were found to experience higher
pleasure effects after the first cigarette than both slow and fast meta-
bolizers (Cannon et al., 2016b) and thus to be at higher smoking de-
pendence risk (Cannon et al., 2016a). Thus, to date, the relationship
between CYP2A6 polymorphisms and dependence is still debatable. In a
recent meta-analysis presented by Pan et al., no difference in nicotine
dependence was detected between slow and normal metabolizers (Pan
et al., 2015). In our study, no correlation was found between the dif-
ferent metabolizing groups and their NDS. This finding could however
be a consequence of the small sample size affecting the statistical power
of this study.

4.3. Quitting behaviors

In addition to their effect on smoking behavior, variations in
CYP2A6 activity can influence quitting patterns including increased
quitting attempt rates (Malaiyandi et al., 2005) and quitting success
(defined as smoking cessation for > 12 month) (Chenoweth et al.,

2013) in slow metabolizers. Indeed, the lower serum levels of nicotine
in normal or fast metabolizers groups appear to induce higher with-
drawal symptoms when they attempt smoking cessation leading to
higher failure rates (Kubota et al., 2006). The examination of genetic
markers thus helps in shedding light on the individual success during
smoking cessation trials and constitutes a useful guide for those who
might need pharmaceutical assistance. Nicotine replacement medica-
tions are more useful in preventing relapse in fast as compared to slow
metabolizers (Chen et al., 2014). In addition, when using nicotine patch
and nicotine spray, slow metabolizers need smaller amounts to main-
tain their nicotine plasma levels (Malaiyandi et al., 2006). Although the
majority of our subjects attempted quitting, only a minority used
pharmacotherapy support. Smoking cessation interventions in Lebanon
could thus benefit from the incorporation of genetic testing for the
determination of the CYP2A6 polymorphisms and their metabolic ac-
tivity (Lee and Tyndale, 2006; Ozaki et al., 2006; Schuit et al., 2017).

4.4. Future perspectives

In vivo, CYP2A6 is responsible for most (80%), but not all, nicotine
metabolism by inactivation into cotinine (McDonagh et al., 2012). A
recent genome-wide association study using NM Ratio as a biomarker of
nicotine metabolism led to the discovery of new variants affecting ni-
cotine inactivation such as CYP2B6, CYP2A7, EGLN2, and NUMBL
(Loukola et al., 2015). Using Next generation Sequencing, Tanner et al.
identified a novel 5-SNP diplotype affecting higher in vivo variation in
CYP2A6 activity than the commonly known polymorphisms (Tanner
et al., 2018). Thus, the full picture of nicotine metabolism in vivo and
its effect on nicotine dependence still needs to be elucidated.

5. Conclusion

This is the first study targeting CYP2A6 genotyping and variants'
effects on the behavior of Lebanese smokers. A unique distribution of
CYP2A6 alleles, i.e. a high prevalence of CYP2A6*9 and CYP2A6*12,
was observed in this Lebanese cohort. Consistent with previous find-
ings, slow metabolizers were found to smoke a lower number of ci-
garettes and carry a higher NM level in their serum. Larger population
studies along with advances in Next Generation Sequencing techniques
can help in the elucidation of other genetic variants influencing nico-
tine metabolism and smoking/quitting behaviors.
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