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Abstract
Introduction: Tobacco smoking represents the leading preventable cause of morbidity and mortality in adults. Nicotine is responsible for tobacco addiction and 
is known to elevate brain dopamine, leading to feelings of pleasure and reward. The MAOA enzyme is responsible for degrading dopamine. It is known that a 
polymorphism in the promoter region of the MAOA gene has been implicated in smoking behavior. In this study, we investigated the association between the 
MAOA VNTR polymorphism and smoking behavior in Brazilian males.

Methods: A cross-sectional study was conducted with 121 Brazilian males over 18 years of age. The polymorphism was genotyped using PCR. Multiple logistic 
regression were used to verify the association of MAOA gene polymorphisms with smoking status. 

Results: We not found significant association between the MAOA polymorphism and smoking status. Likewise, no association of the VNTR polymorphism with 
elements of smoking behavior, such as smoking duration, smoking initiation, relapses, smoking cessation, and degree of nicotine dependence, was observed. 

Conclusions: In conclusion, no association was observed between the MAOA polymorphism, smoking status and smoking behavior in population of Brazilian males 
studied. Further studies with larger sample sizes will be needed to elucidate these issues.
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Introduction
Tobacco smoking is a worldwide public health problem, 

representing the leading preventable cause of morbidity and mortality 
in adults [1-4]. Moreover, smoking increases the risk for a number 
of pathologies, including several types of cancer [5,6]. Over 5300 
compounds have been identified in tobacco smoke, and over 70 
carcinogens with sufficient evidence for carcinogenicity [7,8]. 

Nicotine is the major psychoactive substance in tobacco [1,9]. 
The addictive nature of nicotine is multifactorial, involving both 
environmental and genetic factors [1,10,11]. Studies have shown 
that most smokers wish to quit smoking, but definitive cessation is 
a rare outcome, with frequent relapses [12-14].  Birth decade, low 
socio-economic status, low education level, alcohol consumption, 
and beginning smoking during adolescence have been found to be 
environmental risk factors for tobacco smoking [15-17]. 

Genetic factors also affect smoking behavior [4,18,19]. In fact, 
genetic variation may influence specific elements of smoking status 
[20]. Estimates indicate that genetic variation may account for 44-
56% of smoking initiation; 46-59% of persistent smoking; and 67-
75% of nicotine addiction [21,22]. The interaction between nicotine 
and dopamine should be considered when exploring these genetic 
factors, since nicotine activates dopaminergic neurons and enhances 
dopamine release, leading to feelings of pleasure and reward [23-24]. 
Several dopamine-related genes have been investigated regarding a 
possible association with smoking behavior [1,19]. 

The Monoamine oxidase A gene (MAOA) encoding the enzyme 
that catalyzes the oxidative deamination of biogenic amines, such as 
dopamine, noradrenaline, serotonin and histamine, is an important 
candidate gene to investigate a possible association with smoking 
behavior [4,13,18,25,26]. This gene is located on the X chromosome 

and contains a common functional variable number tandem repeat 
(VNTR) polymorphism that has been studied in relation to smoking 
behavior [1,2,19,25,27,28]. This polymorphism consists of 2, 3, 3.5, 4, 
and 5 repeats of a 30 bp sequence in the promoter region. Transcription 
efficiency was shown to be two- to three-fold higher for longer alleles 
(3.5, 4, and 5 repeats) than for shorter alleles (3 and a rare 2 repeat allele) 
[18,25,28-30]. Differences in MAOA enzyme activity among individuals 
are partly determined by this MAOA gene polymorphism [2,31].

In the present study, we evaluated the association between smoking 
behavior and functional VNTR MAOA polymorphism in a Brazilian 
population. We also assessed smoking behavior elements, such as 
smoking initiation, cigarette consumption, relapses and nicotine 
dependence among current smokers.

Methods
Study population

A total of 121 subjects were enrolled in a cross-sectional study. The 
study was open to participation for Brazilian males over 18 years of 
age. Only males were evaluated because the genotyping of the MAOA 
gene in males is simpler than in females, since it is located on the X 
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chromosome [1,2,32]. The study was approved by the ethical committee 
of the Sergio Arouca National School of Public Health (ENSP), 
Oswaldo Cruz Foundation, number CAAE 38593714.1.0000.5240, and 
all participants signed an informed consent form. 

Individuals were interviewed by trained investigators, using a 
detailed questionnaire including sociodemographic characteristics, 
current and previous smoking behaviors, medical history, and 
occupational data. In addition, the standardized Fagerstrom Test for 
Nicotine Dependence (FTND) was used to measure the degree of 
nicotine dependence. A blood sample of about 5 mL was collected 
from each participant and stored under refrigeration until analysis at 
the CESTEH Toxicology Laboratory, FIOCRUZ. 

Definition of smoking status

All participants were divided into three groups according to their 
smoking status: Never smokers, Former smokers, and Current smoker. 
Participants who never smoked were defined as persons who never 
smoked or smoked less than 100 cigarettes in their lifetime; Former 
smokers were defined as those who had previously smoked more than 
100 cigarettes but had quit smoking for more than 1 year; and Current 
smokers were defined as those who smoked more than 100 cigarettes 
in their life and currently smoked or quit smoking for less than 1 year 
[1,25]. FTND scores are considered as the best measurement tools in 
the assessment of nicotine dependence, and reflect the level of severity 
[33]. The evaluation of the degree of nicotine dependence for Current 
smokers was determined as a FTND score of four or more, which is a 
sensitive and specific cut-off for smoking [34].

Genotyping

Genomic DNA was extracted from 500 µL of whole blood 
samples by the salting-out method, and DNA integrity was verified 
by agarose gel electrophoresis. The MAOA VNTR polymorphism 
was analyzed according to Ito et al. (2003) [25]. Briefly, PCR was 
performed on a final volume of 50 μl containing 250 ng of DNA, 
0.0002 mmol L-1 of each primer, 0,05 mmol L-1 KCl, 0,01 mmol 
L-1 Tris-HCl (pH 8.3), 0,2 mmol L-1 of dNTPs, 0,0015 mmol L-1 of 
MgCl2 and 1-2.5 units of Taq DNA polymerase (Invitrogen, Life 
Technologies, ThermoFisher). The following primers were used for 
amplification: 5’-ACAGCCTGACCGTGGAGAAG-3’ (forward) and 
5’-GAACGGACGCTCCATTCGGA-3’ (reverse). Initial denaturation 
was at 95°C for 5 min, followed by 30 cycles at 94°C for 40 s, 58°C for 1 
min and 72°C for 1 min. PCR products were resolved by 2.5% agarose 
gel electrophoresis and stained with GelRedTM (Biotium) Nucleic 
Acid Gel staining. All genotypes were evaluated and independently 
confirmed by at least two people. A total of 10% of DNA samples were 
selected randomly for repeat analyses in order to verify the accuracy of 
the method, and the concordance rate was 100%. The 2, 3, 3.5, 4 and 5 
repeat alleles produced fragments of 291 bp, 321 bp, 336 bp, 351 bp and 
381 bp, respectively. 

Statistical analyses 

Statistical analyses were carried out using the SPSS 20.0 statistical 
software package (Chicago, IL, USA). The normality of the data 
distribution was assessed with the Kolmogorov-Smirnov test. The 
χ2-test and ANOVA test were used to analyze differences between 
the groups. The effect of the variables age, education, and alcohol 
consumption on smoking status were tested using logistic regressions, 
that were also used to examine the relationship between the MAOA 
VNTR polymorphism and smoking behavior, using comparisons between 
Low efficiency alleles (2R e 3R) and High efficiency alleles (3.5R, 4R e 

5R). The elements of smoking behavior, such as smoking duration, 
smoking initiation, relapses, smoking cessation, and degree of nicotine 
dependence were tested using the t-test, χ2-test and Mann-Whitney 
test. The significance level for all tests was set at p ≤ 0.05.

Results
Subjects were classified into three groups according to smoking 

status: Never smokers (61.1%, n=74), Current smokers (17.4%, n=21) 
and Former smokers (21.5%, n=26). The demographic data for the 
groups are displayed in Table 1. Differences regarding age, education, 
and alcohol consumption were statistically significant across the three 
groups (P < 0.05). The age of smoking initiation was around 16 years 
old, while the mean quitting age was 33. A mean smoking duration of 
22 years was observed. The relapse mean among smoking participants 
(Current and Former smokers) was of 2 times (twice throughout the 
smokers life). Forty two percent of the smoking participants smoked 
more than 10 cigarettes per day. Industrial cigarettes represented 100% 
of the kind of the tobacco used among the smoking participants. Most 
of this group presented a degree of nicotine dependence (FNTD) less 
than 4 (71.4%). 

The MAOA VNTR polymorphism in the promoter region in 
the study population was determined by PCR. Figure 1 displays a 
representative MAOA genotyping result on agarose gel electrophoresis 
with the 5 different MAOA genotypes. 

The following genotype frequencies of the MAOA VNTR 
polymorphism in the population were found: 2R-5%, 3R-43.8%, 
3.5R-14%, 4R-35.5%, and 5R-1.7%. The genotype frequencies in each 
smoking status category are displayed in Figure 2. The graph indicates 
a similar distribution among the groups. Regarding the frequency of 
high efficiency alleles, no statistical difference was observed.

The analysis of the association between smoking status and 
the MAOA polymorphism, specifically transcription efficiency, 
was adjusted by age, education level, and alcohol consumption. 
The transcription efficiency of the genotype showed no significant 
associations with the smoking status. Logistic regressions demonstrated 
that other variables, such as age and education level, had an impact on 
the smoking behavior This study also found no significant association 
between smoking behavior elements (smoking initiation, cigarette 
consumption, relapses and nicotine dependence) and MAOA 
polymorphism (results not shown).

Discussion
We evaluated the relationship between smoking status and the 

MAOA VNTR polymorphism in Brazilian males. Most of the study 
population comprised participants who has never smoked (61.1%), 
followed by former smokers (21.5%), and current smokers (17.4%). 
These findings were similar to the surveillance of risk factors and 
protection for chronic diseases by telephone inquiry data (VIGITEL) 
[35], which is indicated owed a decreased prevalence of smoking in 
the Brazilian population. There was a decrease in the prevalence of 
cigarette smoking from 16.2% (data from 2006) to 10.8% (data from 
2014) in 26 Brazilian states and in the Federal District [35,36]. These 
data may reflect the public effort to control smoking in Brazil, such as 
imposing advertising restrictions, raising fees on tobacco products and 
banning smoking indoors [37,38]. 

The mean of smoking initiation age corresponded to adolescence, 
which is indicated by the literature as the phase of greatest risk [39]. 
Similarly, to other studies [40,41], we found that tobacco consumption 
was in the form of industrial cigarettes. In relation to allele frequencies, 
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Characteristicsa Total
N (%)

Never smokers
N (%)

Current smokers 
N (%)

Former smokers 
N (%) p-valueb

N 121 (100) 74 (61.2) 21 (17.4) 26 (21.5)
Age (mean) 42.26 ± 11.685 39.19 ± 10.675 43.95 ± 11.267 49.62 ± 11.597 <0.001

Education level (years) 11.02 ± 2.924 11.61 ± 2.460 10.76 ± 3.548 9.54 ± 3.153 0.006
Ethnic background/

Skin color 0.423

Brown skin 62 (51.2) 38 (51.4) 7 (33.3) 17 (65.4)
White 33 (27.3) 19 (25.7) 9 (42.9) 5 (19.2)
Black 25 (20.7) 16 (21.6) 5 (23.8) 4 (15.4)
Asian 1 (0.8) 1 (1.4) 0 (0.0) 0 (0.0)

Alcohol consumption 0.004
No 44 (36.4) 32 (43.2) 1 (4.8) 11 (42.3)
Yes 77 (63.6) 42 (56.8) 20 (95.2) 15 (57.7)

N = number of individuals 
aContinuous variables are expressed as mean ± standard deviation, and the categorical variables are expressed as n (%).
bp value by χ2 test and ANOVA.

Table 1. Demographic characteristics of the study population per smoking status categories (121 subjects).

Ever smoker vs. Never smoker Current smoker vs. Former smoker
OR (95% CI) p OR (95% CI) p

Low efficiency reference reference
High efficiency 1.59 (0.68 – 3.74) 0.287 0,497 (0.12 – 2.04) 0.332

Table 2. Adjusted association of smoking status and MAOA polymorphism, specifically for transcription efficiency.

Figure 1. Genotyping of MAOA-u VNTR by PCR. The electrophoresis run on agarose gel 
stained with GelRed displays the 5 different genotypes observed in the study population. 
Lane 2-2R allele (291 bp); lane 3-3R allele (321 pb); lane 4-3.5R allele (336 pb); lane 5-4R 
allele (351 pb); lane 6-5R allele (381 pb).; and lane 1- 25bp DNA ladder.

our findings showed higher frequencies of 3R and 4R compared to 
other genotypes. This is consistent with earlier studies that present 
these as the most frequent alleles [2,19,25,29,30,42-44].

Studies have reported that current smokers with an expected high 
MAOA activity have a significantly higher FTND score compared to 
those with low enzyme activity [25,45]. Authors suggest that potential 
MAO activity may be related to the level of smoking required for 
satisfaction [12,25]. Thus, genotypes responsible for higher enzymatic 

activity may be related to an increased risk of smoking. However, there 
is no consensus on which genotypes present the greatest risk [25,30]. 
Some studies have pointed to high efficiency alleles, while others have 
considered low efficiency alleles as risk alleles [12,25,46]. Herein, low 
efficiency alleles showed slightly higher values for most of the smoking 
behavior characteristics, such as smoking duration (years), relapses, 
and amount of cigarettes, in comparison to high efficiency alleles. 

The relationship between the MAOA VNTR polymorphism 
and tobacco smoking is still unclear. Previous studies have reported 
conflicting results [1,4,19,25,30,47,48]. In agreement with other authors 
[2,19,25], the present study also found no significant associations 
between MAOA VNTR polymorphism with smoking habits in the 
study population. Several possible reasons for these contradictions 
exist, such as differences in the study designs, differences between 
studied populations, and the effect of gene-gene interactions on 
smoking behavior [19]. Moreover, it may also be important to consider 
the effect of environmental factors, such as occupation, educational 
status, age, medical history, and daily life stress on smoking behavior 
[19]. In this study, age, educational level and alcohol consumption 
showed differences regarding smoking status, similarly to other studies 
[2,35,49]. 

We took into account certain concerns when carrying out the 
study, such as adjustment for possible confounding factors by a logistic 
model. A reduced sample size might be a limitation of our study. To 
our knowledge, this is the first study to investigate the association 
between MAOA gene polymorphism and smoking status in a Brazilian 
population.

In conclusion, this study found no evidence for an association 
between the MAOA VNTR polymorphism and smoking behavior. 
Further studies with larger sample sizes will be needed to assess the 
relation of MAOA genotypes and smoking. 
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