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ABSTRACT

The higher proportion of smokers among Black people in Brazil has been attributed to socioeconomic
disparities, but genetic factors could also contribute for this finding. This study aimed at investigating
associations between smoking status with genetically defined ethnic ancestry and socioeconomic features
in Brazilians. Blood samples were collected from 448 volunteers (66.7% male; age: 37.1x11.4 years)
classified as current smokers (CS: 60.9%), former smokers (FS: 8.9%) and never smokers (NS: 30.1%).
Individual interethnic admixtures were determined using a 48 insertion-deletion polymorphisms ancestry-
informative-marker panel. CS showed a lower amount of European ancestry than NS (0.837+0.243 X
0.883+0.194, p<0.05) and FS (0.837+0.243 X 0.864+0.230, p<0.05), and a higher proportion of African
Sub-Saharan ancestry than FS (0.128+0.222 X 0.07+0.174, p<0.05) and NS (0.128+0.222 X 0.085+0.178,
p<0.05). NS reported a higher number of years in school than CS (11.2+3.7 X 8.9+3.8, p<0.001). CS were
less common in economic Class A (30%) and more common in Class B (56.8%). In multivariate analysis,
only lower number of school years and lower economic class were associated with higher chances for CS.
The use of genetic molecular markers for characterizing ethnic background confirmed that socioeconomic
disparities are the main determinants of higher smoking rates among Blacks in Brazil.
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INTRODUCTION and smoke more heavily than Blacks and Hispanic

Ethnic differences in the prevalence of smoking
have been commonly recognized in several
countries (Trinidad et al. 2009, 2011, Kahende
et al. 2011). For instance, non Hispanic White
Americans are more likely to be current smokers
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Whites (Ward et al. 2002, Shavers et al. 20006).
An opposite situation has been described in Brazil,
where the proportion of current smokers in Whites
is described as 15.3% and 19% among Blacks and
Intermediate people (IBGE 2009, INCA 2011).
The higher proportion of smokers among
Black and Intermediate people in Brazil has been
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attributed to socioeconomic disparities, but this
interpretation may be mistaken, since genetic
factors could theoretically contribute towards the
finding (IBGE 2009, INCA 2011).

Besides, all published studies dealing with
smoking and ethnicity have been based on
volunteers’ self-classification, instead of using
precise genetic markers. This may become a major
issue in highly admixture populations.

Brazilians are one of the most mixed
populations in the world due to centuries of
miscegenation especially between three groups,
Europeans, Africans and Amerindians. Ethnic
classifications based on geographic origin or
physical features are highly misleading in this
population (Parra et al. 2003, Pimenta et al. 2006,
Santos et al. 2009, Leite et al. 2011).

A set of 48 ancestry-informative insertion-
deletion polymorphisms (INDELs) was developed
aiming at measuring the proportions of three
different ancestries, sub-Saharan African, European,
and Amerindian, in mixed populations (Santos et
al. 2010). This panel allowed accurate estimation of
individual and global interethnic admixture relative
to the ancestry of Brazilians from three regions of
the country.

Cytochrome P450 2A6 (CYP2A6) is the
enzyme primarily responsible for metabolizing
nicotine to cotinine and related products (Benowitz
et al. 2009, Raunio and Rahnasto-Rilla 2012).
This gene is highly polymorphic, specially in
the regulatory regions, and the potential role of
its variants in smoking behavior is a subject of
continuous attention (Bloom et al. 2011, Rodriguez
et al. 2011, Verde et al. 2011, Tang et al. 2012, Zhu
et al. 2013). The *1A allele is usually considered
the wild type, corresponding to normal enzymatic
activity (Malaiyandi et al. 2005). The *1B allele
exhibits 58 base pairs derived from the CYP2A7
gene in a 3’ region, and it has been associated
with faster in vivo nicotine metabolism (Goodz
and Tyndale 2002, Mwenifumbo et al. 2008).
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The levels of nicotine metabolism may influence
smoking phenotypes (Munaf6 and Johnstone 2008,
Mwenifumbo and Tyndale 2007). The frequencies
of the *1B allele varies widely among ethnical
groups, from 30% in Caucasians to 55% in Canadian
Amerindians (Munaf6 and Johnstone 2008).

Only one study has been performed so far dealing
with the potential influence of CYP2A6 in smoking
status among Brazilians. Vasconcelos et al. (2005)
found significant lower odds ratio (OR) for being a
smoker versus non smoker for genotypes including
the allele CYP2A6*1B as compared to the wild
type homozygous (CYP2A6*1A/*1A) in White and
Intermediate people. In contrast, the corresponding
OR in Blacks were significantly elevated. These
results suggested that among Brazilians the
polymorphism CYP2A6*1B is associated with
protection against nicotine dependence in White and
Intermediate people but not in Blacks.

The objective of this study was to investi-
gate potential associations between smoking
status with genetically defined ethnic ancestry,
CYP2A6*1B polymorphism, and socioeconomic
features in Brazilians.

METHODS

Blood samples were collected from 448 blood
donors at the Regional Blood Center of Ribeirdo
Preto in Sao Paulo, Brazil. As all volunteers were
blood donors, subjects under the age of 18, suffering
from chronic illnesses, and referring a history of
alcoholism or illicit drug abuse were not included.
The volunteers were invited to fill out a
survey including questions about their gender, age,
smoking history and the number of years expended
in school. The subjects also answered questions
dealing with their socio-economic conditions, based
on criteria of the Brazilian Association of Research
Companies (ABEP 2014). The so called Brazil
economic criteria distinguish seven economic
classes: Ay, Ay, By, By, Cy, C,, E and F. As the
distribution of the results was uneven, a distinct
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approach was employed in this study. Classes A
and A, were merged in a Class A. Classes B; and B,
were merged in a Class B, while Classes C1, C2, E
and F were merged in a Class C.

The volunteers were classified according to
their smoking status in one of three categories:
current smokers (CS), subjects who had smoked
non less than one package of cigarettes in their lives
and at least one cigarette in the past week; former
smokers (FS), subjects who had smoked non less
than one pack of cigarettes throughout life and had
not smoked any cigarette for at least six months;
never smokers (NS), subjects who had never smoked
or had smoked less than a pack of cigarettes in their
lives. Smoking status of volunteers was checked by
measurement of exhaled carbon monoxide levels.

Total DNA was extracted from blood samples
using the Wizard Genomic DNA Purification Kit
(Promega, Madison, USA). Individual interethnic
admixtures were determined using a panel of
48-INDELs ancestry-informative-marker (AIM)
panel, previously applied for Brazilian population
analysis. Genotyping of the 48 INDEL markers
in this study followed the methodology described
by Santos et al. (2010). This approach permitted
estimates of individual and global admixture
relative to three ancestry groups: European, African
Sub-Saharan and Amerindian.

CYP2A6  gene
employing PCR amplification with the primers R2
(5'AAAATGGGCATGAACGCCC-3") and 8s (5'-
CACCGAAGTGTACCCTATGCTG-3"), based on
previous published study (Nakajima et al. 2001). The
final product was submitted to double digestion with
the enzymes BstUIl and BSU361 (New England-
Biolabs, Ipswich, USA) and ran in a vertical

variants were analyzed

field electrophoresis 6% polyacrylamide gel, that
was stained with silver nitrate. The analysis of
fragments enabled the identification of the CYP2A6
alleles *1A, *1B and *4. This methodology did not
allow an adequate characterization of genotypes
in all cases and these alleles were then classified

as not identified (NI). Since CYP2A6*1B was
of main interest in this study, statistical analysis
was performed with volunteers arranged in three
groups based on the number of alleles for this
polymorphism: none, one or two.

Results are shown as frequencies, means and
standard deviations. Associations between the three
groups and categorical variables were investigated
by chi-square tests followed by comparison of
proportions tests with Bonferroni’s correction when
necessary. Numerical variables were compared
by analysis of variance on ranks, followed by
Dunn’s post test when necessary. In addition, a
multivariate binary logistic regression model was
constructed employing gender, age, European and
African ancestry, CYP2A6 polymorphisms *1B
and No*1B, years in school and economic status as
independent variables. The dependent variable in
the model was CS in opposition to FS and NS. The
levels of statistical significance were always set at
p<0.05 and all analyses were performed using the
SPSS Statistics Software v.20.

The present investigation was approved by
the Ethics Committee on Human Research of the
Clinics Hospital of the Medical School of Ribeirdo
Preto, and all volunteers signed informed consents.

RESULTS

A total of 448 subjects were included in the study,
most of them male (66.7%). Most of the individuals,
273 (60.9%) were classified either as CS, 40 (8.9%)
as FS and NS 135 (30.1%). Among CS the average
age of smoking onset was 16.2+4.4 years, the mean
number of cigarettes smoked a day was 15.949.4
units, and the mean score for the Fagerstrom Test for
Nicotine Dependence was 3.7+2.4. The CS mean
number of smoked pack.years was 17.3 £0.47. The
mean age of NS (34.6+11.4 years) was significantly
lower than that of CS and FS (37.6+11.0 and
42.2+11.7 years respectively; Table I).

The frequencies of CYP2AG6 alleles observed
were: *1A/*1A:178(39.7%); *1A/*1B:130(29%);
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TABLE I

Univariate comparisons of parameters with
subjects classified according to smoking status.

Current Former Never
smokers (CS) smokers (FS) mokers (NS)
(n=273) (n=40) (n=135)
Gender Male 189 (42.2%) 33 (7.4%) 77 (17.2%)
Female 84 (18.8%) 7 (1.6%) 58 (12.9%)
Age (vears) 37.6+11.0 42.2+11.7 34.6+11.4"
European 0.837+0.243 0.864+0.230 0.883+0.194™"
Ethnic ancestry African 0.128+0.222° 0.070+0.174 0.085+0.178
Amerindian 0.034+0.070 0.065+0.137 0.032+0.066
No*1B/No*1B 166 (60.8%) 27 (67.5%) 81 (60.0%)
CYP2A46 polymorphisms *1B/No*1B 84 (30.8%) 9 (22.5%) 41(30.4%)
*1B/*1B 23 (8.4%) 4 (10.0%) 13 (9.6%)
School years 8.9+3.8% 9.8+3.5 11.243.7
Class A 82 (30%)! 23 (57.5%) 65 (48.1%)
Economic status Class B 155 (56.8%)"" 13 (32.5%) 55 (40.7%)
Class C 36 (13.2%) 4 (10.0%) 15 (11.1%)

“p=<0.05 compared to CS and p<0.001 compared to FS by Dunn’s post test. " p<0.05 compared to CS and FS by Dunn’s post
test. *p<0.05 compared to FS and NS by Dunn’s post test. *p<0.001 compared to NS by Dunn’s post test. 'p<0.01 compared
to FS and p<0.001compared to NS by comparison of proportions test. "p<0.001 compared to FS and p <0.01 compared to NS

by comparison of proportions test.

*44NLESS  (12.9%); *1B/*1B:40 (8.9%); *NI/*NIL:21
(4.7%); *1A/*4:15 (3.3); *1B/*4:5(1.1%); *4/%4:1(0.2%).
The analysis performed with the alleles classified
only in two categories, No*1B in opposition to
*1B, did not show significant differences in the
genotypes between the subjects grouped according
to their smoking status.

Current smokers exhibited a significantly
lower amount of European ancestry than FS and NS
in univariate analysis (0.8374+0.243 X 0.864+0.230
and 0.883+0.194, respectively; Table I). Current
smokers also showed a significantly higher amount
of African ancestry than FS and NS (0.128+0.222
X 0.070£0.174 and 0.085%0.178, respectively).
There were not statistically significant differences
regarding the amounts of Amerindian ancestry
between groups. The number of years expended in
school was also significantly lower in CS comparing
with NS (8.9+£3.8 X 11.2+3.7). Current smokers
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showed a significant smaller proportion of subjects
within economic Class A in comparison with FS and
NS (30% X 57.5% and 48.1%, respectively; Table I).
The proportion of CS was also significantly higher
than FS and NS into the economic Class B (56.8% X
32.5% and 40.7%; Table I). There were no significant
differences among the proportions of subjects from
the three groups within the economic Class C.

When multivariate analysis was performed,
only number of school years and economic class
were identified as factors significantly associated
with smoking status (Table II). In this scenario,
the chances of belonging to CS decreased with
higher numbers of school years (OR: 0.89; C195%:
0.84-0.94; p<0.001). In addition, the chances of
belonging to CS significantly increased for Class B
in relation to Class A (OR: 1.87; CI195%: 1.20-2.89;
p<0.01), but not for class C (OR: 1.32; CI95%:
0.67-2.59; p>0.05).
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TABLE 11
Statistically significant odds ratio for independent
variables in multivariate binary logistic regression model
with the dependent variables FS and NS versus CS.

Odds Ratio p value 95%CI
Years in school 0.89 <0.001 (0.84-0.94)
Economic Class
Class A Reference - -
Class B 1.87 p=<0.01 (1.20-2.89)
Class C 1.32 p>0.05 (0.67-2.50)

FS: former smokers; NS: never-smokers; CS: current smokers.

DISCUSSION

Smoking is a complex habit that is influenced by
environmental and genetic factors (Benowitz 2010).
Although several papers have been published in the
field, this is the first study that employed molecular
techniques to evaluate the potential influence
of ancestry background on smoking status. In
addition, this is only the second study dealing with
CYP2A6 polymorphisms and smoking habits in
the Brazilian population.

The present results did not indicate a role for
the CYP2A6*1B polymorphism in smoking status
of Brazilians. Indeed, this finding was corroborated
by additional analysis including corrections for
ethnic backgrounds (data not showed).

A higher proportion of African ancestry was
observed in CS comparing with FS and NS. The
smaller proportion of European ancestry observed
in CS comparing with FS and NS should be, most
likely, consequence of the latter finding. Although
these results alone could suggest a genetic basis
for the reports of higher proportion of smokers
among Black and Intermediate subjects than in
White Brazilians, a multivariate model including
all the potential influencing factors excluded
this possibility. Number of years expended in
school and economic class were the only factors
associated with smoking status, both in univariate
and multivariate analysis. The small number of
subjects included in Class C should explain the lack
of statistical significance in the analysis involving

this group. Overall the results strongly suggest that
socioeconomic disparities are the real determinants
of dissimilarities in smoking status among ethnic
groups in Brazil.

A substantial amount of evidence indicates
that worldwide poor socioeconomic conditions
are associated with tobacco consumption and
other health detrimental behaviors as well (Gupta
2006, Harper and Lynch 2007, Margerison-Kilko
and Cubbin 2013). The psychological and social
determinants of variations in health behaviors have
not been precisely identified, but interventions
on factors such as control expectations, social
networks, neighborhood characteristics, and school
context have already been advocated as suitable
targets to improve the conducts of socially deprived
populations (Weyers et al. 2010).

The high proportion of CS enrolled in the
present study does not reflect the real prevalence
of smoking in the Brazilian population. There
was an active search for including the highest
possible number of smokers in this study aiming
at performing genetic studies. Unfortunately this
approach led to an underrepresentation of non-
smokers in the sample. This selection bias may
have influenced the final results of the study.

Another limitation of the present investigation
is the relatively small sample size and its
convenience nature. Nevertheless, the strategy of
interviewing blood donors is justified by the greater
facility of obtaining samples for genetic analysis.
Moreover, performing molecular genetic studies is
laborious and involves substantial costs.

In conclusion, the use of genetic molecular
markers for characterizing ethnic background
strongly suggest that socioeconomic disparities, but
not ethnic ancestry, are the main determinants of
higher smoking rates among Blacks in Brazil. Most
probably, reduction in smoking, and even in other risk
behaviors to health, deeply rests on better education
and economic development of people living in dis-
advantageous conditions (Baum and Fischer 2014).
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RESUMO

A maior propor¢ao de fumantes entre negros no Brasil
tem sido atribuida a desigualdades socioecondmicas,
mas fatores genéticos também poderiam contribuir para
esse achado. Este estudo visou investigar associa¢des
entre status tabdgico com ancestralidade definida
geneticamente e caracteristicas socioecondmicas em
brasileiros. Amostras de sangue foram colhidas de 448
voluntarios (66,7% homens; idade: 37,1£11,4 anos)
classificados como fumantes atuais (FA: 60,9%), ex-
fumantes (EF:8,9%) ¢ nao fumantes (NF:30,1%).
Misturas  éticas individuais foram determinadas
empregando-se um painel informativo de ancestralidade
composto por 48 polimorfismos de delegdes e insergdes.
FA mostraram menor propor¢do de ancestralidade
europeia do que NF (0,837+0,243 X 0,883+0,194;
p<0,05) ¢ EF (0,837+0,243 X 0,864+0,230; p<0,05), ¢
maior propor¢ao de ancestralidade africana sub-saarica
do que EF (0,128+0,222 X 0,07+0,174, p<0,05) e NF
(0,128+0,222 X 0,085+0,178, p<0,05). NF informaram
maior nimero de anos de escola do que FA (11,2+3,7
X 8,943.,8; p<0,001). FA foram menos comuns na
Classe economica A (30%) e mais comuns na Classe
B (56,8%). Em analise multivariada, apenas menor
nimero de anos escolares e menor classe econdmica
estiveram associados com chances maiores para
FA. O uso de marcadores de genética molecular
para caracterizar o background étnico confirmou
que diferengas socioecondmicas sdo 0s principais
determinantes de maiores taxas de tabagismo entre

negros no Brasil.

Palavras-chave: etnicidade e

genética, CYP2AG6.
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