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a b s t r a c t

Worldwide, different studies have reported an association of alcohol-use disorder (AUD) with different
types of Single Nucleotide Polymorphisms (SNPs) in the genes for aldehyde dehydrogenase (ALDH) and
alcohol dehydrogenase (ADH). In Brazil, there is little information about the occurrence of these SNPs in
the AUD population and an absence of studies characterizing the population in the Central-West Region
of Brazil. Actually, in Brazil, there are more than 4 million people with AUD. Despite the major health
hazards of AUD, information on alcohol consumption and its consequences are not well understood.
Therefore, it is extremely important to characterize these SNPs for the better understanding of AUD as a
genetic disease in the Brazilian population. The present study, unlike other studies in other countries, is
done with a subject population that shows a significant amount of racial homogenization. We evaluated
the presence of SNPs in the ADH (ADH1B, ADH1C, and ADH4) and ALDH (ALDH2) genes in alcohol users of
Goiânia, State of Goi�as e Brazil, and then we established a possible relationship with AUD by allelic and
genotypic study. This study was conducted with a population of people with AUD (n ¼ 99) from Goi�as
Alcohol Dependence Recovery Center (GO CEREA) and Psychosocial Care Center for Alcohol and Drugs
(CAPS AD), and with a population of people without AUD as controls (n ¼ 100). DNA was extracted from
whole-blood samples and the genotyping was performed using TaqMan® SNP genotyping assays. For
characterization and evaluation of SNPs in the population, genotype frequency, allele frequency,
haplotype frequency, HardyeWeinberg equilibrium, and linkage disequilibriumwere analyzed. Statistical
analyses were calculated by GENEPOP 4.5 and Haploview software. The allele 1 was considered as “wild”
(or *1) and allele 2 as mutant (or *2). Significant differences were found for ADH1B*, ADH4*2, and
ALDH2*2 SNPs when the genotype and allele frequencies were analyzed. In addition, four haplotypes
were observed between ADH1B*2 and ADH1C*2 through linkage disequilibrium analysis. The genetic
variants may be associated with protection against AUD in the population studied.

© 2017 Elsevier Inc. All rights reserved.
Introduction

The use of alcohol and its psychosocial consequences is a major
public health problem of modern societies (Meloni & Laranjeira,
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ira-Lacerda).
2004). With a population of 207,952,133 inhabitants (IBGE, 2016),
the First National Survey on Alcohol Consumption in the Brazilian
population revealed that 52% of Brazilians drank at least once in the
previous year.

After ingestion, ethanol is completely absorbed by the mem-
branes of the digestive tract, especially the stomach and proximal
small intestine (Crabb, Matsumoto, Chang, & You, 2004). The pri-
mary route of elimination of ethanol is by means of oxidation to
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acetaldehyde and subsequent transformation into acid and water.
These reactions are catalyzed by the enzymes alcohol dehydroge-
nase (ADH) and aldehyde dehydrogenase (ALDH), respectively.
Single Nucleotide Polymorphisms (SNPs) in these genes have been
associated in most cases with a possible predisposition to alcohol-
use disorder (AUD) (Higuchi, Matsushita, Murayama, Takagi, &
Hayashida, 1995). These polymorphisms may also serve as a pro-
tective factor against AUD (Borr�as et al., 2000; Chambers et al.,
2002; Chen et al., 1999; Neumark, Friedlander, Thomasson, & Li,
1998; Wall, Shea, Luczak, Cook, & Carr, 2005).

The ALDH enzyme is mainly responsible for the oxidation of
acetaldehyde (Kuo et al., 2008). Therefore, ALDH2*2 polymorphism
carriers are unable to oxidize acetaldehyde, which causes severe
hangover (Li et al., 2012). At moments of severe hangover, the in-
dividual can easily refuse the next drink of an alcoholic beverage,
then decrease the alcohol consumption, and consequently reduce
the risk of AUD (Dickson et al., 2006).

Currently, there are different international studies that correlate
AUD with the occurrence of SNPs to ADH and ALDH genes; most of
these studies were conducted in the Asian continent (Chiang et al.,
2012; Lee, Chau, Yao,Wu,& Yin, 2006; Peng et al., 2002; Vatansever
et al., 2015). In Brazil, however, there has been little research on this
correlation. No such studies have been conducted on the popula-
tion from the Midwest region of Brazil. Brazilian studies about
alcoholism and polymorphism are concentrated in S~ao Paulo
(Guindalini et al., 2005; Nishimoto et al., 2004), Rio de Janeiro
(Rebello, Moura-Neto, & Carvalho, 2011), and in the Amazon region
(Rebello et al., 2011).

An estimated 12% of the adult general population in Brazil meet
criteria for inclusion for AUD (Silveira et al., 2011). Despite this
being a major public health problem, information on the conse-
quences of alcohol consumption are not well-understood, so it is
extremely important to characterize these SNPs to better under-
stand the genetic contribution to AUD for adults in a population-
based sample in Goiânia, Central-West Region of Brazil. This re-
gion in particular is important to study because of the significant
amount of racial homogenization, which is less observed in other
regions of Brazil (Prado & Caria, 2007). Such a study is unprece-
dented in the region of Goi�as, and will contribute to a deeper un-
derstanding of the genetic contribution to susceptibility to AUD.
This study will contribute to a better understanding of this pa-
thology, and will help with preventive actions, such as genetic
counseling.

This study characterizes the incidence of four SNPs, ADH1B
(rs1159918), ADH1C (rs1614972), ADH4 (rs1042364), and ALDH2
(rs2238151), in the population with AUD in the city of Goiânia.
The specific aims were to: i) determine the genotype and allele
frequencies, ii) determine pair-wise linkage disequilibrium, iii)
characterize the different haplotypes present in the population,
and iv) evaluate the phenotypic association with population ge-
netic data.

Materials and methods

Location study

A case-control study was conducted at Centro de Recuperaç~ao
de Alc�oolatras/Goi�as Alcohol Dependence Recovery Center (GO
CEREA) and at Centro de Atenç~ao Psicossocial �Alcool e Drogas/
Psychosocial Care Center Alcohol and Drugs (CAPS AD), both in
Goiânia city. The GO CEREA works with preventive measures
awareness and recovery for people with AUD. CAPS AD is a specific
service for comprehensive and continuing care of people who use
alcohol, cocaine, and other drugs. CAPS AD offers 24-h services to
the population, performs clinical follow-up, and assists with social
reinsertion through work and recreation. The activities carried out
encourage the strengthening of family and community ties,
creating spaces for socialization.

Inclusion criteria

A signed written informed consent was obtained from all par-
ticipants in this study, which was approved by the ethics com-
mittee of the Universidade Federal de Goi�as (UFG) in accordance
with The Code of Ethics of the World Medical Association (Decla-
ration of Helsinki) for experiments involving humans.

From December 2014 to May 2015, we selected 99 patients
diagnosed and confirmed with AUD in the GO CEREA and CAPS AD
units, and 100 non-AUD subjects from a random sample at UFG,
totaling 199 patients. All of these subjects answered the Free and
Informed Consent Form, which contained physical and epidemio-
logical data.

Individuals with AUD were defined as those who had received a
specialized health service (specialized health centers) associated
with mental illness and/or alcoholics’ recovery, based on the
standards set by DSM-IV (Diagnostic and Statistical Manual of
Mental Disorders), which establishes the criteria for alcohol abuse
(DSM-IV-TRTM, 2002). Control subjects were defined as individuals
whowere not suffering from AUD. They were chosen in accordance
with a study by Salujha, Chaudhury, Menon, Srivastava, and Gupta
(2014), in which the control population was interviewed in com-
mon sites such as universities, libraries, and churches.

DNA extraction of samples and SNPs analysis by real-time PCR

DNA was extracted from patient whole blood using a Pure Link
Kit (Invitrogen™) and stored at �80 �C until use. Subsequently,
DNA concentration and purity were measured using a NanoDrop
2000c Spectrophotometer (Thermo Scientific). Genotyping for
ADH1B (rs1159918/D: C___2688471_10), ADH1C (rs1614972/ID:
C___8829593_10), ADH4 (rs1042364/ID: C___9523707_30), and
ALDH2 (rs2238151/ID: C____339070_20) was performed using
Custom TaqMan® SNP genotyping assays on a StepOnePlus™ Real-
Time PCR System (Applied Biosystems). The standard real-time
polymerase chain reaction (qPCR) was carried out using TaqMan®

Genotyping Master Mix (Catalog number: 4371353, Applied Bio-
systems) reagent kit in a 10-mL volume, according to the manu-
facturer's instructions.

Statistical analysis

The allele and genotype frequencies were calculated to evaluate
the differences between populations (p � 0.05). HardyeWeinberg
equilibrium was also calculated, and statistical analyses were per-
formed using the software GENEPOP (Rousset, 2008).

We calculated frequencies for the case � control and
female � male analyses. In addition, the odds ratio (OR) was
calculated for each genotype and compared between cases and
controls (95% confidence intervals for risk). The allele 1 was
considered as “wild” (or *1) and allele 2 as mutant (or *2). We used
Haploview version 3.2 for the analysis of linkage disequilibrium
and to investigate haplotype diversity and frequency (Barrett, Fry,
Maller, & Daly, 2005).

The linkage disequilibrium (LD) is the non-random association
of alleles at two or more loci. The LD describes a situation in which
some combinations of alleles or genetic markers occur more or less
frequently in a population than would be expected by random
haplotype formation from alleles, based on their frequencies. The
associations between polymorphisms were measured by the LD
levels (Hartl & Clark, 2007).
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Results

The data showed that the drinking habit was present in both
populations (case and control), with 79% (157 individuals) of the
total population who drank regularly. In the control population,
24% (24 individuals) of the subjects were male and 76% (76 in-
dividuals) were female. In the case population, values observed
were 84% (83 individuals) male and 16% (16 individuals) female.
Initially, the allelic frequencies of each SNP were calculated in the
total population studied (case and control). The allelic frequency
data, such as the SNP Code (or SNP ID) chromosome SNP position,
ancestral allele, and mutant allele (or polymorphism) are shown in
Table 1.

We performed other polymorphism analysis by initially
observing the allele and genotype frequencies of the SNP of the
total population [case population (alcoholic individuals) and con-
trol population (individuals without AUD)] as shown in Table 2
below. Table 2 did not show a statistically significant difference
(p � 0.05) in the distribution of allele and genotype frequencies
between case and control groups in any of these polymorphic
variants that have been researched. Compared with the case sub-
jects, the ALDH2*2 SNP has been observedwith greater frequency in
the control subjects.

Comparing the case group with the control group, it was
necessary to subdivide the case population. Therefore, we divided
the case population into different subgroups according to
Table 1
Allele frequencies of each SNP in the total study population (Case þ Control;
n ¼ 199), Goiânia, Brazil.

SNP SNP ID Chromosome
position

Mutant
allele

Mutant allele
frequency

ADH1B*2 rs1159918 99321852 T 49%
ADH1C*2 rs1614972 99336998 T 39%
ADH4*2 rs1042364 99124423 G 25%
ALDH2*2 rs2238151 111774029 T 48%

Table 2
Allele and genotype frequencies of the four SNPs (ADH1B*2, ADH1C*2, ADH4*2, ALDH2*2

SNP ID/SNP Allele frequency

Case (n ¼ 99) Control (n ¼ 100) p val

Allele 1 Allele 2 Allele 1 Allele 2

rs1159918 (ADH1B*2) 50.51% 49.49% 51.61% 48.39% 0.83
rs1614972 (ADH1C*2) 59.90% 40.10% 63.44% 36.56% 0.53
rs1042364 (ADH4*2) 73.47% 26.53% 76.87% 23.13% 0.52
rs2238151 (ALDH2*2) 54.43% 45.57% 50.55% 49.45% 0.51

The case population consists of CAPS AD and CEREA patients, and the control population
allele; allele 2 is responsible for the mutation, being named as the mutant allele; “n” rep
Chi-squared test.

Table 3
Allele and genotype frequencies of distribution in the case population when matched by

SNP ID/gene Allele frequency

Female (n ¼ 15) Male (n ¼ 84) p val

Allele 1 Allele 2 Allele 1 Allele 2

rs1159918 (ADH1B*2) 40.63% 59.38% 51.81% 48.19% 0.33
rs1614972 (ADH1C*2) 63.33% 36.67% 56.26% 40.74% 0.69
rs1042364 (ADH4*2) 53.33% 46.67% 76.51% 23.49% 0.01
rs2238151 (ALDH2*2) 71.43% 28.57% 51.54% 48.46% 0.06

In total, the female group has 15 members while the male group has 84 members. It is co
number in each group, and p values less than 0.05 have been highlighted in bold italics.
Chi-squared test.
epidemiological data: sex/gender, age, race, profession, schooling,
tobacco use, and amount of alcohol ingested (data not shown).
However, only one analysis shows a statistically significant differ-
ence (“Female vs. Male”), as shown in Table 3.

In Table 3, a statistically significant difference was observed for
the allele (p ¼ 0.01) and genotype (p < 0.01) frequencies for the
ADH4*2 SNP among AUD patients. However, for the other SNPs,
with the exception of ALDH2*2 (significant difference in allele fre-
quency between the genders), there was no statistically significant
difference in allele and genotype frequencies.

After the analyses of the allele and genotype frequencies, a
linkage disequilibrium analysis of the SNPs that belong to the same
gene family (ADH1B*2, ADH1C*2, and ADH4*2) were also conducted,
as shown in Figure 1. The ADH4*2 gene is represented by the nu-
meral 1, the ADH1B gene is represented by the numeral 2, and the
ADH1C*2 gene is represented by the numeral 3.

The three genes analyzed are close together, when the distance
(in base pairs) between SNPs in the HapMaps was observed.
However, this proximity becomes greater when looking at SNPs
ADH1B*2 (2) and ADH1C*2 (3), which are separated by only 15,146
base pairs. Nevertheless, in the LD analysis a strong connection
between ADH4 (1) and ADH1B (2) was observed, which is repre-
sented by the LOD (log of the likelihood odds ratio) score of 6.23
and D0 score of 0.8. Strong colors, such as the red one, indicate high
D0 values (the maximum is 1). The “r squared” represents a low
score (0.297).

From this LD analysis, haplotypes from dependent segregations
on these ADH4 and ADH1B genes in the case population were
generated, as shown in Table 4, which shows four haplotype loci
formed in the case population: CA, CC, TC, TA, with the corre-
sponding frequencies of 50, 24, 25, and 1%, respectively.

After the haplotype analysis, it was possible to establish the
frequency of the observed homozygosity (Ho) and expected het-
erozygosity (He) in the population, beyond the minimum allele
frequency (MAF), as shown in Table 5.

Genotype-phenotype relationships between genetic poly-
morphisms in the case and control populations were evaluated
) in a population-based case-control study in the city of Goiânia, Brazil.

Genotypic frequency

ue Case (n ¼ 99) Control (n ¼ 100) p value

*1/*1 *1/*2 *2/*2 *1/*1 *1/*2 *2/*2

22% 57% 21% 21% 54% 18% 0.82
29% 58% 10% 34% 50% 9% 0.48
51% 44% 4% 37% 29% 1% 0.48
16% 55% 9% 25% 42% 24% 0.48

is composed of individuals without alcohol-use disorder. Allele 1 is the wild-type
resents the individuals' numbers in each group.

gender (Female vs. Male).

Genotypic frequency

ue Female (n ¼ 15) Male (n ¼ 84) p value

*1/*1 *1/*2 *2/*2 *1/*1 *1/*2 *2/*2

6% 69% 25% 25% 53% 22% 0.30
27% 73% 0% 31% 57% 12% 0.65
27% 53% 20% 55% 42% 3% <0.01
50% 43% 7% 15% 72% 13% 0.01

nsidered as wild allele 1 and allele 2 as mutant allele. “n” represents the individual's



Fig. 1. HapMap with Linkage disequilibrium analysis for SNPs present in genes ADH1B,
ADH1C, and ADH4.

Table 4
Haplotypic frequency distribution formed from ADH1B and ADH4 genes in the case
population of Goiânia city (n ¼ 99).

ADH4*2 SNP ADH1C*2 SNP Haplotype frequency

Allele Allele Case population
C A 50%
C C 24%
T C 25%
T A 1%

Case population: individuals with alcohol-use disorder who received a specialized
health service (specialized health centers) associated with mental illness and/or
alcoholics' recovery.

Table 5
Observed and expected heterozygosity and minimum allele frequency in the case
population (sampling of individuals with alcohol-use disorder in the city of Goiânia).

SNP SNP ID Ho He HWpValue MAF

ADH1C*2 rs1614972 59% 48% 0.0383 40.1%
ADH1B*2 rs1159918 57% 50% 0.2423 49.0%
ADH4*2 rs1042364 45% 39% 0.2266 26.5%

He: Expected heterozygosity (He); Ho: Observed heterozygosity; HWpValue: Har-
dyeWeinberg Equilibrium p value; MAF: Minimum allele frequency.

Table 6
Genotypic frequency in case and control populations, p value and odds ratio (OR).

Genotype Controls Case p valuea Odds ratio
(95% CI)

N % N %

ADH1C rs1614972
CC 34 (36.6%) 29 (30.2%) 0.355 1.00 (Reference)
CT/TT 59 (63.4%) 67 (69.8%) 1.33 (0.76e2.44)
ADH1B rs1159918
GG 21 (22.6%) 22 (22.2%) 0.953 1.00 (Reference)
GT/TT 72 (77.4%) 77 (77.8%) 1.02 (0.52e2.01)
ADH4 rs1042364
AA 37 (55.2%) 50 (51.0%) 0.595 1.00 (Reference)
AG/GG 30 (44.8%) 48 (49.0%) 1.18 (0.63e2.21)
ALDH2 rs2238151
CC 25 (27.5%) 16 (20.3%) 0.274 1.00 (Reference)
CT/TT 66 (72.5%) 63 (79.8%) 1.49 (0.73e3.05)

Distribution of genotypes among case and control patients.
a Based on Chi-square test. The significant values are represented in bold.
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using odds ratio (OR), and led to the most comprehensive study, as
shown in Table 6. OR values for the genes ADH1C rs1614972,
ADH1B rs1159918, ADH4 rs1042364 e, and ALDH2 rs2238151 were
respectively: 1.33 (0.76e2.44), 1.02 (0.52e2.01), 1.18 (0.63e2.21),
and 1.49 (0.73e3.05) (confidence interval ¼ IC 95%).
Discussion

While Bienarcka et al. (2013) have genotyped only one or two
SNPs per gene in a Brazilian population, in our work we investi-
gated the association of other ADH SNPs with AUD and related
phenotypes, and we also investigated the association of SNPs in LD.

We found that the drinking habit was present in both pop-
ulations (case and control), and 79% of the total population drink,
even if occasionally. Furthermore, in our study we observed that
most of the case individuals were male, and in the control group,
most of the subjects were female. This inverse proportion had been
previously observed in a study conducted in Rio de Janeiro, Brazil
(Rebello & Carvalho, 2008).

Despite many studies that contemplate the analyses of SNPs
ADH1B*2, ADH1C*2, ADH4*2 e, and ALDH2*2 in individuals from
different states of Brazil (Guindalini et al., 2005; Rebello et al., 2011),
there are no reports thus far with data of the allele and genotype
frequency of these individuals in the population here evaluated. So,
it is possible to correlate the frequency data of the population ob-
tained in this study with the frequency data from the populations in
which the population profile is closer to the overall Brazilian pop-
ulation, as, for example, the African-American population.

Within the worldwide distribution, the polymorphism ADH1B*2
has a frequency of 78.6% in the African-American population,
showing a prevalence of the mutant allele in most of this popula-
tion (DataBase SNP, 2015). In this study, there was a frequency of
50% for this same SNP. That is, for the Goiânia alcoholic population,
the frequency of the mutant allele is reduced compared to the
previous study (Rebello et al., 2011). The ADH1C*2 polymorphism
has an allelic frequency of 56.2% in the African-American popula-
tion (DataBase SNP, 2015). Here, we observed a frequency of 40% in
the Goiânia alcoholic population.

The ADH4*2 polymorphism has a frequency of 14.3% in the
African-American population (DataBase SNP, 2015), compared to a
frequency of 26% observed in the Goiânia alcoholic population,
which is a higher frequency than was observed in previous studies.
The results show an association of the gene polymorphism that can
shed light on the origin and development of alcoholism. This work
strongly supports the hypothesis that ADH4 is a gene for suscepti-
bility to development of alcoholism (Edenberg et al., 2006; Turchi
et al., 2012).

The ALDH2*2 polymorphism has a frequency of 15.2% in the
African-American population (DataBase SNP, 2015). Here, we
observed a frequency of 46% in the Goiânia alcoholic population; it
also has a higher frequency compared to the value obtained by
Macgregor et al. (2009).
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Statistically significant differences in the distribution of allelic
frequencies between case and control groups were not found. This
result is corroborated by the study by Rebello and Carvalho (2008).
Therewas no statistically significant differencewhen the analysis of
ADH1C SNP (ADH1C*2) was made in a population of members of
Alcoholics Anonymous (AA) and a “control” group from the city of
Rio de Janeiro. Statistically significant differences were not found in
the genotype frequencies for ADH4*2, ADH1B*2, ADH1C*2, and
ALDH2*2 polymorphic variants. Those results are contradictory
when compared with other studies where these polymorphisms
have already been related to susceptibility to alcoholism and pro-
tection from alcoholism, respectively (Hakenewerth et al., 2011;
Meyers et al., 2015; Preuss et al., 2011; Wang et al., 2014).

Although no statistically significant difference was observed
among the SNPs evaluated, the ALDH2*2 SNP in homozygosity
showed a greater frequency in the control population, with a per-
centage of 24%, while in the case population this percentage was in
only 9% of the individuals. This can be explained by the fact that the
ALDH2*2 allele causes the accumulation of acetaldehyde in the blood
e it is what protects the individual from alcoholism (Peng et al.,
2002). ALDH2*2, especially in homozygous individuals, promotes a
rapid “flushing” of the face after drinking alcohol. This phenomenon
occurs in 80% of Asian individuals, contributing to a lower incidence
of alcoholism in this population (Brooks, Goldman, & Li, 2009;
Macgregor et al., 2009). The occurrence of the ALDH2*2 poly-
morphism in a higher frequency in the control group (compared to
the case group) presents itself as a fundamental genetic character-
istic of this population. This SNP, which helps prevent the develop-
ment of alcohol-use disorder, is not necessarily found in groups of
individuals with high rates of alcohol-use disorder.

A study conducted by Dickson et al. (2006) reported a higher
frequency of this polymorphism in control individuals when
compared with a group of individuals with alcohol-use disorder.
Furthermore, Dickson et al. (2006) showed that individuals who
were homozygous for this polymorphism had less risk (very low)
for the development of alcoholism than individuals who were
heterozygous for this polymorphism.

It is important to note that data related to the symptoms
resulting from the abuse of alcohol were not initially collected
during the recruitment of these individuals for participation in the
study. This fact is relevant to future studies that may investigate the
factors related to alcoholism, where relevant data, such as the
clinical manifestations resulting from alcoholic beverage con-
sumption, may be considered highly important to the evaluation of
the genetic components contributing to the development of
alcohol-use disorder.

Therefore, the present study presents a new perspective by the
strong evidence that ADH4*2 SNP is highly correlated to suscepti-
bility for alcoholism development, and that the ADH1C*2, ADH1B*2,
and ALDH2*2 SNPs are highly correlated with protection against
development of alcoholism.

Our data showed a statistically significant difference in the
distribution of alleles for the ADH4*2 polymorphic variant, as had
already been observed by Luo et al. (2006) in a European popula-
tion. Additionally, ADH4*2 polymorphism showed a significant
difference in prevalence when studied in a population of Brazilians
from Sao Paulo city, and was related to the risk of alcoholism
(Guindalini et al., 2005). It is believed that individuals who are
homozygous for SNP ADH4*2 are at greater risk of developing
alcoholism than those who do not carry this polymorphism.

Statistically significant differences in the genotype distribution
for ADH4*2 (p < 0.01) and for ALDH2*2 (p ¼ 0.01) SNP can be
observed in the case population when matched by gender. In
studies by Macgregor et al. (2009) and Luo et al. (2006), signifi-
cant differences were observed and studied in a population of
people with alcoholism from the state of Connecticut in the
United States. It is suggested, therefore, that the individuals who
were carriers of the ADH4*2 polymorphic variant can be more
susceptible to developing alcoholism and that individuals who
were carriers of the ALDH2*2 polymorphic variant can be pro-
tected against alcoholism. It is important to emphasize in this
study that there was a much greater consumption of alcohol by
men than by women, as was also reported by Cardoso, Melo, and
Cesar (2015). This is possibly due to long-established cultural
patterns.

The LD between each SNP was calculated from three measures:
LOD score, D0 (standard deviation coefficient), and the r2 value. The
LOD (Log of the Odds) score method compares the probability of the
data being obtained if the two loci are truly connected and the
probability of observing the same data by chance (random). The
program considers that LOD > 2 indicates a significant LD (Hartl &
Clark, 2007).

The D0 coefficient depends on the allele frequencies, and its
value varies from a negative value to a positive value. The coeffi-
cient of determination value (r2) represents the correlation coeffi-
cient in the allelic state between the alleles in the same gamete. r2

ranges from 0 to 1. The value is 1 when the two markers provide
identical information and the value is 0 when they are in perfect
equilibrium. Both measures, D0 and r2, are used to describe the
amount of the LD because they represent different views of the
gametic associations. Therefore, when D0 is close to zero, r2 also is
close to zero. However, as D0 increases, r2 can be any value between
zero and (D0)2 (Hartl & Clark, 2007). As the genes are closer, the
chances are greater of these genes segregating dependently and
then forming haplotypes.

Bienarcka et al. (2013) tried to associate the ADH1C*2 SNP with
AUD. However, in our work we associated this SNP and two other
SNPs (ADH1B*2 and ADH1C*2) with protection against alcoholism.
As shown in Figure 1, a moderate connection between ADH1C*2 and
ADH1B*2 SNPs was observed. Therefore, the distance between the
SNPs (in base pairs) does not necessarily prove that there is a higher
LD. From that LD, a formation of four haplotypes occurs in the
population. The formation of these haplotypes indicates that
segregation of genes during crossing-over rarely occurs, so that
these genes are segregating dependently (Hartl & Clark, 2007). The
probability of one population to present a determined LD block
structure is correlated with the details of its demographic history
(Stumpf & Goldstein, 2003). Knowing that both SNPs are respon-
sible for protecting the individual against alcoholic dependency,
the occurrence of these haplotypes in a certain portion of the
population then shows that individuals with these haplotypes are
less likely to develop alcohol-use disorder than individuals who do
not have any of the haplotypes.

Through the haplotype frequencies obtained from LD analysis,
they observed four different haplotypes occurring in the popula-
tion. These haplotypes are CA, CC, TC, and TA. Their haplotype
frequencies were 49, 27, 22, and 2%, respectively. Nevertheless, the
use of the haplotypes containing many SNPs increases LD detection
(Jorde, 2000). The CA haplotype is the most frequently represented
(almost half of the study population), and its occurrence gives its
carriers greater protection against alcoholism compared to in-
dividuals who do not carry this haplotype. However, in the case
population, the CA has a frequency of 50%, as opposed to a fre-
quency of 47% in the control population.

Based on the Observed Heterozygosity (Ho), Expected Hetero-
zygosity (He), and minimum allele frequency (MAF), the Ho reflects
the amount of heterozygous individuals in a determined popula-
tion and He indicates the probability of an individual to be het-
erozygous in loci, according to allele frequencies. Within the
frequencies analyzed, both populations are in HardyeWeinberg
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equilibrium.
When analyzing the minimum allele frequency (MAF) per-

centage of the studied population, a higher frequency percentage
of SNP ADH1B*2 (49%) can be observed. SNPs with MAF per-
centages higher than 10e20% are the most indicated for LD
studies, according to Service, Sabatti, and Freimer (2007), because
they decrease the variability of the statistics (Weiss & Clark,
2002), and make the determination of LD more realistic (Stenzel
et al., 2004).

With the Ho and He values, it can be established whether or not
there is a difference. For the null hypothesis (no difference) to be
correct, the p value must be equal to or greater than the a value
(0.05). It is observed that in the polymorphic variant of the gene
ADH1B, there is no difference between Ho and He. A difference
between Ho and He was observed for the other polymorphic vari-
ants, which indicates that both populations studied have different
genetic characteristics, and suggests that this population is under
the influence of natural selection or other evolutionary factors
(Freeland & Petersen, 2011). Furthermore, as the MAF occurred
more often to SNP ADH1B*2 SNP, this SNP has a greater frequency in
the population studied.

The genotype frequencies of ADH1C, ADH1B, ALDH2, and ADH4
polymorphisms between case and control groups are shown in
Table 6. Among the four SNPs investigated, the standard genotype
was differentially distributed between alcoholics and non-
alcoholics, and the value of p was not significant in either group.

For the ADH1C gene, the percentage of CC and CT/TT genotypes
was 36.6% and 63.4% for controls, and 30.2% and 69.8% for the case
group. The CT/TT genotype was more frequent in the case group
than in the control group.

For the ADH1B gene, the GG or GT/TT genotypes percentage was
22.6% and 77.4% for the control group, and 22.2% and 77.8% for the
case group. The GT/TT genotype was more frequent in the case
group than in the control group.

For the ADH4 gene, the percentage of AA or AG/GG genotypes
was 55.2% and 44.8% for the control group, and 51.0% and 49.0% for
the case group. The AA genotype was more common in the control
group than in the case group.

For the ALDH2 gene, the percentage of CC or CT/TT genotypes
was 27.5% and 72.5% for the control group, and 20.3% and 79.8% for
the case group. The CT/TT genotype was more frequent in the case
group than in the control group. After this genotype analysis, the
Odds Ratio (OR) was analyzed to discover a greater or lesser chance
of triggering the disease.

For the OR analysis, the frequency distribution of genotypes
indicates that individuals of the CT/TT genotype in ALDH2
(rs2238151) are more likely to be resistant to the development of
alcohol-use disorder, corroborating the hypothesis that this SNP is
associated with protection against alcohol-use disorder.

All subjects in this study will be informed about the results of
the analyses and their impact on the health and life quality of the
subjects. This activity will be done together with the professionals
located in the centers used as reference (CAPS AD and GO CEREA).
This study can be utilized as a tool to help with the treatment of
these patients.

Conclusion

Despite some limitations such as the small sample size, espe-
cially for the number of women, we may address some strengths of
our study. We observed an association between ADH1C*2 and
ALDH2*2 polymorphic variants with protection against the devel-
opment of AUD, and we observed that the ADH4*2 polymorphic
variant is associated with susceptibility to development of alcohol-
use disorder in the population studied in the city of Goiania, GO,
Brazil.
In our study, we found that an imbalance in the linkage is pre-

sent between the SNPs ADH1B*2 and ADH1C*2, and that this
imbalance occurs in a moderate form. Additionally, we found that
four distinct haplotypes occur in the population (CA, CC, TC, and TA)
and that CA is the most frequent haplotype analyzed. The in-
dividuals carrying the haplotype CA are less susceptible to devel-
oping alcohol-use disorder, when compared to individuals who are
not carriers of this haplotype. These data may be useful in coun-
seling practices in systematic and individualized treatment, opti-
mization of screening campaigns, and alcohol-use disorder
prevention.

It was difficult to obtain a large number of individuals for this
study. Although the participants' names and identities were not
disclosed, some potential participants were afraid of exposing
themselves to society. Thus, it is not uncommon for some studies to
work with smaller samples, such as Kimura et al. (2009), which
analyzed the polymorphisms in the promoter region of the ADH4
gene and its effect both on transcriptional activity and ethanol
metabolism in 102 Japanese subjects, with only three female
participants.

Another limitation is an intense mixture of factors present in
Brazil, taking into account all the historical factors that exist in
Brazil. Our study does not intend to assess the ethnic stratification,
because these data are complex and include many variables to
study. Further studies on the combination of SNPs and the mixture
of genetic and environmental interactions with higher numbers of
participants are necessary to address the increasing public health
problem of alcohol-use disorder in Brazil.
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