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Introduction: The causal mechanisms behind crack/cocaine use are still unknown, but
genetic influences are suggested. Objective: To investigate the relationship between
the genetic polymorphism TaqI (rs1800497) in the dopamine D2 receptor (DRD2)
gene and susceptibility to crack/cocaine dependence in a group of addicts to crack/
cocaine and a non-addicted group. Methods: The case group (n=515) was composed
of crack/cocaine-dependent men and the control group (n=106) comprised men who
were considered not dependent on crack/cocaine. The oral hygiene habits, decayed,
missing, and filled teeth index, gingival index, and plaque index were evaluated.
The reference single nucleotide polymorphism (rs1800497 C/T) of the DRD2 gene was
genotyped by a real-time polymerase chain reaction technique. Student’s t-tests for
independent samples or the non-parametric Mann-Whitney test were used to compare
groups regarding quantitative variables. Results: The case group showed a mean time
of 9.91±7.03 years of crack use, and 61.06±92.96 stones/week. The socio-demographic
profile of the sample was White, single men, with basic education, blue-collar worker,
smoker, and reporting alcohol use. There was a high frequency of gingival inflammation,
plaque accumulation, and caries experience. For all genetic models tested, there was
no significant difference in the genotypic frequency in rs1800497 of the DRD2 gene,
between case and control groups (p>0.05). Conclusion: The genetic variant in the DRD2
did not increase the vulnerability to develop crack/cocaine dependence. The complex
genetic nature of crack/cocaine dependence and a large variation of DRD2 allele
frequencies, depending on the population group sampled, could be one explanation
for the no association.
Keywords: Crack Cocaine; Biomarkers; Polymorphism; Genetic.

INTRODUCTION
The World Health Organization (WHO) has pointed to Brazil as one of the nations where the consumption of stimulants, such as intranasal (powder) or smoked
coca (crack, merla, or oxy), is increasing, while in other countries it is decreasing1.
Some reasons for the high consumption of crack/cocaine in Brazil are as follows:
(i) the geographic position, neighboring the world’s largest cocaine producers,
Peru, Colombia, and Bolivia, (ii) the young population (about 35% of Brazilians is
15 to 34 years of age)2, (iii) the socio-economic raise in the last decade in Brazil,
which reflects in higher purchasing power, and (iv) the low cost of crack/cocaine
in the country1,3.
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The causal mechanisms behind substance use are still largely
unknown, but genetic influences are suggested4. Some epidemiological studies have shown that about half of the individual risk
for addiction to cocaine or other drugs is due to genetics5,6.
One of the major neurobiological systems involved in cocaine
addiction is the brain reward pathway. Cocaine also has effects
on other neurotransmitter systems, such as norepinephrine and
serotonin, but dopamine is the most important neurotransmitter7.
Cocaine increases dopamine neurotransmission at the expense
of dopamine reserves, which might be viewed as a positive reinforcer, creating a vicious cycle in which the pleasure neurotransmitter is emptied. Furthermore, cocaine produces rebound and
uncontrollable effects8. The continued use of the drug leads to the
depletion of postsynaptic dopamine receptors, requiring greater
synaptic levels of dopamine to maintain the synaptic boost that
provides the equivalent effect9. Each dopamine receptor, dopamine transporter, and enzymes involved in the synthesis and
metabolism of dopamine are proteins. Thus, the genes encoding
these proteins are interesting targets for the study of susceptibility
to cocaine dependence.
Genetic polymorphisms of the dopaminergic system include
single nucleotide polymorphisms (SNPs) and length polymorphisms of the receptors, transporters, and metabolizing enzymes.
The dopamine D2 receptor gene (DRD2) is localized in the q22q23 region on chromosome 11. One SNP in DRD2 is rs1800497,
which presents a C-to-T transition, and produces an amino-acid
change (Glu for Lys) in position 713. This exchange between those
bases may significantly reduce the specificity of receptor binding10.
The dopamine D2 receptor was the first to be studied in 1990;
there was an increased frequency of the A1 allele (thymine) of
the Taql polymorphism in alcoholics11. Among the genetic variants associated with smoking, the DRD2 TaqI variant is one of the
most widely studied12. The first study evaluating cocaine dependence investigated the TaqI variant of DRD2 and found a higher
frequency of the A1 allele (thymine)13 in cocaine users compared
to non-users. Three subsequent studies also evaluated this association but they did not confirm that finding14-16.
Scientists currently view cocaine addiction as a brain disease17,
a notion that modifies the original idea that addicted individuals merely have character deficiencies or a lack of willpower8.
Even now, very little is known about the distribution of genetic
variants that modulate hypothalamic-pituitary-adrenal axis deregulation in users who are resistant to crack/cocaine dependence
compared to those who have become dependent. The definition
of a genomic profile that brings a predictable response to crack/
cocaine exposure could reveal new information regarding dependence. The TaqI polymorphism has been associated with addictive disorders such as alcoholism and polysubstance abuse18,19 and
here we proposed to analyze a sample of individuals dependent
on crack/cocaine.

Therefore, the objective of this study was to investigate the relationship between the genetic polymorphism TaqI (rs1800497) in
the dopamine D2 receptor (DRD2) gene and the susceptibility to
crack/cocaine dependence in a group of addicts to crack/cocaine
and a non-addicted control group with the previous contact with
crack/cocaine.

METHODS
Design
This study included a cohort of male individuals who have used
crack/cocaine and compared crack/cocaine dependents based on
ASSIST20 with individuals who have used crack/cocaine but were
not dependent.

Participants
This study was approved by the local Committee of Ethics
in Research (number 908.511). Using a statistic proportion
sample calculation for a confidence interval of 95% and a maximum error of 6%, assuming a p=(1-p)=0.5, the sample size
was based on the incidence of hospitalization of crack/cocaine
users in clinics of chemical addiction rehabilitation located in
the metropolitan region of Curitiba, south of Brazil Hospital
San Julian, Instituto the Pesquisa and Tratamento of Alcoolismo
(IPTA), and Centro the Atenção Psicossocial Álcool and Drogas
(CAPS-AD) of approximately 1,680 male patients, resulting in
443 patients. All the subjects signed a free consent agreement
before participating in the study.
The inclusion criteria for the case group were individuals
that were admitted in the rehabilitation clinics, with a score of
16 or over for crack/cocaine on the screening test of smoking,
alcohol, and other drug use20 and with a maximal admission
time of 15 days.
The sample was recruited as follows: Case group: 515 crack/
cocaine dependents were recruited from Hospital San Julian,
IPTA, and CAPS-AD; Control group: 106 not crack/cocaine dependents, but with the previous contact with crack/cocaine, were
recruited from IPTA and CAPS-AD.

Measures
The subjects answered an interview with their personal, medical, and dental history, describing age, ethnicity, marital status,
education level, job description, consumption, time, and quantity
of alcohol, tobacco, and crack/cocaine use. For the job description,
we used the Brazilian classification, and to evaluate the monthly
income we used the demographic screening used by the Instituto
Brasileiro de Geografia e Estatística (IBGE)2. Smoking and alcohol use were classified as present or absent and rated by the time
of use (years), frequency, and quantity. The smoking habit was
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classified as mild (1 to 9 cigarettes/day), moderate (10 to 19 cigarettes/day), and severe (20 or more cigarettes/day). The alcohol
use was classified as mild (1 to 100 mL/week), moderate (101 to
300 mL/week), and severe (≥301 mL/week). The use of crack/cocaine was assessed by time of use (years), frequency (week), and
quantity (1 stone=0.25g).
The clinical standards evaluated were oral hygiene habits (do
you brush your teeth? do you floss? have you been to the dentist?),
decayed, missing, and filled teeth (DMFT) index, gingival index
(GI), plaque index (PI). For the data analyses, the higher frequency of GI and PI for each tooth was considered. GI and PI were
classified as absent (degree 0) or present (degree 1, 2, and 3)21.

Genetic Analysis
DNA from the participants of the study was obtained through
a mouthwash with 3% glucose solution and scrapings of the buccal mucosa for 60 seconds. The DNA was purified with 10 M of
ammonium acetate and 1 mM EDTA. Genotyping methods included restriction fragment length polymorphism, allele-specific
amplification, and real-time polymerase chain reaction (PCR).
The reference SNP (rs1800497 C/T) of the DRD2 gene was genotyped by the real-time PCR technique (Applied Biosystems 7500
Real-Time PCR System), with the use of technology TaqManTM
(Applied Biosystems). This marker was chosen concerning the
previous studies12,16,22. For genotyping procedures for the DRD2
TaqIA (rs1800497), we used the same method with specific primer
pairs. TaqIA: forward: 59-CCG TCG ACG GCT GGC CAA GTT
GTC TA-39, reverse: 59-CCG TCG ACC CTT CCT GAG TGT
CAT CA-39. The rs1800497 was assessed for genotypic modes
of transmission (additive, dominant and recessive models). The
dominant model was assembled using the homozygous genotype
for less frequent allele (T) with heterozygous compared to the homozygous genotypes.

Statistical Analyses
Statistical data were processed and analyzed using the SPSS,
version 22 (IBM SPSS Statistics, Chicago, IL). Haploview 4.2

was used to estimate the Hardy-Weinberg equilibrium for the
genetic marker.
Quantitative variables were described by mean and standard
deviation, or by the median, minimum and maximum value.
Qualitative variables were described by frequencies and percentages. Student’s t-test for independent samples or the non-parametric Mann-Whitney test was used to compare the groups about
quantitative variables. As a measure of association, odds ratios
(ORs) with a 95% confidence interval were estimated. Values of
p<0.05 indicated statistical significance.
For the multivariate analysis, firstly, the regression model, considering as a response variable the group of crack/cocaine dependents (case group), was adjusted to include explicative variables
presenting p-values <0.20 in the univariate analysis (i.e. age, ethnicity, marital status, education levels, job description, number of
cigarettes/day, alcohol use, alcohol quantity/week, use of dental
floss, DMFT Index, and genetic variable). After this initial process,
the final model of this logistic regression analysis was obtained by
gathering the explanatory variables that remained significant.
A random-effects meta-analysis model was performed to estimate the odds ratios of the allele frequency for this study and the
4 previously published studies in White ethnicity (Brazilian and
European American) and Black ethnicity (African American)13-16.
The heterogeneity test was used as a measure for meta-analysis
using Cochrane’s Review Manager (RevMan 5, version 5.3,
Copenhagen, Netherlands). We measured the heterogeneity for
all 5 studies combined (Figure 1; I2 =63%, p=0.15).

RESULTS
Socio-demographic profile
A total of 621 men participated in this study. The case group
was composed of 515 crack/cocaine users, with a mean time of
9.91±7.03 years of crack use, 61.06±92.96 stones/week (1 stone:
0.25g), and 142.33±147.80 days of hospitalization. The socio-demographic profile of the sample is described in Table 1.

Figure 1: Meta-analysis of the genetic polymorphism TaqI (re1800497 – 11q22-q23) in the DRD2 gene in individuals susceptible to crack/
cocaine dependence.
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Table 1: Epidemiological data of the sample.
Variable
Age (years)
Ethnicity

Mean±SD

Case Group
n=515

Control Group
n=106

P-Value

33.83±8.765

35.28±9.611

0.083

n (%)

0.001*

White

326 (63.5)

82 (77.4)

Black

157 (30.5)

14 (13.2)

Others

32 (6.0)

10 (9.4)

Marital status

n (%)

0.035*

Single

352 (68.3)

64 (60.4)

Married

71 (13.8)

12 (11.3)

Divorced

41 (7.9)

19 (17.9)

51 (10.0)

11 (10.4)

Cohabitation
Education levels

n (%)

0.014*

Basic Education

274 (53.1)

Secondary

192 (37.3)

29 (27.4)

49 (9.6)

21 (19.7)

Higher
Job description

56 (52.9)

n (%)

Armed Forces and Police

0.123
6 (1.2)

5 (3.8)

Members of public authority

14 (2.8)

7 (5.8)

Science Professionals

10 (2.0)

3 (2.0)

Middle-level technicians

35 (6.8)

9 (7.7)

Administrative services

18 (3.6)

9 (7.7)

102 (20.1)

22 (19.2)

21 (4.2)

5 (3.8)

Industrial services

107 (20.9)

13 (12.5)

Maintenance and Repair

195 (38.4)

40 (37.5)

Sellers of commerce
Agriculture and forestry

Smoker

n (%)

0.907

Yes

463 (89.9)

95 (89.5)

No

52 (10.1)

11 (10.5)

15.94±9.123

16.66±10.538

Tobacco use (years)

Mean±SD

Number of cigarettes/day

n (%)
92 (19.9)

23 (24.2)

Moderate – (10 to 19)

112 (24.2)

27 (28.4)

Severe – (≥20)

259 (55.9)

45 (47.4)

Yes

442 (85.8)

88 (83.0)

No

73 (14.2)

18 (17.0)

16.14±9.012

18.51±9.518

Alcohol use (years)
Alcohol quantity/week (mL)
Mild – (1 to 100)

n (%)

Mean±SD

1.042 (0.524–2.072)

0.753
0.126

Mild – (1 to 9)

Use of alcohol

OR (CI 95%)

0.457

n (%)

1.238 (0.704–2.177)

0.034*
0.042*

35 (7.9)

4 (4.6)

Moderate – (101 to 300)

57 (12.9)

6 (6.8)

Severe (≥301)

350 (79.2)

78 (88.6)

*p<0.05
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Clinical Parameters

Multivariate analysis

All the results of the clinical parameters evaluated are shown
in Table 2.

The regression was significantly associated to crack/cocaine dependence, after adjustment for licit drugs (number of cigarettes/
day and alcohol use/years).

Genetic Analysis
The polymorphisms evaluated were in Hardy-Weinberg equilibrium (Table 3). There was no statistically significant difference
in the genotypic frequency in rs1800497 of the DRD2 gene, for all
genetics models, between case and control groups. The full data is
described in Table 3.

DISCUSSION
Drug addiction is a multifactorial condition affected by psychological, physiological, pharmacological, genetic, and environmental variables23. Dopamine is one of the most important

Table 2: Clinical Parameters of participants
Case Group
n=515

Variable
Do you brush your teeth?

Control Group
n=106

n (%)

Yes

485 (94.2)

100 (94.3)

No

30 (5.8)

6 (5.7)

Do you floss?

n (%)

Yes

113 (22.0)

37 (34.9)

No

402 (78.0)

69 (65.1)

Have you been to the dentist?

n (%)

Yes

448 (87.0)

95 (89.6)

No

67 (13.0)

11 (10.4)

Gingival Inflammation

n (%)

Presence

503 (97.7)

103 (97.2)

Absence

12 (2.3)

3 (2.8)

Bacterial Plaque

n (%)

Presence

479 (93.0)

Absence

36 (7.0)

11 (10.5)

12.95 (6.69)

12.33 (7.43)

Less than 12

260 (50.5)

63 (59.4)

12 or more

255 (49.5)

43 (40.6)

DMFT

Mean±SD

DMFT Index

n (%)

P-value

OR (CI 95%)

0.947

0.970 (0.393–2.392)

0.005*

0.526 (0.335–0.825)

0.456

0.774 (0.394–1.521)

0.760

0.819 (0.227–2.954)

0.221

0.644 (0.316–1.310)

94 (89.5)
0.170
0.093

Teeth Decayed

Mean±SD

4.43 (3.48)

3.06 (3.45)

<0.001*

Teeth Missing

Mean±SD

4.72 (6.27)

5.20 (7.02)

0.009*

Teeth Filled

Mean±SD

3.81 (3.59)

3.98 (3.79)

0.632

0.696 (0.455–1.064)

*p<0.05

Table 3: Results of the univariate analysis for the DRD2 gene tag SNPs (rs1800497) between the case group (n=494) and the control group
(n=100).
Group
rs1800497

rs1800497

rs1800497

Additive

Dom T

Rec T

Classification
TT

TC

CC

Case

39 (7.9)

199 (40.3)

256 (51.8)

Control

7 (7.0)

36 (36.0)

57 (57.0)

CC

TT/TC

Case

256 (51.8)

238 (48.2)

-

Control

57 (57.0)

43 (43.0)

-

TT

TC/CC

Case

39 (7.9)

455 (92.1)

-

Control

7 (7.0)

93 (93.0)

-

P-Value

OR (CI95%)

HW
1.000

0.639

-

0.344

0.811 (0.526–1.252)

0.760

1.139 (0.494–2.624)

0.7889

Dom: dominant model; Rec: recessive model; OR: odds ratio; CI: confidence interval; HW: Hardy-Weinberg equilibrium.
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neurotransmitters acting in the reward pathways in the brain15,24,25.
Genes encoding dopaminergic receptors are interesting targets for the study of susceptibility to crack/cocaine dependence.
Therefore, in the present study, the role of DRD2 polymorphism
(rs1800497) was investigated in crack/cocaine dependence.
Our data do not support an allelic association between DRD2
and crack/cocaine dependence. This result is consistent with the
studies that followed the first one, which has shown no association
of DRD2 alleles with the phenotype of cocaine dependence14-16.
This finding can be explained either by a weak effect of some still
unmapped DRD2 polymorphism on the phenotype or by no effect of DRD2 on the phenotype14. Our data suggest that DRD2
is not involved in crack/cocaine dependence; however, additional
markers are needed for complete gene coverage to comprehensively rule out the role of the gene in crack/cocaine dependence16.
Our findings show the same effect previously reported26 that
showed that the first genetic association study reports an effect
much stronger than subsequent studies. Both bias and genuine
undetected population substructure might explain why early association studies tend to overestimate the disease protection or
predisposition conferred by a polymorphism. In the particular
case of the DRD2 TaqI variant, when the first report of an association with alcoholism was published27, a critique28 regarding the
comparison group used for the association studies (unscreened
versus screened controls for alcoholism) was suggested. This was
one of the reasons to carefully select a comparison group for our
study that has been exposed to crack/cocaine.
The first study evaluating cocaine dependence investigated the
DRD2 gene and showed a strong association of the alleles Al and
Bl (T and C) with cocaine dependence. The prevalence of the
T allele in White cocaine-dependent subjects was significantly
higher than in non-substance abusing controls13. Persico et al.18
also confirmed this association in White polysubstance users, including cocaine. The positive findings may have been due to some
set of phenomena not necessarily including genetic variation in
the DRD2 locus causing change to get in responsibility for dependence on other drugs. A subsequent study also evaluated this association in European American and African American subjects
but did not confirm such association14. A study with a sample of
730 Brazilian participants investigated polymorphisms of DRD2
and DRD3 and found no association with cocaine dependence15,
as well as the study developed with 347 cocaine addicts and 257
non-dependent afro-descendants16.
To investigate more precisely the relationship between the genetic polymorphism TaqI (rs1800497) in the DRD2 gene and the
susceptibility to crack/cocaine dependence, we decided to use a
meta-analytical approach. This approach reinforced that the genetic polymorphism TaqI (rs1800497) in the DRD2 gene is probably not a relevant risk factor in the susceptibility to crack/cocaine
dependence.

In the present study, the number of cigarettes/day and alcohol
use (years) was significantly associated to crack/cocaine dependence. We can observe the presence of heavy alcoholic subjects
and smokers in this study. Crack/cocaine users are usually multiple drug users or have a history of consuming other substances.
The history of crack/cocaine users demonstrates that most of
them started with the consumption of licit drugs (tobacco and
alcohol) at an early age and with heavy use29,30.
Several studies report that the majority of crack/cocaine users
are young, single, men, with low educational levels and monthly
income30,31, and, on average, they had smoked crack/cocaine for
10 years21,31. This is by the profile of the present studied sample.
Young subjects are the majority among crack/cocaine users, probably due to the vulnerability to death by external causes, mainly
violent deaths30.
The quality of life and lifestyle adopted by the users seem to
define their oral condition because the abusive consumption of
drugs is considered a risk factor for oral diseases in the worldwide population32. In crack/cocaine dependents of the present
study, it was observed a decreased frequency in flossing and
a higher decayed teeth index when compared to the control
group, showing a positive association with crack/cocaine addiction. Furthermore, missing teeth showed a negative association with crack/cocaine dependence, to Cury et al.33, which
reflects the typical lack of self-care in drug users. This could
be a consequence of higher access to dental treatment by the
control group compared to the case group. These findings are
by Albini et al.21, who described that poor oral hygiene was
predominant in crack/cocaine users, with high DMFT index,
decayed teeth, missing teeth, presence of gingival inflammation, and dental biofilm. Besides that, the lack of dental care
may have contributed to the results33,34.
It is necessary to emphasize some limitations of this study. First,
the group of addicts studied did not represent all drug addicts, as
it only included subjects that had sought help and were hospitalized. Second, recognizing that sex is an important factor in substance abuse studies, for logistical reasons (the setting of our study
did not treat females, who are treated elsewhere), only males were
included in the present study, which excludes the possibility of
finding sex-specific associations. Finally, we must recognize that
the status of controls was established by self-report and therefore
some participants in the control group could have hidden or underestimated exposure to substances of abuse.
Conclusion
Based on our original data, we conclude that the studied genetic
variant in the DRD2 (rs1800497) does not increase the chance of
developing cocaine dependence. The complex genetic nature of
crack/cocaine dependence and population stratification could
be a potential explanation for the no association of the T alleles
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with cocaine dependence in the present findings; indeed, a large
variation of DRD2 allele frequencies is found, depending on the
population group sampled35,36. Studies using additional cohorts of
ethnicity and carefully defined addiction phenotypes are needed
for the confirmation and identification of new targets for the prevention of crack/cocaine dependence17.
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