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Abstract

Genetic risk of substance abuse is encoded mainly by central neurochemical pathways

(mostly dopaminergic system) related to reinforcement and reward. In this study a functio-

nalpolymorphism in Catechol-O-methyltransferase (COMT) (Val158Met) and the Dopamine

receptor D4 gene (DRD4) (120 bp tandem duplication) has been studied in substance

abused subjects. The study was carried out with 183 substance abused subjects and 175

healthy persons with no history of substance abuse. DNA was extracted and polymorphisms

were analyzed using allele-specific PCR. The impact of these two polymorphisms was also

analyzed on addictive characteristics (age of starting abuse, a pattern of drug habit, and

period of addiction). It was found that only the heterozygous variant of COMT polymorphism

(Val/Met) (p<0.05, OR = 1.66, 95% CI = 1.044–2.658) and both homozygous (p<0.05, OR =

0.43, 95% CI = 0.193–0.937) and heterozygous (p<0.05, OR = 0.37, 95% CI = 0.172–0.826)

derived variants of DRD4 120 bp tandem duplication were significantly associated with risk

of substance abuse compared to controls. In case of association of these polymorphisms

with an age of onset, no significant difference was found among three different genotypic

groups of COMT polymorphism. Whereas, the homozygous derived variant (240 bp/240 bp)

of DRD4 gene was found to have a later age of onset (20.5±0.8) for substance abuse com-

pared to heterozygous (120 bp/240 bp) (19.1±0.8) and wild type homozygous variant (120

bp/120 bp) (16.0±0.5), which was statistically significant (p<0.05). Again, in the case of the

pattern of drug habit, the frequency of the Val/Val genotype is higher in polysubstance

abused (>2 drugs) subjects (p<0.05) compared to the heterozygous Val/Met containing vari-

ants. An association of period of addiction was analyzed with an individual type of substance

abuse and found that heroin abused subjects have a significantly higher period of addiction

(11.6±1.0) compared to other abusers (p<0.01). Further, it was found that Met/Met contain-

ing variants of COMT polymorphism has a more extended period of addiction than other

genetic variants in heroin abused subjects. These results indicate that genetic variability

may influence the susceptibility to the risk of substance abuse and addictive characteristics.
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Introduction

The geographic location and availability of drugs made Bangladesh as one of the worst victims

of the drug. According to the “Annual Drug Report of Bangladesh, 2016” substance abuse is a

national concern. It is now prevalent everywhere in Bangladesh and millions of people suffer

from the problem [1]. In a previous study, epidemiological data shows that the number of sub-

stance abusers has increased rapidly over recent years and a very high percentage (93%) of

addicted subjects in Bangladesh are male [2]. The influence of both genetic and environmental

factors is responsible for substance abuse, a complex neurodegenerative disorder [3,4]. The

major factors include socioeconomic disparities, physical and mental health, social integra-

tion/isolation, and overall quality of life. Again, about half of someone’s risk of addiction is

embedded in their genes [5]. Individuals become abused to substances like alcohols, opioids,

amphetamines, etc. through involving themselves in different stages of addiction that includes:

experimentation/anticipation, then light or moderate use to heavy use and finally to a stage of

risky use which will lead to substance dependence and abuse [6].

Long term administration of addictive drugs results in hampering neurotransmitters’ nor-

mal function by producing amplified messages [7], and this repetitive exposure may promote

compulsive drug-seeking behaviors [8]. As substance abuse is a disorder in the brain reward

system, the natural reward activities are influenced by artificial stimuli of addictive drugs.

Interestingly, neuroimaging studies have confirmed the limbic system’s involvement and the

role of dopamine in the rewarding process and thereby in substance dependence [9–11].

Therefore, abnormality in genes encoding proteins related to dopamine processing in the

brain can be responsible for causing addiction.

The chromosomal location of the Catechol-O-methyltransferase (COMT) gene is 22q11

which is expressed in dopaminergic brain regions and regulates dopamine level as it encodes a

dopamine metabolizing enzyme [12,13]. COMT contains a functional codon 158 polymor-

phism situated in exon 4 of chromosome 22, which encodes either a valine (GTG) or a methio-

nine (ATG). It has been found that the homozygous valine genotype containing enzyme activity

is 40% higher than homozygous methionine containing enzyme and the heterozygous variants

have an intermediate level of activity [9,13]. Thus, due to decreased metabolism, the methionine

variant carriers have more dopamine in their prefrontal cortex, which may be responsible for

many of the neuropsychological associations [14]. In the African population, it was found that

Val158Met polymorphism of the COMT gene has a significant association with cocaine depen-

dence [15]. Association with COMT was also found in methamphetamine abused individuals in

the Taiwanese population [4]. The Dopamine D4 receptor (DRD4) gene VNTR polymorphisms

have also been association with substance abuse in several studies [4,16,17]. DRD4 encodes D4

receptors that are members of D2 like G-protein-coupled receptor family [18]. The DRD4 gene

contains several polymorphic sites including 48-bp tandem repeat in exon 3 [17] and 120-bp

tandem duplication at 1.2 kb upstream from the initiation codon [19,20]. As the 120bp tandem

duplication region contains consensus sequences for different transcription factors, the involve-

ment of that polymorphism to protein expression has been hypothesized where the shorter

allele is having higher transcriptional activity than the longer allele [4,21].

Early age onset is associated with developing subsequent drug-related problems and

increased duration of addiction [22]. However, in different studies, it was found that the age of

onset can have significant influences on different genotypic groups of genetic polymorphism

[23,24]. Again, the pattern of drug habit may also play an influential role in substance abuse. It

is found that the effect of polymorphism is more frequent in polysubstance abuse [25] and a

high frequency of homozygous valine variant of COMT polymorphism was found in polysub-

stance abuse [26].
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Therefore, in this study, along with the investigation of the frequency of COMT Val158Met

and DRD4 120bp VNTR polymorphisms in substance abuse, we have also discussed the influ-

ence of these polymorphisms on the age of onset, pattern of drug habit and period of addiction

in Bangladeshi substance abusers. The present study hypothesized that the carrier of the

derived allele of both COMT Val158Met and DRD4 120 tandem duplication polymorphisms

in the dopaminergic system are associated with the risk of substance abuse.

Materials and methods

Subject

This study was carried out with 183 male substance-dependent patients (case) belonging to the

age group of 15–49 years and 175 control male subjects belonging to the same age group. The

patients were recruited from the "Central Drug Addiction Treatment Center" Tejgaon, Dhaka,

where they were under proper treatment and care. The control subjects were recruited from

the Department of Biochemistry and Molecular Biology, University of Dhaka, and two hospi-

tals of Dhaka city while they came for a regular checkup. Eligibility criteria for addicted sub-

jects included age at least 15 years or older; they must be dependent on drugs not less than 1

year with no history of major physical disorders. Healthy volunteers with no history of sub-

stance abuse were recruited as control. All the experiment subjects were male, as we collected

samples from a rehabilitation center where only male addicted subjects were admitted. Fur-

ther, due to social stigma, female addicted subjects do not usually come for treatments in the

rehabilitation centers. All study subjects completed a structured questionnaire by researcher

taking face-to-face interviews covering information on socio-demographic characteristics, e.g.,

age, height, weight, residential, occupational and smoking history, addiction history, addiction

types, and family history of addiction. Written consent was taken from all study subjects, and

in the case of participants under the age of 18, written consent was taken from their legal

guardian. The study was approved by the Institutional Ethical Review Committee

(BMBDU-ERC/EC/18/016) of the Department of Biochemistry and Molecular Biology, Uni-

versity of Dhaka, and conducted following the declaration of Helsinki and its subsequent revi-

sions [27].

Sample collection

Approximately five (5.0) ml of venous blood was collected from each individual with an expert

nurse’s help and transferred into a sterile tube containing ethylenediaminetetraacetic acid

disodium (EDTA-Na2). Blood samples were kept in an ice chamber following collection and

during transportation. The blood samples were stored at –20˚C until used.

DNA extraction and genotyping

Genomic DNA was extracted from lymphocytes of peripheral blood collected in EDTA, using

a standard phenol-chloroform method, followed by ethanol precipitation according to the pro-

tocol used by Bailes et al. [28] and Hosen et al. [29]. The concentration and purity of extracted

DNA were determined by NanoDrop spectrophotometer at 260 and 280 nm. Candidate gene

analysis was carried out by Polymerase Chain Reaction (PCR) method in a DNA thermal

cycler (Applied Biosystem, USA). The PCR reaction was carried out according to the method

described by Hoda et al. [30] and Seaman et al. [20], respectively, for COMT Val 158Met and

DRD4 120bp VNTR polymorphisms. All PCR products were separated by electrophoresis in

an adequate percentage of agarose gel, stained with ethidium bromide, and visualized under

UV light. Figs 1 and 2 represent the COMT and DRD4 gene PCR products.
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Statistical analysis

Data were expressed with a percentage in the categorical variable and with mean ± SEM in

case of calculating numerical data. The analyses were carried out using GraphPad Prism (ver-

sion 7.0). In the case of genotypic analysis, Yates’ continuity corrected- or Pearson’s chi-square

test were performed when observed frequencies were less or more than 25, respectively. The

contingency table was used to compare categorical values to controls, and odd ratios (OR)

from Chi-square were used as a risk measure at 95% confidence intervals (95% CI). Multivari-

ate logistic regression was performed to estimate the risk of demographic characteristics

among the genotypes. As our sampling procedure followed a normal distribution, unpaired t-

test (two-tailed) and one-way ANOVA were performed to analyze the association of age of

onset and period of addiction of substance abuse with different COMT and DRD4 genotypes.

After One-way ANOVA, Tukey’s test for Post-Hoc analysis was also done to compare pairwise

differences. Differences were considered significant with p<0.05.

Results

Baseline characterization of the study population

The baseline characteristics of the substance abused and control subjects are shown in Table 1.

In this study, the majority (79.2%) of drug abusers belong to age above 20 years. Again, a sig-

nificantly higher percentage of drug abusers are less educated (84.7%) and unemployed

(39.9%) compared to the control subjects. Multiple logistic regression showed that in the case

Fig 1. Representative picture of COMT gene PCR products. The presence of 505 bp and 325 bp fragments on lanes 1, 9, 10, 13, 14 indicates the existence of

homozygous Val/Val (G/G) allele, the presence of three fragments of 505 bp, 325 bp and 218 bp on lanes 2, 4, 5, 6, 7, 8, 11, 12 indicates the existence of heterozygous

Val/Met (G/A) allele, while the presence of 505 bp and 218 bp on lanes 3, 15 16 indicates the homozygous Met/Met (A/A) allele. Lane 1 indicates a 100 bp DNA ladder

(Thermo Fisher Scientific, Invitrogen DNA ladder 15628019).

https://doi.org/10.1371/journal.pone.0246462.g001
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of COMT polymorphism, the graduate and employed subjects are less likely to be addicted

than the secondary educated and unemployed subjects.

The mean body mass index (BMI) values were 20.6±0.3 (kg/m2) and 24.8±0.4 (kg/m2) in

drug-addicted and control subjects respectively. After multiple logistic regression, it was found

that BMI showed a significant association, which reveals that for 1 unit increase in BMI, there

will be 18% less chance to be addicted. In the case of smoking status, drug-addicted subjects

were 100% smoker than 34.9% in control subjects.

Behavioral and clinical characteristics of substance abused subject

As shown in Table 2, the behavioral pattern of drug abusers indicated that the highest percent-

age of abusers take drugs through smoking (39.8%), most of them were polysubstance abusers

(43.2%) with a moderate magnitude of intake (58.0%), peer pressure is the main reason of

addiction among abusers (48.9%), a minimum percentage of the abusers showed relapse

behavior (9.5%) and suicidal attempt (5.9%).

Association analysis of COMT Val158Met and DRD4 120bp VNTR

polymorphism

The genotype frequencies for the COMT Val158Met and DRD4 120bp VNTR polymorphism

in the substance abused and control subjects are shown in Table 3. A significant difference was

found in genotype frequencies of COMT Val158Met, but no significant difference was found

Fig 2. Representative picture of DRD4 gene PCR products. The presence of both 549 bp and 429 bp fragments on lanes 3, 5, 6, 9, 12, 14, 16 indicates the existence of

heterozygous 120 bp/240 bp allele, the presence of only 549 bp fragment on lanes 1, 2, 7, 10, 11, 15 indicates the existence of homozygous 240 bp/240 bp allele, while the

presence of only 429 bp on lanes 4, 8, 13 indicates the homozygous 120 bp/120 bp allele. Lane 17 indicates a 100 bp DNA ladder.

https://doi.org/10.1371/journal.pone.0246462.g002
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in allele frequencies (OR = 1.29, 95% CI = 0.959–1.752) compared to the control group. Here,

heterozygous mutant Val/Met genotype containing group has 1.66 (OR = 1.66, 95%

CI = 1.044–2.658) times higher risk of substance abuse than the control subjects. Likewise, in

DRD4 120 bp VNTR polymorphism, there were significant differences in genotype frequen-

cies between substance abusers and controls, but no significant difference was found in allele

frequencies (OR = 0.81, 95% CI = 0.593–1.110). Both heterozygous (120bp/240bp) (OR = 0.37,

95% CI = 0.172–0.826) and homozygous (240 bp/240 bp) (OR = 0.43, 95% CI = 0.193–0.937)

derived variants were found to show protective role for substance abuse compared to the con-

trol subjects which was statistically significant.

Further, all the addicted subjects were categorized into three groups- methamphetamine,

heroin, and cannabis abusers to analyze whether this COMT and DRD4 polymorphisms have

an association with any specific drug. Here, in case of categorizing the substance abused sub-

jects into a particular group, they were divided according to their drug-taking habit (Table 4).

To be more specific, if an individual has taken a specific drug (e.g., methamphetamine) regu-

larly and more frequently for more than two years recently, he was categorized as this specific

drug abuser (e.g., methamphetamine abuser). Surprisingly, it was found that COMT polymor-

phism has a significant influence on the only methamphetamine abused subjects who carried

heterozygous derived variants (p<0.05). In the case of DRD4 polymorphism, it was found that

both the heterozygous (120bp/240bp) and homozygous(240bp/240bp) derived variants have

less risk to become cannabis abusers which was statistically significant (p<0.01).

Frequency distribution of COMT and DRD4 polymorphism according to

the age of onset for substance abuse

In this study, among the substance abused subjects the earliest age of onset taking drugs was at

10 years old, and the oldest was 44 years old. These subjects started abusing drugs mostly at an

early age of adulthood (19.3±0.5 years, mean±SEM). In the case of the COMT Val158Met

Table 1. Baseline characteristics of the study subject.

Variable Substance Abuser (n = 183) Control (n = 175) p-value

Age (Year)† 28.3±0.6 28.6±0.8 ns

� 20 38 (20.8) 23 (13.1)

> 20 145 (79.2) 152 (86.9) ns

Education Status

Secondary 155 (84.7) 67 (38.3) <0.001

Graduation 28 (15.3) 108 (61.7)

Employment Status

Employed 110 (60.1) 146 (83.4) <0.001

Unemployed 73 (39.9) 29 (16.6)

Blood Pressure (mm Hg)†

Systolic 110.6±1.8 114.0±1.1 ns

Diastolic 73.4±1.4 77.3±0.7 ns

BMI (kg/m2)† 20.6±0.3 24.8±0.4 <0.001

Smoking Status

Smoker 183 (100) 61 (34.9) <0.001

Non-Smoker 0 (0) 114 (65.1)

Results expressed as number (percentage)
†Mean±SEM; BMI: Body Mass Index; p<0.05 was considered as the level of significance; ns: not significant.

https://doi.org/10.1371/journal.pone.0246462.t001
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polymorphism, no significant difference (p>0.05) was found in the age of onset among the

three different genotypic groups (Table 5). On the other hand, the onset age was significantly

different among the three genotypic groups (p<0.05) of DRD4 120 bp tandem duplication.

Where 120 bp/120 bp carriers started using the drug at an earlier age compared to 120 bp/240

bp and 240 bp/240 bp carriers (Table 5). To compare pairwise differences among the age of

onset of three different genotypic groups of DRD4 polymorphism, after post-hoc analysis the

homozygous 120 bp/120 bp carriers have significantly (p<0.01) lower age of onset compared

to 240 bp/240 bp carriers, and the mean difference was -4.431.

Further, all the addicted subjects were categorized into three groups- methamphetamine,

heroin, and cannabis abusers to analyze whether these COMT and DRD4 polymorphisms can

have any influence on the age of onset of individual substance abusers. However, no significant

difference was found in the age of onset among three different genotypic groups of any specific

substance abusers (S2 Table).

Table 2. Behavioral and clinical characteristics of substance abused subject.

1 2 3 4 5 Missing Values

Route of Administration 70 (39.8) 36 (20.5) 12 (6.8) 9 (5.1) 49 (27.8) 7 1. Smoke

2. Swallow

3. Snort

4. Injection

5. Multiple

Pattern of Addiction 42 (23.8) 58 (33.0) 76 (43.2) 7 1. Single

2. Double

3. Multiple

Type of Drug Dependence 38 (21.6) 46 (26.1) 23 (13.1) 13 (7.4) 56 (31.8) 7 1. Methamphetamine�

2. Cannabis�

3. Heroin�

4. Others§

5. Multiple†

Cause of Addiction 87 (48.9) 39 (21.9) 12 (6.7) 33 (18.5) 7 (3.9) 5 1. Peer Influence

2. Interest

3. Family Problem

4. Depression

5. Multiple and Others

Relapse Behavior 16 (9.5) 153 (90.5) 14 1. Yes

2. No

Suicidal attempt/Psychosis/Depression 9 (5.9) 15 (9.8) 10 (6.5) 10 (6.5) 109 (71.2) 30 1. Suicidal Attempt

2. Depression

3. Depression and Suicidal Attempt

4. Psychosis

5. Nothing

Magnitude of Administration 59 (33.5) 102 (58) 15 (8.5) 7 1. Intense

2. Moderate

3. Mild

Results expressed as number (percentage)

� = Severely intake of only Methamphetamine/Cannabis/Heroin along with or without other drugs

Others§ = Intake of other abusing substances (Alcohol/Fencidil/Sedatives) other than Methamphetamine/Cannabis/Heroin

Multiple† = Multiple drugs are taken almost equally at the same time.

https://doi.org/10.1371/journal.pone.0246462.t002
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Again, because of the narrow age range in mean±SEM of the age of onset among different

genotypic groups (according to Table 5), a breakdown of onset ages of abuse was done. Here

the onset age range was divided into two categories:�20 and>20, and then association

among different genotypic groups of COMT and DRD4 polymorphism was analyzed. How-

ever, no significant difference was found among different genotypic groups (S4 Table).

Table 3. Genotype and allele distribution of COMT and DRD4 genes polymorphisms in substance abuser and control.

Gene Genotype and Allele n (%) OR (95% CI) p-value

Substance Abuser (n = 183) Control (n = 175)

COMT Val158Met Val/Val 62 (33.9) 78 (44.6) 1.0 (Ref.)

Val/Met 79 (43.2) 60 (34.3) 1.66 (1.044–2.658) <0.05

Met/Met 42 (22.9) 37 (21.1) 1.43 (0.819–2.518) ns

Val (G) 203 (55.5) 216 (61.7) 1.0 (Ref.)

Met (A) 163 (44.5) 134 (38.3) 1.29 (0.959–1.752) ns

DRD4 120bp VNTR 120 bp/120 bp 26 (14.2) 11 (6.3) 1.0 (Ref.)

120 bp/240 bp 71 (38.8) 80 (45.7) 0.37 (0.172–0.826) <0.05

240 bp/240 bp 86 (47.0) 84 (48.0) 0.43 (0.193–0.937) <0.05

120 bp 123 (33.6) 102 (29.1) 1.0 (Ref.)

240 bp 243 (66.4) 248 (70.9) 0.81 (0.593–1.110) ns

Chi-square tests were performed to calculate statistical significance. p< 0.05 was considered as a level of significance; OR: Odds ratio; CI: Confidence Interval; ns: not

significant.

https://doi.org/10.1371/journal.pone.0246462.t003

Table 4. Association of genetic polymorphism of COMT and DRD4 genes with a risk of specific drug dependence.

Type of Dependence

Genotype n (%)

OR (95% CI) p-valueSubstance Abuser (n = 183) Control (n = 175)

Methamphetamine (n = 78) COMT

Val/Val 25 (32.1) 78 (44.6) 1.0 (Ref.)

Val/Met 39 (50.0) 60 (34.3) 2.02 (1.109–3.670) <0.05

Met/Met 14 (17.9) 37 (21.1) 1.18 (0.569–2.449) ns

Heroin (n = 45) Val/Val 16 (35.5) 78 (44.6) 1.0 (Ref.) ns

Val/Met 21 (46.7) 60 (34.3) 1.71 (0.797–3.565)

Met/Met 8 (17.8) 37 (21.1) 1.05 (0.419–2.742) ns

Cannabis (n = 88) Val/Val 32 (36.4) 78 (44.6) 1.0 (Ref.) ns

Val/Met 34 (38.6) 60 (34.3) 1.38 (0.768–3.502)

Met/Met 22 (25.0) 37 (21.1) 1.45 (0.750–2.764) ns

Methamphetamine (n = 78) DRD4

120bp/120bp 7 (9.0) 11 (6.3) 1.0 (Ref.)

120bp/240bp 30 (38.5) 80 (45.7) 0.59 (0.222–1.546) ns

240bp/240bp 41 (52.5) 84 (48.0) 0.77 (0.268–1.994) ns

Heroin (n = 45) 120bp/120bp 5 (11.1) 11 (6.3) 1.0 (Ref.) ns

120bp/240bp 18 (40.0) 80 (45.7) 0.50 (0.156–1.436)

240bp/240bp 22 (48.9) 84 (48.0) 0.58 (0.189–1.628) ns

Cannabis (n = 88) 120bp/120bp 18 (20.4) 11 (6.3) 1.0 (Ref.) <0.01

120bp/240bp 32 (36.4) 80 (45.7) 0.24 (0.107–0.558)

240bp/240bp 38 (43.2) 84 (48.0) 0.28 (0.124–0.616) <0.01

Chi-square tests were performed to calculate statistical significance. p< 0.05 was considered as a level of significance; OR: Odds ratio; CI: Confidence Interval; ns: not

significant.

https://doi.org/10.1371/journal.pone.0246462.t004
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Effect of COMT and DRD4 gene polymorphism on the pattern of drug

habit

To analyze the effect of COMT and DRD4 polymorphism on the pattern of drug habit, the

substance abused subjects were divided into two groups: subjects abused with 1–2 drugs and

subjects abused with more than two (>2) drugs. According to Table 6, individuals carrying

Val/Val variant are significantly more susceptible to more than two drugs compared to indi-

viduals carrying Val/Met variant (OR = 0.40; 95% CI = 0.206–0.804; p<0.05). But no signifi-

cant difference was observed in genetic distribution between Val/Val and Met/Met variant

containing groups. On the other hand, the genotypic distribution of DRD4 120bp polymor-

phism showed no significant influence on the pattern of drug habit.

Relationship of the period of addiction with the type of drug used

To analyze the influence of methamphetamine, cannabis, and heroin individually on the

period of addiction of substance abusers, they were categorized into two groups for each type

of drug: Methamphetamine abusers and No-methamphetamine abusers; Cannabis abusers

and No-Cannabis abusers; Heroin abusers and No-heroin abusers. As shown in Table 7, the

period of addiction of no-methamphetamine abusers (10.2±0.7 years) was significantly

(p<0.01) higher than the period of addiction of methamphetamine users (7.3±0.6 years).

However, no significant influence of cannabis abuse was found in the period of addiction.

Interestingly, the period of addiction to heroin abused group (11.62±1.01 years) was higher

than the no-heroin abused group (8.01±0.5 years), which was statistically significant (p<0.01).

Association of COMT and DRD4 polymorphism with a period of drug

addiction of heroin abused subject

As the heroin abused patients were found to have a significantly higher period of addiction,

the relationship in COMT and DRD4 gene polymorphism with the period of addiction of her-

oin abused subjects were analyzed. According to Table 8, the addiction period was significantly

different among the three genotypic groups (p<0.001) of COMT Val158Met polymorphism.

The Met/Met carriers had a longer addiction period to both Val/Val and Val/Met carriers. On

the other hand, there was no significant variation in the period of addiction among the three

different genotypic groups of DRD4 120 bp tandem duplication. However, no significant asso-

ciation of polymorphisms with the addiction period was found for both methamphetamine

and cannabis abused subjects (S3 Table).

Table 5. Association of genetic polymorphisms of COMT and DRD4 genes with the age of onset of substance

abuse.

Genotype n Age of Onset (years) p-value

COMT Val158Met Val/Val 62 18.9±0.9 ns

Val/Met 74 20.2±0.8

Met/Met 42 18.5±0.9

DRD4 120bp VNTR 120 bp/120 bp 25 16.0±0.5 <0.05

120 bp/240 bp 68 19.1±0.8

240 bp/240 bp 85 20.5±0.8

Results were expressed as mean±SEM; Mean age of onset for drug addiction was compared using Analysis of

Variance (ANOVA); p<0.05 was considered as a level of significance; ns: not significant.

https://doi.org/10.1371/journal.pone.0246462.t005
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Discussion

In Bangladesh, the effects of drug-related problems are gradually increasing from a social, eco-

nomic, and medical perspective. Although research on drug abuse has been carried out glob-

ally, there is no information available on population genetics of COMT and DRD4 genetic

variants for the substance abused in Bangladesh. Therefore, the present study is carried out to

investigate the association of genetic polymorphism of COMT and DRD4 as a biomarker for

increased risk of substance abuse in Bangladesh. Our result indicated these polymorphisms

have a significant association with substance abuse and the age of onset, the pattern of drug

habit, and period of addiction. According to the socio-demographic characteristics, a signifi-

cantly higher percentage of addicted patients were less educated and unemployed compared to

the control subjects (Table 1). Multiple logistic regression showed that unemployed, secondary

educated, and low BMI containing subjects have a significantly higher tendency to be addicted

than employed, graduate, and high BMI containing subjects. Therefore, according to our

study, this lack of education, unemployment may have influence on the addictive status, and

the studies of Hasam and Mushahid [31] and Islam et al. [32] also reported a higher percentage

of unemployed abusers. Several studies suggest that peer influence and interest in a new expe-

rience are the main reasons behind addiction [33,34].

In contrast, our research suggests that maximum addicted subjects started taking drug due

to peer influence (Table 2). Relapse behavior in substance abuse can be defined as returning to

a state of addiction after a period of remission and treatment [35]. Although only 9.5% abusers

showed relapse behavior, the rest of the abusers may also tend to show relapse behavior in the

future (Table 2).

Table 6. Association of genetic polymorphisms of COMT and DRD4 genes with the pattern of drug habit.

Gene Genotype Pattern of Drug Habit OR (95% CI) p-value

1–2 (n = 100) >2 (n = 76)

COMT Val158Met Val/Val 29 (29.0) 33 (43.4) 1.0 (Ref.)

Val/Met 50 (50.0) 23 (30.3) 0.40 (0.206–0.804) <0.05

Met/Met 21 (21.0) 20 (26.3) 0.83 (0.366–1.891) ns

DRD4 120bp VNTR 120 bp/120 bp 16 (16.0) 8 (10.5) 1.0 (Ref.)

120 bp/240 bp 39 (39.0) 29 (38.2) 1.48 (0.584–4.009) ns

240 bp/240 bp 45 (45.0) 39 (51.3) 1.51 (0.597–4.026) ns

Chi-square tests were performed to calculate statistical significance. p< 0.05 was considered as a level of significance; OR: Odds ratio; CI: Confidence Interval; ns: not

significant.

https://doi.org/10.1371/journal.pone.0246462.t006

Table 7. Relationship of type of drug used with period of addiction.

Type of Drug Abused n Period of Addiction (years) p-value

Methamphetamine 78 7.3±0.6 <0.01

No-Methamphetamine 98 10.2±0.7

Cannabis 88 9.4±0.6 ns

No-Cannabis 88 8.5±0.7

Heroin 45 11.6±1.0 <0.01

No-Heroin 131 8.0±0.5

Results were expressed as mean±SEM; Unpaired t-test was performed and p<0.05 was considered as a level of significance; ns: not significant.

https://doi.org/10.1371/journal.pone.0246462.t007
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In this study, a significant relationship was found between the heterozygous genotype of

COMT polymorphism and substance abuse (Table 3). Substance abuse subjects with COMT

heterozygous mutant variants (Val/Met) showed a 1.66-fold increased risk of substance abuse

compared to the control. According to the previous studies of COMT polymorphism and sub-

stance abuse in the different ethnic groups, the association of genetic variants of COMT

Val158Met polymorphism was found in Turkish cannabis abusers [36], Taiwanese metham-

phetamine abusers [37], and Israeli Heroin abusers [38]. Therefore, the association of hetero-

zygous mutant variants in our population suggests that this polymorphism may alter the

ability of COMT enzyme to metabolize dopamine, and vulnerability to drugs is likely due to

this altered enzyme activity. On the other hand, the homozygous mutant variant has no signifi-

cant influence on the risk of substance abuse (Table 3), which is in agreement with the study of

Oosterhuis et al. [39] as they found no association of the Met variant with Hispanic male her-

oin addicts.

Different studies previously reported genetic variants in the upstream DRD4 region with

various neurobehavioral disorders such as novelty seeking, schizophrenia, attention-deficit/

hyperactivity disorder, and substance abuse [21]. In our study, a significant relationship was

found between both the derived genotype of DRD4 tandem duplication and risk for substance

abuse where according to the odds ratio, both heterozygous (120bp/240bp) (OR = 0.37, 95%

CI = 0.172–0.826) and homozygous (240 bp/240 bp) (OR = 0.43, 95% CI = 0.193–0.937)

derived variants showed association with decreased risk of substance abuse (Table 3). It was

also found that the longer allele (240bp/240bp) is found to be the most common in our popula-

tion (both control and substance abused), which is consistent with other studies [4,40]. There-

fore, our study suggests the longer allele (240bp/240bp) of the tandem duplication played a

protective role in substance abuse, and according to a previous study by Kereszturi et al. the

shorter allele (120bp/120bp) is found to be the risk allele in novelty seeking and other neuro-

psychiatric behavior [19]. These phenomena can be described by the fact that this tandem

duplication in the upstream of initiation codon is the binding site of different transcriptional

factors and this longer allele with a genetic tendency of lower transcriptional activity [41]. As a

result, lower expression of DRD4 receptor may lead to decreased binding capacity of dopa-

mine-to-dopamine receptor along with the additive effect of haplotype variations in the DRD4

promoter region may be related to the less risk of susceptibility to different neuropsychiatric

disorders and substance abuse.

In Table 4, after categorizing the addicted subjects into three groups- methamphetamine,

heroin, and cannabis abusers, we have found that genetic polymorphism may significantly

affect a specific kind of drug abusers. In the case of COMT polymorphism, the methamphet-

amine abusers containing heterozygous Val/Met variant showed a significant association with

Table 8. Association of the genetic polymorphisms of COMT and DRD4 genes with a period of drug addiction to heroin abused subjects.

Gene Genotype n Period of Addiction (year) p-value

COMT Val158Met Val/Val 16 9.6±1.4 <0.001

Val/Met 21 10.1±1.3

Met/Met 8 19.8±1.4

DRD4 120bp VNTR 120 bp/120 bp 5 15.2±2.5 ns

120 bp/240 bp 18 9.1±1.3

240 bp/240 bp 22 12.9±1.6

Results were expressed as mean±SEM; Mean for drug addiction was compared using Analysis of Variance (ANOVA); p<0.05 was considered as a level of significance;

ns: not significant.

https://doi.org/10.1371/journal.pone.0246462.t008
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substance abuse compared to the control subjects. However, this polymorphism showed no

association with heroin and cannabis abusers. As both high and low activity of COMT may

have an adverse effect on reward processing, the association of COMT polymorphism with

substance abuse is not likely a simple theory to describe [13]. It has been reported that the het-

erozygous Val/Met COMT encodes an enzyme with lower activity compared to the homozy-

gous Val/Val genotype [9,13]. Low COMT enzyme activity is associated with high endogenous

dopamine levels in the prefrontal cortex, leading to decreased dopaminergic neurotransmis-

sion in nucleus accumbens [42], and methamphetamine can induce dopamine release in

nucleus accumbens [43]. This phenomenon is likely to be the reason behind the association of

methamphetamine abuse with COMT polymorphism. Previously, no association was found

between COMT Val158Met polymorphism and heroin or cannabis abuse from a meta-analysis

study [13], but some studies found an association between this polymorphism and metham-

phetamine abuse [4,37].

In the DRD4 polymorphism case, only the cannabis abusers showed significant association

with both heterozygous (OR = 0.24, 95% CI = 0.107–0.558) and homozygous (OR = 0.28, 95%

CI = 0.124–0.616) derived variants where according to the odds ratio, the derived variants

played a protective role. As cannabis may contribute to a decrease in the binding capacity of

dopamine to dopamine receptors [44,45], the higher transcriptional activity of the shorter

allele may lead to increased dopamine response by increasing dopamine receptors. Therefore,

lower activity of longer allele (240bp/240bp) of this DRD4 polymorphism may contribute to

the protective role in decreasing dopamine response of cannabis abusers.

Several studies reported the genotypic influence of substance abuse on the age of onset

[23,46]. In our study, no significant difference was found on the age of onset for substance

abuse among the three genotypic groups of COMT Val158Met polymorphism. A significant

difference was found among the three different genotypic groups of DRD4 120 bp tandem

duplication (Table 5). This study suggests the shorter allele (120 bp/120 bp) may be a risk fac-

tor for early-onset substance dependence. However, other substantial factors are associated

with the onset age of substance abuse, such as family problems, socioeconomic class, depres-

sion, peer influence, and substance accessibility. Furthermore, many other SNPs across the

DRD4 5’ flanking region (promoter) may also effect the functions of DRD4, and even the

onset ages of substance abuse [23].

In this study, we also found that the pattern of drug habit was associated with COMT

Val158Met polymorphism (Table 6). Although the homozygous Met/Met variant showed no

effect on the pattern of drug habit, individuals with homozygous Val/Val variant were signifi-

cantly more prone to more than two drugs compared to individuals with heterozygous Val/

Met variant (OR = 0.40; 95% CI = 0.206–0.804; p<0.05), which is inconsistent with the study

of Vandenbergh et al. [26]. However, according to Table 6, no significant influence of the

DRD4 heterozygote (120 bp/240 bp) allele and longer allele (240 bp/240 bp) wase observed on

single or multi-drug taking behavior.

The duration of addiction is significant for the treatment of substance abused subjects. A

longer addiction period was associated with an earlier onset age of addiction and relapse

behavior and mental depression [47]. In this study, we have analyzed whether addiction to any

specific drug is associated with a more extended period of addiction and found that heroin

addicts had a significantly more extended period of addiction (Table 7). Opioid addiction can

cause frequent relapse [48], and after opioid addiction, the brain functions abnormally without

the presence of this drug [49]. This may be the reason behind the longer duration of addiction

of heroin abusers.

Additional studies of the association of COMT Val158Met and DRD4 120bp VNTR poly-

morphism with heroin and other addictions were done to confirm and extend our findings. It
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was found that the Met/Met variant containing heroin addicts had a longer addiction duration

than Val/Val and Val/Met variants of COMT polymorphism (Table 8). Long term substance

abuse results in reducing the number of dopamine receptors and decreased dopamine function

and dopamine release in addicted subjects [50]. According to our study, the association of

lower activity of COMT enzyme of Met/Met containing variants and consequently higher

dopamine with more extended addiction is likely due to the decreased dopamine release and

sensitivity after long-term addiction.

There are some limitations to this study. A self-reported questionnaire assessed drug-

induced behavioral traits. The recall bias might have been undoubtedly involved when the data

was collected based on the recall of subjective responses that occurred in a distant past. Again,

our study population had a relatively small sample size from one center and consisted of only

the Bangladeshi male race. In summary, while this study has some restrictions, it is the first

research in which the relationship between COMT Val158Met and DRD4 120bp VNTR vari-

ant and substance abuse in the Bangladeshi population were analyzed. Although the results

were significant, this was a preliminary evaluation, and studies in larger samples are needed to

confirm these promising results.

In future research more association studies with more candidate genes involving a larger

sample size and more variables, such as gene-gene interactions and interaction between gene

and environment, are required to generate a comprehensive understanding of the actual

genetic association and underlying mechanism of substance abuse. Further research is also

required to prospectively evaluate the role of genetic variants in the development of clinical

manifestations of substance abuse, which may contribute to the rational therapeutic treatment.

In conclusion, the present study has demonstrated a significant association of COMT het-

erozygous variant polymorphism (Val/Met) as well as both homozygous and heterozygous var-

iants of DRD4 120 bp tandem duplication with risk of substance abuse among the Bangladeshi

population.
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3. Camı́ J, Farré M. Drug Addiction. N Engl J Med [Internet]. 2003 Sep 4; 349(10):975–986. https://doi.org/

10.1056/NEJMra023160 PMID: 12954747

4. Li T, Chen C, Hu X, Ball D, Lin S-K, Chen W, et al. Association analysis of the DRD4 and COMT genes

in methamphetamine abuse. Am J Med Genet B Neuropsychiatr Genet. 2004 Aug 15; 129B(1):120–

124. https://doi.org/10.1002/ajmg.b.30024 PMID: 15274053

5. NIDA. Understanding Drug Use and Addiction, National Institute on Drug Abuse. 2018. Available from:

https://www.drugabuse.gov/publications/drugfacts/understanding-drug-use-addiction.

6. Herman MA, Roberto M. The addicted brain: understanding the neurophysiological mechanisms of

addictive disorders. Front Integr Neurosci. 2015 Mar 19; 9:18. https://doi.org/10.3389/fnint.2015.00018

PMID: 25852502

7. Koob GF, Volkow ND. Neurocircuitry of Addiction. Neuropsychopharmacology. 2010 Jan 26; 35

(1):217–238. https://doi.org/10.1038/npp.2009.110 PMID: 19710631

8. Ducci F, Goldman D. The genetic basis of addictive disorders. Psychiatr Clin North Am. 2012 Jun; 35

(2):495–519. https://doi.org/10.1016/j.psc.2012.03.010 PMID: 22640768

9. Ribeiro C, Curto J, Areias G, Belo A, Balhau J, Almeida JR, et al. Association of p.Val158Met COMT

polymorphism with paranoid ideation in drug addicts. Int J Clin Neurosci Ment Heal. 2017 Nov 15;( 4

(Suppl. 3)):S12.

10. Goldstein RZ, Volkow ND. Drug addiction and its underlying neurobiological basis: neuroimaging evi-

dence for the involvement of the frontal cortex. Am J Psychiatry. 2002 Oct; 159(10):1642–1652. https://

doi.org/10.1176/appi.ajp.159.10.1642 PMID: 12359667

11. Volkow ND, Fowler JS, Wang G-J, Goldstein RZ. Role of dopamine, the frontal cortex, and memory cir-

cuits in drug addiction: insight from imaging studies. Neurobiol Learn Mem. 2002 Nov; 78(3):610–624.

https://doi.org/10.1006/nlme.2002.4099 PMID: 12559839

12. Craddock N, Owen MJ, O’Donovan MC. The catechol-O-methyl transferase (COMT) gene as a candi-

date for psychiatric phenotypes: Evidence and lessons. Vol. 11, Molecular Psychiatry. Nature Publish-

ing Group; 2006. p. 446–458. https://doi.org/10.1038/sj.mp.4001808 PMID: 16505837

13. Tunbridge EM, Huber A, Farrell SM, Stumpenhorst K, Harrison PJ, Walton ME. The role of catechol-O-

methyltransferase in reward processing and addiction. CNS Neurol Disord Drug Targets. 2012 May; 11

(3):306–323. https://doi.org/10.2174/187152712800672409 PMID: 22483300

PLOS ONE COMT and DRD4 polymorphisms in substance abuse

PLOS ONE | https://doi.org/10.1371/journal.pone.0246462 February 5, 2021 14 / 16

https://doi.org/10.1056/NEJMra023160
https://doi.org/10.1056/NEJMra023160
http://www.ncbi.nlm.nih.gov/pubmed/12954747
https://doi.org/10.1002/ajmg.b.30024
http://www.ncbi.nlm.nih.gov/pubmed/15274053
https://www.drugabuse.gov/publications/drugfacts/understanding-drug-use-addiction
https://doi.org/10.3389/fnint.2015.00018
http://www.ncbi.nlm.nih.gov/pubmed/25852502
https://doi.org/10.1038/npp.2009.110
http://www.ncbi.nlm.nih.gov/pubmed/19710631
https://doi.org/10.1016/j.psc.2012.03.010
http://www.ncbi.nlm.nih.gov/pubmed/22640768
https://doi.org/10.1176/appi.ajp.159.10.1642
https://doi.org/10.1176/appi.ajp.159.10.1642
http://www.ncbi.nlm.nih.gov/pubmed/12359667
https://doi.org/10.1006/nlme.2002.4099
http://www.ncbi.nlm.nih.gov/pubmed/12559839
https://doi.org/10.1038/sj.mp.4001808
http://www.ncbi.nlm.nih.gov/pubmed/16505837
https://doi.org/10.2174/187152712800672409
http://www.ncbi.nlm.nih.gov/pubmed/22483300
https://doi.org/10.1371/journal.pone.0246462


14. Chen J, Lipska BK, Halim N, Ma QD, Matsumoto M, Melhem S, et al. Functional Analysis of Genetic

Variation in Catechol-O-Methyltransferase (COMT): Effects on mRNA, Protein, and Enzyme Activity in

Postmortem Human Brain. Am J Hum Genet. 2004 Nov; 75(5):807–821. https://doi.org/10.1086/

425589 PMID: 15457404

15. Lohoff FW, Weller AE, Bloch PJ, Nall AH, Ferraro TN, Kampman KM, et al. Association between the

catechol-O-methyltransferase Val158Met polymorphism and cocaine dependence. Neuropsychophar-

macology. 2008 Dec; 33(13):3078–3084. https://doi.org/10.1038/npp.2008.126 PMID: 18704099

16. Szilagyi A, Boór K, Székely A, Gaszner P, Kalász H, Sasvári-Székely M, et al. Combined effect of pro-

moter polymorphisms in the dopamine D4 receptor and the serotonin transporter genes in heroin

dependence. Neuropsychopharmacol Hung. 2005 Mar 1; 7(1):28–33. PMID: 16167465

17. Chien CC, Lin CH, Chang YY, Lung FW. Association of VNTR polymorphisms in the MAOA promoter

and DRD4 exon 3 with heroin dependence in male Chinese addicts. World J Biol Psychiatry. 2010 Mar

10; 11(2–2):409–416. https://doi.org/10.3109/15622970903304459 PMID: 20218801

18. Oak JN, Oldenhof J, Van Tol HH. The dopamine D(4) receptor: one decade of research. Eur J Pharma-

col. 2000 Sep 29; 405(1–3):303–327. https://doi.org/10.1016/s0014-2999(00)00562-8 PMID:

11033337

19. Kereszturi E, Kiraly O, Csapo Z, Tarnok Z, Gadoros J, Sasvari-Szekely M, et al. Association between

the 120-bp duplication of the dopamine D4 receptor gene and attention deficit hyperactivity disorder:

Genetic and molecular analyses. Am J Med Genet Part B Neuropsychiatr Genet. 2007 Mar 5; 144

(2):231–236. https://doi.org/10.1002/ajmg.b.30444 PMID: 17171658

20. Seaman MI, Fisher JB, Chang F, Kidd KK. Tandem duplication polymorphism upstream of the dopa-

mine D4 receptor gene (DRD4). Am J Med Genet. 1999 Dec 15; 88(6):705–709. https://doi.org/10.

1002/(sici)1096-8628(19991215)88:6<705::aid-ajmg22>3.0.co;2-f PMID: 10581493

21. D’Souza UM, Russ C, Tahir E, Mill J, McGuffin P, Asherson PJ, et al. Functional effects of a tandem

duplication polymorphism in the 50flanking region of the DRD4 gene. Biol Psychiatry. 2004 Nov; 56

(9):691–697. https://doi.org/10.1016/j.biopsych.2004.08.008 PMID: 15522254

22. Grant BF, Dawson DA. Age of onset of drug use and its association with DSM-IV drug abuse and

dependence: results from the National Longitudinal Alcohol Epidemiologic Survey. J Subst Abuse.

1998; 10(2):163–173. https://doi.org/10.1016/s0899-3289(99)80131-x PMID: 9854701

23. Hou H, Qing Z, Jia S, Zhang X, Hu S, Hu J. Influence of brain-derived neurotrophic factor (Val66Met)

genetic polymorphism on the ages of onset for heroin abuse in males. Brain Res. 2010 Sep; 1353:245–

8. https://doi.org/10.1016/j.brainres.2010.07.022 PMID: 20655300

24. Cheng CY, Hong CJ, Yu YWY, Chen TJ, Wu HC, Tsai SJ. Brain-derived neurotrophic factor (Val66Met)

genetic polymorphism is associated with substance abuse in males. Mol Brain Res. 2005 Oct; 140(1–

2):86–90. https://doi.org/10.1016/j.molbrainres.2005.07.008 PMID: 16109452

25. Smith SS, O’Hara BF, Persico AM, Gorelick DA, Newlin DB, Vlahov D, et al. Genetic vulnerability to

drug abuse. The D2 dopamine receptor Taq I B1 restriction fragment length polymorphism appears

more frequently in polysubstance abusers. Arch Gen Psychiatry. 1992 Sep; 49(9):723–727. https://doi.

org/10.1001/archpsyc.1992.01820090051009 PMID: 1355337

26. Vandenbergh DJ, Rodriguez LA, Miller IT, Uhl GR, Lachman HM. High-activity catechol-O-methyltrans-

ferase allele is more prevalent in polysubstance abusers. Am J Med Genet. 1997 Jul 25; 74(4):439–

442. PMID: 9259381

27. World Medical Association declaration of Helsinki: Ethical principles for medical research involving

human subjects. Vol. 310, JAMA—Journal of the American Medical Association. American Medical

Association; 2013. p. 2191–2194.

28. Bailes SM, Devers JJ, Kirby JD, Rhoads DD. An Inexpensive, Simple Protocol for DNA Isolation from

Blood for High-Throughput Genotyping by Polymerase Chain Reaction or Restriction Endonuclease

Digestion. Poult Sci. 2007 Jan 1; 86(1):102–106. https://doi.org/10.1093/ps/86.1.102 PMID: 17179422

29. Hosen MB, Islam J, Salam MA, Islam MF, Hawlader MZH, Kabir Y. N-acetyltransferase 2 gene poly-

morphism as a biomarker for susceptibility to bladder cancer in Bangladeshi population. Asia Pac J Clin

Oncol. 2015; 11(1):78–84. https://doi.org/10.1111/ajco.12291 PMID: 25376209

30. Hoda F, Nicholl D, Bennett P, Arranz M, Aitchison KJ, Al-Chalabi A, et al. No Association between Par-

kinson’s Disease and Low-Activity Alleles of CatecholO-Methyltransferase. Biochem Biophys Res

Commun. 1996 Nov 21; 228(3):780–784. https://doi.org/10.1006/bbrc.1996.1731 PMID: 8941353

31. Hasam MA, Mushahid M. Drug Addiction in Urban Life of Bangladesh: A Sociological Study for Explor-

ing the Causes. Asia Pacific J Multidiscip Res. 2017; 5(52):1–11.

32. Islam SMS, Biswas T, Bhuiyan FA, Islam MS, Rahman MM, Nessa H. Injecting Drug Users and Their

Health Seeking Behavior: A Cross-Sectional Study in Dhaka, Bangladesh. J Addict. 2015; 2015:1–8.

https://doi.org/10.1155/2015/756579 PMID: 25692067

PLOS ONE COMT and DRD4 polymorphisms in substance abuse

PLOS ONE | https://doi.org/10.1371/journal.pone.0246462 February 5, 2021 15 / 16

https://doi.org/10.1086/425589
https://doi.org/10.1086/425589
http://www.ncbi.nlm.nih.gov/pubmed/15457404
https://doi.org/10.1038/npp.2008.126
http://www.ncbi.nlm.nih.gov/pubmed/18704099
http://www.ncbi.nlm.nih.gov/pubmed/16167465
https://doi.org/10.3109/15622970903304459
http://www.ncbi.nlm.nih.gov/pubmed/20218801
https://doi.org/10.1016/s0014-2999%2800%2900562-8
http://www.ncbi.nlm.nih.gov/pubmed/11033337
https://doi.org/10.1002/ajmg.b.30444
http://www.ncbi.nlm.nih.gov/pubmed/17171658
https://doi.org/10.1002/%28sici%291096-8628%2819991215%2988%3A6%26lt%3B705%3A%3Aaid-ajmg22%26gt%3B3.0.co%3B2-f
https://doi.org/10.1002/%28sici%291096-8628%2819991215%2988%3A6%26lt%3B705%3A%3Aaid-ajmg22%26gt%3B3.0.co%3B2-f
http://www.ncbi.nlm.nih.gov/pubmed/10581493
https://doi.org/10.1016/j.biopsych.2004.08.008
http://www.ncbi.nlm.nih.gov/pubmed/15522254
https://doi.org/10.1016/s0899-3289%2899%2980131-x
http://www.ncbi.nlm.nih.gov/pubmed/9854701
https://doi.org/10.1016/j.brainres.2010.07.022
http://www.ncbi.nlm.nih.gov/pubmed/20655300
https://doi.org/10.1016/j.molbrainres.2005.07.008
http://www.ncbi.nlm.nih.gov/pubmed/16109452
https://doi.org/10.1001/archpsyc.1992.01820090051009
https://doi.org/10.1001/archpsyc.1992.01820090051009
http://www.ncbi.nlm.nih.gov/pubmed/1355337
http://www.ncbi.nlm.nih.gov/pubmed/9259381
https://doi.org/10.1093/ps/86.1.102
http://www.ncbi.nlm.nih.gov/pubmed/17179422
https://doi.org/10.1111/ajco.12291
http://www.ncbi.nlm.nih.gov/pubmed/25376209
https://doi.org/10.1006/bbrc.1996.1731
http://www.ncbi.nlm.nih.gov/pubmed/8941353
https://doi.org/10.1155/2015/756579
http://www.ncbi.nlm.nih.gov/pubmed/25692067
https://doi.org/10.1371/journal.pone.0246462


33. Mohiuddin AK. Drug Addiction in Bangladesh: “A Consequence of Social Demoralization Rather Than

Individual Flaws.” Int J Addict Res Ther. 2019; 4(1):19–26.

34. Ahad MA, Chowdhury DM, Kundu DI, Tanny NZ, Rahman DMW. Causes of Drug Addiction among

Youth in Sylhet City of Bangladesh. IOSR J Humanit Soc Sci. 2017; 22(05):27–31.

35. Hendershot CS, Witkiewitz K, George WH, Marlatt GA. Relapse prevention for addictive behaviors.

Subst Abuse Treat Prev Policy. 2011 Jul 19; 6:17. https://doi.org/10.1186/1747-597X-6-17 PMID:

21771314

36. Isir ABB, Oguzkan S, Nacak M, Gorucu S, Dulger HE, Arslan A. The Catechol-o-methyl transferase

val158met polymorphism and susceptibility to cannabis dependence. Am J Forensic Med Pathol. 2008

Dec; 29(4):320–322. https://doi.org/10.1097/PAF.0b013e3181847e56 PMID: 19259017

37. Jugurnauth SK, Chen C-K, Barnes MR, Li T, Lin SK, Liu HC, et al. A COMT gene haplotype associated

with methamphetamine abuse. Pharmacogenet Genomics. 2011 Nov; 21(11):731–740. https://doi.org/

10.1097/FPC.0b013e32834a53f9 PMID: 21934638

38. Horowitz R, Kotler M, Shufman E, Aharoni S, Kremer I, Cohen H, et al. Confirmation of an excess of the

high enzyme activity COMT val allele in heroin addicts in a family-based haplotype relative risk study.

Am J Med Genet. 2000 Oct 9; 96(5):599–603. PMID: 11054766

39. Oosterhuis BE, LaForge KS, Proudnikov D, Ho A, Nielsen DA, Gianotti R, et al. Catechol-O-methyl-

transferase (COMT) gene variants: Possible association of the Val158Met variant with opiate addiction

in hispanic women. Am J Med Genet Part B Neuropsychiatr Genet. 2008 Sep 5; 147(6):793–798.

https://doi.org/10.1002/ajmg.b.30716 PMID: 18270997

40. Bhaduri N, Das M, Sinha S, Chattopadhyay A, Gangopadhyay PK, Chaudhuri K, et al. Association of

dopamine D4 receptor (DRD4) polymorphisms with attention deficit hyperactivity disorder in Indian pop-

ulation. Am J Med Genet—Neuropsychiatr Genet. 2006 Jan 5; 141 B(1):61–66. https://doi.org/10.1002/

ajmg.b.30225 PMID: 16331654

41. Lai JH, Zhu YS, Huo ZH, Sun RF, Yu B, Wang YP, et al. Association study of polymorphisms in the pro-

moter region of DRD4 with schizophrenia, depression, and heroin addiction. Brain Res. 2010 Nov 4;

1359:227–232. https://doi.org/10.1016/j.brainres.2010.08.064 PMID: 20801104
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