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Abstract: Background: Heroin dependence is a condition where an indi-
vidual develops a compulsive reliance on heroin. It is character-
ized by various symptoms, including intense drug cravings, in-
ability to control heroin use, tolerance, and withdrawal symptoms
when drug use is discontinued. Earlier research has examined the
relations between genetics and the subject at hand, but it remains
uncertain whether the simultaneous use of drugs is connected to
certain genetic factors. To comprehend the potential genetic ele-
ments linked to the concurrent use of multiple drugs, further in-
vestigation is required. This is crucial because such co-occurrence
has the potential to elevate the risk of overdose.

Goal of Study: Our goal of the study was to find an associ-
ation between polydrug use and genetic factors among indi-
viduals with heroin dependence.
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Methods: Female individuals with heroin dependence

were recruited (n=263). Genetic factors related to Cate-
chol-O-methyltransferase (COMT), and stress were included
in the study (rs174696, rs174699, rs4680, rs4818, rs737866,
rs933271, rs12953076, and rs44458044).

Results: According to the main results, we found that certain
genetic factors are related to amphetamine use (rs174696,
1174699, rs1544325, rs4680, rs4818, rs737866, and
rs933271). Furthermore, marijuana use was only associated
with CRHBP polymorphism (rs1875999).

Conclusion: In conclusion, amphetamine and heroin comor-
bidity may be associated with certain genetic factors related

to COMT.

Highlights

Certain genetic factors (rs174696, rs174699,
rs1544325, rs4680, rs4818, rs737866, and
rs933271) are found to be linked to amphet-
amine use.

Marijuana use is specifically associated with
the CRHBP polymorphism (rs1875999).

The comorbidity of amphetamine and heroin
may be connected to genetic factors related to
COMT.

The most substantial effect size was ob-
served in the relationship between amphetamine
use and rs174699.

1. Introduction

Heroin use is related to certain psychiatric
and health problems such as structural and cog-
nitive impairments (1), anxiety (2), suicide (3,
4), and certain personality disorders (5). Fur-
thermore, long-term heroin use has detrimental
effects on cognitive functioning (6, 7). Decline
in cognitive abilities can also result in decreased
levels of general well-being.

Moreover, the current policies are inade-
quate in curbing the issue, as demonstrated by
the ongoing epidemic of illicit drug overdose
deaths (8). Furthermore, epigenetic and genetic
studies have been made to demonstrate the re-
lationship between genetic parameters and her-
oin use (9). Genetic diversity could potentially
contribute to shaping intricate personality traits,
such as impulsiveness and sensitivity to stress
(10). Multiple studies provide evidence that ad-
diction is influenced by moderate to high genetic
factors (11). Nonetheless, individuals who mis-
use heroin may also engage in the consumption

of other substances, and the co-occurrence of
polydrug use could be linked to genetic influenc-
es. Limited research has thoroughly investigated
potential factors that can predict polydrug use
(12). Polydrug consumption contributes to fatal
overdose in more than half of all polydrug users
(13). Moreover, it is common to use it in con-
junction with other substances, such as alcohol
or additional drugs, which increases the risk of
overdose (14). Moreover, given the finding that
increased drug usage is associated with height-
ened mental distress (15), it is crucial to compre-
hend how genetic risk factors may be connected
to the occurrence of polydrug use. In conclusion,
the presence of moderate to high genetic factors
in addiction, the co-occurrence of polydrug use
with heroin misuse, and the increased risk of
fatal overdose and mental distress highlight the
importance of understanding the genetic influ-
ences on polydrug use.

The objective of our study was to establish
a connection between the simultaneous use of
multiple drugs and genetic factors (e.g., COMT)
in individuals with heroin dependence.

2.Methods

The collected demographic data included
age, gender, educational attainment (classified as
completion of secondary school or not), marital
status, and employment status. To minimize the
influence of potential confounding variables, the
study enrolled only female participants (n=263).
The average age of the participants was

51% of the participants finished secondary
education, while 4.6% of them attained a higher
education level.
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Table 1 Polydrug Use in individuals with Heroin Dependence

Amphetamine | Marijuana Tranquilizer Inhalation Cocaine
Use Use Use Use Use

p<0.05,

rs174696 %2:11.296 p>0.05 p>0.05 P>0.05 P>0.05
p<0.05,

rs174699 217791 p>0.05 p>0.05 P>0.05 P>0.05
p<0.05,

rs1544325 %2:10.375 p>0.05 p>0.05 P>0.05 P>0.05
p<0.05,

rs4680 217214 p>0.05 p>0.05 P>0.05 P>0.05
p<0.05,

rs4818 %2:15.192 p>0.05 p>0.05 P>0.05 P>0.05
p<0.05,

rs737866 42:16.036 p>0.05 p>0.05 P>0.05 P>0.05
p<0.05,

rs933271 42:15.176 p>0.05 p>0.05 P>0.05 P>0.05

rs12953076 p>0.05 p>0.05 p>0.05 P>0.05 P>0.05

rs242924 p>0.05 p>0.05 p>0.05 P>0.05 P>0.05

rs4458044 p>0.05 p>0.05 p>0.05 P>0.05 P>0.05

rs17689966 p>0.05 p>0.05 p>0.05 P>0.05 P>0.05

rs1715751 p>0.05 p>0.05 p>0.05 P>0.05 P>0.05

rs3792738 p>0.05 p>0.05 p>0.05 P>0.05 P>0.05

rs32897 p>0.05 p>0.05 p>0.05 P>0.05 P>0.05

rs10062367 p>0.05 p>0.05 p>0.05 P>0.05 P>0.05

P<0.05,
rs1875999 p>0.05 42:11.503 p>0.05 P>0.05 P>0.05

The study participants consisted of individ-
uals who met the criteria for drug dependence,
meaning they had previously relapsed to drug
use after being identified as drug users by the
public local security system. Therefore, all par-
ticipants had experienced at least one relapse
prior to their enrollment in the compulsory reha-
bilitation centers at the start of the study. At the
time of their participation, the individuals were
in a state of abstinence.

The study protocol received approval from
the review boards of the Shanghai Jiao Tong

University, School of Medicine, Mental Health
Center. The research strictly followed the prin-
ciples stated in the Declaration of Helsinki. In-
formed consent obtained from the study partici-
pants prior to study commencement. Most study
participants were of Han Chinese ethnicity. Each
subject was interviewed by one psychiatrist.
Participants with a prior history of signifi-
cant medical conditions that could potentially
influence the results of the study, such as neuro-
logical disorders or traumatic brain injury, were
not included. Moreover, patients who were un-
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able to fulfill the study’s demands, such as at-
tending scheduled appointments or completing
necessary assessments, were also excluded.

Polymerase chain reaction (PCR) was em-
ployed to amplify specific DNA sequences.
A thorough investigation was undertaken to
explore the genetic factors associated with
COMT and stress, specifically examining the
parameters of rs174696, rs174699, rs4680,
rs4818, rs737866, rs933271, rs12953076b, and
rs44458044b.

In detail, lymphocytes were employed for
the extraction of genomic DNA. Analyzing data
from the HAPMAP database for Beijing Han
Chinese revealed a conserved pattern without
polymorphic distribution in the Chinese pop-
ulation for the CRH genes. Consequently, the
research focus shifted towards investigating
the CRH receptor 1 (CRHR1) and CRH-bind-
ing protein (CRHBP). By screening the CRHR 1
and CRHBP genes, along with the upstream re-
gion within a range of 10 KB that met the crite-
ria of 12 > 0.8 and MAF > 10%, specific SNPs
(CRHRI1 1512953076, 154458044, rs242924,
rs17689966; CRHBP rs1715751, rs3792738,
rs32897, rs10062367, rs1875999) were selected.
The genotyping of these SNPs was carried out
using the ABI Prism 7900 sequence detection
system. The stress-related gene genotyping was
conducted through the TagMan SNP genotyping
assay, a commonly used and dependable tech-
nique in genetic studies.

2.2, Statistical Analysis

Each participant was required to participate
in a compulsory, standardized rehabilitation pro-
gram lasting two years. This program included
daily physical exercise and educational sessions
aimed at relapse prevention. After successfully
completing the program, the patients were re-
integrated into their respective communities.
Statistical analysis was performed using SPSS
version 24. Two alleles and both alleles were
coded as categoric value, and a chi-square test
was conducted to test if there is a significant re-
lationship between categoric parameters.

5. Results
Based on our primary findings, we observed
a significant association between amphet-

amine use and specific genetic variants, includ-
ing rs174696, rs174699, rs1544325, rs4680,
rs4818, rs737866, rs933271, rs12953076, and
rs44458044. Additionally, we found that marijua-
na consumption was associated with the CRHBP
polymorphism (rs1875999). Figure 1 includes
graphical abstract that summarizes the study.
Polydrug use among individuals diagnosed with
heroin dependence is presented in Table 1.

Table 2 displays a table indicating the fre-
quencies of alleles. Based on the data presented
in the table, it can be observed that the percent-
age of missing values for all the investigated
allele parameters was below 10%. Moreover,
to provide information regarding the effect size,
the study reported the chi-square value for the
significant results.

4. Discussion

According to main findings of our study, we
found association between amphetamine use
and certain genetic factors such as rs174696,
1s174699, 1s1544325, 154680, rs4818, rs737866,
rs933271, rs12953076, and rs44458044). The
most substantial effect size was observed in
the relationship between amphetamine use and
rs174699.1n addition, the utilization of marijua-
na was only linked to the CRHBP polymorphism
(rs1875999). There was no notable association
found between the consumption of heroin and
the usage of tranquilizers or cocaine.

A significant number of individuals remain
dependent on heroin, facing challenges in regu-
lating their consumption. Hence, it is crucial to
explore the genetic factors contributing to indi-
viduals’ inclination towards drug consumption
such as heroin use and cocaine use. Furthermore,
the chronic relapse nature of heroin dependence
is gaining recognition, yet there remains limit-
ed knowledge regarding the recovery journey of
individuals who achieve prolonged abstinence
(Hser, 2007).

Moreover, using genetic factors can enable
the provision of tailored treatment for individ-
uals with heroin dependence. Nevertheless, it is
crucial to consider the influence of polydrug use
in this context. Due to the potential confounding
effects associated with polydrug use, it is im-
perative to acknowledge its impact on research
outcomes.
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Table 2 Allele Frequency Table

Parameter 1 Parameter 2 Parameter 3

rs174696 24% 22.4% 45.6%
rs174699 31.9% 17.9% 42.2%
rs1544325 9.1% 42.2% 40.7%
rs4680 4.2% 44.1% 43.7%
rs4818 37.6% 11% 43.3%
rs737866 8.7% 41.8% 41.4%
rs933271 40.3% 14.1% 37.6%
rs12953076 76.4% 17.5% N/A

rs242924 0.4% 14.4% 79.1%
rs4458044 9.1% 35.4% 49.8%
rs17689966 62.7% 28.1% 3%

rs1715751 4.9% 41.1% 48.3%
rs3792738 2.7% 30% 61.2%
rs32897 3.4% 30.8% 59.7%
rs10062367 3% 28.9% 61.2%
rs1875999 33.1% 45.6% 15.6%

Psychologically, genetic factors have the
potential to influence individuals, impacting
various aspects of their mental and emotional
well-being. The occurrence of polydrug use,
which can signal a higher inclination for risk-tak-
ing when compared to using a single drug, im-
plies that genetic factors might play a role in
explaining the inclination towards consuming
multiple substances. Additionally, polydrug use
may be indicative of higher levels of impulsivi-
ty, as individuals engaging in such behavior may
struggle with self-control.

Moreover, the utilization of a single sub-
stance can result in alterations in impulsivity and
subsequently lead individuals to engage in the
consumption of other drugs. This phenomenon
can also be associated with certain genetic factors
related to addiction. Additionally, this phenome-
non can be associated with stress, as individuals
may turn to other substances when one substance
alone does not alleviate their stress levels.

4.1. Genetics and Heroin Dependence
Heroin dependence is a chronic complex dis-
ease with a genetic contribution (Levran et al.,

2008). Previous studies have shown that there is
a relationship between heroin dependence and
genetic factors such as BDNF (16-18), Further-
more, addiction mechanism involves pathways
mediated by the dopamine D3 receptor (19). In
addition, the findings from one study mentioned
an interaction between the ALDH2 gene and
novelty seeking in individuals who are depen-
dent on heroin (20). In addition, heroin-depen-
dent patients and controls have demonstrated an
association between the COMT and the temper-
ament scale (21). Stress fuels the start and re-
occurrence of addiction: it drives drug craving
and overconsumption, while withdrawal ramps
up stress (22). Among all drug users, those who
use multiple drugs showed the strongest link to
psychological distress (23). Hence, it is reason-
able to infer that genetic polymorphisms linked
to stress response may be associated with addic-
tion process. Furthermore novelty seeking and
antisocial behavior related genetic factors may
be related to heroin dependence.

Moreover, variances were observed in the
distribution of genotype and allele frequencies
of the PDYN gene 68-bp VNTR between indi-
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viduals with heroin dependence and in a healthy
control). In detail, the prevalence of the H allele
among heroin-dependent subjects was notably
higher when compared to the control group (24).

Previous study presents evidence suggesting
that three specific genetic variants (rs696522,
rs1381376, and rs3778151) are linked to an el-
evated susceptibility to experiencing positive
responses upon initial heroin use (25). Conse-
quently, these positive responses could con-
tribute to the development of dependence, and
future studies should also investigate the pre-
cise relationship between these factors. Other
findings support a contribution of the 5-HT2A4
gene to susceptibility to heroin dependence
(26). Nevertheless, our study did not incorporate
the analysis of the 5-H72A4 gene, which would
have enabled us to make comparisons with other
studies. While various gene variants have been
discovered, there is ongoing debate about how
specific alleles and combinations of alleles con-
tribute to the risk of psychiatric diseases such as
schizophrenia (27).

Overall, our investigation revealed a con-
nection between amphetamine use and genetic
factors associated with COMT. Moreover, our
study included stress and COMT related genetic
parameters. Furthermore, there is a limited liter-
ature on polydrug use and genetic factors. When
exploring the association between genetics and
heroin, it is essential for studies to consider the
influence of comorbid amphetamine use.

4.1.1. Catechol-0-methyltransferase and
Heroin Use

COMT is an enzyme responsible for the me-
tabolism of catecholamines (28). The COMT
gene has been found to be associated with var-
ious factors relevant to addiction (29). Certain
studies specifically focused on examining the
correlation between the COMT gene and heroin
dependence.

For example, a previous study found that
individuals carrying the C allele of ADRAIA
rs3808585 are more susceptible to memory
impairment after heroin use and subjects with
G allele of COMT rs769224 are more likely to
take a higher dose of heroin (30). Furthermore,
a previous study found no association between
heroin dependence and the 108 val/met poly-

morphism or the 900 Ins C/Del C polymorphism
of the COMT gene (31). In an animal study,
modulations in COMT affect dopamine metab-
olism (32) and therefore COMT may be related
to heroin dependence related factors since hero-
in dependence is associated with genes related
to the dopaminergic system (33). Furthermore,
other studies also investigated the relationship
between dopamine and addiction (34, 35).

In a different study, the presence of the A al-
lele in ADRATA rs1048101 is linked to a re-
duced duration of transition from initial drug
use to addiction. Individuals with the C allele of
ADRA1A rs3808585 exhibit increased vulnera-
bility to memory impairment following heroin
use disorder (30). The severity of dependence
may be associated with memory impairment.
In conclusion, the COMT gene, responsible for
catecholamine metabolism, has been found to
be associated with various addiction-related fac-
tors, including heroin dependence.

4.1.2. Catechol-0-methyltransferase and
Amphetamine Use

Amphetamine was first identified more than
a century ago (36). Amphetamine triggers a cas-
cade of biochemical changes (37). There are
a few studies made on amphetamine and heroin
use comorbidity.

COMT is an enzyme involved in the break-
down of neurotransmitters such as dopamine
and norepinephrine. Variations in the COMT
gene can lead to differences in COMT enzyme
activity, affecting the levels of these neurotrans-
mitters in the brain. The COMT gene has been
associated with a range of human characteristics,
such as cognition, anxiety, pain sensitivity, and
psychosis (38).

Research has indicated that certain genetic
variations in the COMT gene may influence an
individual’s response to amphetamine use. For
example a previous study showed that, peo-
ple who possess the met/met COMT genotype
seem to have a higher likelihood of experiencing
a negative reaction to amphetamine (39). How-
ever, a previous study showed that the COMT
vall58met polymorphism did not show any as-
sociation with initial performance or the impact
of d-amphetamine on two executive functioning
tasks (40).
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There is a significant body of evidence in-
dicating that malfunctioning of the dopamine
transporter could play a role in the development
of amphetamine dependence (41). Furthermore,
distinct categories were established for individ-
uals who inject heroin based on their patterns of
methamphetamine and cocaine use (42).

In conclusion, the COMT gene has been
found to be associated with various addiction-re-
lated factors, including amphetamine usage, in
individuals with heroin dependence.

4.2. Confounding Factors in Heroin
Dependence literature

There are numerous confounding factors asso-
ciated with heroin dependence. For example, age
is one of the main confounding factors. In a pre-
vious study, older individuals who use substances
at a young age and continue to do so as they get
older, along with the natural effects of aging on
health conditions, are susceptible to experiencing
negative substance use outcomes (43). Further-
more, Gender disparity persists in heroin use, with
men roughly twice as likely to be affected (44).
Epigenetic mechanisms play a role in governing
gene expression (6) and thus one of the potential
confounding factors in addiction studies. Other
study found proof of structural irregularities in in-
dividuals dependent on heroin, indicating that the
length of heroin use plays a crucial role in causing
harm to the brain (45). Therefore, length of heroin
use is one of the confounding factors of the study.

Numerous confounding factors are associated
with heroin dependence, including age, with older
individuals who initiate substance use at a young
age being susceptible to negative outcomes, gen-
der disparity, epigenetic mechanisms influencing
gene expression, and the length of heroin use con-
tributing to structural harm in the brain.

4.3. Polydrug Use and Heroin Use

Polydrug use refers to the simultaneous or
concurrent use of multiple drugs by an individual.
This practice is commonly observed among sub-
stance users and can involve a combination of il-
licit drugs, prescription medications, and/or alco-
hol. One specific form of polydrug use that poses
significant risks and challenges is the co-occur-
ring use of multiple substances alongside heroin
such as cocaine use and marijuana use.

4.4. Marijuana Use and Heroin Use

Marijuana use disorder, the leading illegal
drug misuse issue, casts a growing shadow of
psychiatric concerns (46). There is a limited
amount of available literature regarding the
co-occurrence or simultaneous use of marijua-
na and heroin. In this study, we found that mar-
ijuana use was only associated with CRHBP
polymorphism (rs1875999). Genetic variation
is linked to stress. The strongest association
with psychological distress was found among
individuals who use multiple drugs, indicating
that genetic variations associated with stress
response may play a role in the addiction pro-
cess.

Hence, the use of marijuana could potentially
be connected to genetic factors related to stress.

4.5. Suggestions for Further Studies

As mentioned in the previous study, preven-
tive measures should consider the patterns of
polysubstance use among adolescents who use
heroin (47). Furthermore, in the future, research-
ers can explore multiple novel genes that might
play a role in determining a person’s suscepti-
bility to developing heroin dependence, partic-
ularly when considering the concurrent use of
multiple drugs.

Moreover, additional research can consider
the influence of the method of heroin adminis-
tration.

4.6. Limitations:

Some studies depended on clinical diagnoses
assigned by healthcare providers (46). Our re-
search does not include information on smoking
habits, which could potentially be a confounding
variable. Additionally, both age and the extent
of exposure to heroin represent confounding fac-
tors in our study. Extended exposure to heroin
has the potential to influence genetic alterations.
Furthermore, our study lacks smoking data
which may affect individuals with heroin depen-
dence. Moreover, the route of administration is
also one of the major confounding factors in our
study. Also, cross sectional design may limit the
generalizability of the study.
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Figure 1 Graphical Abstract

Polydrug use may affect individuals with heroin dependence
and may be related to genetic factors.

Theme 1 Description
certain genetic factors are related to amphetamine use.

Results

S Methodology
=% dependence were recruited. Genetic
fxmmlmdm COMT, and stress Theme 3 Description
0 wereincluded in the study Furthermore, marijuana use was only associated with CRHBP
polymorphism (rs1875999).

Concluding statement

In conclusion, amphetamine and heroin comorbidity may be associated with

certain genetic factors related to COMT.
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