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The opioid crisis has plagued the United States for the past two decades, contributing to a national 
health emergency. Emerging research has expanded our understanding about the genetic and 
neurobiological vulnerabilities contributing to opioid dependence and opioid use disorder (OUD). 
Furthermore, these advancements have contributed to current thinking about OUD as a chronic, 
relapsing neurobiological condition. The present review summarizes current understanding of how 
the expression and function of mu-opioid receptors (MOPR) change as a result of drug exposure 
and may vary based on single nucleotide polymorphisms (SNPs) within an individual’s genome. 
While the functional consequences of MOPR differences are still being explored, emerging 
evidence suggests that they may contribute to individuals’ response to opioids and vulnerability to 
OUD. It is increasingly possible and potentially beneficial to use genetic data to design 
individualized interventions to achieve better clinical outcomes. Factors contributing to the 
efficacy and access to existing OUD treatments and healthcare-related policies, including public 
perception, are discussed. 
 
Abbreviations:  MOPR - mu opioid receptor; SNP - single nucleotide polymorphism; OUD – 
opioid use disorder; GPCR - g-protein coupled receptor; DA - dopamine; VTA - ventral tegmental 
area; NAc - nucleus accumbens 
 
Keywords:  opioids, receptor expression, receptor function, opioid dependence, single nucleotide 
polymorphism 
 
 
Introduction 

 
The opioid epidemic is a complex, 

multifaceted issue that has been impacting the 
United States for many decades. Within the past 
decade, there were over 700,000 overdose-
related deaths in the United States, with over half 
of those involving opioids (Scholl et al., 2019). 
Additionally, it is estimated that 174 people die 
every day from drug overdoses in the United 
States, with the majority attributes to opioid 
analgesic drugs, such as oxycodone, heroin, and 
fentanyl (Jalal et al., 2018). In 2016-2017, ~67% 
of drug overdose deaths involved an opioid 
(Scholl et al., 2019). Opioid overdose deaths have 
also risen dramatically during the COVID-19 
pandemic (American Medical Association 2021).  

Misuse of opioids prescribed for pain 
management (“prescription” opioids) has 

contributed to this problem. In a 2015 study, ~92 
million (38%) of US adults used prescription 
opioids, 11.5 million adults reported misusing 
prescription opioids (Han et al., 2017). Of adults 
reporting misuse, nearly 60% used the drug 
without a prescription and over 40% obtained the 
drug for free from a friend or relative (Han et al., 
2017). While misuse is not synonymous with 
addiction, repeated use of opioids can lead to 
tolerance and physical dependence, which can 
contribute to increased use and/or difficulty 
stopping. 
 It has become increasingly urgent to 
identify factors that may make some individuals 
vulnerable to opioid misuse, dependence and 
addiction, in order to help mitigate this crisis. 
Many micro-, local context-, and macro-level 
factors contribute to maladaptive patterns of 
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substance use (Bevilacqua and Goldman, 2009; 
Keyes et al., 2014; Walker and Nestler, 2019). At 
a micro-level, genetic vulnerabilities are 
endogenous factors that can impact resultant drug 
effects associated with opioid drugs. Some 
researchers estimate that genetics contribute 
~50% of an individual’s susceptibility to 
addiction to all classes of abused substances, 
while other environmental risk factors, such as 
stress or socioeconomic status, contribute to the 
other ~50% (Crist et al., 2019; Walker and 
Nestler, 2019). Of course, repeated exposure to 
drugs of abuse can also cause neuroadaptations 
that can contribute to long-term behavioral 
changes that potentiate the cycle of addiction 
(Walker and Nestler, 2019). However, as genetic 
predispositions can exist prior to initial drug 
exposure, it is important to understand the extent 
to which genetic factors, such as single 
nucleotide polymorphisms (SNPs), may 
contribute to addiction vulnerability.  
 The World Health Organization (WHO) 
defines psychoactive substance misuse as the 
“use of a substance for a purpose not consistent 
with legal or medical guidelines, as in the non-
medical use of a prescription medications” 
(Anon, 2010). However, developing accurate 
criteria to define opioid misuse in the light of 
chronic pain management with opioid analgesics 
has been an ongoing task. Having universally 
accepted terminology is crucial to understanding 
and characterizing the scope of the issue, 
minimizing health care costs, and developing 
effective therapeutic and pharmacologic 
treatment modes of pain (Sehgal et al., 2012).  

The biopsychosocial model of addiction 
encompasses many factors that contribute to an 
individual’s vulnerability to opioid abuse, 
misuse, dependence, and addiction. Some factors 
are thought to contribute to both substance-based 
addiction (e.g., drugs, alcohol) as well as non-
drug based (behavioral) addictions, such as 
gambling or compulsive stealing (Grant and 
Chamberlain, 2016); however, an in-depth 
discussion of these factors is beyond the scope of 
this current review. Three key processes thought 
to be dysregulated in addiction (including opioid 
addiction) include motivation-reward, affect 
regulation, and behavioral inhibition (Goodman, 
2009). While a few examples will be provided 
here, excellent reviews exist that explore these 

topics in greater detail (e.g., Koob and Volkow 
2010). Importantly, each of these processes 
involves brain circuits that contain opioid 
receptors (Mansour et al., 1986, 1987, 1994) and 
thus serve as direct sites of drug action by opioid 
drugs.  

First, a key brain circuit involved in 
motivated and reward-related behaviors is the 
mesolimbic dopamine (DA) system (Salamone et 
al., 2016). This system consists of DA-containing 
neurons in the ventral tegmental area (VTA) that 
project to the nucleus accumbens (NAc). 
Numerous changes within the mesolimbic DA 
system have been associated with an increased 
vulnerability to addiction. For instance, basal DA 
levels in the NAc are reduced after five days of 
heroin or cocaine self-administration in the rat 
(Gerrits et al., 2002), consistent with 
neurobiological tolerance. There are also 
naturally occurring differences in mesolimbic 
DA function that have been associated with 
addiction vulnerability. For instance, the Taq A1 
allele within the D2 receptor gene, one of the five 
main dopamine receptor subtypes, reduces D2 
receptor sensitivity and responsiveness, which in 
turn decreases baseline intrasynaptic dopamine 
levels (Kirsch et al., 2006). Repeated drug 
administration is thought to reduce reward-
related responses in individuals with this allele, 
potentially leading to a more rapid escalation of 
drug use (Goodman, 2009). 

Affective processes have been linked to 
serotonergic (5-HT) function in the brain. For 
instance, the 5-HT systems are a common target 
for anxiolytic and anti-depressant drugs (e.g., 
SSRIs). Interestingly, the gene that encodes for 
the 5-HT serotonin transporter gene possesses a 
variant site which has two unique alleles, one 
being (s) and one long (l). Displaying the s allele, 
especially the ss genotype, has been associated 
with a higher vulnerability to addiction to a 
number of substances, including opioids (Serretti 
et al., 2006). 

Addictive behavior may also involve 
pre-existing or acquired deficits in behavioral 
inhibition, or ability to act accurately and inhibit 
inappropriate behaviors (Eriksson et al., 2016). 
Behavioral inhibition can be measured using well 
established tests of impulsivity, such as the stop 
signal task (Congdon et al., 2008; Eriksson et al., 
2016) and can be associated with neurobiological 
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differences. For instance, the D4 and D5 subtypes 
of the DA receptor seem to be strongly involved 
in behavioral inhibition (Goodman, 2009). There 
is a long allele of a polymorphism within the D4 
receptor gene that has been correlated to 
impulsive personality traits, which is a behavioral 
risk factor for addiction (McGeary et al., 2007). 
These and similar genetic differences may 
contribute to neurobiological changes that 
increase an individual’s vulnerability to opioid 
misuse and/or addiction. 

Ultimately, it is important to consider the 
biological, psychological, and social factors that 
may be contributing to substance use disorder 
and, more specifically, opioid use disorder. Of 
course, these factors interact with each other in 
important ways, as well. This review will explore 
a range of molecular to behavioral factors 
associated with genetic differences in the 
endogenous opioid system that may contribute to 
an individual’s vulnerability to opioid addiction. 

 
 

The endogenous opioid system 
 
Endogenous opioid peptides (e.g., 

endorphins, dynorphin) bind with different 
affinities to four major subtypes of opioid 
receptors (mu, delta, kappa, and 
nociceptin/orphanin FQ) distributed throughout 
the central and peripheral nervous systems of 
most mammals (Mansour et al., 1986, 1987, 
1994; Quirion, 1984; Thompson et al., 2012). 
Opioid receptors belong to the general class of g-
protein coupled receptors (GPCRs; for a diagram 
and review of GPCR signaling see: Tuteja, 2009). 
Upon agonist binding and GPCR activation, the 
attached G-protein dissociates into the Gα and 
Gβγ subunits (Simonds, 1988; Stein, 2016; 
Valentino and Volkow 2018).  The Gα subunit 
inhibits adenylyl cyclase and therefore reduces 
amounts of cAMP, whereas the Gβγ subunit can 
act on transmembrane ion channels (Stein, 2016). 
The latter actions include the closing of Ca2+ 
channels and opening of inwardly rectifying K+ 
(GIRK) channels. Both these actions attenuate 
neuronal excitability and the propagation of 
action potentials.  

Opioid receptors distributed throughout 
central and peripheral pain pathways contribute 

to their efficacy as analgesics (Stein, 2016; 
Corder et al., 2018). In the brain, opioid receptors 
are prominent in circuits related to learning, 
memory, decision-making, and reward-related 
processes (Mansour et al., 1986, 1987, 1994; Le 
Merrer et al., 2009). Of particular interest, mu-
opioid receptor (MOPR) agonist drugs are 
associated with high abuse liability and risk of 
addiction (Compton and Volkow 2006; Walsh et 
al., 2008; Wightman et al., 2012; Darcq and 
Kieffer 2018). MOPRs are located on 
GABAergic interneurons in the ventral tegmental 
area, and their activation disinhibits mesolimbic 
dopamine neurons (Johnson and North, 1992) 
involved in motivated behaviors (Salamone et al., 
2016). This disinhibition contributes to increased 
synaptic dopamine levels in the nucleus 
accumbens, consistent with other drugs of abuse 
(Di Chiara et al., 1988). Further, dopamine levels 
are substantially reduced after extended opioid 
exposure (Acquas et al., 1991; Gerrits et al., 
2002), suggesting neuroadaptations within this 
system that may involve MOPRs. 

 
 

Molecular biology of the mu-opioid 
receptor  

 
Opioid receptors are formed by 

individual protein subunits assembling together, 
which requires accurate transcription and 
translation of genetic material. It is of interest to 
identify gene mutations associated with altered 
receptor function, particularly in the case of the 
MOPR given its role in hedonic and reward-
related processes (Compton and Volkow 2006; 
Walsh et al., 2008; Wightman et al., 2012; Darcq 
and Kieffer 2018; Valentino and Volkow 2018).  
Oprm1 is the gene that encodes for the MOPR 
(Akil et al. 1984; Pasternak, 2018).  The most 
common single nucleotide polymorphism (SNP) 
of the MOPR is at nucleotide position 118 in the 
coding region of exon 1, where an adenine (A) is 
changed to a guanine (G) (Kroslak et al., 2007; 
Mague and Blendy, 2010; Paskernak, 2018). This 
change affects a putative extracellular 
glycosylation site (Kroslak et al., 2007; Mague 
and Blendy, 2010). More specifically, this 
mutation may result in the loss of the 
glycosylation site of the nucleotide N40. This has 
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a number of repercussive effects pertaining to the 
cell. The locus change from A118 to G118 results 
in a significant reduction of mRNA through the 
addition of an extra methylation site prompted by 
the guanine nucleotide. This inhibits 
compensatory upregulation of mu-opioid 
receptor mRNA in those chronically using 
opioids (Knapman and Connor, 2015).  

Reductions in mu-opioid receptor 
mRNA in neurons may translate to reduced 
MOPR protein, and thus a reduced ability to bind 
opioid ligands. Reduced and/or desensitized 
receptor sites on neurons due to chronic drug 
exposure is associated with a compensatory 
increase in drug doses and usage (NIDA, 2017; 
Morel et al., 2019), which is thought to contribute 
to development of tolerance, physical 
dependence, and addiction (Koob and Volkow, 
2018; Fox et al., 2013; Kosten and George, 
2002). This notion supports the hypothesis that 
reduced MOPR expression is consistent with 
pharmacological tolerance and thus leads to 
addiction behavior.      

While the functional consequences of the 
SNP are still being explored (for review, see 
Mague and Blendy, 2010), research in molecular 
genetics and pharmacology have revealed 
intriguing differences in MOPR expression and 
function in A118G individuals. Early in vitro 
studies suggest that the A118G SNP is associated 
with increased binding affinity of β-endorphin, 
an endogenous MOPR ligand (Bond et al., 1998). 
Specifically, this allele increased the ability of β-
endorphin to activate G protein-activated, 
inwardly rectifying potassium (K+) (GIRK) 
channels, causing K+ efflux that hyperpolarizes 
neurons (Bond et al., 1998). However, more 
recent in vitro studies suggest that the binding 
affinity and potency of morphine and β-
endorphin were not affected by this SNP (Beyer 
et al., 2004), causing discrepancies within the 
research. Importantly, however, the A118G 
variant was associated with lower MOPR cell-
surface expression (Beyer et al., 2004; Kroslak et 
al., 2007). 

A separate study to explore MOPR 
expression and function using an in vivo model 
was conducted by Wang and colleagues (2012). 
In this study, mice were bred with an equivalent 
substitution in the Oprm1 gene (A112G; Wang et 
al., 2012). Mice with a normal genotype (AA), 

exhibited greater [3H]DAMGO (a tritiated, high-
affinity MOPR agonist) binding than GG mice in 
a variety of brain regions involved in reward-
related processes and pain, including the 
cingulate, motor, and insular cortices, nucleus 
accumbens core and shell, hypothalamus, 
thalamus, amygdala, periaqueductal gray, 
superficial gray of superior colliculus, and ventral 
tegmental area (Wang et al., 2012). In other 
words, mice with the A118G SNP (GG) had 
reduced MOPR expression throughout the brain 
and thus diminished ability to bind exogenous 
opioid drugs as compared to mice without the 
SNP (AA).  

While changes to receptor expression 
offer insight into the potential action of opioid 
drugs, it is also important to explore receptor 
function. As metabotropic GPCRs, MOPRs can 
initiate intracellular cascades and activate second 
messenger systems, which are vital in regulating 
neurotransmitter levels and actions within the 
brain (Worley et al., 1987). If the G-protein has 
become uncoupled from the receptor, 
downstream effects cannot be initiated. One way 
to identify if the G-proteins associated with 
MOPRs have indeed been activated in response 
to agonist binding is by using a highly selective 
MOPR agonist DAMGO to stimulate the MOPRs 
in the presence of [35S]GTPγS, which will bind to 
and identify the uncoupled Gβγ subunit. 
Interestingly, mice with the A118G SNP (GG) 
exhibited reduced DAMGO-stimulated 
[35S]GTPgS binding in the ventral tegmental area 
than mice without the SNP (AA) (Wang et al., 
2014). Thus, in the GG SNP, the Gβγ subunit 
may be less able to affect transmembrane ion 
channels (Stein, 2016), despite MOPR 
stimulation by a high-affinity agonist. 

 
 

Altered MOPR activity and 
clinically relevant outcomes 

 
Given the prevalence of MOPRs in pain 

and reward-related brain circuits, Oprm1 SNPs 
are of interest for association studies in analgesic 
response as well as addictive disorders. For 
instance, clinical studies have revealed that 
patients with this A118G allele have reduced 
analgesic responses to opioids (Chou et al., 2006; 
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Campa et al., 2008; Sia et al., 2008). There is 
strong interest in leveraging these findings to 
optimize pain management in clinical and 
outpatient settings (e.g., Pasternak 2018). 

The role of A118G SNP in addiction and 
OUD may be more complex. Association studies 
have revealed that the A118G SNP is more 
common in individuals with opioid addiction 
(e.g., Szeto et al., 2001; Bart et al., 2004). It is 
possible that a reduced MOPR response 
associated with the G allele might contribute to 
the use of higher doses, more rapid telescoping, 
and/or more frequent administration of opioid 
drugs in individuals who are exposed to opioids 
for extended periods of time. Indeed, in the 
A112G mouse model, GG mice self-administer 
more heroin (Zhang et al., 2015) and more 
oxycodone (Collins et al., 2020) compared to AA 
mice, suggesting that MOPR SNPs may be linked 
to more opioid consumption. Of note, striatal 
dopamine levels following heroin self-
administration were higher in GG mice than AA 
mice (Zhang et al., 2015), suggesting that 
motivation-related circuitry may be altered in 
A112G variants.   

In individuals with no prior drug 
exposure, it is intriguing to speculate whether a 
reduced capacity to respond to opioids may act as 
a protective factor. However, existing literature 
exploring this possibility is somewhat unclear. 
For instance, in one study using the A112G 
mouse model, female GG mice did not acquire 
morphine place preference whereas AA mice (as 
well as male GG mice) did (Mague et al., 2009). 
However, another study showed similar 
oxycodone place preference regardless of A118G 
variant (Collins et al., 2020). GG mice also self-
administered more heroin than AA mice across a 
10-session period, starting from the very first 
session (Zhang et al., 2015), suggesting that GG 
mice may self-administer more opioids earlier on, 
in order to offset or compensate for a reduced 
MOPR response. The role of sex differences in 
this model remains unclear but is intriguing both 
in the mechanisms contributing to those 
differences (e.g., genetic, hormonal) and their 
ability to generalize to human populations. 

The seemingly contradictory evidence 
may lead to complementary conclusions 
regarding the likelihood of addiction 
development in individuals with the A118G SNP. 

If there is a loss of MOPR function, the result 
may be a degree of protection against opioid 
addiction since these drugs may not cause the 
kinds of effects at the receptors that they 
normally would. If the effects of morphine are 
attenuated for mice possessing the A112G SNP, 
it is likely that other MOPR agonists may 
produce reduced effects compared to mice 
without this SNP. Therefore, exogenous MOR 
agonists such as morphine or oxycodone might 
not be associated with the same euphoric/hedonic 
qualities in individuals with the G allele, which 
may lead to discontinued drug use; this would be 
consistent with the idea of this SNP conferring a 
degree of resilience against addiction. Using the 
same rationale, however, higher doses and/or 
more frequent administration of opioids (e.g., 
morphine milligram equivalents), may be 
required in order to achieve an optimal 
euphoric/hedonic experience and/or be 
associated with the same incentive value (e.g., 
Zhang et al., 2015).  This would be consistent 
with the idea that this SNP confers a vulnerability 
to addiction, as tolerance and physical 
dependence might develop more rapidly due to 
the increased opioid exposure.   
 
 

Mu-opioid receptors change as a 
result of opioid exposure  

 
The complex molecular and cellular 

processes regulating the expression and function 
of opioid receptors in general and specifically the 
mu-opioid receptors have been reviewed 
thoughtfully (e.g., Williams et al., 2013). 
However, it is worth noting that chronic exposure 
to opioids can also alter the expression and 
function of MOPRs, regardless of (or in addition 
to) genotype. Sim-Selley and colleagues (2000) 
quantified opioid receptor expression and 
function using [3H] naloxone and [35S]GTPγS 
autoradiographic, respectively, in heroin-
dependent mice. Similar to previous studies using 
experimenter-administered morphine (Sim et al., 
1996), chronic heroin self-administration was 
associated with a decrease in MOPR-activated G-
proteins in brain circuits involved in pain and 
reward-related processes (Sim-Selley et al., 
2000).  This decrease in G-protein activation 
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occurred despite a significant increase in MOPR 
expression, resulting in a net loss of G-protein 
coupling efficiency after heroin exposure (Sim-
Selley, 2000). Perhaps most intriguingly, the 
degree of these changes differed by brain region, 
offering a potential explanation as to why 
tolerance to distinct drug effects might develop at 
different rates and/or to varying extents. It is 
unclear how long such MOPR-related changes 
might persist once opioid exposure has ended, 
though limited evidence suggests that altered 
MOPR expression may persist across substantial 
drug-free periods (Seip-Cammack et al., 2013). 

Together, these findings suggest that 
repeated exposure to escalating doses of opioids 
alters MOPR efficacy, contributing to drug 
tolerance. Once this tolerance is established, 
higher and higher dosages of the drug are 
required in order to achieve the same drug effects 
and avoid withdrawal symptoms (Kosten and 
George, 2002). The avoidance of withdrawal is 
one of the key aspects of the addiction cycle 
(Koob and Volkow 2010). 
 
 

Current challenges and future 
directions 

 
Many challenges exist in the context of 

the opioid epidemic. A few key points are 
summarized below; however, this list is not 
exhaustive and is subject to changes in political, 
public health, economic, and other arenas. 

 
Reducing the prevalence of opioid drugs.  

Escalating rates of opioid misuse, 
dependence, and overdose-related deaths have 
been attributed, in part, to the widespread 
availability of opioids used for medical purpose 
(i.e., “prescription” opioids; for review, see 
Netherland and Hansen, 2017). Over-prescription 
of opioids resulted from increased attention to 
pain management in healthcare, pharmaceutical 
marketing campaigns, and unclear understanding 
of addiction liability (e.g., Porter and Jick, 1980; 
see Netherland and Hansen, 2017). In response, a 
number of federal and state-wide policies were 
enacted in an effort to reduce prescription opioid 
misuse and dependence. More widespread use of 
prescription drug monitoring programs (e.g., 

Mendoza et al., 2016), a reduction in the amount 
of opioids prescribed (Mendoza et al., 2016; Bao 
et al., 2016), and the rescheduling of 
hydrocodone compounds all helped reduce the 
number of opioid prescriptions (Jalal et al., 
2018). In 2010, Purdue Pharma also reformulated 
OxyContin in an abuse-deterrent (tamper-
resistant) form to reduce its abuse liability and 
diversion (Mastropietro and Omidian, 2012). 
They concluded that this reformulation of 
oxycodone decreased abuse and diversion by 
assessing opioid sales data and conducting meta-
analyses spanning a range of populations, such as 
those who inject drugs and people at monitored 
injecting facilities (Larance et al., 2018). While 
this reformulation seemed to reduce abuse and 
diversion (Larance et al., 2018), it is unclear 
whether it was associated with a concomitant 
increase in the use of heroin or other MOR 
agonist drugs (Dart et al., 2015; Larance et al., 
2018).  
 
Stigma and access to evidence-based approaches 
to addiction treatment  

Despite the prominent model that 
addiction is a brain disorder (e.g., Volkow et al., 
2016), negative stigma persists. This stigma may 
be influenced, in part, to a lack of knowledge 
and/or misinformation about drugs, addiction, 
and evidence-based approaches to treatment 
(Olsen and Sharfstein, 2014; Livingston et al., 
2011). Per the latter, “intervention stigma” also 
exists (Madden, 2019), with some people hesitant 
to accept the idea of “treating a drug addiction 
with another drug” in the case of medication-
assisted treatments. 

However, medication-assisted treatment 
(MAT) for opioid use disorder is effective in 
promoting abstinence and preventing relapse 
(Bell and Strang, 2020). Medications shown to be 
effective for opioid use disorder include 
methadone, buprenorphine, and naltrexone (for 
review, see Bell and Strang, 2020; e.g., Mendoza 
et al., 2016). Buprenorphine is a partial MOPR 
agonist, with less abuse liability compared to full 
MOR agonists (Ling & Wesson 2003). To reduce 
diversion, it is often administered in conjunction 
with naloxone, a competitive MOR antagonist. 

The discrepancy between the prevalence 
of MOR agonists used in medical or recreational 
settings, and the availability and ease of access to 
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healthcare providers that practice medication-
assisted therapy and/or treatment, must be 
rectified. Depending on the schedule of MAT, 
patients may need to visit a healthcare provider 
or clinic daily, leading to issues with 
transportation and proximity that may 
disproportionately affect certain populations 
(e.g., rural, lower socioeconomic status). For 
example, opioid users that live in rural areas often 
have less access to methadone than their urban 
counterparts (Huhn et al., 2017).  

 
Training and support for healthcare providers  

Healthcare providers often lack the 
training needed to identify and support patients 
struggling with substance use disorders. 
Physicians cite deficiencies in addiction 
medicine training and certification processes, as 
well as a lack of knowledge and confidence in 
treating opioid dependent patients (Mendoza et 
al., 2016).  Perhaps as a result, physicians are 
becoming less willing to prescribe opioids and 
less likely to spend time counseling patients 
about opioid dependence (Hagemeier et al., 2016; 
Mendoza et al., 2016). While training and 
implementation strategies have been initiated to 
prepare primary care settings to administer 
evidence-based treatments (e.g., 
buprenorphine/naloxone), one study suggested 
that the healthcare providers’ perceived 
effectiveness and ease of interventions for opioid 
use disorders did not improve with training, in 
contrast to interventions for alcohol use disorders 
(Ober et al., 2017). The evolution of 
understanding of the factors influencing OUD 
increases the need for novel evidence-based 
training methods; these methods will need to be 
developed, assessed, and implemented 
effectively. As opioids are distinct in many ways 
from other drug classes, like psychostimulants 
(Badiani et al., 2011), it is not always possible 
and/or effective to apply training and/or 
therapeutic approaches shown to be successful 
for other drug classes to opioids. Thus, innovative 
training methods specifically attuned to OUD are 
necessary future steps.  

Furthermore, inconsistencies regarding 
drug regulation and distribution causes difficulty 
for physicians to properly support opioid 
dependent patients (Mendoza et al., 2016). As 
one example, a drug prescribed to reduce opioid 

withdrawal and craving, buprenorphine (see 
below), is tightly regulated, with limits on the 
number of patients able to have an active 
prescription for buprenorphine from a certain 
healthcare provider (Hagemeier et al., 2016). 
Interestingly, other MOR agonists, such as 
oxycodone, may not be similarly regulated or 
limited for that provider (Mendoza et al., 2016). 
In other words, the drugs used to treat withdrawal 
symptoms can be more tightly regulated than the 
“prescription opioids” (e.g., oxycodone) often 
shown to contribute to the initial substance use 
disorder. Furthermore, the “...DEA was 
investigating buprenorphine certified physicians 
as if they were ‘criminals’,” causing some 
hesitancy amongst healthcare providers to 
prescribe these medications (Mendoza et al., 
2016), despite their proven efficacy.  

 
COVID-19 and the opioid epidemic  

The COVID-19 pandemic has created 
repercussive effects associated with the opioid 
crisis. Opioid overdose deaths have risen 
dramatically during the COVID-19 pandemic in 
virtually every US state (Swift and Goodnough, 
2020; American Medical Association 2021) for a 
variety of reasons, including but not limited to 
chronic stress, social isolation, and altered access 
to treatment. For instance, hospitals’ resources 
have been predominantly allocated to care for 
COVID-19 patients (Barrett et al., 2020; Farrell 
et al., 2020). In turn, this has diminished the 
number of both available resources and amount 
of attentional, individualized care for individuals 
with opioid-related conditions. Additionally, 
access to medication-assistant treatments at the 
proper dosages and time frames has been a hurdle 
during the pandemic (Khatri and Perrone, 2020). 
In some situations, pharmacies have been able to 
provide enough buprenorphine to last over a 
period of weeks (e.g., 30 days; Alexander et al., 
2020), to help offset the challenges of regular, in-
person refills. However, the increasing use of 
alternate forms of addiction treatment, such as 
telehealth, may offset some pandemic-related 
issues in treatment access.  
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Conclusions 
 

Over the past two decades, the 
prevalence of opioid abuse, misuse, dependence, 
and addiction in the United States can be attributed 
to a variety of micro- to macro-level factors (e.g., 
Keyes et al., 2014). At a micro-level, genetic 
vulnerabilities are endogenous factors that can 
impact resultant drug effects associated with 
opioid drugs. One such genetic vulnerability, the 
MOR A118G SNP, has been shown to produce 
physiological alterations to MOR function and 
altered analgesic and reward-related responses to 
MOR agonist drugs, which typically have abuse 
liability (Chou et al., 2006; Campa et al., 2008; Sia 
et al., 2008). The extent that this genetic 
vulnerability affects the development of tolerance 
and/or physical dependence with repeated 
exposure to opioids (Kosten & George, 2002) is 
important to understand further.  

However, it is also important to 
acknowledge the many macro- and local-context 
level factors which have been shown to impact 
substance use in general, and opioid use in 
particular (e.g., Keyes et al., 2014). For instance, 
large-scale, social factors suggest that access to 
opioids, social norms, and structural stressors also 
contribute to opioid use. Given the challenges that 
the COVID-19 pandemic poses to many macro- 
and local context-level factors associated with 
substance use (e.g., familial stress, peer pressure), 
it is important to continue working to understand 
individual vulnerabilities at all levels in order to 
help mitigate the impact that opioid abuse, misuse, 
dependence, and addiction can have on our 
society. 
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