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Abstract

Aims: Consistent with the opponent process theory individuals with chronic opioid use should
predominantly endorse the avoidance of aversive negative emotional and/or physiological states as
the motivation for continued opioid use (source of reinforcement: reductions in negative states).
The primary aim of this study was to explore whether this view is supported by the subjective
effects of heroin reported by individuals with opioid use disorder (OUD).

Methods: Responses during in-person interviews of participants to the question “What do you
like about heroin? " were categorized as positive, negative, or mixed (positive and negative)
reinforcement. In addition, we examined differences between these “reinforcement groups” in
sociodemographic and clinical variables.

Results: Participants (V= 307) with OUD were predominantly male (78.1%), with chronic
heroin use (M= 15.8 years, SD = 11.5), and 46.1% currently used heroin and were not enrolled
in treatment. Agreement between two raters concerning the categorization of participant-reported
effects of heroin into reinforcement categories was high, x= 0.924, p <.0005. Approximately
half (49.8%) of participant-reported effects of heroin were categorized as attributable to positive
reinforcement. About one-fourth (22.8%) were categorized as negative reinforcement and 9.0%
as “mixed ”. There were no statistically significant differences between the three reinforcement
groups in any of the socio-demographic variables, duration of heroin use, or treatment status/
interest.

Conclusions: The results of this study indicate marked heterogeneity of heroin effects
experienced by individuals with OUD and their source of reinforcement, respectively. Better
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integration of how individuals construe their drug use is important to understand the psychological
—and neurobiological—processes in the development and maintenance of OUD.
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1. Introduction

Stimulus-response and reinforcement explanations for addictive behaviors have been offered
by psychologists for more than a century. In the 1890s, William James postulated that the
development of human behavior is grounded in the idea that behavioral patterns (habits) are
formed in response to the motivation to achieve a particular outcome [1]. After repeated
practice, the sequence of actions forming a habit becomes “automatic ” and is performed
without conscious attention—it is provoked by an event or stimulus. B.F. Skinner’s
reinforcement theory, developed almost four decades later, specified that behavioral patterns
are strengthened and maintained in relation to a stimulus [2]. Although several competing
reinforcement theories emerged during this time, many of these approaches share the idea
that stimuli, rewards, and other external forces play a key role in repeating behaviors in
animals and humans, rather than conscious and unconscious thoughts or feelings [2-5].

According to some neurobiological and reinforcement perspectives, drug “addiction ” may
be conceptualized as a product of neurobehavioral stimulus-response learning in which drug
use routines or habits are often performed automatically, with limited or no reflection [6,

7]. Note that we are using the term “addiction  to refer to the most severe form of a

full spectrum of substance use disorders (SUD) which is characterized by an individual’s
inability to control the impulse to use drugs despite negative consequences [8]. In contrast,
SUD refers to a problematic pattern of substance use leading to clinically significant
impairment or distress with 2 or more criteria (depending on the substance) listed in the
Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5) occurring
within 12 months.

The traditional model of the development and maintenance of SUDs emphasizes that
individuals initiate drug use for their pleasurable and/or euphorigenic effects (positive
reinforcement). However, over time, the motivation for drug use evolves towards the
avoidance of withdrawal symptoms and other adverse states in the absence of the drug
(negative reinforcement) [6, 9]. Following this model, tolerance (i.e., requiring higher doses
to maintain initial drug effectiveness or diminished effect after repeated administration of the
same dose of the drug) and dependence (i.e., physiological and/or psychological withdrawal
when drug use has ceased) are two key diagnostic criteria for SUDs [10, 11]. However, it is
important to note prior research has also suggested variability on why and how individuals
initiate and respond to first drug use episodes on several dimensions including subjective
self-reported effects and physiological processes [12-15]. Therefore, it is possible for an
individual to not have an initially positive effect when first trying a drug but subsequently
develop a SUD.
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It is also important to acknowledge other theories of addiction which emerged outside

of the behavioral tradition. Many models of addiction are centrally grounded within
cognitive theories which conceptualize human functioning and behavior as being driven
by a complex interaction of thoughts and intellectual processes, giving rise to belief
systems and behavioral and emotional patterns [16]. Although there is a multiplicity

of cognitive addiction theories, some of the most prominent aspects of these models
focus on the underlying mechanisms related to drug use behaviors and craving and the
reduction in self-control processes, both automatic and non-automatic [17-19]. There is

a large body of literature that suggests that individuals with SUDs often suffer from
significant impairment across several cognitive processes including executive functioning,
episodic memory, decision-making, and selective attention and attentional biases [20-24].
Therefore, these models highlight cognition as a critical component in the development and
maintenance of SUDs and key to improving clinical outcomes [24].

The opponent process theory, later adopted by some neuroscientists, integrated and built on
the progressive pleasure/withdrawal view of addictive behavior [25, 26]. One of the theory’s
central ideas suggests that positive affective and hedonic processes (source of reinforcement:
positive) are opposed by negative affective processes (source of reinforcement: negative)
through a complex interaction of neurobiological mechanisms [25-28]. In the current
scientific literature, SUDs are most commonly described as chronic brain disorders
characterized by disruptions in motivational circuits produced by multiple factors including
inflated incentive salience and habit formation, reward deficits, impaired stress response,
and cognitive functioning discrepancies [29, 30]. This model integrates a neurobiological
explanation of opponent processes as a motivational theory for the negative reinforcement
driving addiction, and more specifically, the combination of loss of reward function and
sensitization of brain stress systems [28].

The strength of an opponent-process model of SUDs is that it recognizes withdrawal and
distress as important factors for maintaining drug use and the involvement of a multitude of
components in this process. However, the focus on negative-reinforcement mechanisms in
the later stages of SUDs has failed to account for the perseverance of vulnerability to relapse
months or even years after withdrawal symptoms have dissipated, or after stabilization

on opioid agonist or antagonist medications in the case of opioid use disorder (OUD) [31-
34]. Though there is extensive neurobiological evidence of hedonic habituation (tolerance),
dependence, and withdrawal [35], the extent to which the opponent-process model of SUDs
ubiquitously corresponds with the conscious experience of individuals with a history of
chronic drug use is largely unknown.

In the current exploratory study, the investigators chose to target OUD because opioids

can have initial positive and negative reinforcing effects. When opioids activate mu-opioid
receptors (MOR), they reduce the tonic inhibition of dopamine neurons, resulting in
increased mesolimbic dopamine release that is thought to produce euphoria [36, 37]. In
some studies, MOR activation has been implicated in the moderation of prosocial behavior,
anhedonia, and attachment. Therefore, attenuation of “social pain ” (e.g., social dysfunction
and isolation) has also been implicated as a motivator of opioid use [38-42]. Furthermore,
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clinical studies have shown that opioid agonists have anxiolytic effects, attributed to their
ability to decrease serum cortisol levels [43-46].

The positive and negative reinforcing effects of opioids may be separate or complementary
contributors to their initial and continued use. Yet, the role and relative contribution that
reinforcement type plays in OUD have not been extensively investigated clinically. In line
with the opponent process theory, we would expect individuals with a history of chronic
heroin use to predominantly endorse the avoidance of aversive negative emotional states as
the primary reason for using heroin (source of reinforcement: negative). The primary aim
of this exploratory study was to explore whether this corresponds with the effects of heroin
experienced by individuals with OUD with a history of chronic heroin use. In addition, this
study sought to examine associations between reinforcement group (i.e., participant-reported
effects of heroin categorized by source of reinforcement) and socio-demographic variables,
addiction severity, and treatment status and interest.

2. Method

2.1. Participants and recruitment

This study is a secondary analysis of data collected as part of a 5-year randomized clinical
trial (ClinicalTrials.gov Identifier: NCT02535494]; completed October 10, 2019) conducted
at New York State Psychiatric Institute (NYSPI)/Columbia University Irving Medical
Center (CUIMC). The primary aim of the parent study was to compare the effects of a
novel comprehensive and standard overdose education and naloxone distribution (OEND)
training on overdose intervention attempts. After receiving one of the two training modules,
participants were followed over 12 months to measure the effects of the intervention. For
more details of the study and study-related procedures see [47].

This study recruited and enrolled individuals with OUD, confirmed in a clinical interview,
between the ages of 21 and 65 years. Following an initial telephone screen, in-person
screening procedures were conducted at the Division on Substance Use Disorders at
NYSPI/CUIMC. The in-person screening visit included various questionnaires and clinical
interviews administered by a team of research assistants, psychologists, nurses, and
physicians. Participants were excluded if they had an active psychiatric disorder that might
have interfered with participation or made participation hazardous for them or the study staff
(e.g., psychotic disorder, active bipolar disorder with mania, or significant history of violent
behavior).

Study design and procedures—All study procedures were approved by the NYSPI
Institutional Review Board, conducted per the Declaration of Helsinki, and all participants
provided written informed consent. As a part of the protocol, participants’ drug use

severity was assessed with the Addiction Severity Index (ASI) Self-Report Form [48,

49]. Participants also completed a locally developed semi-structured questionnaire [50]
assessing current and history of licit and illicit drug use. In addition to questions about the
frequency and quantity of various drugs used, this assessment also included questions about
motivation/reasons for drug use such as:
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. What do you like about heroin?
. Have you ever used heroin for pain control?

Answers to these questions were recorded in writing by the interviewer (a research
psychologist trained in interviewing techniques). Of note, interviews were not audio
recorded.

2.2. Categorizing participant-reported effects of heroin by source of reinforcement

Only participants who provided a response to the question “What do you like about
heroin? ” were included in the sample for the current analysis (/7= 307; total sample of

the parent trial /= 321). The responses recorded for this question in short sentences

were reviewed by two independent raters (SM and LB). The raters categorized the

effects of heroin reported by participants in response to this question by their source of
reinforcement (henceforth referred to as “reinforcement groups ™): positive reinforcement,
negative reinforcement, both positive and negative reinforcement (mixed), participant does
not like heroin, participant does not use heroin, and other. They used the following
standard definitions of positive and negative reinforcement, with examples to categorize
each response.

Reinforcement: “The operation of reinforcement is defined as the presentation of a certain
kind of stimulus in a temporal relation with either a stimulus or a response. A reinforcing
stimulus is defined as such by its power to produce the resulting change. There is no
circularity about this; some stimuli are found to produce the change, others not, and they are
classified as reinforcing and non-reinforcing accordingly. A stimulus may possess the power
to reinforce when it is first presented (when it is usually the stimulus of an unconditioned
respondent) or it may acquire the power through conditioning ” [2].

Positive reinforcement: Positive reinforcement is defined as the process by which
presentation of a stimulus (or a subjectively positive state) increases the probability of a
response. An example of positive reinforcement may be: A person using heroin for the
euphoric effect [9].

Negative Reinforcement: Negative reinforcement is defined as the process by which
removal of an aversive stimulus (or subjectively aversive state) increases the probability of a
response. An example of negative reinforcement may be: A person using heroin to alleviate
pain [9].

Note. Negative reinforcement should not be mistaken as punishment. Negative and positive
reinforcement increases the probability of a response, whereas punishment decreases the
probability of a response.

Of note, participants were not limited to one response. If a participant provided more than
one response to the question “What do you like about heroin? ”” and responses indicated
both negative and positive reinforcing effects of heroin, the participant was assigned to the
mixed reinforcement group. In contrast, if all responses indicated the same reinforcement
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source, the participant was assigned to the respective reinforcement group (i.e., negative, or
positive).

2.3. Statistical analysis

Sample demographics were summarized in terms of arithmetic mean and standard deviation
for continuous variables (e.g., ASI drug use composite score, heroin use duration in years,
bags of heroin currently used per day) and percentages for count variables (e.g., sex, age,
race/ethnicity). Cohen’s xwas used to determine the degree of agreement between the two
raters’ categorization of participant-reported heroin effects by the source of reinforcement.

Analyses of variance (ANOVA) or Pearson chi-square tests were used to compare
reinforcement groups (positive, negative, and mixed) in terms of sociodemographic
variables, addiction severity, current treatment status and interest in treatment, and use of
heroin for pain control. All hypothesis tests were two-sided and a multiple-comparison
correction was performed using Bonferroni correction, adjusting the significance level to p <
.005. Analyses were performed using SPSS Version 25 (IBM).

3. Results

3.1. Sample demographics and categorization of participant-reported heroin effects

Answers to the question “What do you like about heroin? ” were available from 307
participants. Agreement between the two raters concerning categorization of participant-
reported effects of heroin into different reinforcement categories was high, x =0.924, 95%
Cl (0.89, 0.96), p <.0005. Any outstanding disagreements regarding categorization were
resolved through discussion between the two raters, and all participants could be categorized
into one of the reinforcement groups.

Sociodemographic and clinical characteristics of the sample are displayed in Table 1. The
sample was comprised of primarily individuals with chronic heroin use, with an average
duration of 15.8 years (range < 1 year to 50 years) and a mean ASI drug use composite
score of 0.25 (range: 0 to 0.88). Mean daily quantity of heroin use was 3.87 bags per

day (range: < 1 to 30 bags). Almost half (46.1%) of the sample currently used heroin

and were not enrolled in treatment, 43.1% percent were currently receiving medication
for OUD (MOUD), and a small proportion (10.8%) had recently undergone detoxification
from opioids. Over half of the participants (50.3%) reported having used heroin for the
management of physical pain, and more than one-third (36.1%) were still using it for that
purpose.

Approximately half (49.8%) of participants’ answers to the question “What do you like
about heroin? ”” were categorized as attributable to positive reinforcement. About one-fourth
(22.8%) were categorized as negative reinforcement and 9.0% as “mixed " (both positive
and negative reinforcement). Twenty participants (6.5%) indicated that they did not like
heroin, three (1.0%) responded that they currently did not use heroin, and four answers
(1.3%) were categorized as “other ” (e.g., “heroin balances the crack high ). The most
common participant-reported effects of heroin are shown in Fig. 1. Given the small numbers
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of participants included in the “does not use/like heroin ” and “other ” categories, we only
included positive, negative, and mixed reinforcement groups in subsequent analyses.

Common answers that were categorized as attributable to positive reinforcement included
descriptions of euphoria and the high, a good feeling, and relaxation. Some individuals

also mentioned that they like “the drip ”. This refers to the physical sensation of the drug
“dripping ” down the throat/nasal passage after snorting it. Other participant-reported effects
in the positive reinforcement category ranged from sexual enhancement (e.g., prolonged
ejaculation) to energizing effects. The most common participant-reported effect categorized
as attributable to negative reinforcement was pain control, followed by continued heroin

use to avoid opioid withdrawal. “The nod ” was also commonly mentioned. “Nod ” related
to heroin use was categorized as negative reinforcement as this is an opioid-induced state
that shifts between wakefulness and various degrees of drowsy or unconsciousness [51].
Therefore, the investigators characterized “nod ” as a state of loss of sensation or awareness.
Similarly, participants also referred to the anxiolytic effects of heroin, being able to escape
the world around them and entering a state of numbness.

3.2. Socio-demographic and clinical differences between reinforcement groups

Participants who reported heroin effects attributable to both positive and negative
reinforcement (i.e., those in the mixed reinforcement group) appeared to have the shortest
heroin use history, be less commonly receiving MOUD, and use heroin as a means of pain
control less often compared to the other two groups. In addition, participants in the negative
reinforcement group seemed to use fewer bags of heroin per day (Table 1). However, none of
these differences reached statistical significance (Table 1).

4. Discussion

The results of the current study do not support the hypothesis that individuals with OUD and
a history of chronic heroin use would primarily endorse effects of heroin that are attributable
to negative reinforcement such as avoidance of withdrawal symptoms. Indeed, only about
12% of individuals in the negative reinforcement group endorsed using heroin to reduce
withdrawal symptoms. Even though more than a third of our sample indicated that they were
currently using heroin for the management of physical pain, less than one-fourth exclusively
endorsed negative reinforcing effects of heroin when being asked what they liked about
heroin. Meanwhile, approximately half reported effects attributable to positive reinforcement
such as euphoria. These data provide conflicting support for the opponent process theory
which purports that the initiation of drug use is primarily driven by positive reinforcing
effects of drugs, while the continuation of use and subsequent development of SUDs is
primarily characterized by the transition to negative reinforcement—chiefly, the avoidance
of withdrawal symptoms [52].

Clinical laboratory studies support the hypothesis that withdrawal symptoms may not be

the main driver of drug use during the “addicted ” phase. In one such study, individuals

with OUD who did not demonstrate naloxone-precipitated withdrawal (i.e., were not
physiologically dependent on opioids) still demonstrated robust operant responding (i.e.,
motivation) for intravenous morphine [53]. Other clinical studies found that maximal periods
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of drug self-administration often do not coincide with periods of maximal withdrawal
distress [53-55]. However, one clinical study did reveal that buprenorphine and methadone
were self-administered at doses that produced negligible positive subjective effects because
those doses alleviated mild withdrawal symptoms [56].

Proponents of the opponent process theory have acknowledged the importance of positive
reinforcing effects of drugs, and some utilized the incentive-sensitization theory of addiction
[52, 57] to address gaps in understanding the underlying mechanism for compulsive

drug use. The incentive-sensitization theory assumes that repeated exposure to drugs can
persistently change brain circuits that regulate the attribution of incentive salience to
stimuli [58]. This “sensitization’ of circuits results in pathological levels of “desire” or
“want” (incentive salience) being attributed to drugs and drug-associated cues. Nonetheless,
the consensus remained that individuals would eventually shift to primarily endorsing
effects of drugs attributable to negative reinforcement[52,55,58,59]. Although the opponent
process and the incentive-sensitization theory have greatly contributed to understanding the
neurobiological pathways that lead to neurological alterations in addiction, these theories
appear to inadequately explain the heterogeneity observed in our sample. Given that the
sample consisted of individuals who had been using heroin for approximately 16 years, and
in line with the aforementioned theories, we would have expected greater homogeneity in
the participant-reported effects of heroin and their source of reinforcement, respectively.

Previous research has demonstrated phenotypic heterogeneity among samples with SUDs
and other psychiatric disorders [60, 61]. Within SUD samples, heterogeneity is prominently
expressed across multiple dimensions including psychological functioning, pharmacokinetic
and pharmacodynamic processes, genetic contributions, psychiatric comorbidities, drug-
associated behaviors, and environmental influences [62—64]. To that end, our data seem

to suggest clustering into potential “reinforcement phenotypes. ” Better characterizing these
suggested phenotypes and understanding their behavioral and psychological underpinnings
may not only improve our precision in assessing OUD but may assist in the development

of more personalized treatment approaches. For example, a recent study provides
preliminary evidence for distinct opioid withdrawal phenotypes (high and low levels

of opioid withdrawal), which are associated with differentially meaningful outcomes in
pharmacotherapy; i.e., differential response to study medication and retention rates [65].

We did not observe any differences between reinforcement groups in socio-demographic,
addiction severity, or treatment variables. However, we were limited to baseline information
available from the primary trial, and the available variables to characterize addiction
severity (i.e., the ASI and quantity/duration of heroin use) may not fully represent the
impairments in psychosocial and behavioral functioning related to OUD [66, 67]. Thus,
future studies are tasked with moving beyond these sample characteristics, exploring
behavioral and psychological correlates of and differential treatment responses associated
with reinforcement phenotypes. Integration with established psychological trait theories,
such as the five-factor model of personality, and behavioral models of addiction (e.g., drug
administration/choice tasks) may be a promising starting point.
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In our study, reinforcement groups were ascertained from a single question about motivation
for drug use, specifically “What do you like about heroin?. ” Besides eliciting descriptions
of heroin effects experienced by our participants, this question may be accessing several
psychological domains including but also extending beyond hedonic responses such as drug
liking or craving. For example, the incentive-sensitization theory differentiates between
drug “liking ” and “wanting, ”” and these two psychological manifestations are thought to
have distinct neurobiological mechanisms [68]. Studies have also shown that “liking ” can
occur unconsciously in the absence of subjective hedonic reactions while still eliciting
goal-directed behavioral responses [69-71]. Additionally, it has been shown that “liking
can occur in combination with conscious subjective states that are related to specific
hedonic pathways and to perceptive ratings and subjective feelings [71-73]. Differentiation
is also made between conscious wanting and the neurobiological process of “wanting ”

or incentive salience and its observable responses [71]. Furthermore, within the craving
domain, a recent study suggested that opioid craving is a multi-dimensional construct with
distinct components [74]. This study postulated that heterogeneity in the subjective rating
of craving may be due to individual differences in functionality (i.e., severity of opioid

use and physiological dependence). Taken together, these findings suggest that it would be
advantageous to comprehensively investigate reinforcement phenotypes by differentiating
between 1) craving, wanting, and liking, 2) conscious and unconscious processes and
motivations, and 3) acute and long-term (retrospective or “remembered ) drug effects.

Our preliminary findings may also offer the opportunity to incorporate theoretical cognitive
constructs such as metacognition to strengthen the validity of traditional reinforcement
theories, in addition to providing a structure for further investigation. Metacognition is
commonly defined as the self-awareness, knowledge, and cognitive processes involved in
decision-making, appraisal, control, or monitoring of thinking (“thinking about thinking ™)
[75, 76]. Although still an emerging area, preliminary research in explicit cognitive
processes has shown associations between deficits in metacognition and the vulnerability
to addiction, however, more research is needed [17, 77-80]. A recent systematic review
highlighted evidence that suggests that individuals with SUDs are more likely to display
maladaptive general metacognitive beliefs, metacognitive beliefs related to thoughts about
addiction, and metacognitive beliefs related to craving [81]. Taken together metacognition
appears to contribute to the initiation and perseveration of SUDs. As such, this model may
provide an innovative framework to conceptualize and understand our findings related to the
subjective understanding of heroin effects.

Several limitations of this study merit comment. First, this was a secondary analysis,

and assessing the reinforcing effects of heroin was not the main objective of the

primary trial. It would be critical to replicate our findings utilizing a prospective design

that comprehensively assesses reinforcement across multiple phenotypical dimensions
(biological, psychological/cognitive, and behavioral). These potential reinforcement
phenotypes should be examined and validated across multimodal methods of assessments
such as self-reports and laboratory models, including self-administration paradigms. Second,
cross-sectional data were used to delineate reinforcement groups and as such, our data

may only represent a snapshot of an individual’s perception/experience of heroin effects

at the time of the study. In addition, we did not assess opioid withdrawal symptoms or
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opioid intoxication at the time of the interview, both of which could have influenced
participants’ responses. Future studies should assess the stability of these potential
reinforcement phenotypes over time and as a function of withdrawal/intoxication. Third,
given that a clinical interview was used to elicit descriptions of heroin effects experienced
by participants, bias arising from social desirability or selective recall cannot be ruled

out. Additionally, the question used to ascertain reinforcement groups may not capture

the complexity of the subjective experience resulting from heroin use or the motivation

for drug use and the phrasing of the question may have biased participants’ responses
towards positive reinforcement responses. Furthermore, while the agreement between

the two independent raters was high and their categorization followed pre-determined
definitions of positive and negative reinforcement with examples, it cannot be ruled out that
categorizations of participant-reported effects of heroin by source of reinforcement may be
subjective or biased [82]. Fourth, while the sex distribution of our sample mirrors the ratio
of men to women with OUD in the US [83], future studies should attempt to recruit more
women in order to adequately explore potential sex differences. Finally, future research is
tasked with exploring potential differences among OUD populations (e.g., individuals from
different socioeconomic backgrounds, individuals living in rural versus urban areas, chronic
versus short-term opioid use, polysubstance use, and psychiatric comorbidities), in addition
to other SUD populations.

In conclusion, the results of this study indicate marked heterogeneity of heroin effects
experienced by individuals with OUD and their source of reinforcement, respectively. While
imperative for understanding the neurobiological pathways that lead to brain changes in
addiction, contemporary reinforcement theories appear to inadequately explain our findings.
Within traditional reinforcement theories, drug use routines or habits are thought to be
predominantly performed automatically, without conscious reflection. Better integration of
how individuals construe, understand, or make sense of their drug use (i.e., their meaning-
making) is important to understand the psychological—in addition to the neurobiological
—oprocesses in the development and maintenance of SUDs. Systematically incorporating
assessments of the subjective experience of drug effects with “objective ” measures, such

as drug choice tasks, may help address gaps in understanding the underlying mechanism

of compulsive drug use and developing a more complete model of reinforcement processes
that guide an individual’s behavior. [84]. This approach may facilitate the development of a
more complete model of addiction which integrates behavioral, cognitive, and psychological
mechanisms to assist in the development of more personalized and precise interventions and
improve clinical outcomes. For example, tailoring a pharmacological or behavioral SUD
treatment to a specific reinforcement phenotype may lead to greater adherence and improved
effectiveness [84].
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Fig. 1.

Participant-reported effects of heroin (i.e., “What do you like about heroin? ) 1.2
L Figure only includes responses provided by at least four participants.
2 A total of 307 participants provided responses to this question.
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