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Abstract
There are many factors that need to be taken into consideration whenmeasuring craving in a human laboratory study. This review
summarizes and discusses some of the major challenges researchers are faced with when assessing opioid craving in clinical
research. First, there are wide range of available assessments that have been developed for measuring craving and depending on
the research questions or the underlying constructs targeted, some may be more appropriate than others. In addition to estab-
lishing the methodological point of departure for designing a study with craving, there are also different participant conditions
and characteristics that need to be evaluated when selecting among the large selection of assessments available. Participant
conditions/characteristics can influence the degree or frequency of opioid craving experienced. Lastly, there can be contextual
conditions that affect opioid cravings such as a stressful environment that may alter cue saliency. It is recommended that
researchers carefully consider the different constituents that contribute to opioid craving and to ensure a comprehensive evalu-
ation when assessing each participant. A more thorough consideration of these challenges can help us to understand the optimal
ways to measure one important and complex component of addiction.
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Introduction

The role of craving in drug-seeking behaviors has been well-
established in addiction research over the past 60 years. The
contribution of craving in addictions was further substantiated
after being clinically recognized in the latest edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-
5) as diagnostic criteria for substance use disorders [7]. Despite

the clinical recognition and the large volume of research on crav-
ing, the measurement of craving in human laboratory studies has
been a source of debate among researchers [13]. The challenges
withmeasuring craving include the definition of craving [25], the
clinical utility of craving and the reliability of subjective craving
responses for predicting future behaviors [28]. Furthermore,
craving can be broken down to tonic (i.e., longer-term) and pha-
sic (i.e., in the moment) cravings that may be influenced by
different conditions [10, 27]. For instance, participant character-
istics or conditions may change tonic craving, while contextual
conditions such as cue-exposure may influence phasic craving.

In addition to measuring general craving in addictive behav-
iors, another complicating factor is assessing craving specifically
for opioids. Non-medical opioid use continues to rise in the
United States and the research on opioid craving has also grown
exponentially. Despite the increase in craving research, the mea-
surement of opioid craving continues to present some issues.
This review discusses three importantmethodological challenges
for measuring opioid craving in laboratory settings: (1) how
opioid craving is assessed, (2) the spectrum of the study partic-
ipant conditions and characteristics (e.g., withdrawal syndrome),
and (3) the contextual (e.g., naturalistic environment) conditions
that may influence opioid craving in the laboratory.
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Opioid Craving Assessment

The first methodological challenge is deciding how to mea-
sure craving in the laboratory. Craving is generally assessed
by participants’ subjective responses to scales or question-
naires. A visual analog scale (VAS) is a common instant-
measurement instrument used to assess how strong an urge
or desire is across a continuum. The values on the VAS typi-
cally range from different point values (e.g., 1–10, 1–100)
with a higher value indicating a stronger desire or urge to
use opioids. The VAS can be easily adapted to different para-
digms and research questions, and therefore, no standardized
verbiage has been established. One disadvantage of single-
item measures, such as the VAS, is that the reliability (internal
consistency) cannot be measured. However, a considerable
advantage of using a VAS is that it can be utilized as a con-
tinuous variable rather than a binary or discrete response. This
option captures the extent of craving, which more accurately
reflects the spectrum of the disorder as described in the DSM-
5. It also allows a variety of analysis options that can offer
insight into sources of variation and can accommodate smaller
samples, which is common in human laboratory studies.

While unidimensional assessments are easy to imple-
ment, multi-item questionnaires allow for a multi-
dimensional measurement of craving across different
levels [30]. Several multi-item questionnaires have been
developed to measure opioid craving. The Desires for
Drug Questionnaire (DDQ) and Obsessive Compulsive
Drug Use Scale (OCDUS) [8], the Heroin Craving
Questionnaire (HCQ) [29] and the Opioid Craving Scale
(OCS) [31] were derived from alcohol and cocaine craving
questionnaires. The DDQ, OCDUS, and HCQ were initial-
ly validated for heroin craving and have since been adapted
for other opioids. The multi-item questionnaires are not
necessarily comparable across measures. For instance,
some measure instant craving in the moment (right now)
and others measure general craving (typically within the
past week) that can be retrospective. The OCDUS and
HCQ measure more general craving, the DDQ measures
instant craving, and the OCS measures instant craving
and general craving. General craving assessments may be
more suitable for longitudinal studies or techniques that do
not need to be done retrospectively (e.g., ecological mo-
mentary assessment). Furthermore, multi-item question-
naires can measure different underlying dimensions or con-
structs of craving. For instance, the OCDUS consists of
heroin thoughts and interference, desire and control, and
resistance to thoughts and intentions factors, while the
DDQ consists of desire and intention, negative reinforce-
ment, and control factors [8]. The components of craving
are not definitive and depending on the circumstances, one
questionnaire may be more appropriate for capturing crav-
ing experienced by a participant.

Participant Conditions and Characteristics

Different participant conditions and characteristics need to be
taken into account when measuring craving, as the degree of
craving experienced at any time can vary according to a par-
ticipant’s status (e.g., in recovery, treatment seeking, currently
using), individual characteristics, or the type of opioids used.
In recent years, more attention on participants’ statuses and
individual differences have come to light in alcohol research
[12, 13]. For instance, a study showed that treatment-seeking
individuals with alcohol use disorder (AUD) had higher alco-
hol craving compared to non-treatment-seeking individuals
[22]. Although not directly measured, it could be surmised
that craving for other types of substances such as opioids,
could also vary as a function of treatment-seeking status.
Due to ethical issues and feasibility of conducting a study,
researchers may be limited by the population that they can
recruit (treatment versus non-treatment seekers).

When designing a human laboratory study with craving the
general nomenclature used when describing opioids needs to
be accounted for. Specific substances such as heroin, pain-
killers, fentanyl, etc. are classified under the umbrella opioid
term, however, “opioids” can mean something different to
each person. A study comparing individuals who use prescrip-
tion opioids to heroin demonstrated that craving responses to
drug paraphernalia were moderated by the opioid type [21].
Therefore, assessments for general opioid craving may not be
fully applicable when there is specificity of the type of opioid
used. In addition, there has been a lack of research on fentanyl
craving in general, and as the use of illicit fentanyl and other
synthetic opioids are on the rise [26], there needs to be greater
focus on the different types of opioid craving.

Individuals who use opioids also commonly use other sub-
stances. Someone using different substances (e.g., heroin and
painkillers) may have competing urges and/or their cravings
could overlap. A craving for one type of opioid may be stron-
ger or it could potentially negate another craving. Assessing
all types of opioid cravings for multi-substance users would
increase our understanding about overlapping or interacting
processes that may exist between different substances.

Withdrawal syndrome is another example of a person-
specific condition or trigger. When someone is undergoing
withdrawal, they have a physical need to obtain and take a
drug. The constellation of symptoms in the withdrawal expe-
rience may also influence the desire to use a substance. There
may be an increase in cravings that occur when someone has
the urge to use a substance and the physiological need to
alleviate the withdrawal symptoms overlap. For instance,
there have been several studies in the AUD field that have
compared treatment-seekers’ characteristics from the national
multi-site clinical trial COMBINE study [2], with non-
treatment seekers’ characteristics conducted in California
[22] and Rhode Island (Haass-Koffler et al., under review).
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Both works reported that treatment-seekers, being more likely
to be abstinent (more abstinent days), present higher level of
withdrawal symptoms than non-treatment seekers.

Another example is someone taking medication such as
methadone or buprenorphine to treat their opioid use. People
who are on a stable dose of an opioid replacement therapy
(ORT) may experience less or have fluctuating urges com-
pared to people not on medication. Their urges may be con-
tingent on the amount and stability of their medication dose.
The type of medicat ion (e.g. , methadone versus
buprenorphine) may also vary the amount of craving an indi-
vidual experiences [20]. This speaks to the need for utilizing
structured craving biobehavioral assays to provide support in
the assessment of pharmacotherapies outcomes, not only in
the research and discovery setting, but also to confirm craving
differences among types of medication in clinical practice.
Further, the efficacy of the medication may also be dependent
on whether or not someone is receiving medication-assisted
treatment (MAT) [6] and that in turn, can also change a crav-
ing response.

Another person-specific condition is response to pain. A
person with chronic pain may have a physical need to treat
their pain with opioids and that could potentially change the
type or the degree of craving they have. However, pain is not
necessarily separate from addiction and individuals who have
chronic pain may experience craving for opioids in the same
way as someone without chronic pain [24]. In addition, a
study illustrated that abstinent individuals with heroin depen-
dence had increased sensitivity to pain and pain distress pos-
itively correlated with cue-induced heroin craving [23]. This
study further highlights the complexity of person-specific fac-
tors such as response to pain and how that can affect opioid
craving.

In addition to individual conditions, there may also be par-
ticipant characteristics that may influence craving. For in-
stance, a study investigating the role of genetics in alcohol
craving demonstrated that among individuals with alcohol
dependence, there may be genetic factors affecting alcohol
craving [1]. Furthermore, a national multisite trial demonstrat-
ed that women had higher craving for opioids compared to
men [3], which highlights gender differences. Greater empha-
sis on clinical profiles, especially in regard to gender, should
be considered when determining opioid craving.

Contextual Conditions that May Influence
Cravings

Lastly, there may be contextual conditions that increase a
craving response across individuals. Commonly, craving is
measured through cue elicitation. Cue-reactivity is a con-
trolled laboratory paradigm in which an individual’s behav-
ioral, biological, physiological, and subjective responses to

specific drug-related cues can be measured. Cues can be in
the form of photos, videos, scripts, or handling the actual drug
or other paraphernalia (e.g., a sealed bottle of real opioid pre-
scription pills, spoons, pill crushers, straws, small square
pieces of aluminum foil, money) [4]. However, when dealing
with illicit drugs like heroin, it can be difficult, or not even
feasible to include the actual drug in a cue-reactivity para-
digm. Sometimes there may even be precursors to the cue-
reactivity paradigm that will increase craving. Examples are
priming doses of the drug or a stress induction, which can be
done with behavioral stressors (e.g., Trier Social Stress Test
(TSST)) [16], physiological stressors (e.g., drugs like yohim-
bine) [11] and imagery exposure (e.g. stressful or drug-cue
personal experiences) [15]. Depending on the precursor, crav-
ing may vary as a function of the environmental setting or
across participants. Some individuals may be triggered by an
initial dose of their preferred drug while others may not feel a
comparable urge. Along the same lines, the extent that an
individual feels stressed may differ for each participant. In
addition to stress conditions, subjective craving can also be
measured in conjunction with modalities such as cardiovascu-
lar measures (e.g., heart rate and blood pressure). For instance,
a study examining craving, cardiovascular responses to stress,
and drug cues in recently abstinent individuals with opioid use
disorder treated with naltrexone showed that craving increased
in both cue conditions and cardiovascular responses only in-
creased during the stress condition [15]. These findings high-
light the array of conditions and arousal responses that can be
assessed during cue-induced craving. Furthermore, the meth-
odological issues experienced in behavioral laboratories can
also translate to functional magnetic resonance imaging
(fMRI) paradigms as the same concerns can arise when mea-
suring craving during a scan. Neuroimaging researchers face
even more obstacles, as creating a naturalistic and multisen-
sory environment to induce craving during an fMRI scan can
be a difficult endeavor [9]. Craving measured during an fMRI
scan typically needs to be done iteratively and this can be
burdensome to some participants and can also reduce external
validity. Nonetheless, fMRI elaborates on self-report assess-
ments by showing the involvement of different brain regions
during craving. This provides researchers with more substan-
tive information about the many components that craving is
comprised of.

Furthermore, there may be environmental triggers that
change an individual’s degree of craving. For instance, risk
of relapse may be potentially higher in someone who is more
sensitive to environmental triggers such as a stressful or unfa-
miliar environment. Depending on the time and place that
craving is assessed, there may not be an accurate depiction
of how someone typically experiences craving. Assessing
craving in a laboratory may in itself alter a craving response
without any sort of induction or paradigm. Therefore, there
may be environmental limitations of assessing craving in a
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laboratory that are not seen in real-world settings. However, in
more recent years, the creation of more naturalistic environ-
ments to increase cue saliency for participants has gained mo-
mentum in alcohol studies. For example, to mimic real-life
conditions, researchers have constructed bar-like laboratories
[14, 19], included confederates in studies to stimulate real-life
interactions with peers [18] and created virtual reality environ-
ments [5] to assess alcohol craving. In comparison to alcohol
studies, creating naturalistic environments to assess opioid
craving remains a challenge. Since alcohol is a legal substance
and many opioids are not, recreating a naturalistic environ-
ment (e.g. bar-laboratory) to elicit alcohol craving is more
feasible. In addition, there is a lack of understanding about
the dynamics of group contexts, as opioids used in group
settings are done so illicitly. One study showed that partici-
pants misused opioids primarily in households [17]; however,
there are limited studies on location or environmental contexts
for opioid use. Researchers are limited in the ways to recreate
naturalistic environments for participants who use opioids.

Conclusions

There is a multitude of factors that need to be considered when
designing a human laboratory study with opioid craving.
Among some of the factors are how craving is assessed, par-
ticipant conditions and characteristics, and the contextual con-
ditions that may influence craving. As research on opioid
craving continues to grow, ensuring the proper measurement
can present methodological challenges. When designing hu-
man laboratory studies, behaviors need to be quantifiable in
some way, but the impetus that triggers craving may not nec-
essarily be something that is measurable. Given that possible
limitation, craving measures should be refined in such a way
that they can fully capture what is intended to measure. While
the focus of this review was on the challenges and limitations
of designing a human laboratory study to assess opioid crav-
ing, it is important to mention that there are several advantages
to assessing craving in the human laboratory in addition to
measuring craving in the naturalistic environment.
Laboratory settings for evaluating opioid craving allow for
controlled environments without the introduction of additional
variables, reduction of the knowledge gap between preclinical
studies and randomized clinical trials, well-controlled experi-
mental manipulations such as stress reduction and a safe and
private environment for participants. Moreover, some of the
recommendations can be applied to other types of studies
(e.g., ambulatory studies). In the same way that human labo-
ratory researchers should refine the way they define partici-
pant conditions and characteristics and contextual conditions,
researchers designing ambulatory studies can also fully detail
how they capture the different aspects of opioid craving.

Moving forward, a “wide-lens” approach should be
employed such that different contextual and person factors
are considered when designing studies to assess opioid crav-
ing. The following recommendations are suggested.
Researchers should be aware that there are many different
assessments available and they should be selective in choos-
ing the appropriate craving assessment. Participant conditions
or characteristics should be controlled for or noted when ana-
lyzing results and discussing findings. For instance, partici-
pants who are treatment-seeking and on opioid replacement
therapy would have a reduction in craving compared to non-
treatment-seeking individuals. Therefore, it is important to
note these differences when discussing the implications of
the research and to also include covariates during analysis to
control for those differences if possible. The same approach
for assessing participant conditions or characteristics should
be taken with contextual conditions. When choosing contex-
tual conditions that may influence craving, researchers should
be mindful in the way they assess and approach craving and
how they interpret their results and findings. More attention is
being put forth to opioid craving and this will help to increase
our understanding of such a complex psychological construct,
which can serve to improve the ways in which we assess
addictive behaviors in the laboratory.
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