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a b s t r a c t 

Contextual processing is implicated in the pathophysiology of addictive disorders, but the nature of putative de- 

ficiencies remains unclear. We assessed some aspects of contextual processing across multimodal experimental 

procedures with detoxified subjects who were dependent on opioids ( n = 18), alcohol- ( n = 20), both opioids and 

alcohol ( n = 22) and healthy controls ( n = 24) using a) facial- and b) emotionally laden images; c) gambling task 

and d) sucrose solutions. Healthy subjects displayed consistent response pattern throughout all categories of the 

presented stimuli. As a group, dependent subjects rated (i.e., valuated) attractive and average faces respectively 

more and less attractive in comparison to controls. Dependent subjects’ motivational effort, measured in the units 

of computer keypress to determine the attractive faces’ viewing time, accorded the valuational context but was 

diminished relatively to the average faces’ valuation. Dependent subjects’ motivational effort for pleasant and 

aversive images respectively mirrored the attractive and average faces; their neutral images’ motivational effort 

was incongruent with the valuational context framed by the intermixed images. Also, dependent subjects’ emo- 

tional responses to counterfactual comparisons of gambling outcomes were unmatched by the riskiness context. 

Moreover, dependent subjects failed to show greater liking of sweet solutions that normally accompanies low 

sweetness perceptual context indicative of higher sucrose concentration needed for maximal hedonic experience. 

Consistent differences among the dependent groups (opioid vs. alcohol vs. comorbid) on the above procedures 

were not observed. The present findings suggest that opioid and/or alcohol dependence may be associated with 

amplified hedonic and motivational valuation of pleasant stimuli and with a disrupted link between behav- 

ioral/emotional responsivity and contextual variations. Further research is warranted to unravel the distinctive 

features of contextual processing in opioid- vis-à-vis alcohol addiction and how these features may interrelate in 

comorbid conditions. 
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Opioid misuse is an ominous public health problem with over 16

illion addicted people worldwide [1] bringing about heightened mor-

idity, mortality with annual overdose deaths surpassing 100,000 in the

nited States alone and the numbers are rising globally [ 2 , 3 ]. The fact

hat these numbers are continuously growing [4] calls for novel insights

hat may inform improved prevention, diagnosis and treatment for the

fflicted people [5–7] . The inquiry into addictive effects of opioids and
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ther substances [8] alike has pointed to both tolerance and sensitiza-

ion effects altering the function of the brain mesolimbic dopaminergic

ircuits subserving reward [ 6 , 9 , 10 ], an intervening variable [11] linking

 pleasant value attributed to a goal-object with a motivation, behavior

r an internal emotional/physical state [ 12 , 13 ]. 

All other things being the same, many goal-objects may interchange

leasant, aversive or neutral value predicated upon the memorized or

erceived contextual factors [14] . Contextual processing thus consti-

utes a key element of mental function [15] that has evolved beyond
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mmediate survival [16] to support an instantaneous and effortless re-

ponsivity to any type of stimuli. In humans, contextual processing has

ecome crucial for most individual and social activities including emo-

ional attachments, group affiliations, free will as well as conformity and

bedience to societal norms and edicts [ 17 , 18 ]. Context-based choices,

udgements or decision-making touch almost every facet of personal-

ty through enthusiasm, spontaneity, adaptability, motivation, esthetic

wareness and risk attitudes. Consequently, lives of people with im-

aired contextual processing may be difficult because they must cope

ith the same challenges as others, but without many of the contextu-

lly framed achievements and memories [19] , to the point of mounting

tress, burnout, and exhaustion. 

In view of that, examination of neurocircuitries for opioid- and other

roups of substance use disorders reveals overlapping differences be-

ween patients and control groups in the brain regions that are impli-

ated in contextual processing [ 15 , 19-21 ]. Discounting of big, delayed

ewards over smaller yet immediate ones is the most extensively inves-

igated type of contextual processing in opioid addiction [ 22 , 23 ]. Such

elay discounting is only part of a contextual processing constellation

nd so this work commensurates [24] the clinical impressions of impul-

ivity [ 7 , 25-27 ], that is, stimulus-driven unplanned and uncontrollable

28] behavioral responsivity to internal/external stimuli notwithstand-

ng the contextual background in the form of negative or disadvanta-

eous consequences [29] . 

Several lines of evidence link opioid addiction to contextual pro-

essing dysfunction. On the biochemical level, nociception opioid pep-

ide receptors participate in contextual fear acquisition [30] . Naltrex-

ne, a 𝜇-opioid antagonist, acutely altered the effects of contextual cues

nd valuational assessments of the presented images in unmedicated

epressed patients. From a clinical perspective, “contextual healing ” of

lacebo [31] is defined in part by the endogenous opioidergic system

32] while opioid addiction is characterized by insensitivity to social-,

afety- and sensory contexts leading to impairments in the interpersonal

phere, to risky behaviors and to catastrophizing of pain [ 6 , 33 , 34 ]. With

egard to the underlying neurobiology, contextual dysfunction may be

erived from the impaired top-down- and/or bottom-up- interactions

etween cortical and subcortical structures respectively mediating cog-

itive and emotional functions [ 35 , 36 ]. 

Despite suggestive clinical experience and supportive animal data

 6 , 37 ], we are unaware of prior studies that comprehensively assessed

ontextual processing in opioid addiction. Contextual processing inquiry

s complicated by its tentative accessibility to self-reports [19] and by a

aucity of laboratory-based procedures [38] that induce robust and re-

roducible activation of the systems involved and can be controlled with

espect to the ‘amount’ of the administered stimulus [39] . To that end,

e have developed a protocol comprised of three categories of stimuli,

amely, (a) sets of images (e.g., faces, objects or scenes) that are dif-

erentially pleasant and aversive as measured by subjects’ willingness

o physically work via computer keypress to continue viewing them;

b) monetary gains and losses incorporated into a gambling task; and

c) Sweet Taste Test (STT). The complimentary nature of these tasks

s derived from their ability to capture distinct aspects of contextual

rocessing including flexibility as the images are attributed alternating

otivational contexts in relation to the characteristics of other images

ith which they are intermixed along with controlled expectation com-

onent of the monetary outcomes [40] and lack of performance con-

ounds associated with the STT allowing administration of equivalent

ntensity stimuli in health and in opioid addiction entailing motivational

nd attentional deficits [41] that may undermine performance on cog-

itive/behavioral tasks. 

The aim of the present study was threefold: (1) To examine the

onsistency of the normative contextual processing function across the

istinct categories of stimuli within the same healthy individuals; (2)

o determine opioid dependence-related contextual processing alter-

tions in comparison to healthy controls; and (3) To assess the speci-

city of potential contextual processing changes in subjects with opi-
2 
id dependence by comparing them to cohorts of subjects with dual

pioid/alcohol- and alcohol alone dependence where the opioid system

s critically implicated [42] including allelic variations in specific opioid

enes e.g., OPRM1 [43] . 

It was hypothesized that there will be a generalized contextual re-

ponse in controls that is not observed in detoxified subjects due to

rolonged effects of addictive substances. Because opioidergic neuro-

ransmission is implicated in contextual processing [44] , a priori empha-

is was placed on opioid dependence. Potential differences among the

ependent groups (opioids, alcohol, and opioids + alcohol) were ana-

yzed in an exploratory fashion. Additionally, the commonly accepted

sychological notion that active avoidance of punishment is rewarding

nd reinforcing [6] led us to wonder whether the reinforcement context

negative vs. positive) produces quantitatively and qualitatively differ-

nt responses. Heightened effect of the aversive conditioning and nega-

ive reinforcement would be consistent for the well described normative

endency to assign greater weight to a loss than to a gain of equal mag-

itude [45] . 

aterial and methods 

ubjects 

Sixty subjects carrying the diagnosis of opioid (i.e., heroin) depen-

ence ( n = 18), alcohol dependence ( n = 20), alcohol dependence with

ully remitted opioid dependence ( n = 22) henceforth dually diagnosed

ere recruited from the inpatient department of the Leningrad Regional

enter of Addictions (LOND), a 300-bed hospital for treating patients

ith substance addictions residing in the Leningrad Region, Russian

ederation. Healthy control subjects ( n = 24) were recruited by word

f mouth and flyers distributed on the premises of the St. Petersburg

tate Pavlov Medical University and affiliated Medical Centers. After

he procedures were fully explained, all subjects gave written informed

onsent to the protocol approved by the Institutional Review Board at

t. Petersburg Pavlov State Medical University. 

Prior to the commencement of the study, the Russian and the US

tudy teams held a series of meetings to assess the treatment milieu, to

stablish protocol procedures, and to conduct training on the admin-

stration of the computerized tasks. The psycho-diagnostic and -metric

ools were translated into Russian via a forward-and-backward transla-

ion process, by two independent interpreters with subsequent approval

y five MD, PhD level addiction experts highly proficient in spoken and

ritten English [46] . The Diagnostic and Statistical Manual of Mental

isorders, 4th Edition, Text Revision (DSM-IV-TR) diagnoses of opioid-

nd alcohol use disorders [33] were established via the best estimate

ormat utilizing all available sources of information, including a clin-

cal interview by an MD Research Addiction Specialist, past medical

ecords, informants’ interviews, Structured Clinical Interview for DSM-

V-TR Axis I Disorders [47] and the Addiction Severity Index (ASI [48] ).

articipants’ good physical health was ascertained by physical examina-

ion, electrocardiogram, screening blood work-up and urinalysis. Psy-

hiatric symptoms and their impact on subjects’ life were rated with

he respective Brief Psychiatric Rating Scale (BPRS) and Global Assess-

ent of Functioning (GAF). Eating behavior was assessed by the Three-

actor Eating Questionnaire (TFEQ) namely, cognitive restraint of eat-

ng (TFEQ Factor I), disinhibition (TFEQ Factor II) and hunger (TFEQ

actor III). 

Heterosexual men were included to adjust for inter-gender variabil-

ty in response to the facial [49] and emotional [50] images. Other in-

lusion criteria were GAF > 60, any BPRS’ symptom rating ⟨ 5, total

aw score of ⟩ 18 points on the Raven’s Progressive Standard Matrices

 2.0. Urine toxicology screens were used to rule out recent drug and

lcohol consumption at the time of testing; the latter was also ruled out

ia breathalyzer. Opioid dependent subjects were included if their aver-

ge alcohol consumption did not exceed 3.5 ounces per week and/or 3.5

unces per month on a single occasion. The lifetime-use of illicit drug
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y the included alcohol dependent subjects did not exceed 10 times.

ealthy controls were included if consumed up to 3.5 ounces of alcohol

er week and/or up to 3.5 ounces on a single occasion per month; their

llowed lifetime illicit drug use was limited to 10 times. 

Subjects were excluded based on diagnoses of bipolar disorder,

chizophrenia spectrum disorder, major depression, drug dependence

other than on alcohol and/or heroin, as appropriate), or eating disor-

er. Also excluded were subjects with symptoms of drug/alcohol with-

rawal or potentially confounding medical conditions (e.g., diabetes

ellitus, other endocrinopathy, chronic obstructive pulmonary disease,

ongestive heart failure, hepatitis, hepatic failure, cirrhosis, end-stage

idney disease, neurological conditions (e.g., seizure disorder, head

rauma accompanied by amnesia or loss of consciousness greater than

 min, past brain surgery, multiple sclerosis, or Parkinson’s disease),

se of opioid antagonists or agonists other than heroin (as appropri-

te) or use within the past month of any potentially confounding psy-

hotropic medications or drugs (e.g., barbiturates, antidepressants, psy-

hostimulants, cannabinoids, dopaminergic or antidopaminergic agents,

nd mood stabilizers). 

xperimental design 

herapeutic protocol 

At LOND, the standard inpatient therapeutic protocol is comprised

f three stages viz., detoxification, stabilization and rehabilitation per-

ormed on respective specialized units followed by long-term ambu-

atory care. Alcohol detoxification lasts 5–7 days and includes ben-

odiazepines, vitamins (folate and thiamine) and isotonic saline solu-

ions. Heroin detoxification duration ranges 7–14 days and it builds

pon pharmacotherapy with clonidine, non-steroidal anti-inflammatory

rugs and loperamide. Inpatient rehabilitation program lasts 2–4 weeks

nd it includes individual and group therapy with cognitive-behavioral-

 twelve-step facilitation-, solution-focused- and occupational therapy

omponents. Vocational therapy for subjects with alcohol dependence

nvolves work on a nearby factory or at LOND with mandatory return

o the unit by 5 pm; opioid dependent subjects only work at the LOND

remises. Returning from work subjects undergo mandatory breatha-

yzer and toxicology screenings. 

esearch protocol 

Subjects meeting all criteria participated in the present study after 3

eeks of detoxification and stabilization, at least 7 days after the discon-

inuation of the pharmacotherapy for alcohol and/or heroin withdrawal

ymptomatology. They reported at 8 am on the day of the study to the

OND research unit after having fasted and refrained from teeth brush-

ng, caffeine intake and strenuous physical activity for 10 h. Four sets

f experiments were organized for completion over 4 h. The three psy-

hosocial stimuli tasks wherein seated subjects viewed the stimuli and

elf-ratings questions on a computer monitor were performed before the

TT. They were separated from the STT by 1 hour rest period and ad-

inistered over one session in the following order: facial-, International

ffective Picture System (IAPS)- and monetary stimuli. Subjects were

sked not to smoke an hour prior to STT to avoid taste alteration. The

ubjects and the examiners were ‘blind’ to the study’s hypotheses. 

acial stimuli 

There were two tasks administered in separate runs: a keypress task,

ollowed by an image attractiveness rating task. The former task was

nalogous to a Skinner box, in that subjects could bar-press to keep pic-

ures visible longer or bar-press to diminish the time they were viewed

49–51] . The keypress experiments comprise a response scale (i.e., ef-

ort) that is the same across different types of emotional-content images

49–51] . The extent and rate of response with the keypress method is

etermined by the experimental subjects and thus, by definition, cor-

esponds directly to external behavior. Also, unlike regular choice pro-

edures yielding one data point per respondent, the keypress method
3 
rovides a continuous response scale while this response type is incen-

ive compatible, which means that subjects’ best strategy is to respond

n a way that best reflects their internal state not entirely accessible to

onscious awareness. Since this methodology directly collates the key-

resses effort an individual subject expends to observe or not observe

n image, it is a quantitative measure of motivational valuation of the

timulus by the subjects. Such valuation resembles the traditional con-

ept of reinforcement reward, and further have some correspondence

o the concept of “wanting ” that has been juxtaposed to hedonic valua-

ion i.e., “liking ” reflected in the hedonic rating of the presented images

52–54] . 

Subjects were presented with 80 non-famous human faces that were

elected from print media and classified according to pilot test results in

he following four categories of 20 each: average female, attractive fe-

ale, average male, and attractive male. Attractive faces of the opposite-

s. same sex are respectively perceived as pleasurable and aversive by

eterosexual males [ 49 , 51 ]. The pictures were digitized at 600 dpi in

-bit grayscale, spatially downsampled, and cut to fit in an oval “win-

ow ” sized 310–350 pixels wide by 470 pixels high using Photoshop 4.0

oftware (Adobe Systems). Subjects were informed that the entire task

uration was fixed and independent of their actions but that they could

ontrol the viewing time of each individual picture. Within each gender

lock, the average and attractive faces were presented intermingled, in

andom order allowing the isolation of the contextual attractiveness fac-

ors [ 55 , 56 ]. It was explained to the subjects that they could keep the

iewing time at 8 s for a face by not pressing any key, or either increase

r decrease this time (depending upon the frequency of the key presses)

y alternately pressing a keyboard’s “n ” and “m, ” or “z ” and “x ” keys,

espectively. The former key presses were scored as positive, and the

atter as negative yielding negative the total net number for each trial.

he relationship between the key press effort and the viewing time is

athematically expressed as: New Total Time = Old Total Time + (Ex-

reme Time – Old Total Time)/K, where Extreme Time is 0 and 8 s for

he key presses respectively aimed to decrease or increase the viewing

ime; the scaling constant K is set at 40. This equation entails decreased

fficacy of each successive key press with respect to changing the view-

ng time [57] . Such an exponential relationship between response and

einforcement rates is considered by some to be the superior strategy for

he maintenance of operant behavior in both laboratory animals and in

umans [58] . 

During the subsequent rating task, the subject rated the attractive-

ess of the same faces on a visual analog scale ranging from 0 “not

ttractive at all ” to 100 “very attractive. ” The value of using the key-

ress and the hedonic rating tasks is a more conclusive interpretation of

he findings. A prior neuroimaging study employing the same pictorial

timuli in males indicated that the key presses, but not the attractiveness

atings, were paralleled by activation of distinct motivational and re-

ard circuitry [57] . Other lines of empirical laboratory-based evidence

or the motivational value of beauty [59] rather than social acceptance

r desirability of prolonged viewing behavior towards opposite sexes is

upported by stronger functional magnetic resonance imaging activa-

ions within motivational/reward regions by female than by male faces

or heterosexual men and by male than by female faces for heterosexual

omen [ 60 , 61 ]. 

nternational affective pictures system stimuli 

The IAPS was developed by the National Institute of Mental Health

enter for Emotion and Attention, and a group of college students was

etained to establish the standardized ratings for the pictures in the IAPS

62] . We used a set of images from the IAPS, while employing the key

ress mechanics of the aforementioned facial experimental procedure

 49 , 50 , 57 ]. Based on normative ratings for affective valance (unpleas-

nt to pleasant) and arousal (calm to excited), four categories of 50 IAPS

mages each were selected namely, “pleasant ” (e.g., happy and erotic

cenes), “aversive ” (e.g., violent scenes) or “extremely aversive ” (e.g.,

utilated bodies) and “neutral ” (e.g., common household objects). The
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Fig. 1. Monetary task . The stimulus display 

comprised two disks, divided into blue- and 

yellowed-colored sectors with areas corre- 

sponding to respective probabilities of receiv- 

ing a monetary payoff or nothing. Using the 

computer mouse click, the subjects placed a bet 

on a more- or on a less risky option of an equal 

expected value (e.g., 10% for $10 or 100% for 

$1) within each pair followed by marking a 

point along a 100 mm visual analog scale (VAS) 

beneath the question: “What do you expect the 

outcome of this trial to be? ” anchored “very 

negative ” and “very positive ” at the far left and 

right, respectively. The question and the VAS 

scale then disappeared, and a spinning arrow 

was superimposed over the disk. The arrow’s 

landing on one sector designated the monetary 

outcome of that trial. The subjects rated their 

satisfaction with the outcome on a 100 mm VAS 

scale by answering the question “How happy 

are you with the outcome? ” that appeared be- 

low the spinner with the anchors of “not happy 

at all ” and “very happy. ” The task was subdi- 

vided into two blocks either retaining the non- 

selected disk (to allow counterfactual compar- 

ison) or omitting it from the outcome phase of 

the same 30 trials presented in a pseudorandom order. The prompted counterfactual comparison between the obtained and the alternative (i.e., non-selected) outcome 

was reflected in a yes–no “Do you regret your choice? ” question when appropriate. The trial sequence was identical for all subjects. 

“  

a  

a  

r  

w  

w  

o  

s  

v  

p  

r  

m  

i  

d  

w

M

 

s  

t  

m  

l  

p  

g  

i  

a  

i  

c  

d  

t  

m  

i  

m  

I  

a  

t  

t  

o  

t  

d  

c  

T  

a  

“  

q

 

o  

o  

a  

y

a  

q  

s  

n  

i  

q  

t

S

 

i  

c  

f  

h  

e  

a  

e  

c

 

0  

1  

p  

R  

a  

b  

o  

s  

i  
pleasant ” images were selected from those with the highest normative

rousal- and valence intensity scores. The “aversive ” and “extremely

versive ” images were with the highest normative arousal score and the

espectively low and lowest normative valence scores. Neutral images

ere with the highest normative arousal score selected from pictures

ith the median valence scores. Subjects were given on option to opt out

f viewing the “extremely aversive ” images; they were exposed to “aver-

ive ” images in their stead. The images were organized in two blocks by

alence, pleasant and aversive/extremely aversive. Within each block,

leasant or (extremely) aversive images were presented in a pseudo-

andom order intermingled with “neutral ” images. Thus, in addition to

easuring motivational effort via keypress activity, this task provides

mportant data on contextual processing as neutral images are attributed

ifferent motivational value depending on the qualities of other images

ith which they are intermixed. 

onetary stimulus 

As alluded above, the stimuli values are not absolute; they depend on

everal contextual factors, including prior expectations, level of uncer-

ainty, quantitative information processing, decision making and judg-

ent. Money, an easily quantifiable and ubiquitously recognized stimu-

us that can be incorporated into contextual judgment tasks [ 19 , 63 , 64 ],

rovides a meaningful framework for clinical research [ 65 , 66 ] by inte-

rating concepts from experimental psychology and economics. Accord-

ngly, we employed a monetary task eliciting decision making under risk

nd uncertainty [67] , emotional responses and counterfactual compar-

son triggered by alternative and unrealized payoffs underlying “what

ould have happened ” types of contextual processing [40] . The stimulus

isplay comprised two disks, divided into blue- and yellow-colored sec-

ors with areas corresponding to respective probabilities of receiving a

onetary payoff or nothing ( Fig. 1 ). By reading a set text, subjects were

nformed that they would participate in a game of chance and could earn

oney via a randomly selected winning bet at the conclusion of the task.

t was further explained to the subjects that an arrow would spin around

 spinner and come to rest in either of the two differentially colored sec-

ors representing monetary gains or nothing. Subjects’ familiarity with

he spinners was confirmed using a brief computerized quiz, completion

f which was conditioned on the correct understanding of the task. The

ask was subdivided into two blocks either retaining the non-selected
4 
isk (to allow counterfactual comparison) or omitting it from the out-

ome phase of the same 30 trials presented in a pseudorandom order.

he prompted counterfactual comparison between the obtained and the

lternative (i.e., non-selected) outcome [68] was reflected in a yes–no

Do you regret your choice? ” question when appropriate. The trial se-

uence was identical for all subjects. 

Using the computer mouse click, the subjects placed a bet on a more-

r on a less risky option of an equal expected value (e.g., 10% for $10

r 100% for $1) within each pair followed by marking a point along

 100 mm visual analog scale (VAS) beneath the question: “What do

ou expect the outcome of this trial to be? ” anchored “very negative ”

nd “very positive ” at the far left and right, respectively ( Fig. 1 ). The

uestion and the VAS scale then disappeared, and a spinning arrow was

uperimposed over the disk. The arrow’s landing on one sector desig-

ated the monetary outcome of that trial. The subjects rated their sat-

sfaction with the outcome on a 100 mm VAS scale by answering the

uestion “How happy are you with the outcome? ” that appeared below

he spinner with the anchors of “not happy at all ” and “very happy. ”

weet tasting test 

We used the STT, a validated by us [ 69 , 70 ] single-blind procedure

nvolving collection of subjective self-reports on hedonic value of a bio-

hemical stimulus, sucrose (i.e., table sugar comprised of glucose and

ructose) against the contextual backdrop of its sensory assessment. STT

as an ecological validity in opioid addiction as sugar’s hedonic prop-

rties are mediated by the opioidergic neurotransmission [ 54 , 69 , 70 ]

imed at reinforcement of procurement behaviors of this indispensable

nergy source that is neither stored nor it is produced throughout the

entral nervous system [69] . 

Subjects were administered sucrose solutions at 0.05 M, 0.10 M,

.21 M, 0.42 M and 0.83 М (for comparison: sucrose concentration in a

2 oz can of Coca Cola is 0.61 M) three times in for a total of 15 sam-

les. The sequence of the sucrose concentrations was pseudorandom.

andom shuffling the order of the stimuli helped to prevent adaptation

nd ensured that each stimulus was perceived as accurately as possi-

le [71] . This approach also helped to reduce the influence of potential

rder effects, where the order of presentation might have influenced

ubjects’ ratings. The subjects were instructed to sip the solution, swish

t around in their mouths, and spit it out, rinse their mouth with distilled



I. Elman, D. Ariely, M. Tsoy-Podosenin et al. Addiction Neuroscience 7 (2023) 100100 

Table 1 

Demographic and clinical data of dependent- and healthy subjects. Data are presented as mean (SEM) or ratios. 

Variable 

Dependent 

( n = 60) 

Healthy 

( n = 24) 

Student’s t -test 

t p v 

Age (year) 29.18 (0.60) 27.08 (1.07) 1.80 0.08 

Education (year) 12.87 (0.29) 13.67 (0.43) − 1.51 0.13 

TFEQ Factor I (score; range 0–20) 4.58 (0.37) 5.38 (0.87) − 0.99 0.33 

TFEQ Factor II (score; range 0–16) 4.25 (0.27) 4.46 (0.59) 0.37 0.72 

TFEQ Factor III (score; range 0–15) 4.52 (0.33) 4.79 (0.67) − 0.41 0.68 

BPRS (score; range 0–126) 18.00 (0.00) 18.00 (0.00) n/a 

GAF (score; range 0–100) 72.67 (0.75) 91.29 (0.29) − 15.52 < 0.001 

ASI (drug composite score; range 0–1.00) 0.15 (0.02) 0.00 (0.00) 3.54 < 0.001 

ASI (alcohol composite score; range 0–1.00) 0.43 (0.05) 0.01 (0.01) 5.31 < 0.001 

Smoking (cigarette/day) 18.45 (0.95) 4.13 (1.45) 6.99 < 0.001 

Fisher’s exact test 

p v 

Marital status (S/P) 40/20 13/11 0.32 

Regular exercise (Y/N) 4/56 0/24 0.32 

Employment (Y/N) 35/25 23/1 < 0.001 

ASI, Addiction Severity Index; TFEQ, Three-Factor Eating Questionnaire; GAF, Global Assessment of Functioning; S, 

single; P, partnered; Y, yes; N, no. 

Table 2 

Clinical data of opioid-, alcohol- and dually dependent subjects. Data are presented as mean (SEM) or ratios. 

Variable Opioid 

(O; n = 18) 

Alcohol 

(A; n = 20) 

Dual 

(D; n = 22) 

Control (C; 

n = 24) 

ANOVA Newman-Keuls 

tests 
F p v 

GAF 76.00 (0.42) 71.89 (0.56) 71.75 (0.99) 91.29 (0.29) 2.19 0.12 O, A, D < C 

ASI (drug composite score; 

range 0–1.00) 

0.27 (0.02) 0.00 (0.02) 0.16 (0.02) – 30.42 < 0.001 O > D > A > C 

ASI (alcohol composite score; 

range 0–1.00) 

0.01 (0.08) 0.57 (0.07) 0.48 (0.07) – 12.33 < 0.001 A, D > O > C 

Heroin use (year) 7.50 (0.71) – 7.70 (0.50) – 0.15 0.88 

Alcohol use (year) – 8.05 (0.66) 4.7 (0.64) – 2.88 < 0.001 A > D 

Smoking (cigarette/day) 17.33 (1.75) 18.85 (1.66) 19.00 (1.58) 16.18 < 0.001 O, A, D > C 

Employment (Y/N) 11/7 10/8 14/8 23/1 C > H, A, D; Fisher exact test 
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ater, make the rating and proceed to the next solution. They were then

sked to rate “How sweet was the taste? ” and “How much do you like

he taste? ” on a 100-mm analog scale anchored “not at all ” and “very

uch ” with 50 mm rating designated affective/hedonic neutrality [72]

tatistical analyses 

Data were analyzed using the statistical package Statistica (StatSoft,

nc., Tulsa, OK). The statistical analyses of the experimental data first

ought to determine the presence of differences between the entire de-

endent group ( n = 60; consisted of subjects with opioid dependence

nd of those with alcohol dependence and dually diagnosed) and healthy

ubjects. The differences were analyzed by means of a nested analysis of

ariance (ANOVA) with Diagnosis (dependent and healthy) as a group-

ng factor and number of key presses or subjective ratings as a within-

ubjects factor (key presses and ratings were nested within subjects).

he sweet taste ratings were analyzed with ANOVA with two between-

ubjects factors namely, Diagnosis (dependent and healthy) and Trial

first, second and third) and sucrose concentrations as within subjects’

actor. Analyses of covariance (ANCOVA) were performed for liking rat-

ngs entailing two within-subjects factors namely, Diagnosis and Trial.

o control for the possibility that a difference in a liking rating merely

eflected a difference of taste perception, this variable was employed as

 covariate. 

A significant Diagnosis by a within subject factor interaction

rompted post-hoc Newman–Keuls t -tests to determine the level of the

ithin subjects’ factor (e.g., type of images) that defined the group

ifferences. Furthermore, such interaction justified additional nested

NOVAs performed separately with each dependent group, followed by
5 
ost-hoc Newman–Keuls t -tests to determine if and which of the depen-

ent subgroups was different from the healthy group and if and how

he dependent groups were different among each other. Independent

amples t -tests (or Fisher’s exact tests as appropriate) were employed to

nalyze baseline demographic and clinical differences ( Table 1 ). Group

ata were summarized as mean ± standard error of the mean (SEM). All

nalyses were two-tailed, and p < 0.05 defined statistical significance.

ue to a scheduling error, facial key press- and STT data were respec-

ively unavailable for one subject with alcohol dependence and for one

ontrol subject. These missing data were replaced by two subjects ful-

lling the respective inclusion criteria. 

esults 

linical and demographic data 

Dependent and healthy subjects were not significantly different with

espect to age, race (all Caucasian), education, marital status, eating

ehavior, psychiatric symptoms, and physical exercise ( Table 1 ). As

lanned, the ASI drug and alcohol composite scores were significantly

igher in the dependent than in healthy subjects. Dependent subjects

resented lower GAF scores with greater rates of smoking and unem-

loyment. 

Table 2 presents the means for each study groups separately, along

ith results of the nested ANOVA and significant pairwise group dif-

erences. The dependent groups presented similar GAF scores, smoking

nd employment status. The duration of alcohol use was longer in alco-

ol dependent- than in dually diagnosed subjects due to the prior years

f the sole heroin consumption in the latter group. Opioid dependent
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Table 3 

Dependent and healthy subjects’ efforts to increase or decrease viewing times of four categories of faces (values represent a subject’s net key presses). Data 

are presented as mean (SEM). 

Image (type) Dependent 

( n = 60) 

Control 

( n = 24) 

Newman-Keuls 

tests ( p v ) 

Opioid 

(H; n = 18) 

Alcohol 

(A; n = 20) 

Dual 

(D; n = 22) 

Newman-Keuls 

tests 

Female attractive 19.28 (0.45) 12.77 (0.81) < 0.001 21.84 (0.76) 15.22 (0.78) 20.62 (0.79) O, D > A > C 

Male attractive 3.93 (0.44) − 2.79 (0.58) < 0.001 7.33 (0.81) 0.15 (0.73) 4.52 (0.76) O > D > A > C 

Female average − 11.43 (0.19) − 11.38 (0.39) 0.94 − 11.28 (0.34) − 10.74 (0.35) − 12.24 (0.31) –

Male average − 11.30 (0.20) − 11.71 (0.35) 0.91 − 11.42 (0.35) − 10.44 (0.36) − 12.04 (0.33) –

Table 4 

Dependent and healthy subjects’ attractiveness ratings (in mm) for the four facial categories. Data are presented as mean (SEM). 

Image (type) Dependent 

( n = 60) 

Control 

( n = 24) 

Newman-Keuls 

tests ( p v ) 

Opioid 

(O; n = 18) 

Alcohol 

(A; n = 20) 

Dual 

(D; n = 22) 

Newman-Keuls 

tests 

Female attractive 78.74 (0.82) 67.23 (1.84) < 0.001 81.79 (1.33) 72.96 (1.54) 81.49 (1.30) O, D > A > C 

Male attractive 56.64 (1.00) 51.75 (0.96) < 0.001 65.57 (1.64) 46.95 (1.69) 58.14 (1.73) O > D > C > A 

Female average 18.19 (0.62) 31.30 (0.95) < 0.001 19.04 (1.06) 24.02 (1.20) 12.09 (0.88) C > D > O > A 

Male average 17.54 (0.64) 33.00 (0.88) < 0.001 19.81 (1.17) 21.50 (1.17) 12.09 (0.94) C > D > A , O 
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r  
nd dually diagnosed subjects used heroin for a similar period. The ASI

rug and alcohol severity composite scores were respectively higher in

pioid- and alcohol dependent- than in dually diagnosed subjects. 

rocedural outcomes 

acial stimuli 

For the key press data, the nested ANOVA results yielded a significant

roup effect ( F = 29.19, p < 0.001) and group by face type interaction

 F = 20.17, p < 0.001), with post-hoc Newman–Keuls t tests showing a

igher number of key presses in the dependent group for attractive fe-

ale and male images ( Table 3 ). The dependent subjects increased the

iewing time of the attractive male images while the control subjects

isplayed an opposite directionality of their response. The group effect

 F = 37.38, p < 0.001) and group by face type interaction ( F = 17.80, p

 0.001) were also significant for additional nested ANOVAs performed

eparately with each dependent group. The key press numbers for at-

ractive female and male were the highest in opioid dependent subjects

ollowed by the dually diagnosed subjects ( Table 3 ). 

The dependent and healthy groups differed in the attractiveness rat-

ngs (group effect: F = 25.23, p < 0.001; group by face type interaction:

 = 17.56, p < 0.001). Additional nested ANOVAs performed separately

ith each dependent group also resulted in significant group effect

 F = 25.23, p < 0.001) and group by face type interaction ( F = 17.56, p <

.001). Dependent subjects rated significantly higher female and male

ttractive faces and significantly lower average female and male attrac-

ive faces ( Table 4 ). These effects were respectively most pronounced in

eroin dependent- and dually diagnosed subjects. The ratings of male

ttractiveness were, however, close to neutral in both dependent and

ontrol groups. 

APS stimuli 

A greater ( p < 0.05; Fisher exact test) proportion of dependent

30.00%) - than healthy (8.33%) subjects opted out from viewing the

xtremely aversive images. The opioid (20.0%)-, alcohol (40.0%) - and

ual (31.81%) groups were not significantly different ( p > 0.16) among

ach other. 

Between-group analyses of key-press data for pleasant-, aversive-,

xtremely aversive-, neutral intermingled with pleasant-, neutral inter-

ingled with aversive- and neutral intermingled with extremely aver-

ive images produced a significant group effect ( F = 19.66, p < 0.001)

nd group by image type interaction ( F = 21.22, p < 0.001). Post-hoc

ewman–Keuls t tests showed a significant higher number of key presses

or the pleasant images but not for aversive- or extremely aversive im-

ges in the dependent group. Moreover, dependent subjects made a sig-

ificantly smaller effort to reduce the viewing of neutral images when
6 
iewed in the context of pleasant images or to increase the viewing of

eutral images when viewed in the context of (extremely) aversive im-

ges ( Fig. 2 ). Follow up ANOVA performed separately with each de-

endent group also resulted in significant group effect ( F = 41.19, p

 0.001) and group by image type interaction ( F = 51.57, p < 0.001).

s presented in Table 5 , opioid dependent subjects exerted the highest

ffort for positive images and the lowest effort for neutral images inter-

ingled with stressful images. The differences among dependent group

or neutral images intermingled with extremely aversive- and positive

mages were inconsistent. 

onetary stimuli 

The dependent and control subjects displayed no significant group

ifferences in the number of risky choices ( Table 6 ). Parenthetically,

he groups also did not differ in the rates of risk seekers (20% vs. 29%;

 = 0.40, Fisher exact test) defined as over 50% risky choices on at

east one of the two blocks (with- or without counterfactual compari-

on). The t-tests (independent samples) revealed significant differences

etween dependent and control groups in the mean number of the re-

orted counterfactual regrets [ 73 , 74 ] for both gains [1.88(0.29) and

.44(0.39); t = 2.46; p = 0.02] and losses [3.43(0.45) and 1.41(0.76);

 = 2.18; p = 0.03]. Follow up ANOVA performed separately with each

ependent group did not reveal significant counterfactual regret dif-

erences among the dependent groups. Counterfactual comparison was

sed as a within-subjects factor (two levels: present vs. absent) in the

ubsequent monetary stimuli analyses ( Table 6 ). 

In comparison to healthy controls, dependent subjects reported

ower expectancy for risky bets and higher expectancy for non-risky

ets resulting in significant group effects, but no counterfactual effect

r counterfactual by group interaction. In a similar fashion, respec-

ively higher satisfaction with gains and lower satisfaction with losses

y dependent subjects produced significant group effects. The group

y counterfactual comparison interaction was significant for losses

 F = 5.36; p = 0.02) when alternative outcome was gain but not for

ains ( F = 0.001; p = 0.97) when alternative outcome was loss ( Fig. 3 ).

ontextual processing impairment in the dependent subjects is thus evi-

ent in their failure to match the loss (dis)satisfaction response to “what

ould have happened ” (i.e., gain) contextual comparison. The dependent

roups did not differ significantly among each other regarding their ex-

ectancy and satisfaction ratings. 

weet tasting test (STT) 

The hunger and thirst ratings were not different between dependent

nd healthy subjects before and after the STT ( Table 7 ). Data analytic

pproaches to STT data analyses were recently reviewed [75] . Sweetness

ating increased monotonically ( F = 579.82; p < 0.001) in both groups
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Fig. 2. Expanded Effort . Dependent and healthy subjects’ effort to increase or decrease viewing times of six categories of the International Affective Picture System’s 

images (values represent a subject’s net key presses). Data are presented as mean (SEM). Between-group analyses of key-press data for pleasant-, aversive-, extremely 

aversive-, neutral intermingled with pleasant-, neutral intermingled with aversive- and neutral intermingled with extremely aversive images produced a significant 

group effect ( F = 19.66, p < 0.001) and group by image type interaction ( F = 21.22, p < 0.001). Post-hoc Newman–Keuls t tests showed a significant higher number 

of key presses for the pleasant images but not for aversive- or extremely aversive images in the dependent group. Moreover, dependent subjects made a significantly 

smaller effort to reduce the visual processing of neutral images when viewed in the context of pleasant images or to increase the visual processing of neutral images 

when viewed in the context of (extremely) aversive images. ∗ - Significant difference. 

Table 5 

Opioid-, alcohol- and dually dependent and healthy subjects’ effort to increase or decrease viewing times of six categories of 

the International Affective Picture System’s images (values represent a subject’s net key presses). Data are presented as mean 

(SEM). 

Image (type) Opioid 

(H; n = 18) 

Alcohol 

(A; n = 20) 

Dual 

(D; n = 22) 

Control 

(C; n = 24) 

Newman Keuls 

tests 

Positive 29.07 (0.61) 21.70 (0.58) 23.76 (0.59) 18.68 O > A > D > C 

Neutral (positive) 1.78 (0.44) − 5.15 (0.41) 4.96 (0.42) − 4.68 (0.38) D > O > A , C 

Neutral (negative) − 0.88 (0.98) 5.11(0.74) 5.58 (0.99) 26.71 (1.78) C > D, A > O 

Neutral (extremely negative) 2.41 (0.50) − 5.92 (0.55) − 4.48 (0.48) 4.90 (0.39) C > O > D , A 

Negative − 14.63 (1.15) − 6.30 (0.93) − 9.82 (1.17) − 8.32 (1.70) –

Extremely negative − 7.93 (0.67) − 7.78 (0.74) − 8.35 (0.65) − 9.30 (0.54) –

Table 6 

Dependent and healthy subjects emotional responses and choices on the monetary task. Data are presented as mean (SEM). 

Rating/choice Dependent 

( n = 60) 

Control 

( n = 24) 

Group effect Counterfactual effect Group x Counterfactual 

interaction 

F p v F p v F p v 

Expectancy (non-risky) 1902.17 (64.60) 1654.25 (102.15) 4.18 0.04 0.30 0.58 0.08 0.78 

Expectancy (risky) 388.02 (35.71) 549.90 (86.62) 4.25 0.04 1.29 0.26 0.12 0.72 

Happiness (gains) 1951.07 (50.43) 1641.48 (79.73) 10.77 0.001 2.45 0.12 0.001 0.97 

Happiness (losses) 173.12 (20.11) 356.08 (31.80) 23.65 > 0.001 0.06 0.81 5.36 0.02 

Risky choice (#) 7.15 (0.66) 8.70 (1.04) 1.83 0.18 2.15 0.14 0.04 0.84 
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i.e., concentration effect). All subjects gave highest sweetness ratings

o high sucrose concentrations (0.42 M and 0.83 М). The solutions were

ssessed to be less sweet by the dependent subjects ( Fig. 4 ) resulting in

 significant group effect ( F = 59.83; p < 0.001) and a group by con-

entration interaction ( F = 7.38; p < 0.001), but no significant effect of

he trial ( F = 0.006; p = 0.99). Post-hoc Newman–Keuls tests revealed
7 
hat taste rating by dependent subjects were significantly lower for the

.05 M ( p = 0.001), 0.10 M ( p < 0.001), 0.21 M ( p < 0.001), 0.42 M

 p < 0.001) and 0.83 М ( p < 0.05) sucrose concentrations ( Fig. 4 ). Fol-

ow up ANOVAs performed separately with each dependent group also

esulted in significant group effect ( F = 27.95, p < 0.001) and group

y concentration interaction ( F = 3.98, p < 0.001). Dependent subjects
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Fig. 3. Counterfactual Comparisons . Significant group by counterfactual com- 

parison interaction for losses’ ( F = 5.36; p = 0.02) when the alternative outcome 

was gain with significantly higher satisfaction reports by dependent subjects in 

the presence of counterfactual comparison. Contextual processing impairment 

in dependent subjects is evident in their failure to match loss (dis)satisfaction re- 

sponse to “what could have happened ” (i.e., gain) contextual comparison. Data 

are presented as mean (SEM). 
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Table 7 

Dependent and healthy subjects’ hunger and thirst ratings (mm) before and after 

the STT. Data are presented as mean (SEM). 

Rating Dependent subjects 

( n = 60) 

Healthy controls 

( n = 24) 

Student’s 

t -test 

t p v 

Hunger (before) 30.86 (4.04) 45.20 (5.94) − 0.89 0.38 

Hunger (after) 42.00 (4.30) 42.00 (5.00) 0.00 1.00 

Thirst (before) 27.50 (3.20) 33.00 (4.92) − 0.91 0.36 

Thirst (after) 28.70 (3.46) 41.00 (6.65) − 1.68 0.10 
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ated significantly lower 0.10 M, 0.21 M and 0.42 M sucrose concentra-

ions. This was particularly so for opioid- and alcohol dependent subjects

 Table 8 ). 

The subjects reported different liking (pleasantness) ratings across

he rising sucrose concentrations i.e., concentration effect ( F = 5.68; p <

.001); the group by concentration interaction ( F = 5.93; p < 0.001), but

ot group ( F = 0.44; p = 0.51) or trial ( F = 1.20; p = 0.30) effects were
ig. 4. Sweetness and liking ratings by dependent and healthy subjects . Sweetness r

oncentration effect). The solutions were assessed to be less sweet by the dependent su

y concentration interaction ( F = 7.38; p < 0.001), but no significant effect of the tria

y dependent subjects were significantly lower for the 0.05 M, 0.10 M, 0.21 M, 0.4

pleasantness) ratings across the rising sucrose concentrations i.e., concentration effe

.001), but not group ( F = 0.44; p = 0.51) or trial ( F = 1.20; p = 0.30) effects were si

or the 0.21 M concentration, according to post-hoc Newman–Keuls tests; the liking r

he dependent and control subjects. 

8 
ignificant. Dependent subjects provided lower ( p < 0.001) ratings than

ontrols for the 0.21 M breakpoint [72] , according to post-hoc Newman–

euls tests; the liking ratings provided for other concentrations were not

tatistically different among the dependent and control subjects. Addi-

ional follow up ANCOVA covaring for the 0.21 M sweet taste rating

ielded significant group effect ( F = 6.78; p < 0.001) with controls pro-

iding higher ratings than subjects with dual diagnosis; the latter ratings

ere greater than those by the opioid- or alcohol dependent groups. 

Contrary to the quantitative data above, a greater ( p = 0.03; Fisher

xact test) proportion of dependent (56.67%) than healthy (29.17%)

ubjects liked the high concentrations’ solutions, defined as the highest

ating given to the 0.42 M or 0.83 M sucrose solutions [75] . Pairwise

omparison indicated that the above difference was driven by the alco-

ol dependent (75.0%) group; opioid (38.89%)-, and dually diagnosed

54.55%) groups were not significantly different from the controls. 

ummary of results 

The dependent and healthy subjects’ comparisons results are summa-

ized in Table 9 . Healthy subjects displayed consistent response pattern

cross all categories of the presented stimuli including: 1) heightened

edonic ratings for attractive faces and for 2) moderately sweet solu-

ions; 3) heightened effort to extend the viewing time of the attractive
ating increased monotonically ( F = 579.82; p < 0.001) in both groups (i.e., 

bjects resulting in a significant group effect ( F = 59.83; p < 0.001) and a group 

l ( F = 0.006; p = 0.99). Post-hoc Newman–Keuls tests revealed that taste rating 

2 M and 0.83 М sucrose concentrations. The subjects reported different liking 

ct ( F = 5.68; p < 0.001); the group by concentration interaction ( F = 5.93; p < 

gnificant. Dependent subjects provided lower ( p < 0.001) ratings than controls 

atings provided for other concentrations were not statistically different among 



I. Elman, D. Ariely, M. Tsoy-Podosenin et al. Addiction Neuroscience 7 (2023) 100100 

Table 8 

Dependent and healthy subjects’ self-rating (mm) for the perceived taste of the sweet solutions. 

Data are presented as mean (SEM). 

Group 

Testing 

0.05 M 0.10 M 0.21 M 0.42 M 0.83 M 

Opioid (H; n = 18) 7.02 (1.54) 10.41 (2.82) 24.70 (3.44) 62.20 (4.78) 75.46 (3.52) 

Alcohol (A; n = 20) 4.60 (1.27) 11.88 (2.78) 31.00 (4.69) 65.40 (4.62) 76.70 (3.79) 

Dual (D; n = 22) 7.05 (1.29) 23.41 (4.67) 40.09 (3.73) 75.74 (3.96) 80.09 (5.24) 

Control 16.22 (2.99) 33.38 (3.35) 56.01 (3.41) 78.75 (2.79) 84.33 (2.55) 

Newman-Keuls tests C, D, O, A C > D > O , A C > D > O > A C, D > A , O C, D, A, O 

Table 9 

Summary of the dependent and healthy subjects’ contextual processing comparisons results. 

Valence Stimulus Hedonic characteristic Motivational characteristic Contextual processing 

comparison measure comparison measure 

Positive Facial images (attractive females) ↑ VAS rating ↑ # keypress Heightened hedonic and 

motivational value 

IAPS images (positive) – – ↑ # keypress Heightened motivational value 

Money (gain) Expectancy 

(non-risky) 

↑ VAS rating ≈ # choice Mismatch between expectancy 

context and choice 

Satisfaction ↑ VAS rating – –

Solution (sweet) ↑ 

≈
% likers 

VAS rating 

– – Mismatch between sensory 

context hedonic value 

Negative Facial images (attractive males) ↑ VAS rating ↑ # keypress Mismatch between normative 

and attributed hedonic context 

IAPS images (negative) 

↓ % opt out ≈ # keypress Mismatch between hedonic 

context and motivational value 

Money (loss) 

Expectancy 

(risky) 

↓ VAS rating ≈ # choice Mismatch between hedonic 

context and choice 

Satisfaction ↓ VAS rating 

# regret 

≈ # choice 

Counterfactual 

comparison 

↑ – – – Mismatch between contextually 

framed- and actual valuation 

Neutral Facial images (average) ↓ VAS rating ≈ # keypress Mismatch between hedonic 

context and motivational value 

IAPS images (neutral) – – ↓ # keypress Mismatch between contextually 

framed and actual valuation 

Solutions (non-sweet) ↓ VAS rating – – Mismatch between taste context 

and hedonic valuation 

↑ significantly increased in dependents vs. controls; ↓ significantly decreased in dependents vs. controls; ≈ no significant difference between depen- 

dents and controls; VAS, visual analog scale. 
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aces and positive IAPS images and 4) to diminish the viewing time of

he average- and attractive male faces and of aversive IAPS images; 5)

eliable response patterns to neutral IAPS images presented in the con-

ext of pleasant vs. aversive images and 6) during the expectation of

onetary outcome, its valuation and counterfactual comparison. The

isproportionally low motivational drive to reduce the viewing of ex-

remely aversive vs. aversive images by healthy controls as well as their

reater effort to increase the viewing of neutral images in the context

f aversive vs. extremely aversive images may be a normative state of

econtextualization akin to the failure of graphic cigarette warnings to

roduce a greater (at times the effect is actually smaller) motivational

ffect as compared to plain text messages [76] . 

Nonetheless, the decontextualization phenomena were more pro-

ounced in dependent subjects manifested in a mismatch between con-

extual background and the ensuing behavioral, cognitive, and emo-

ional responses. Specifically, dependent subjects rated average faces as

ess attractive than healthy controls but failed to adjust their effort to de-

rease the viewing times of these same faces. Also, dependent subjects

pted out more of viewing extremely aversive IAPS images while dis-

laying similar motivational effort to decrease aversive and extremely

versive images’ viewing time. Furthermore, dependent subjects failed

o modify the types of choices (non-risky vs. risky) despite the growing

umber of self-reported dissatisfaction and regret ratings; their hedonic

ating of 0.21 M sucrose solution was mismatched with the perception
f the solution’s sweetness. r

9 
iscussion 

To our knowledge, this is the first demonstration of contextual

eficits in opioid and alcohol dependence using four distinct yet com-

lementary stimuli of positive, negative, and neutral valence. The pos-

ibility that the dependent subjects’ failure to recognize context repre-

ents a general perceptual decrement, rather than a specific contextual

rocessing deficit, is disputed by consistent and adequate valuational

ssessments of the presented stimuli (e.g., faces, emotional images, and

onetary outcomes). As such our data define a novel perspective on

motional and behavioral changes in opioid and alcohol dependence.

e discuss the findings of positive stimuli overvaluation and negative

timuli desensitization to put forward a model of free will with contex-

ual processing as a potential driver of addictive behavior. 

ositive stimuli: heightened hedonic and motivational valuation 

Heightened viewing time of the attractive females by heterosexual

ale dependent subjects in comparison to heterosexual healthy males

emonstrated a motivational effort that matched the subjectively rated

alue of the presented stimuli. The dependent subjects also extended

he viewing time of attractive male faces, that are perceived as aversive

y healthy heterosexual males [49] . This suggests that the motivational

trength of positively valenced stimuli in dependent subjects may over-
ide other contextual deterrents that could arise from such sources as 
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eelings of intimidation, threat, or jealousy, particularly if the displayed

ndividuals are perceived as potential romantic or sexual rivals. 

The attractive females and positive IAPS images’ key press data as

ell as the monetary gains ratings and the proportion of sugar likers

re reminiscent [77] of the positive reinforcement mechanisms [78] in-

erent in addictive disorders [7] , that is to say, pursuit of instantaneous

eward such as subjective pleasure or “high ” produced by addictive sub-

tances even though the overall strategy aimed at procurement of these

ubstances is rendered disadvantageous by the disregard of the health

nd social contextual factors [ 7 , 36 , 79 ]. In this study, we captured an

ndependent aspect of the positive reinforcement mechanisms triggered

y positive stimuli at large not by the addictive substance per se or by

he conditioned cues. 

The extant clinical and functional neuroimaging data pertaining to

ositive stimuli responsivity in opioid use disorder are far from consis-

ent and the theoretical considerations are not unambiguous. Recurrent

opaminergic trafficking consequent to opioids or other euphorigenic

rugs consumption may eventually result in hypodopaminergic state,

linically noticeable as diminution of drives and of capacity to experi-

nce pleasure [ 8 , 53 , 80 ], mediated by accumulation of the transcription

actor, CREB, in the reward and motivational circuits [81] . This notion

s echoed by reports on reduced reward function in patients with opioid

 82 , 83 ] and alcohol [84] use disorders. 

The present and prior empirical findings have not fully supported

he above conjecture. In fact, a substantial body of preclinical and clini-

al research [ 85 , 86 ] suggests that reward deficiency (if present) is time

imited and cannot explain the long-term relapse vulnerability. Accord-

ngly, in rodent models, termination of chronic non-contingent drug ex-

osure results in only a few day-long decreases in basal dopamine trans-

ission [ 87 , 88 ] or elevation of the brain reward stimulation thresh-

lds [ 89 , 90 ]. On the other hand, following an extended access to drugs,

odents display stronger preference for social [91] rewards and palat-

ble food e.g., sugar [ 92 , 93 ]. Likewise, many addicts display prefer-

nce for sweet food [ 19 , 94 ] and for smaller yet instantaneous rewards

ver the delayed ones [95–97] potentially explaining their favorable re-

ponse to alternative reinforcement regiments by means of contingency

anagement and community reinforcement [98–100] . Thus, opioid use

ay paradoxically produce a seemingly advantageous clinical action

n individuals with reward deficits by sensitizing previously non- or

nder-responsive reward circuitry not only to opioids, but via cross-

ensitization processes to natural rewards [ 6 , 101 ]. The latter is consis-

ent with delay discounting [97] and impulsivity [ 95 , 102 ] associated

ith elevated reward-induced dopamine surges [103] . 

egative stimuli: incentive desensitization 

Dependent subjects rated average faces as less attractive than healthy

ontrols but expended similar effort to decrease the viewing times of

hese same faces. Also, dependent subjects opted out more of view-

ng extremely aversive IAPS images while displaying similar to con-

rols’ motivational effort to decrease extremely aversive and aversive

mages’ viewing time. The inefficiency of negative reinforcers (negative

APS and monetary losses) in modulating behavior and choices (i.e., in-

ensitive desensitization to aversive stimuli) is strengthened since it is

onsistent with prior addiction neuroimaging data on diminished brain

ctivations to non-drug-related aversive stimuli [104–106] . 

While it is commonly theorized that addiction develops via negative

einforcement mechanisms (i.e., a substance is used to ameliorate the

npleasantness of withdrawal and/or of negative affective states arising

n the context of social/professional setbacks) our findings support the

daptation of this idea in the form of a positive reinforcement hypoth-

sis [107] that continued substance abuse amplifies hedonic and moti-

ational value of rewarding stimuli [107] . Such hedonic experiences,

lthough overshadowed by the ongoing withdrawal may become con-

picuous after full detoxification. Taken together, our findings have im-

lications for clinical addiction medicine by helping to explicate the
10 
easons underlying repeated failures of health- and social deterrents to

urb addictive behaviors despite negative consequences [ 7 , 108 ]. 

mplications for the role of free will in addiction 

In contrast to other species, humans are not solely driven by instincts

nd survival considerations but are also endowed with free will allow-

ng them to weigh their choices and consequent actions against the con-

extual backdrop created by the values attributed to goal-objects [109–

11] . How the decisions and consequent choices are made is a subject of

ompeting theories. Some emphasize physiological needs [112] , the ful-

llment of which is prioritized even in the face of scruples and negative

onsequences. For instance, unrelenting hunger could drive a theft of a

read loaf notwithstanding the looming aversive outcome of imprison-

ent [113] . Others prioritize personal emotional satisfaction [114] or do

uite the opposite by adhering the ethical or religious principles. Once

ore, a writer and philosopher, Herman Hesse reckoned that: “essen-

ially, people express freedom only in their choice of dependency. ”

Addiction is defined by continuous consumption of addictive sub-

tances while disregarding the knowledge and experience of their haz-

rdous effects [ 7 , 115 ]. Some addiction models postulate that patients

re conditioned and so driven to seek and consume addictive substances

s a result of the usurped brain circuits involved in the exertion of free

ill [ 111 , 116 , 117 ]. Then again, it has been suggested that outside the

ealm of addictive substances “most people whom we would consider

uffering from addiction remain able to choose advantageously. ”[116]

he present study offers a view that integrates the above perspectives.

ather than been a unitary state characterized by one set of motiva-

ions and emotions free will seems to be modulated by the goal-objects’

alence countenancing freedom to choose among positively reinforc-

ng goal-objects. In contrast, neutral or aversive stimuli findings in the

ependent groups signified dissociated motivational and valuational

hoice components obviating the ability to exercise a free will [118] .

he reasons behind dependent subjects’ pattern in giving up the rid-

ance of the negative stimuli while avidly perusing positive stimuli is

et unknown. Subjects may perceive positive stimuli as a more salient

nd thus more available target in part due to unconscious psychological

echanisms e.g., suppression and denial [19] or due to discussed below

issociated connectivity between the respective brain centers entrusted

ith valuational and motivational functions [35] . 

ontextual processing and addiction 

The ballet “Petrushka ” by Stravinsky and Benois culminates in a

oignant scene of the protagonist’s slaying by a romantic rival. The

iewer is then left with a lingering doubt of whether to revel in an

nchanting amalgamation of music, dance, and colorful décor, to be-

oan the demise of an affable and vivacious character or to dismiss the

ntire occurrence as a flamboyant farce involving dancing puppets, al-

eit performed by real life people. Addicts may be unable to perceive

nd cherish the subtitles evoked by alternating contextual backgrounds

36] . Probably the most important is the ‘tug of war’ between the ad-

ictive substances’ consumption and the resultant adverse consequences

ontext. 

Dissociation between contextual processing and stimuli responsivity

n a combined group of dependent subjects is in accord with an earlier

tudy showing that cocaine addiction was associated with contextual

rocessing impairments [36] . Furthermore, our findings extend to the

ocially-, valuation judgement- and sensory-framed context this prior

eport on the context set by a variant of the continuous performance

est [36] . Although there were methodological similarities between the

atter [36] and the current study (e.g., enrollment of addicted subjects

nd measures of contextual processing), there were also important dif-

erences, including samples of opioid-, alcohol- and dually dependent

ubjects and the use of the multimodal tasks devoid of coordination
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nd motor sequencing components but focused on valuation, motiva-

ion, decisions-weighing and on behaviors aimed at reward seeking or

voidance of punishment. Thus, this independent replication supports

he validity of the relationship between contextual processing and ad-

iction. 

It has been noted that neuropsychiatric disorders with excessive en-

ogenous opioid function e.g., post-traumatic stress disorder [ 6 , 119 ],

utism spectrum disorders [ 120 , 121 ] and schizophrenia [54] associated

ith decontextualization i.e., decoupling of the stimulus from its natural

ontext. Moreover, psychotic symptoms in schizophrenic patients could

riginate from sporadic or stress-induced dopamine spikes [ 122 , 123 ]

ausing loosening of perceptual context [124] via improper context con-

itioning and/or attribution of aberrant significance to random events.

iven the contextual abnormalities arising in patients exposed to en-

ogenous opiate and dopamine outpourings in the limbic system, a com-

elling a fortiori argument could be that propensity for decontextualiza-

ion is worsened by the neuropsychopathology associated with erratic

upraphysiological opioidergic and dopaminergic bombardment of the

imbic system by exogenously administered opioids, alcohol, or other

ddictive substances [54] . 

A rich set of emotional, motivational, and cognitive factors are ap-

licable for charting the course of addictive disorders, in weighing the

rospects of addiction relapse or deterioration, and in evaluating the

utcomes of ongoing therapy. Among them is the extensive contextual

rocessing system with emotional and cognitive constituents that deter-

ines whether an individual ascertains control over desires and tempta-

ions with potential adverse consequences. Such desires and temptations

ay attain control over an individual with impairments in the contex-

ual system manifested in rigid motivational states fixated on idiosyn-

ratic and irrelevant stimuli with diminution of neuronal adaptability

nd modulation by changing context and salience [ 19 , 52 ]. 

Moreover, in the aforesaid and other psychopathological conditions

he brain circuits that are directly responsible for cognitive aspects of

ontextual processing may function independently from the subcortical

imbic input [35] . Such disintegration between contextual processing

nd stimulus-driven actions and emotions may occur due to (a) substan-

ial dopaminergic surges in reward, motivation, and learning centers

eading to “hardwired ” neuroplasticity in the striato-thalamic frontal

ortical loop, with ensuing top-down dissociation from the subcortical

ctivity [ 125 , 126 ]; and/or (b) hypofunctionality of the excitatory gluta-

atergic afferents from the amygdala–hippocampus complex failing to

roduce bottom-up restrain of the striato-thalamic-frontal cortical loops

 125 , 127 , 128 ]. For instance, positive symptoms of schizophrenia may

ecome dissociated from the mesolimbic subcortical activity and persist

espite complete dopamine blockade by antipsychotic agents [ 129 , 130 ].

oreover, craving in patients addicted to opioids induced by contextual

ues persists even in the face of presumptively fully occupied opioid re-

eptors in the subcortical limbic areas [ 69 , 131 , 132 ]. This is also the case

or cocaine craving in cocaine dependent subjects receiving agonist sub-

titution therapy [133] . 

ack of consistent differences among the groups of dependent subjects 

While tremendous progress of basic addiction research has shed light

n the key cellular and molecular mechanisms, we still yearn for the

iscovery of coherent laws that will unite the prevailing models of ad-

ictive substances to generate new leads for the development of ther-

peutic interventions. The mesolimbic dopaminergic pathways [9] are

onventionally considered to be the key component of the brain reward

nd reinforcement system involved in positive subjective responses to

oth natural rewards and to drugs of abuse [9] . However, conclusion

rom comprehensive reviews [ 134 , 135 ] is that the published empirical

ata from rodent and non-human primate models, and human imaging

tudies do not fully support a critical role of mesolimbic dopamine even

ithin the same group of addictive substances such as central nervous

ystem depressants like opioids and alcohol. It is therefore useful to di-
11 
ide the multidimensional addiction process into domains based on the

nderlying system (e.g., the Research Domain Criteria). 

The present project enabled identification of opioid and alcohol ad-

ictions’ common aspects in terms of contextual processing thus provid-

ng a sounder footing for understanding potential interaction between

ontext- with reward- and aversion systems and their role in the gen-

ralized circuitry of addiction. Given the challenges inherent in direct

omparison of responses to opioid paraphernalia (e.g., needles, syringes,

ill bottles, places associated with drug use, or the sight, smell, or taste

f the drug itself) and alcohol-related stimuli (e.g., images of people

rinking, the smell of alcohol, the sight of a bar or liquor store, or the

ound of glasses clinking) it may be valuable to explore whether opioid

nd/or alcohol exposure have similar effects on the contextual cues re-

ponsivity. This could be achieved by identifying the levels of severity in

pioid and alcohol use that are linked to comparable degrees of changes

uring exposure to the above types of stimuli. 

Additionally, this study only assessed the interaction of active al-

ohol dependence with opioid dependence in remission. Future work

eeds to address the nature of the active opioid-alcohol interactions e.g.,

ompetitive, additive, or synergistic. Acutely, the latter two may be the

ost notable ones as over 50% of overdoses are associated with concur-

ent opioid and alcohol use [136] . What is more, an in-vitro protozoan

otility study showed additive opioid and alcohol effect on the on the

embrane stability [137] . Elucidation the shared contextual process-

ng foundation for opioid and alcohol addiction could have important

mplications. The reinforcing effects of opioids are among those that sen-

itize over time [138–140] . If the neural circuitry underlying sensitiza-

ion plays a role in alcohol consumption [141] , then cross-sensitization

ight occur as well. If so, exposure to opioids could increase vulnerabil-

ty to the development of alcohol addiction and vice-versa . After a long

eriod of abstinence, delivery of a priming dose of an addictive drug can

e-establish drug self-administration in laboratory animals; this effect is

licited even when the stimulus used for priming is drawn from a differ-

nt class than the initially administered substance [142] and may even

nclude the positive goal-objects addressed here e.g., sex [143] or sugar

54] . The present data call for further research aimed at understanding

he distinctive features of opioids vis-à-vis those of alcohol and comorbid

lcohol + opioids and their effects in the unique and shared contextual

rocessing effects. 

aveats 

Caveats that should be considered in interpreting our data refer to

he type of employed stimuli, design, and participants. The stimuli are

ualitatively different from the factors implicated in the pathophysiol-

gy of addictive disorders. However, we believe that our results have

linical significance because real life opioid and alcohol consumption

ffects similar brain areas [144] to those perturbed by the “mating op-

ortunity mindset ”-inducing faces [ 57 , 145 ], IAPS images [146] , mone-

ary gains and losses [19] and sweet solutions [54] . 

At least two possible origins exist for the altered processing of pleas-

nt and aversive stimuli in opioid and/or alcohol dependence. First,

hronic administration of opioids and alcohol affects responses at a cel-

ular and molecular level [147] producing long-term changes in the brain

tructure/function and may alter underlying mechanisms of adaptation

 6 , 148 , 149 ]. Considering this, it is tempting to surmise that the origin

f the contextual processing dysfunction found in this study is damage

o the brain induced by the respective substances. It is also possible that

 preexisting genetic or acquired risk factor e.g., novelty/thrill seeking

150] , which is manifest in contextual processing is imparting vulner-

bility for excessive opioid and alcohol consumption. However, before

he origin of the aforesaid impairments is to be investigated via prospec-

ive and/or twin studies, it is first necessary to show that it exists. The

atter, and not the former, was the objective of our project. Also, the

ay the study was designed does not enable us to make a definite con-

lusion that the observed contextual processing alterations were the pri-
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ary feature of addiction or were secondary to the long-term effects of

he addictive drugs. To answer this question accurately, we would need

o separate the addiction component by studying a behavioral addic-

ion, such as gambling, that does not involve any drug or alcohol usage

 151 , 152 ]. 

Even though this study relied solely on behavioral and self-report

easures and no structural and functional brain data were obtained,

ur findings provide a foundation for further, more comprehensively

esigned, brain imaging projects. Such projects may include examina-

ion of the potential relationship between brain activations and both

bjective and subjective outcomes of the study procedures e.g., key-

resses [153] and ratings of monetary expectancy/outcome 65 and of

weet solutions [154] . Additionally, while possible withdrawal con-

ounds were reasonably controlled through the employed therapeutic

rotocol fully addressing this issue would require subjects’ assessment

t various stages of the withdrawal and remission course [155] . 

There are noteworthy changes from DSM-IV TR to DSM 5 TR ad-

iction diagnostic criteria including, but not limited to the expansion

f the type of incorporated symptomatology, elimination of legal prob-

ems and to the deletion of a seemingly important abuse and depen-

ence distinction [ 7 , 116 , 156 ]. Consequently, in comparison to DSM-5

R, DSM-IV TR dependence criteria yield a greater diagnostic sensitiv-

ty viz., fewer false negatives’ rates [157] . This raises the possibility of a

ifference in the present study outcomes using the newer nosology and

nderscores the importance of the ongoing quest for more refined diag-

ostic tools particularly in the areas of the impaired control, risky use,

ocial impairment and pharmacological indicators symptoms clusters of

ddictive disorders. 

The subjects’ sample was limited to male participants. Women suf-

er greater detriment from the opioid addiction then men with steadily

rowing overdose rates [158] . Furthermore, in comparison to men,

omen experience substantially greater morbidity from excessive alco-

ol intake [159] . Alterations in neurohormonal state through the men-

trual cycle create potential problems of reproducibility and interpreta-

ion of data. For example, menstrual cycle phase may affect women’s

acial preference; in follicular phase, in comparison to other phases,

omen are more attentive to stereotypically masculine faces [160] .

herefore the keypress [49] and IAPS [161] data are not generalizable

o women. Moreover, brain responses during expectancy and outcome

hases of monetary stimuli processing have been found to differ from

hose of men as a function of menstrual phase, though only in ampli-

ude, not in location [162] . The current sweet taste findings may not

lso generalize to females’ samples, which exhibit different patterns of

lucoregulatory function [163] . In sum, to formulate a viable model for

ontextual processing in opioid and alcohol addiction, a gender factor

hould be an important consideration for sequential research projects.

his can be achieved by scheduling women for admission in a consis-

ent phase of the menstrual cycle as well as matching and stratifying the

tudy groups by gender. 

onclusions 

The present findings suggest that dissection of contextual process-

ng function can be pursued with the goal of understanding the pro-

esses generating motivated behavior in health and in addictive disor-

ers. Hitherto, in the addiction literature “context ” has been mostly ad-

ressed as a factor in a conditioned relapse to substance abuse after a

eriod of abstinence [ 164 , 165 ]. Our observations extend the prior find-

ngs by suggesting that the relationship is not specific to the cues defined

y the substances and rather generalizes to other forms of contextual

rocessing be it facial and affective images, money or sweet solutions.

he congruence of our data with the results from other research ap-

lying the same type of stimuli lend further credence to the suggestion

f addiction-driven positive reinforcement operation enabling the ex-

rcise of the free will while switching the pursuit of various positive

oal-objects for maximizing short-term subjectively pleasurable experi-
12 
nces [ 79 , 166 ]. At the same time, addicts are only hedonically-, but not

otivationally sensitized to negative reinforcement leading to free will

mpairments in the domain of negative goal-objects [7] . Therefore, con-

extual processing alterations may evolve as a credible target of both,

harmacological [167] and non-pharmacological [168] interventions

mphasizing proper decision-making algorithms and promoting rational

hoices and behaviors along with prizes for abstinence instead of pun-

shments for lack thereof [108] . The efficacy of such strategies could

e monitored via symptomatic improvement and its correlation with

he procedures introduced by this project. Ultimately, the value of the

ontextual processing model will depend upon its ability to account for

pecific clinical and neurobiological aspects of addictive disorders and

he degree to which novel therapeutic strategies based upon this model

rove to be therapeutically advantageous. 
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