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ARTICLE INFO ABSTRACT

Previously we showed that methadone maintenance treatment (MMT) patients displayed difficulties in gen-
eralization and reversal learning in the presence of drug-related context, compared to prolonged abstinence
individuals. We now tested how history of childhood trauma, affects their reversal learning abilities. Fifty-one
MMT patients were evaluated on a performance- based paradigm which assesses the ability to acquire and
reverse stimulus—outcome associations in neutral and drug-related context. Patients with a history of childhood
trauma (n = 32) as compared to patients without such a history showed decreased ability to learn associations
with positive outcome, and had poorer performance in drug compare to neutral-related context. Most im-
portantly, while individuals with childhood trauma history showed higher success rates in conditions of positive
to negative reversals, an opposite pattern was observed in conditions of negative to positive reversal; whereas
patients with trauma history preformed significantly worse than patients with no history. The results are in line
with other studies which tested the effects of childhood trauma both in clinical and in healthy populations.
Recognizing this trait that more disturbed by drug related context, may contribute to develop and improve
personalized treatments which takes into account the difficulties as well as the strength associated with child-
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hood trauma.

1. Introduction

Substance use disorder is a chronic relapsing brain disorder
(Koob and Volkow, 2010). The frequency of relapses as well as the
frequency of withdrawal and craving symptoms are augmented in the
presence of contextual reminders, such as places, persons, and articles
linked to drug use (O'Brien et al., 1998; Tifany, 1990). Conditioning and
learning processes are created during drug use, yet remain intact even
after long abstinence (O'Brien et al., 1998). Substance use disorder
produces its rewarding effects by increase dopamine neurotransmission
in the mesolimbic system (Wise, 2004). In opioid use disorder, the
dopamine increase is results of GABA disinhibition that mediated by
opioids when bind the mu opioid receptors (Johnson and North, 1992).
For opioid use disorder, there is chronic treatment namely maintenance
with long-acting opioid mu receptor agonists, such as methadone or
buprenorphine, and is the most effective treatment for most individuals
with opioid use disorder (Mattick et al., 2014). Individuals with opioid

use disorder that already receiving methadone maintenance treatment
(MMT) also presented in a case-control study a faster respond to pic-
tures of drug-related context compared to pictures of neutral context
than a healthy controls (Lubman et al., 2000). The phenomena asso-
ciated with relapses are related to a flawed reversal learning capability
(i.e., the inability to learn that stimuli associated with a positive out-
come may have a negative outcome when presented in a different
context), as was shown in patients with alcohol use disorder (Mattydassy
et al.,, 2012; Rustemeier et al., 2012) and cocaine use disorder
(Camchong et al., 2011). In a previous study we compared individuals
with opioid use disorder who weaned themselves off opioids and stayed
drug-free for at least 10 years to a group of patients with similar
characteristics who were in MMT for at least 10 years (Levy-Gigi et al.,
2014). The groups were comparable in all task performances with one
exception: unlike prolonged abstinence individuals, the group of pa-
tients receiving MMT failed to successfully perform a specific reversal
learning task (when a positive stimulus becomes negative) in the
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Table 1
Characteristics of study patients, and comparison between the two study groups.
All patients History of childhood-trauma No history of childhood trauma p value (F)
N (%) 51 (100) 32 (100) 19 (100)
Female sex 18 (35.3) 16 (50.0) 2 (10.5) 0.006
Age * (years) 51.7 = 1.2 49.2 = 1.4 56 + 2.1 0.008 (7.8)
Years of education *€ 9.5 = 0.4 9.5 = 0.5 9.7 = 0.6 0.8
Lifetime history of self-harm 21 (41.2) 17(53.1) 4(21.1) 0.04
Suicide attempt 14 (27.5) 10 (31.3) 4(21.1) 0.5
Other self-harm 3 13 (25.5) 12 (37.5) 1(5.3) 0.02
Positive drugs in urine test = 19 (37.3) 13(40.6) 6 (31.6) 0.6
Cocaine 9 (17.6) 6 (18.8) 3(15.8) 1
Cannabis 2 (3.9 2(6.3) 0 (0) 0.5
Benzodiazepines 9 (17.6) 6 (18.8) 3(15.8) 1
Opioids 8 (15.7) 7 (21.9) 1(5.3) 0.2
Age at opiates use onset * 20 = 0.8 19.8 + 1.0 215 + 1.2 0.3
Duration of opiates use * 5 (years) 188 £ 1.5 175 £ 1.8 21.1 = 2.7 0.3
Ever intravenous injection £ 30 (62.5) 11 (36.7) 7 (38.9) 1
Age started MMT * (years) 393 + 14 373 = 1.6 42.6 = 2.3 0.06
Duration in MMT * (years) 91 + 1.1 8.0 £ 1.3 11.0 = 2.0 0.2
Methadone current dosage * (mg/day) 1225 = 6.3 119.3 = 8.3 127.6 = 9.8 0.5

Chi square or Fisher's exact test. “Mean * SE, ANOVA.
MMT, methadone maintenance treatment.

€ years of education includes elementary school (8 years), high school (4 years) and university.

+ Other self harm - self-ignition, self damage.

= positive drugs in urine was defined according to the results of all the urine drug screenings in the month preceding the computerized. assignment, being positive if

at least one tests was positive; urine could be positive for more than one drug.

nt defined by the difference between the age at opiates use onset (as reported by each patient) and the age starting MMT.
£ information was taken from patients' records that include modified Addiction Severity Index (McLellan et al., 1984).

presence of drug-related contextual reminders.

Specifically, we found (Levy-Gigi et al., 2014) that both groups
could link a stimulus to either a positive or a negative outcome, whe-
ther the stimulus’ context was neutral or drug-related. Furthermore,
both groups succeeded in reconditioning the reversed stimulus (i.e., a
positive outcome that became negative or a negative outcome that
became positive) in a neutral context. In addition, there was no dif-
ference between the two groups when we examined reconditioning of a
stimulus with a negative outcome that became a positive outcome in a
drug-related context. Nevertheless, when we tested a stimulus with a
positive outcome that became negative in a drug-related context, pa-
tients receiving MMT showed significantly lower success rates when
compared to the prolonged abstinence individuals. This could inter-
preted that once individuals with substance use disorder linked a cer-
tain stimulus in a drug-related context with a positive outcome, they
failed to link that same stimulus with a negative outcome. Such a dif-
ficulty was demonstrated in alcohol use disorder patients
(Mattyassy et al., 2012). Still, this finding was demonstrated in a small
homogenous group that was compared with a rare individuals who
succeeded prolonged abstinence. It was important to further expand the
research to a more heterogeneous group of MMT patients.

In the current study, we examined how both the stimulus’ valence
(positive reward versus a negative reward) and the context in which the
stimulus was presented (neutral image versus drug-related image) af-
fect the ability to recondition previously acquired information. We were
specifically interested in patients a with history of childhood traumas,
which is highly prevalent among patients receiving MMT (Engstrom
et al., 2012; Vogel et al., 2011), and variable that was not included in
our previous study (Levy-Gigi et al., 2014). Such individuals had been
reported to pay greater attention to negative stimuli and rewards than
to positive ones (Rozin and Royzman, 2001). Given the impaired ability
that was documented in a group of patients receiving MMT to reverse a
positive stimulus into a negative outcome (Levy-Gigi et al., 2014), we
also studied the two different effects in that group.

2. Methods

This study was approved by the Tel Aviv Sourasky Medical Center
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Institutional Review Board Helsinki committee.
2.1. Study population

Patients in the Adelson MMT Clinic in Sourasky Medical Center, Tel-
Aviv, Israel comprised the study cohort. The clinic treats patients who
meet the DSM-IV-TR criteria for opioid dependence. Inclusions were
patients who were in treatment for at least 3 months, and signed inform
consent

2.2. Study process

Out of the 63 patients who met the study inclusion criteria and were
asked to participate in the study, 51 (81% compliance) agreed, eight
refused at the outset, and four refused to finish the computerized as-
signment. The 51 enrolled patients were administered their usual cur-
rent methadone daily treatment medication in the morning, signed a
consent form, and performed the computerized assignment (see
Section 2.4 below) following 9.8 * 9.4 minutes, before reaching the
peak methadone effect at 2—-4 hours (Rass et al., 2014). Treatment in-
formation (methadone current dose, urine results), sociodemographic
and variables related to their addiction history and lifetime history of
adverse events were taken from patients' records that include modified
Addiction Severity Index (McLellan et al. 1984), self-report ques-
tionnaires about their lifetime history of adverse events traumas or
abuse during childhood (physical and verbal abuse, sexual abuse or
rape) (Rowan et al., 1994), and of attempted self-harm (suicide at-
tempt, self-ignition or other forms of self-harm).

2.3. Drugs in urine

Our patients receiving MMT are routinely screened for drugs in their
urine in a random observed manner at least twice each month. Urine is
tested for the presence of opioids, cocaine metabolite (benzoylecgo-
nine), benzodiazepines, cannabis, and amphetamines by means of the
Enzyme Immunoassay systems DRI and CEDIA (Hawks, 1987). The
results in the month preceding the computerized assignment were taken
for the study analyses, and were defined as being positive if at least one
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Fig. 1. Screen shots from the object stimulus-background context reversal paradigm, demonstrating a positive stimulus and a negative stimulus that are presented in
a neutral context during all of the 3 assignment's phases. During the reversal phase, same stimulus as in the previous phases is shown (in this figure, a chair and a hat),
but with a different neutral context background. The stimulus’ outcome in this phase is also changed from positive to negative, or vice versa. Patients are expected to
recondition the firstly acquired stimulus to the opposite type (i.e. perform reversal learning), as reflected in the background image context replacement.

tests was positive. The use of each substance separately is presented in
Table 1. However, due to small sample numbers and based on our
previews studies (i.e. Elkana et al., 2017) we grouped all users into one
group.

2.4. Stimulus-context reversal paradigm

The paradigm is described in detail by Levy-Gigi et al. (2014). In
brief, the patient is shown boxes with an illustration of an everyday
object, such as a chair or a car. That object represents the stimulus.
Each box is presented against a background image, which could be
neutral (Fig. 1) or have a drug-related context (Fig. 2). The patient
chooses whether to open the box or leave it closed. The patient's goal is
to open all the boxes that hold a positive outcome (money) and leave
the boxes linked with a negative outcome closed (bomb) (Fig. 3).

Fixed combinations of objects and background images are presented
in the first phase of the paradigm, the acquisition phase. Patients need
to reach the objective of six consecutive correct responses within a
minimum of 40 acquisition trials. Patients who succeed in doing so can
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proceed automatically to the next phase. Patients who fail receive ad-
ditional trials (two sets of 12 trials), and those who do not reach the
objective within the maximum 64 trials are dropped from the task. In
the next phase, the same combinations from the acquisition phase are
shown to the patient (retention trials), together with new combinations
in which old boxes are presented against a new background (neutral or
drug-related). In addition to the change in the background image, the
reward inside the box is also reversed: a box containing a positive re-
ward will now contain a negative one, and vice versa. This phase tests
reversal learning ability (see Figs. 1 and 2 for neutral and drug related
context conditions respectively).

The patient is expected to conclude that even though the box shows
the same object (i.e., the same stimulus), the change in the background
image is accompanied with a reversal of the outcome of the box. In the
reversal trials, the patients need to learn that a stimulus that was in-
itially linked with a certain outcome can now be associated with a
different one. For example, in the first part of the paradigm, a box with
an illustration of a chair is shown on the background of a park. This
combination is always linked to a positive reward, and the patient is
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expected to open such boxes. In the second part, a new box showing the
same chair is presented over a background of a busy street. This new
combination always leads to a negative reward, and after several trials
and errors, the patient is expected to leave such boxes closed, but they
are still expected to open boxes that show the chair-park combination
that contains a positive reward.

The proportions of correct answers given to different contexts and
outcomes were calculated and used in the analyses, comparing each
phase of the assignment (acquisition, retention, and reversal) in-
dividually, and the relationships between the variables for each phase
independently and for several phases combined.

2.5. Data analysis

We used SPSS (version 22) software (SPSS Inc., Chicago, IL) to
analyze the data. The Chi-square test and the Fisher's exact test were
used for categorical variables and the analyses of variance (ANOVAs)
were used for continuous variables. Mean and standard error values are
shown in the Results section below. In order to test the performance in
the computerized assignment and for comparing between groups’ per-
formance level, we used the repeated measure test, considering the
assignment's phase (acquisition or retention), valence (positive or ne-
gative reward) and context (neutral or drug-related). Mean and stan-
dard error (SE) values are presented when both groups are compared.
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3. Results
3.1. Characteristics of study group

Table 1 depicts the characteristics of the study group. Fifty-one
patients comprised of 18 (35.3%) females and 33 (64.7%) males, with
mean age of 51.7 = 1.2 years, comprised the study cohort. They had a
history of 18.8 *+ 1.5 years of opioid use (43.1% for =20 years), and
30 (62.5%) of them had administrated substance intravenously at least
once. Their mean duration in MMT was 9.1 * 1.1 years, and their
current daily methadone dose was 122.5 = 6.3 mg/day. Positive re-
sults of any substance in urine were detected among 19 (37.3%) of them
(detailed results of each substance is presented in Table 1). Thirty-two
patients (62.7%) reported on lifetime history of childhood traumas: 27
were physically abused and 12 were raped or sexually abused. The
group with a history of childhood trauma had a higher proportion of
females (p = .006), was younger on average (p = .008), and more of
them had a history of self-harm other than suicide attempt (p = .04)
(Table 1).

3.2. Task performance

Task performance was not significantly related to clinical treatment
variables (methadone dosage and duration in MMT), current substance
use, sociodemographic variables including years of education, as well
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Fig. 3. Screen shots from the object stimulus-background context reversal paradigm, showing examples of stimuli with a positive and a negative outcome (here
presented over a drug-related context). Patient may choose to open a box, accepting whatever reward is inside of it, or leave the box closed.

as the variables that significantly differed between study groups (sex,
age, and percentage of history of self-harm) (data are not shown).

3.3. History of childhood trauma and conditional learning

3.3.1. Acquisition and retention of stimulus-outcome associations

We conducted repeated measures ANOVAs to compare the stimulus’
valance (positive versus negative) and context (neutral versus drug-
related) for acquisition and retention trials using childhood trauma as
the between-subject factor. The results revealed that patients with
childhood traumas displayed an overall poorer ability to acquire sti-
mulus-outcome associations compared to patients with no childhood
traumas (65.7 = 2.8 and 75.9 * 3.6, respectively, F (1,49) = 5.11,
p = .03, n2 = .09). However, both groups performed similarly in the
retention phase, (58.7 = 2.0 and 58.5 * 2.5, respectively, F
(1,49) = .004, p = .95). These results indicate that while having a
history of childhood trauma may impair the pace of acquisition, the
ability to retain it remains intact as soon as the material is learned. In
addition we found significant interaction between the stimulus’ valance
and a history of childhood trauma (F(1,49) = 4.24, p = .04, 52 = .08):
A follow-up pairwise comparison revealed that while there were no
significant differences between the groups in acquiring negative sti-
mulus outcome associations (77.8 *= 3.2 versus 78.3 * 5.6 respec-
tively, t(1,49) = 0.08, p = .9), individuals with a history of childhood
trauma were significantly worse in acquiring positive stimulus outcome
associations compared to individuals with no history of childhood
trauma (53.6 = 4.2 and 73.5 *= 5.7, respectively, t(1,49) = 2.8,
p = .007, see Fig. 4). In addition, we found a significant interaction
between the stimulus’ context and a history of childhood trauma (F
(1,49) = 4.49, p < .04, 42 = .08). A follow-up pairwise comparison

100 O Negative

90 Positive

80

70

60

50

40

30
Yes
Childhood Trauma

Fig. 4. The success rate of acquisition phase by stimulus' valence (positive
versus negative) and by a history of childhood trauma. Percentage of correct
answers in the acquisition phase by stimulus' valence (positive versus negative)
as influenced by a history of childhood trauma. Both groups did similarly well
in acquiring negative stimulus outcome associations (white columns, p = .9),
patients with a history of childhood trauma were significantly worse in ac-
quiring positive stimulus outcome associations (grey columns, p = .007).

revealed that while both groups acquired neutral context stimulus-
outcome associations equally well (70.3 = 3.3 and 73.2 * 5.2, re-
spectively, t(1,49) = 0.5, p = .6), patients with a history of childhood
trauma performed significantly worse when the stimuli were presented
in a drug-related context compared to patients without such history
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Fig. 5. The success rate of acquisition phase by stimulus' context (neutral versus
drugs related) and by a history of childhood trauma. Percentage of correct
answers in the acquisition phase by stimulus' context (neutral versus drugs
related) computerized assignment, as influenced by a history of childhood
trauma. There were no significant differences between the two groups in ac-
quiring stimuli presented in a neutral context (white columns, p = .6); however
patients with a history of childhood trauma were significantly worse in ac-
quiring stimuli presented in a drug-related context (grey columns, p = .002).

(61.0 = 3.2and 78.6 * 4.5, respectively, t(1,49) = 3.2, p = .002, see
Fig. 5).

3.3.2. Reversal learning

In order to compare the performance on the reversal trials we
conducted a repeated measures ANOVA with context (neutral vs. drugs
related), reversal type (object stimulus vs. background context) and
reversal valance (from positive to negative vs. from negative to posi-
tive) as the within-subject factors and a history of childhood trauma (no
vs. yes) as the between subjects factor. The results revealed a significant
interaction between reversal valance and a history of childhood trauma
(F(1,49) = 4.66, p < .04, n2 = .09). Follow-up pairwise comparisons
revealed that while in the positive to negative reversal condition in-
dividuals with a history of childhood trauma performed better than
individuals with no trauma (t(49) = —2.07, p < .05), in negative to
positive conditions individuals with no history of childhood trauma
performed better than individuals with a history of childhood trauma (t
(49) = —2.14, p < .04). There were no significant differences in the
performance of the groups as a function of context and reversal type.
Hence individuals with and without a history of childhood trauma were
equally able to reverse neutral and drugs related stimulus-outcome
associations as well as stimuli and context related information.

4. Discussion

The objective of this work was to analyze the difference in reversal
learning abilities between MMT patients with a history of childhood
traumas to those without. The results revealed that patients with a
history of childhood trauma had difficulties in acquiring outcome with
no difference in retaining stimuli from the patients with no history of
trauma. Specifically, the difficulties in acquisition was related with a
positive outcome and with drug related context. In the reversal learning
phase, patients with a history of childhood trauma performed better in
reversing a positive stimulus to a negative one than those with no
childhood trauma, while the opposite namely reversing a negative sti-
mulus to a positive one was performed better among patients with no
childhood trauma.

We previously found (Levy-Gigi et al., 2014) that MMT patients had
difficulty in reversing a stimulus with a positive reward to a negative
reward in a drug-related context. The current study extends and deepen
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our investigation by assessing the ability to acquire, retain and reverse
stimulus-outcome associations as a function of a history of childhood
trauma. Specifically, in the acquisition phase and the retention phase,
each requiring basic cognitive functions such as visual perception and
memory, as well as in the third phase (reversal) which is more complex,
and requires flexible thinking (the ability to change and reverse an
existing association), which is a component of high cognitive executive
functioning.

Interestingly, while they had no difficulties in the application of
positive to negative reversals, patients with a history of childhood
trauma had difficulty in reversing a stimulus with a negative reward to
a positive one. They also performed better in learning stimuli that led to
a negative reward compared to stimuli with a positive reward. This
phenomenon is supported by a model according to which stimuli with a
negative valence have a more significant impact than similar stimuli
with a positive valence (trait-negativity bias), and the tendency of ne-
gative events, information, or feedback to more profoundly affect
feelings, thoughts, decisions, and behavior (Rozin and Royzman, 2001).
Negative contents have a considerable influence on the formation of
impressions, and negative information receives more processing re-
sources and is superior to establishing an impression about a certain
stimulus compared to positive information (Anderson, 1965;
Skowronski and Carlston, 1989). Studies on learning processes have
consistently shown that punishment or negative rewards given for
wrong answers are more influential and lead to faster learning
(Baumeister et al., 2001; Meyer and Offenbach, 1961). Moreover,
events that prompted fear or terror leave their mark years later, and the
brain's activity pattern in response to the stimulus remains as it was
even after the behavioral response to a fear-inducing stimulus has faded
(Quirk et al., 1995). Vythilingam et al. (2007) showed that PTSD vic-
tims demonstrated higher sensitivity and attention to negative or
threatening stimuli as opposed to positive stimuli compared to healthy
controls. Another study (Fani et al., 2012) confirmed those results, and
added that PTSD victims strain to eradicate conditionings linked with
fear and horror. On the other hand, trauma victims who do not suffer
from PTSD tend not to exhibit such a pattern of behavior. A third study
(Constans, 2005), found that even stimuli which are unrelated to
trauma, when experienced by PTSD victims, lead to similar results of
preferring negative over positive, and therefore this thought pattern is
common to all trauma victims, and not only to PTSD victims.

Patients with depressive disorder also tend to have similar thought
patterns (Beck, 1987; Elliott et al., 1996; Shook et al., 2007). Apart
from preferring the negative properties of events and experiences over
positive ones, they tend to give a negative, aggravated interpretation to
neutral and even positive events. Additionally, while people who do not
suffer from depressive disorder succeed in breaking the negative stigma
when given repeated positive feedbacks (i.e., they succeed in negative
to positive reversal), patients with depressive disorder are locked in a
hopelessness perception and are unwilling to change (Beck, 1987;
Elliott et al., 1996; Shook et al., 2007). Likewise, patients with anxiety
disorders and dysphoria who do not suffer from depression show an
inclination towards negative information (Bradley et al., 1997). Anxiety
disorders can result from childhood trauma. Bradley et al. (1997)
suggested that even if at first patients with depressive and anxiety
disorder automatically notice negative stimuli, once their attention had
been gained, they will not be able to remove it from the negative sti-
mulus, and maybe even go on to perform a negative to positive reversal.

Aas et al. (2017) conducted a study on patients with psychiatric
disorders who suffered from childhood abuse and found a link between
the severity of the abuse, the emotional response, and brain activity.
Their results showed that negative stimuli resulted in higher levels of
response which, in turn, correlated with more severe abuse. Those re-
searchers hypothesized that patients with a history of childhood trauma
devote more attention to negative stimuli than to positive stimuli.

Interestingly, many studies found that positive reinforcement is a
better contributor for behavioral change and drug abstinence among
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individuals with drug use disorder, a process known as contingency
management. Many studies have demonstrated the efficacy of positive
reinforcement in extending abstinence duration among MMT patients
(Higgins and Silverman, 1999; Kidorf and Stitzer, 1999; Silverman
et al., 1998). One study showed that as the reinforcement value in-
creases, so does the chance that patients receiving MMT will avoid
using opioids and other drugs during therapy (Dallery et al., 2001).
Although never stand alone, this raise a question to what extent con-
tingency management influences patients with a history of childhood
trauma who manage to learn mainly from negative rewards. A study
that examined the relationship between PTSD symptoms and con-
tingency management therapy found that complex PTSD reduces the
efficacy of therapy (Herman, 1992). However, factors such as a history
of trauma, the severity of psychiatric comorbidities, psychological
stressors, and complex PTSD symptoms did not have a significant in-
fluence on the efficacy of therapy (Ford et al., 2007; Weinstock et al.,
2007). It would be of interest to study whether the success rates in our
study's computerized assignment be related or affected as a result of
contingency management therapy. Interestingly, a study held among
homeless cocaine abusers showed that patients with PTSD had higher
abstinence rates during contingency management therapy compared
with patients without PTSD (Burns et al., 2010). Lastly, it seems that
traumatic past events intensify learning of negative experiences (over
positive experience), but the connection between learning abilities and
contingency management therapy remains unclear.

Patients with drug use disorders commonly suffer from PTSD
symptoms (Fuliilove et al., 1993). One study noted that as high as 90%
of them reported a history of psychological trauma, and up to 50% fit
the criteria for PTSD diagnosis (Chilcoat and Menard, 2003). Moreover,
Nelson et al. (2002) found that people with a history of childhood
sexual abuse or rape are prone to develop psychiatric disorders, such as
depression, suicidality, as well as alcohol dependence, and nicotine
dependence. Another study (Dannlowski et al., 2012) discovered that
functional and structural neurological changes in the brains of people
with a history of childhood abuse were similar to changes found in
people suffering from depression and PTSD.

In conclusion, our earlier study followed a group of well-stabilized
MMT patients with prolonged abstinence of at least 10 years and
showed some difficulty in a specific situation of reverse learning (Levy-
Gigi et al., 2014). Our current study did not find this pattern among a
more heterogeneous cohort of patients receiving MMT. However, we
did discover that patients in our clinic that have a history of childhood
trauma showed a decreased ability to learn stimuli with a positive re-
ward and an increased ability to learn stimuli with a negative outcome.
These findings are consistent with some other studies that demon-
strated a connection between traumatic life events, PTSD, and negative
reward fixation.

Importantly, notice that in both studies the difficulty or impairment
of performance was observed mainly in drug-related context. This fact
reflect the daily life sensitivity to drug related cue, and the consistent
need to work harder in any cognitive task to compensate the attention
cue exist.

5. Study limitations

Our findings as based on results derived from small subgroups and
their validation would require their application to a heterogeneous
group of MMT patients with a history of childhood trauma and a psy-
chiatric diagnosis of PTSD or complex PTSD. Our study design did not
include the evaluation of PTSD or complex PTSD, and data on PTSD
were available in the medical files of only a few patients.

Also, although task performance was not related to any variables
including sex, age and history of self-harm or suicidal attempt that
differed between the study groups, we cannot rule out that our study
group tendency to negative rewards and stimuli stems from one or more
of those characteristics. A bigger sample size involving more
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heterogeneous group of patients with a history of childhood trauma
may clarify the amount of impact of those factors on negativity bias.
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