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Background. Previous studies have provided inconsistent evidence that chronic exposure to opioid drugs, including
heroin and methadone, may be associated with impairments in executive neuropsychological functioning, specifically
cognitive impulsivity. Further, it remains unclear how such impairments may relate of the nature, level and extent of
opioid exposure, the presence and severity of opioid dependence, and hazardous behaviours such as injecting.

Method. Participants with histories of illicit heroin use (n = 24), former heroin users stabilized on prescribed methadone
(methadone maintenance treatment; MMT) (n = 29), licit opioid prescriptions for chronic pain without history of abuse
or dependence (n = 28) and healthy controls (n = 28) were recruited and tested on a task battery that included measures
of cognitive impulsivity (Cambridge Gambling Task, CGT), motor impulsivity (Affective Go/NoGo, AGN) and
non-planning impulsivity (Stockings of Cambridge, SOC).

Results. Illicit heroin users showed increased motor impulsivity and impaired strategic planning. Additionally, they
placed higher bets earlier and risked more on the CGT. Stable MMT participants deliberated longer and placed higher
bets earlier on the CGT, but did not risk more. Chronic opioid exposed pain participants did not differ from healthy
controls on any measures on any tasks. The identified impairments did not appear to be associated specifically with
histories of intravenous drug use, nor with estimates of total opioid exposure.

Conclusion. These data support the hypothesis that different aspects of neuropsychological measures of impulsivity
appear to be associated with exposure to different opioids. This could reflect either a neurobehavioural consequence
of opioid exposure, or may represent an underlying trait vulnerability to opioid dependence.
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Introduction

Impulsivity encompasses behaviours that are initiated
rapidly, poorly planned, or focus on short-term out-
comes despite potentially negative consequences in
the longer term (Dawe & Loxton, 2004) and has been
proposed as a key component of several major psychi-
atric syndromes, including some personality disorders
and drug dependence (Leland & Paulus, 2005).
Exposure to opiates (naturally occurring opioid recep-
tor ligands, such as morphine and semi-synthetic
ligands such as heroin) and opioids (synthetic ligands,
such as fentanyl or methadone) has been reported to be
associated with a number of neuropsychological impair-
ments during both active use and following a period
of abstinence (Verdejo-Garcia & Pérez-García, 2007).

One of the key domains associated with opioid abuse
has been impulsivity. This, however, is a multiple com-
ponent construct (Reynolds et al. 2006). Studies have
attempted to fractionate this construct in order to
investigate the underpinnings of different aspects of
impulsive behaviour. Barratt (1985) proposed three
broad constructs of neuropsychological performance
domains. These included motor, cognitive and non-
planning impulsivity. These constructs are commonly
used to investigate impulsivity (Stanford et al. 2009)
and have shown face validity when tested on
substance using populations (Potvin et al. 2005;
Ersche & Sahakian, 2007; Dougherty et al. 2009) (online
Supplementary Table S1).

A recent meta-analysis of studies on neuropsycho-
logical functioning in mixed opioid users (heroin, meth-
adone and other opioids) highlighted impairments,
with moderate effect sizes, in the domains of cognitive
impulsivity (risk taking), cognitive flexibility (verbal
fluency) and verbal working memory compared to
normal, healthy controls (Baldacchino et al. 2012).
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Meta-analysis of non-planning impulsivity was not
performed because, to the best of our knowledge,
only one study on this form of impulsivity has been
reported (Ersche et al. 2005). Motor impulsivity, how-
ever, showed a non-significant mean effect size.

Individually, a series of studies have suggested that
illicit substance-using populations show significantly
higher rates of cognitive impulsivity compared to
non-substance-using healthy controls (Petry, 2002;
Baker et al. 2003; Kollins, 2003). Impaired cognitive
impulsivity was also reported in opioid-dependent
heroin-using (Clark et al. 2006) and methadone-using
(Rotherham-Fuller et al. 2004) populations (online
Supplementary Table S2). However, abstinent heroin
users were also reported to be significantly impaired
compared to controls (Mintzer et al. 2005). This is
potentially relevant in suggesting that cognitive impul-
sivity may be conceptualized as trait-like and not
simply a consequence of the direct pharmacological
effects of opioids (Ersche et al. 2010). By contrast,
other studies have not reported impairments in motor
impulsivity in either methadone users (Passetti et al.
2008), nor in abstinent heroin users (Verdejo-Garcia &
Pérez-García, 2007).

In a study by Patton et al. (1995) opioid-dependent
users scored higher on the non-planning impulsivity
subscale of the Barratt Impulsiveness Scale-11 (BIS).
Opioid-dependent users also significantly solved
fewer problems correctly on the one-touch Tower of
London task (ToL; Owen et al. 1995), and needed
more attempts in order to generate correct answers
compared to non-substance-using controls (Ornstein
et al. 2000; Ersche et al. 2006). Fishbein et al. (2007)
tested abstinent heroin users with the Stockings of
Cambridge (SOC; Cambridge Cognition Ltd, UK)
with similar results. In contrast, methadone users
(Passetti et al. 2008) and abstinent heroin users
(Brand et al. 2002) tested on the ToL task did not
show impairment in non-planning impulsivity com-
pared to non-substance using healthy controls (online
Supplementary Table S2).

Numerous methodological issues limit the conclu-
sions that can be drawn from previous studies and
meta-analyses. These include: (a) lack of specificity of
definition of clinical cohorts, unrepresentative and
small populations, failure to control for poly-substance
use, see for example Ersche & Sahakian (2007), (b) stan-
dardization of timing of assessments to control for po-
tential confounds of drug withdrawal and/or
intoxication (Davis et al. 2002), (c) ability to repeat test-
ing within the same population to determine temporal
stability or reversibility of observed impairments
(Verdejo-Garcia et al. 2004), (d) exposure to adulterants
and the impact of the route of administration (e.g.
injecting behaviour) (Gruber et al. 2007), (e) severity

of the opioid-dependence syndrome (Bretteville-
Jensen, 1999; Verdejo-Garcia et al. 2004) and ( f ) con-
founds of age (Deakin et al. 2004) and co-morbid
psychiatric illness (Jollant et al. 2007). These have all
contributed to the difficulties in attributing any robust
cognitive impairment to chronic opioid use.

In summary, data derived from a variety of study
designs suggests that chronic exposure to opioids is
associated with cognitive impairment, specifically in
the domain of cognitive impulsivity. However, it is
not clear to what extent this might represent a ‘toxic’
effect of drug exposure, or an underlying trait for
poorer quality of decision making that renders indivi-
duals more vulnerable to acquire opioid dependence.

The present study, therefore, aimed to extend our
knowledge of neurocognitive performance among de-
pendent and non-dependent opioid users. Employing
an ambispective cohort design, we tested representative
samples of male opioid-exposed participants (illicit and
non-illicit) and non-substance-using healthy controls
over a period of 6 months. Specifically, the study
aimed to determine if performance on tasks measuring
impulsivity was affected by (1) the type of opioid ex-
posure (e.g. methadone, heroin and other opioids) at dif-
ferent stages of treatment; (2) the context (licit or illicit
opioids); (3) the presence or absence of syndromal opioid
dependence (opioid-dependent compared to non-opioid-
dependent users) and (4) administration route – injection
status (opioid-dependent and injecting compared to
dependent and non-injecting participants).

Method

Participants

Ethical permission for the conduct of this study was
provided by the East of Scotland Research Ethics
Service (REC reference number: 06/S1401/32). Male par-
ticipants aged 18–40 years were recruited from sub-
stance misuse and pain management services in Fife
and Tayside, Scotland, UK. All participants enrolled in
the study underwent detailed screening that included
the collection of sociodemographic information, semi-
structured interviews to ascertain detailed histories of
drug and alcohol use and opioid-dependence status
(Marsden et al. 1998). The Clinical Opiate Withdrawal
Scale (COWS) quantified the level of opioid withdrawal
(Wesson & Ling, 2003). Mental health status and
history was assessed using the Mini International
Neuropsychiatric Interview (MINI Plus, version 5.0;
Sheehan et al. 1998). The National Adult Reading Test
(NART; Nelson, 1982) was used to estimate general
intellectual ability. Case records from the addiction, psy-
chiatric and General Practitioner’s services helped in
the identification of overdose episodes, confirmed the
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absence of a history of epilepsy, other neurological
phenomenon, hepatitis B, C and HIV status and
whether there had been diagnoses of other personality
disorders (e.g. borderline). These records also helped
to validate medical and psychiatric histories, substance
misuse career timelines and to quantify current drug
and alcohol use. Online Supplementary Table S3 sum-
marizes the data collection methods.

Exclusion criteria included lifetime or current his-
tories of psychosis, post-traumatic stress disorder,
neurological and neurodevelopmental disorders, anti-
social and other personality disorders and/or head in-
jury. Individuals with a lifetime history of non-fatal
overdose episodes requiring medical attention (e.g.
ambulance call out, cardio-pulmonary resuscitation),
co-occurring benzodiazepine, psycho-stimulant and al-
cohol dependence were also excluded. Participants
were required to be able to read and write English.

All treatment-seeking opioid-dependent individuals
(N = 53) met DSM-IV criteria for opioid dependence
(APA, 2000). The Heroin group (N = 24) were ‘first
time’ referrals to a structured methadone maintenance
treatment (MMT) programme. The Methadone group
(N = 29) were participants in a MMT programme with
objective confirmation of absence of illicit drug use for
more than 6 months. The MMT group performed the
neuropsychological tasks between 4–6 h of taking their
last stable dose of methadone (baseline). Eighteen of
29 MMT group participants were retested 6 months
after baseline testing. All opioid-dependent individuals
had been taking between 120 mg and 360 mg of mor-
phine equivalent opioids per day (Vieweg et al. 2005)
and had, prior to entering the MMT programme, more
than 3 years history of continuous and daily illicit opioid
use. The two opioid-dependent groups (Heroin and
MMT) were matched for lifetime drug use history, mor-
phine equivalent dosages and drug use (including
tobacco smoking) history 30 days prior to baseline
testing.

To standardize the pharmacological status of the
Heroin group at time of testing and to determine con-
sistent stages of ‘withdrawal’ and the optimal sub-
sequent MMT dose, an established clinical tolerance
testing procedure was used (Baldacchino, 2001).

Tolerance testing was a single-blind procedure that
permitted the objective observation of individuals dur-
ing stages of acute intoxication, acute withdrawal and
subsequent stabilization on a fixed dose of methadone
within a period of 7–14 days. In addition to the collec-
tion of subjective ratings of withdrawal, objective
measurements of blood pressure, pupillometry, respira-
tory and pulse rates were acquired.

Heroin participants were assessed 3–5 h after their last
illicit heroin administration to minimize the confound-
ing cognitive effects of acute intoxication. The same par-
ticipants were then retested (a) 10–15 h after the last
heroin dose in a state of controlled opioid withdrawal
and subsequently (b) following more than 2 weeks on
a stable dose of MMT. This standardized tolerance test-
ing offered an opportunity to perform repeated neuro-
psychological testing during periods when (a) illicit
heroin was minimally present, (b) absent (i.e. in acute
withdrawal) and (c) replaced by an alternative opioid
(MMT). This approach offered the opportunity to test
whether any impulsivity measures that differed from
those of control participants represented a stable
phenomenon, or could be modified by different opioid
loading and switch to an alternative opioid (MMT).

A cohort of patients with chronic pain receiving
treatment from specialist pain management services
(N = 28) were recruited from local hospital and
community-based clinics. Eligible participants were
screened and confirmed as having no history of ‘illicit’
opioid use or methadone treatment and did not meet
criteria for opioid dependence (APA, 2000). Healthy
control participants (N = 28) were recruited from the
general population residing in the same geographical
areas as the Heroin and MMT participants. Both the
Pain (P) and Healthy control (HC) participants were
only tested once (Table 1).

Instruments

Clinical

All subjects were screened using the MINI Plus v. 5.0
(Sheehan et al. 1998), the Maudsley Addiction Profile
(MAP; Marsden et al. 1998), and the Fagerström Test
for Nicotine Dependence (FTND; Fagerstrom &

Table 1. Study procedures

Testing sessions Illicit or licit opioid use Opioid withdrawal 2–4 weeks on methadone 6 months on methadone

Heroin group † † † —
Chronic pain group † — — —
Methadone group † — — †
Healthy control group † — — —

†, Tested; —, not tested.
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Schneider, 1989). Urine samples were collected from all
participants to confirm history of recent opioid intake
and to confirm the absence of any other illicit drugs
throughout the study period. The COWS quantified
the level of opioid withdrawal in the heroin group.

Neurocognitive

The neuropsychological tasks from the Cambridge
Neuropsychological Test Automated Battery (CANTAB;
Robbins et al. 1994) were selected on the basis of their
known sensitivity to detect impairments in neurocogni-
tive performancemediated by pathologyof corticostriatal
and medial-temporal systems that are proposed to
mediate the pathophysiology of opioid dependence
(Koob & Volkow, 2010). Testing was focused on impul-
sivity domains: Cognitive Impulsivity tested with the
Cambridge Gambling Task (CGT), Motor Impulsivity
tested with the Affective Go/NoGo (AGN) and Non-
planning Impulsivity tested with the SOC (Table 2).

All participants were tested with the same neurocog-
nitive test battery in a fixed order. Participants were al-
lowed to smoke tobacco during breaks in order not to
create a state of nicotine withdrawal during the testing
period.

Data analysis

Analyses were conducted using SPSS for Windows
v. 12 (SPSS Inc., USA). Data meeting assumptions of
normality and homogeneity of variance were analysed
using ANOVA and ANCOVA (Winer et al. 1991). All
other data were compared using appropriate non-
parametric tests (e.g. Kruskal–Wallis and Mann–
Whitney tests).

Preliminary analysis of all the experimental and
control groups separately indicated that the samples
did not come from normally distributed populations
with the same standard deviation. A planned (a priori)
contrasts analysis was therefore run to test for signifi-
cant differences between the four independent study
groups.

Kruskal–Wallis tests evaluated any differences
between the four study groups with respect to sociode-
mographic variables. This was followed by Mann–
Whitney U tests which established that NART, age,
morphine equivalent dosage and previous alcohol
use could be potential confounders and identified as
covariates for further analyses.

An omnibus test was used to determine, if sig-
nificant, whether pairwise comparison was indicated.
In order to control for family-wise error, post-hoc
Bonferroni-corrected pairwise comparison was used
(Field, 2009). Results with p < 0.01 were considered
significant. Those reported as between p < 0.05 and
p > 0.01 are presented as non-significant trends when

they are considered relevant to substantiate the in-
terpretation of other significant results.

ANOVA was used to test for group differences with
respect to impulsivity performance measures. The
SOC outcomes did not meet assumptions of normality
and were square-root-transformed prior to ANOVA.
For those tasks requiring repeated-measures analyses
which included incremental levels of difficulty within
the testing session, the within-subject factor Difficulty
was introduced, e.g. CGT (ratio of coloured boxes),
SOC (2-, 3-, 4- or 5-problem moves). For the CGT an ad-
ditional within–subject factor Direction (descending and
ascending orders) was included. Homogeneity of vari-
ance was assessed using the Mauchly Sphericity test.
Where datasets significantly (p < 0.05) violated this re-
quirement, the Greenhouse–Geisser epsilon (ε) correc-
tion parameter for degrees of freedom was used to
calculate a more conservative p value for each F ratio.

Finally, effect sizes were calculated using the meth-
ods of Cohen’s d statistics (1988).

Results

Demographic, social and clinical data

The Heroin and MMT groups differed significantly
from the Pain and HC groups with respect to several
demographic, social and clinical characteristics.
Ninety-eight percent of opioid-dependent individuals
compared to 43% in the Pain group and 4% in the
HC group had smoked tobacco in the last 30 days (p
< 0.001). Opioid-dependent participants started to
drink alcohol approximately 2 years earlier than the
other groups (p < 0.001). The mean morphine equiva-
lent daily dose for the Pain group was significantly
lower (59.1 mg) than the Heroin and MMT groups
(165.9 mg) (p < 0.001). Urine drug screen analysis
confirmed absence of recent amphetamine, benzo-
diazepine and cocaine use prior to every neuropsycho-
logical test session. Urine analysis also confirmed
absence of heroin in the MMT group and the absence
of methadone in the Heroin group. Table 3 sum-
marizes the demographic, clinical and substance use
data for the four groups.

When the participants from the Heroin group with a
COWS score of between 8 and 14 (lowest-scoring
eight) were compared with participants with scores of
18–25 (highest-scoring eight), there were no significant
differences with respect to age (p = 0.88), Scottish index
of multiple deprivation score (p = 0.75), years in
education (p = 0.38), years when starting using alcohol
(p = 0.07), alcohol amount used in last month (p = 0.87)
or current level of nicotine dependence (Fagerström
scores) (p = 0.96). Similarly, there were no significant
group differences identified on these measures when
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Table 2. Impulsivity domains

Cognitive
domains

Presentation when reduced
impulsivity

CANTAB test
used Outcome measures

Explanation of outcome measures when cognitive
impulsivity is present

Cognitive
impulsivity

Ability to opt for larger delayed
rewards over smaller more
immediate rewards

Cambridge
Gambling Task
(CGT)

(1) Quality of decision-making
(2) Risk taking
(3) Deliberation time
(4) Delay aversion
(5) Risk adjustment

Choosing the least likely outcome
Choosing the least likely choice in pursuit of a greater reward
even in the face of a more likely penalty

Longer latency needed to make the colour choice
Unwilling to wait, betting larger amounts when the possible
bet amounts were presented in descending order than they
do when the amounts were presented in ascending order

Lack of risk insight
Motor
impulsivity

Ability to suppress emotional,
cognitive and behavioural
responses (inhibitory control)

Affective Go/
NoGo (AGN)

(1) Total commission (distractor) errors
during happy and sad word blocks
and during shift and non-shift
blocks

E.g. responding to happy words during sad word blocks

Non-planning
impulsivity

Ability to think ahead and actively
search for an appropriate solution
(reflection impulsivity)

Stockings of
Cambridge
(SOC)

(1) Minimum moves
(2) Mean moves for 2-, 3-, 4- and

5-move problems
(3) Mean initial thinking time for 2-,

3-, 4- and 5-move problems
(4) Subsequent thinking time for 2-,

3-, 4- and 5-move problems

Moremoves needed to solve problem as personmakingmore
errors

More moves needed as problem becomes more complex and
person making more errors

Less time used to initiate solution even though the problem
becomes increasingly more complex

Longer time needed to solve a more complex problem as
person making more errors

N
europsychology
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Table 3. Comparative demographic, clinical and substance use data for experimental and control groups

Demographic and clinical data Heroin (H) Methadone (M) Pain (P) Healthy controls (HC) Sig.a

N 24 29 28 28 N.A.
Age (yr)b 26.3 (3.45) 27.3 (2.34) 33.97 (4.35) 24.12 (3.56) H > P = p < 0.001

M > P and M >HC = p < 0.01
SIMDb 3.6 (1.9) 3.41 (1.4) 4.6 (2.0) 5.9 (2.5) H >HC and M>HC = p < 0.001

M > P = p < 0.01
Unemployed (%) 87.5 86.2 50 0 p < 0.001
Stable accommodation (%)c 87 93 100 92.8 M > P = p < 0.005
Education (years)b 10.8 (1.5) 10.6 (2.3) 11.18 (1.22) 15.4 (2.1) H >HC and M>HC = p < 0.001
NART (IQ)b 106.1 (12.2) 108.9 (7.6) 115.9 (4.9) 118.3 (5.1) P > H and HC >H = p < 0.001

HC >M = p < 0.001; P >M = p < 0.01

Sig.a

Drug, nicotine and alcohol histories (self-reported) Heroin Methadone Pain Healthy controls Heroin v. P/C

Nicotine smokers (%) 24 (100) 28 (97) 12 (43) 1 (4) H >HC and M>HC = p < 0.001
Fagerström total scoreb 5.2 4.7 2.8 1.0 H > P,H >HC, M > P, M >HC = p < 0.001
Age (yr) when first used alcoholb 12.5 (1.3) (n = 24) 12.7 (1.9) (n = 29) 15.2 (1.2) (n = 28) 14.7 (0.6) (n = 28) H >HC and M>HC = p < 0.001
Days of alcohol use (last 30 days)b 2.2 (6.1) (n = 10) 4.0 (4.9) (n = 15) 5.1 (8.3) (n = 17) 4.0 (6.3) (n = 17) N.S.
Daily intake expressed as morphine equivalence (mg)b,d 184.5 (82.1) (n = 24) 147.4 (59.3) (n = 29) 59.1 (46.8) (n = 28) N.A. H > P and M > P = p < 0.001
Age first used heroin (yr)b 19.4 (4.1) (n = 24) 17.9 (2.6) (n = 29) N.A. N.A. N.S.
Age opioid dependent (yr)b 20.9 (3.9) (n = 24) 19.9 (2.8) (n = 29) N.A. N.A. N.S.
Age injecting opioids (yr)b 20.5 (4.0) (n = 17) 19.1 (6.0) (n = 29) N.A. N.A. N.S.
Years of opioid useb 6.1 (2.9) (n = 24) 8.8 (2.8) (n = 29) 5.0 (2.3) (n = 28) N.A. M >H and M > P = p < 0.001
Stable methadone use (yr)b N.A. 1.3 (0.5) (n = 29) N.A. N.A. N.A.
Days of heroin use (last 30 days)b 29.5 (2.7) (n = 24) N.A. N.A. N.A. N.S.
Age when first used benzodiazepine (yr)b 16.82 (3.3) (n = 17) 16.2 (3.5) (n = 17) N.A. N.A. N.S.
Age when first used cocaine (yr)b 17.7 (2.3) (n = 10) 18.1 (2.5) (n = 9) N.A. N.A. N.S.
Age when first used cannabis (yr)b 12.83 (1.6) (n = 23) 12.9 (1.4) (n = 29) 26.0 (10.3) (n = 5) N.A. H > P and M > P = p < 0.001

H, Heroin group; M, Methadone group; P, Pain group; HC, Healthy control group; N, total number in group; N.A., not applicable; SIMD, Scottish index of multiple deprivation;
NART, National Adult Reading Test; IQ, Intelligence quotient; N.S., not significant; n, number of individuals analysed.

a Sig., Significance at p < 0.01 two-tailed; b mean total scores (±standard deviation); c stable accommodation, own house + rented accommodation + living with parents (excluded hostel,
student and homeless); d opioid equivalence: Vieweg et al. (2005).
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comparing Heroin participants tested at baseline and
those groups retested either during the tolerance testing
protocol, or in the Methadone group 6 months later.
There were no significant differences with respect to
most sociodemographic and drug use characteristics
when the 43 injecting participants were compared to
the ten non-injecting participants. However, NART
scores were significantly higher (p < 0.01) in the injecting
group.

Profiling impulsivity

We compared the groups on each of the following
three cognitive domains. Table 4 summarizes baseline
neuropsychological findings.

Cognitive impulsivity

ANOVA on the core CGT outcomes at baseline revealed
significant group differences in measures of cognitive
impulsivity (deliberation time: F3,102 = 4.3, p < 0.01; risk
taking: F9,196.89 = 6.4, p < 0.01; delay aversion: F9,222.23 = 2.6,
p < 0.01; risk adjustment: F3,102 = 4.4, p < 0.01). There was
a non-significant group trend for differences in quality
of decision making (F3,102 = 3.3, p = 0.02).

The Heroin group at baseline risked significantly
more (risk taking: p < 0.001, d = 0.74), bet larger
amounts when the task was presented in descending
order than in ascending order (delay aversion:
p < 0.01, d = 0.95) and significantly increased the per-
centage of available points put at risk in response to
more favourable coloured box ratios – again in des-
cending order (risk adjustment: p < 0.001, d = 1.36) com-
pared to the HC group. Also, the Heroin group
differed from the Pain group with respect to risk taking
(p < 0.001, d = 0.74) (Fig. 1).

The MMT group differed from HC participants
with respect to showing longer deliberation times
(p < 0.01, d = 0.99) and increased risk adjustment
(p < 0.001, d = 0.94) in both the descending and as-
cending orders.

The Heroin group differed from the MMT group at
baseline in terms of increased risk taking (descending
sequence) (p < 0.001) and increased delay aversion
(more rapid responding at the 8:2, 7:3 and 6:4 box
ratios) (p < 0.001).

Motor impulsivity

There was a significant group effect on commission
errors (F3,102 = 5.4, p < 0.01). Post-hoc comparisons
revealed that the Heroin group made more com-
mission errors compared to the HC group (p < 0.001,
d = 1.10). Further analysis indicated significant group
effects on commission errors when responding to
happy words during sad word blocks (negative

valence) (F3,102 = 6.5, p < 0.001). Whereas the Heroin
group (p < 0.001, d = 1.23) differed significantly from
the HC group, there was a non-significant trend (p =
0.02) for the MMT group to differ from the HC
group. There was also a significant group effect
(F3,102 = 7.6, p < 0.01) on commission errors in non-shift
mode (when the response orientation of the participant
remained the same between blocks). Post-hoc analysis
showed the Heroin group (p = 0.01, d = 1.06) made
more commission errors compared to the HC group.

Non-planning impulsivity

SOC outcomes revealed significant group differ-
ences in the minimum number of moves (F3,107 = 6,
p < 0.001) and subsequent thinking times (F3,107 =
4.4, p < 0.0) to solve the complex 5-move problem
stage. Post-hoc analysis showed that the Heroin
group required significantly more moves (p < 0.01,
d = 0.80) and took longer (p < 0.005, d = 0.81) to
solve 5-move problems compared to the HC group.
Also, the MMT group required significantly more
moves (p < 0.001, d = 0.87) and the Pain group
showed a non-significant trend (p = 0.02) to solve
5-move problems compared to the HC group.

Transition from Heroin group to MMT group

Repeated-measures ANOVA comparing the Heroin
group at baseline with the same participants once
established on MMT (following tolerance testing)
showed a significant reduction in commission errors
(F2,46 = 6.1, p < 0.001, d = 0.87). This effect was observed
in the non-shift error scores (F2,44 = 7.8, p < 0.001,
d = 0.56) with a non-significant trend in the same direc-
tion in the shift mode error scores (F2,44 = 3.6, p = 0.03).

There were no significant changes on any of the
measures from the CGT or the SOC. Analysis of per-
formance on each measure after 6 months of MMT
revealed no significant changes.

The influence of opioid dependence and injecting
status

Comparing those meeting criteria for syndromal
opioid dependence (MMT and Heroin participants)
with those without (Pain and HC), there were signifi-
cant differences in measures of cognitive impulsivity
(shorter CGT deliberation times: F1,104 = 7.2, p < 0.01,
d = 0.27 and poorer CGT risk adjustment: F1,104 = 9.5,
p < 0.00, d = 0.53), and increased motor impulsivity in
AGN commission errors (F1,104 = 8.9, p < 0.005, d =
0.96) especially in the non-shift mode (F1,104 = 6.9, p <
0.01, d = 0.75). Analysis by injection status revealed
no significant effects on any measures (Table 5).
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Table 4. Summary of baseline neuropsychological findings

Cognitive test

Heroin group (H)
(n = 24)
Mean (S.D.)

Methadone group
(M) (n = 29)
Mean (S.D.)

Pain group (P)
(n = 28)
Mean (S.D.)

Healthy controls
(HC) (n = 28)
Mean (S.D.) Significance Effect size (d)

Cambridge Gambling Task (CGT)
Quality of decision making 0.83 (0.21) 0.91 (0.09) 0.93 (0.10) 0.96 (0.06) HC >H** 0.84
Deliberation time (ms) 2 826.92 (1365.51) 3 386.89 (1762.26) 2 676.23 (766.70) 2 128.49 (350.74) HC <M*** 0.99
Risk taking 0.59 (0.18) 0.64 (0.11) 0.52 (0.13) 0.58 (0.08) N.S.
Overall proportion bet 0.55 (0.17) 0.59 (0.10) 0.50 (0.13) 0.53 (0.08) HC <H**, P <H** 0.14, 0.36
Delay aversion 0.43 (0.23) 0.31 (0.19) 0.32 (0.23) 0.25 (0.14) HC <H* 0.95
Risk adjustment 0.72 (0.71) 1.00 (0.78) 1.08 (0.73) 1.72 (0.76) HC >H***, HC >M** 1.36, 0.94

Affective Go/NoGo (AGN)
Total commission errors 16.37 (11.95) 11.28 (8.32) 6.96 (6.17) 6.36 (4.82) P <H***, HC <H*** 1.10
Commission errors (shift block) 8.25 (6.66) 5.52 (4.52) 3.50 (3.28) 3.18 (2.59) HC <H** 1.00
Total omission errors 12.75 (10.30) 19.90 (25.16) 7.86 (13.22) 6.54 (14.64) N.S.
Omission errors (shift block) 6.04 (5.02) 9.48 (12.86) 3.71 (6.68) 3.25 (7.15) N.S.
Stockings of Cambridge (SOC)
Problem solved in minimum number of
moves (2-move problems, SQRT)

1.47 (0.14) 1.41 (0.00) 1.43 (0.09) 1.41 (0.00) N.S.

Problem solved in minimum number of moves
(5-move problems, SQRT)

2.59 (0.22) 2.62 (0.28) 2.65 (0.28) 2.41 (0.19) HC <H*, HC <M*** 0.80, 0.87

Subsequent thinking time (5-move solutions) (s) 30.83 (23.45) 32.39 (20.55) 27.51 (20.50) 14.78 (15.21) HC <H**, HC <M** 0.81, 0.94

N.S., No significant impairment in neuropsychological outcomes with p < 0.01; SQRT, square root transformation.
* p < 0.01, ** p < 0.005, *** p < 0.001.
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Discussion

Tests of specific hypotheses

The primary hypothesis tested in this study posited
that, when compared with drug-naive controls, chronic
exposure to both licit and illicit opioid drugs would
influence measures of impulsivity. Although the sub-
jects taking heroin or treated with MMT could be dif-
ferentiated from the drug-naive (HC) control group
with respect to cognitive, motor and non-planning
impulsivity, there were no significant differences be-
tween the Pain and HC participants with respect to
any of these measures.

The current study does not support the conclusion
that the changes in these measures, reported here, are
a simple pharmacological consequence of chronic ex-
posure to opioid drugs. Instead, these results suggest
that risk taking and delay aversion outcomes for cogni-
tive impulsivity and commission errors (non-shift
mode) for motor impulsivity were significantly
impaired in the Heroin group when compared with
the group stably maintained on methadone. Thus,
chronic illicit exposure to heroin may elicit increases
in impulsivity which is not apparent in subjects stably
maintained on MMT. This conclusion is supported by
the additional evidence that the deficit in commission
errors seen in the Heroin group was attenuated when

the subjects were transferred to MMT. However, the
MMT participants differed from the HC group to the
extent that they took longer to deliberate and showed
increased risk adjustment on both the descending
and ascending sequences of the CGT (Table 5). Thus,
it seems reasonable to suggest that the specific changes
in impulsivity evoked by chronic exposure to heroin,
which are not shared by any of the other groups,
reflect the illicit use of the drug, whereas those shared
by the MMT and Heroin groups reflect either depen-
dence upon opioids, or tolerance to the drugs. There
were no detectable differences between injecting and
non-injecting participants. Injecting behaviour was
proposed as a crude measure of severity on opioid
dependence.

The cognitive effects of heroin and other opioids are
often seen as variants of the same disorder. Indeed,
influential theories of addiction emphasize the
shared psychological processes and neurobiological
subStrates of different types of drug addiction. Our
data suggest an alternative perspective. Although
there are commonalities in the ways in which all
opioids affect impulsive behaviour, much can be
learned from considering the distinctive features of
each type of opioid and its effect on impulsivity
domains. In this study, we have described differences
in the profile of impulsivity dependent upon current
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Bonferroni comparisons identified the Heroin group as having bet more at all levels of difficulty (other than the 9:1 ratio*)
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drug exposure with differences between heroin and
MMT.

Since confounding variables such as mood state
(Jollant et al. 2007) and co-morbid personality disorder
(Vassileva et al. 2007) were largely controlled for in our
study, it is unclear whether differences in impulsivity
measures between the Heroin and Methadone cohorts
are due to: (1) chronic illicit heroin users improving
after being prescribed, for more than 6 months, a stable
dose of licit MMT (Ersche et al. 2006) and/or (2) opioid
dependence (Ornstein et al. 2000) and/or (3) a past his-
tory of substance abuse and associated lifestyle and/or
(4) vulnerability to trait impulsivity (Kirisci et al. 2006;
Verdejo-Garcia et al. 2008; Audrain-McGovern et al.
2009; Ersche et al. 2010; Odum & Bauman, 2010) and
its involvement in drug use experimentation, abuse
and dependence (Koob & Volkow, 2010). A longitudi-
nal ‘at risk’ study design would be required to address
these unresolved questions.

Equally, it is unclear what contributory effects can-
nabis and nicotine use present to these cognitive func-
tions. Significant impairments in cognitive, motor and
non-planning impulsivity have been identified in
separate cannabis (Grant et al. 2012) and nicotine
(Chamberlain et al. 2012) non-treatment-seeking and
young users compared to healthy controls. In our
study the Methadone and Heroin cohorts where not
significantly different in their recent nicotine (p = 0.6)
and cannabis (p = 0.7) use.

This study recruited treatment-seeking males and
thus results may not generalize to non-treatment-
seeking and female populations. Drug use and risk fac-
tor histories of subjects were, by necessity, based upon
self-report, and no blood, hair or saliva samples taken
to validate accuracy of the information. However, self-
report of illicit drug users has been demonstrated to
have high degrees of validity and reliability (Best
et al. 2007). This study also conducted urine drug
screen analysis to confirm absence of recent ampheta-
mine, opioids, benzodiazepine and cocaine use prior
to every session. All opioid-dependent participants
had a mean duration of 7.5 years heroin use and a
daily dose of 165 mg morphine equivalent. The Pain
group were, however, significantly older, more highly
educated and had more consistent employment histor-
ies than the Heroin and Methadone cohorts. They also
had a lower mean daily dose of 59.1 mg morphine
equivalent. However, opioids can cause measurable
cognitive impairment even at low doses and
equi-analgesic doses of different opioids may have
nonlinear and non-equivalent adverse cognitive effects
(McMorn et al. 2011). Notably, the Pain group had a
much flatter risk adjustment function than the HC
group, parallel but lower to the opioid-dependent
groups. This might suggest that with larger and/orT
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equi-analgesic doses, greater behavioural effects may
have become evident within the Pain group. This mer-
its further study.

One possible explanation for the heterogeneity of
results between the Heroin and Methadone groups is
that even though these two groups were categorically
homogenous (i.e. both opioid dependent) there may
have been an undetected ascertainment bias (Sackett,
1979). Clinically it may be that those who are more im-
pulsive find it more difficult to engage with a highly
structured methadone programme and, as a result, re-
lapse into illicit heroin use and rendering them una-
vailable to participate as MMT group members.
Conversely, individuals who have become stable on
methadone in this MMT modality may be more beha-
viourally and cognitively skilled and may, therefore, be
more able to meet the demands of stability (Drake et al.
2012). However from a molecular pharmacological
perspective, mu opioid (MOP) receptor agonist drugs
such as heroin, methadone and others used in moder-
ate to severe pain interact with a large number of μ re-
ceptor subtypes with different activation profiles for
the different opioids. This results in subtle pharmaco-
logical differences in potency, effectiveness, tolerability
and neurotoxicity (Pasternak, 2012). Opioids also have
variable agonist activity at both δ (DOP) and κ (KOP)
opioid receptors (Pathan & Williams, 2012), with
methadone having minimal binding affinity to both
DOP and KOP. Active metabolites for heroin and
methadone display multimodal subunit-dependent an-
tagonism of 5-HT3 receptors (Deeb et al. 2009) and
methadone but not heroin display N-methyl-
D-aspartate (NMDA) receptor antagonist properties
(Davis & Inturrisi, 1999). These cellular and molecular
variations might determine different neuropsychologi-
cal impairments.

Neuropsychological research has shown that con-
sumption of alcohol, benzodiazepines and psycho-
stimulants, including nicotine, are potentially important
confounding variables (Koob & Volkow, 2010). The
present study used stringent criteria to exclude regular
and dependent users of most psychoactive substances.
The exception to this was lack of nicotine use in the
healthy controls. We could not control for the effects
of this psychostimulant and this may have influenced
our results due to its known effects on impulsivity
(Flory & Manuck, 2009). Concomitantly, due to the
putative psychoactive properties of the adulterants
(e.g. caffeine and paracetamol) present in many crimi-
nal justice heroin seizures, one is not certain what
neuropsychological effects they may have had on the
participants (Cole et al. 2010).

The current study has potential clinical implications
for the treatment of opioid dependence. Treatment pro-
viders should be aware that their patients may

demonstrate impairment across a range of higher
level cognitive functions, including ‘executive function’
tests. Such difficulties could manifest as increased
behavioural disinhibition, risk-taking, poor problem-
solving skills and poor learning. Heroin users might
behave in a different manner to methadone users,
even though both are poor in solving problems.
Highly concrete, structured approaches for managing
individuals with cognitive and behavioural difficulties
arising from brain dysfunction may be appropriate
(Hodgson et al. 2005). There may also be implications
for the general applicability of non-pharmacological
treatments, including cognitive behavioural, relapse
prevention techniques and motivational enhancement
therapies together with the effects of social stability
(Loeber et al. 2008).

Supplementary material

For supplementary material accompanying this paper
visit http://dx.doi.org/10.1017/S0033291714002189.
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