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Abstract

It is well established that poor inhibitory control confers both a vulnerability to, and maintenance of, addictive behaviors across
the substance and behavioral spectrums. By comparison, the role of compulsivity in addictive behaviors has received less
research focus. The neurocognitive literature to date is vast, and it is unclear whether there are any convincing lines of systematic
evidence delineating whether and how aspects of impulsivity and compulsivity are shared and unique across different substance
and behavioral addictive disorders. Such information has significant implications for our understanding of underlying mecha-
nisms and clinical implications for assessing and treating neurocognitive deficits across addictions. Here, we conducted a
systematic meta-review of the quantitative meta-analyses to date, specifically examining the neurocognitive functions central
to impulsive-compulsive behaviors transdiagnostically across addictive behaviors. Out of 1186 empirical studies initially iden-
tified, six meta-analyses met inclusion criteria examining alcohol, cannabis, cocaine, MDMA, methamphetamine, opioid and
tobacco use, as well as gambling and internet addiction. The pooled findings across the systematic meta-analyses suggest that
impulsivity is a core process underpinning both substance and behavioral addictive disorders, although it is not equally impli-
cated across all substances. Compulsivity-related neurocognition, by comparison, is important across alcohol and gambling
disorders, but has yet to be examined systematically. The gestalt of findings to date suggests that both impulsivity and compul-
sivity are core constructs linked to addictive behaviors and may not be solely the secondary sequelae associated with the effects of
prolonged substance exposure.
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Introduction

Currently, the neuropsychological assessment of individuals
with addictive behaviors borrows heavily from established
measures developed for use in acquired brain injury and other
organic disorders (Lezak, Howieson, Bigler, & Tranel, 2012).
A standard battery of neuropsychological tests typically
characterises a broad spectrum of cognitive abilities, including
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intellectual functioning, processing speed, attention and work-
ing memory span, episodic memory and other, higher-order
(executive) abilities (e.g. reasoning and conceptual flexibility;
Lee etal., 2015). Despite impairments in these abilities having
been linked to the neurobiological changes associated with
chronic substance misuse (e.g., Stavro, Pelletier, & Potvin,
2013), the majority these dysfunctions do not appear to be
linked to the motivation towards and lack of self-control to
limit substance use or engagement with problem behaviors
(exceptions include working memory; see Verdejo-Garcia,
2016). By contrast, many individuals with addictive behaviors
exhibit neurocognitive deficits across a range of functions
subserved by the motivational and self-regulatory circuitries,
which heighten the risk of developing or maintaining ap-
proach behaviors across substance or behavioral addictions
(Dalley, Everitt, & Robbins, 2011; de Wit, 2009; Hester,
Lubman, & Yiicel, 2010; Verdejo-Garcia, Lawrence, &
Clark, 2008). Specifically, the tendency to act ‘impulsively’
and ‘compulsively’ are now considered two core impairments
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underpinning addictive behaviors, which contribute to poor
recovery and relapse (Assadi, Yucel, & Pantelis, 2009;
Bechara, 2005; Carter et al., 2016; Hester et al., 2010; Koob
& Le Moal, 2001; Lubman, Cheetham, & Yiicel, 2015;
Verdejo-Garcia et al., 2012; Whelan et al., 2014; Yucel et al.,
2012; Zalesky et al., 2012). Impulsivity is defined as “actions
which are poorly conceived, prematurely expressed, unduly
risky or inappropriate to the situation and that often result in
undesirable consequences” (Daruna & Barnes, 1993), where-
as compulsivity has been referred to as “actions which persist
inappropriate to the situation, have no obvious relationship to
the overall goal and which often result in undesirable
consequences” (Dalley et al., 2011). Accordingly, the patho-
logical expressions of these constructs are often maladaptive
and related to impairments in top-down, cognitive control, but
are distinct in other aspects of neurocognition (Robbins,
Gillan, Smith, de Wit, & Ersche, 2012). Whereas impulsivity
involves automatized responses with little forethought and is
usually associated with a lack of insight, compulsivity tends to
involve conscious consideration and deliberation (Dalley
et al., 2011). Nevertheless, emerging evidence suggests that
impulsivity and compulsivity are overlapping (i.e. both with
elements of disinhibition) but distinct constructs (Yucel et al.,
in press) that cut across traditional diagnostic boundaries
(Chamberlain, Stochl, Redden, & Grant, 2018; Prochazkova
et al., 2018; Robbins et al., 2012; Yiicel & Fontenelle, 2012)
and may form a shared vulnerability to substance misuse and
behavioral addictions. The robustness of this proposition re-
mains an empirical question and necessitates a systematic
evaluation of the extant literature. Clarifying whether and
how the underlying structure of addictive disorders are similar
and different transdiagnostically will contribute to the under-
standing of disease mechanisms and the classification of the
relatively newer nosology of behavioral addictions (e.g., food
addiction, Carter et al., 2016).

One key challenge in interrogating the constructs of impul-
sivity and compulsivity across addictive behaviors involves
the multifactorial nature of these constructs, which are thought
to encompass a range of biologically-validated neurocognitive
functions (Robbins et al., 2012). Animal and human models
have consistently shown that impulsivity comprises a mini-
mum of three neurocognitive components (Broos et al., 2012;
Dalley & Robbins, 2017; Fineberg et al., 2014; Torregrossa,
Xie, & Taylor, 2012; Verdejo-Garcia et al., 2008):

i.  Response inhibition, that is, the inability to inhibit a pre-
potent motor or cognitive response,

il.  Reward discounting, including the tendency to choose a
sooner, smaller reward over a later, larger reward (i.e.,
delay discounting), and

iii. Disadvantageous decision-making, that is, difficulty
weighing options, taking appropriate risks, and having
a bias towards not using all the available information to

reflect on the consequences of actions (reflection
impulsivity).

By comparison, compulsivity is a relatively newer con-
struct with other neurocognitive components (Yiicel &
Fontenelle, 2012). In addition to being underpinned by poor
response inhibition, compulsivity has been argued to encom-
pass at least four other neurocognitive domains (Fineberg
et al., 2014; van Timmeren, Daams, van Holst, &
Goudriaan, 2018):

i.  Contingency-related cognitive inflexibility, that is, diffi-
culty shifting a learned behavior in response to changing
stimulus-response contingencies,

it.  Task or attentional set-shifting, that is, ability to switch
attention between two competing tasks,

iii. Attentional bias or disengagement, that is, difficulty
disengaging from salient stimuli, and

iv. Habit learning, that is, the learning of a conditioned
stimulus-response that is insensitive to the goals or con-
sequences of action.

Arguably, these neurocognitive components suggest that
compulsivity may be a broader and more multifaceted con-
struct than impulsivity. Borrowing from an obsessive-
compulsive disorder framework, compulsivity additionally
encompasses an affective component, which contributes to
the irresistible urge to perform a behavior that may function
to avoid or decrease a negative internal state (Chamberlain,
Fineberg, Blackwell, Robbins, & Sahakian, 2006; Denys,
2011; Fineberg et al., 2014; Lubman, Yiicel, & Pantelsis,
2004) akin to the affective role of cravings in motivating ap-
proach behaviors. However, the affective processes underpin-
ning impulsivity or compulsivity are beyond the scope of the
current review and, as such, will not be further explored here-
in. Understanding how different neurocognitive functions un-
derlying impulsivity and compulsivity are shared or unique to
addictive behaviors transdiagnostically will allow us to better
understand the cognitive mechanisms driving addictions.
Clinically, it would assist with the quantification of addiction
risk and relapse, the identification of those requiring more
targeted and aggressive treatments, and the monitoring of
treatment progress for interventions targeting these brain-
based processes.

The second major challenge in consolidating and synthe-
sizing the existing literature on impulsivity and compulsivity
across the spectrum of addictive behaviors is the sheer scope
of published studies to date, spanning the neuroscience, gen-
eral medicine and psychology literatures. As such, instead of
focussing on individual research studies, this review sought to
employ a larger scope approach and systematically synthesize
the published meta-analytic evidence examining impulsive
and compulsive neurocognitive functions across addictive
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behaviors. We chose to be broad and not limit our review to a
predetermined set of addictive disorders to ensure that we did
not overlook certain domains of problem behaviors. A con-
scious decision was also made to limit our inclusion criteria to
quantitative reviews, since it was not possible to reconcile
qualitative observations with quantitative data. Further, we
argue that quantitatively obtained summaries of extant find-
ings would be more objective since it will be less open to
subjective weighting of certain studies over others.
Furthermore, the major advantage of synthesizing quantita-
tive, meta-analytic findings rather than qualitative interpreta-
tions is that the former can numerically take into account
biases associated with small samples, as well as being able
to directly test the influence of clinical and demographic fac-
tors on heterogeneity across empirical studies (Lee et al.,
2014). For the purposes of the current meta-review, we chose
not to constrain our inclusion of studies based on a strict def-
inition of what constitutes an ‘addiction’. It is clear from the
literature that addiction is a broad concept, which has been
difficult to define precisely (O'Brien, 2011; Sussman &
Sussman, 2011). Further, as with many mental disorders
there is a continuum of substance use behaviors ranging
from no use to a threshold substance use disorder, with
many categories such as heavy use, problematic use, and
so on, falling intermediately along the spectrum. In order
to incorporate all problematic use, we will use the term
‘addictive behaviors’ to refer to the full range of use. This
is also consistent with the emerging dimensional psychiatry
or Research Domain Criteria (RDoC) approaches, which
espouses the use of transdiagnostic dimensions rather than
arbitrarily defined categories to interrogate underlying dis-
ease phenotypes (Cuthbert, 2014; Cuthbert & Insel, 2013;
Yucel et al., 2018).

Meta-Review Procedure

Consistent with previous meta-reviews (Chesney, Goodwin,
& Fazel, 2014; Francke, Smit, de Veer, & Mistiaen, 2008),
systematic searches of peer-reviewed meta-analytic studies up
until February 2018 were conducted in PubMed and PsycInfo
databases. Various combinations of search terms were used,
including: review, meta-analy*, alcohol*, cannabis, marijua-
na, methamphetamine, opioid or opiate, heroin, nicotine, co-
caine, gambl*, binge, addict*, risk-taking or risky decision,
impuls*, compuls*, habit*, discounting, reward, expectancy,
prediction error, cognitive control, and inhibition or disinhibi-
tion. These search terms were informed by a recent Delphi
consensus study of international experts in addiction (Yucel
et al., in press). Reference lists of relevant papers obtained
through database searches were also checked for additional
meta-analyses. Eligibility criteria were independently applied
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to all studies and coded for methodological quality by two
raters (RSCL, SH).

Inclusion criteria were: i) a quantitative, meta-analytic re-
view using a systematic search strategy reported in English
according to the PRISMA and AMSTAR guidelines, ii) ex-
amining a neurocognitive task pertinent to impulsivity or com-
pulsivity, and iii) a clearly defined addictive behavior with a
clinical sample compared to a comparison control group.
Meta-analyses were excluded if they: 1) did not report the
pooled means of task performance (e.g. only reporting corre-
lations between tasks), or missing the inferential statistics as-
sociated with the standardized mean difference pooled scores
(e.g., Z and P values), ii) collapsed different neurocognitive
tasks into domain scores and did report task performance
pooled individually (given the varying psychometric proper-
ties between measures), iii) used a systematic search strategy
only to exhaustively search neuroimaging or questionnaire
data (i.e., neurocognition was a secondary outcome and not
exhaustively reviewed), and iv) there was a more recent, up-
dated version of the meta-analysis published by the same re-
searchers. Results for specific neurocognitive tasks were also
excluded if: 1) the pooled effect size used different scores from
the same instrument (e.g., reaction time and total errors), or ii)
if various versions of the same neurocognitive task were col-
lapsed into the same analysis (e.g., substantially different
probabilistic reversal learning tasks based broadly on the same
paradigm).

The pooled data were extracted and organised by construct
(e.g., impulsivity), measure (e.g., stop signal task), and addic-
tion population (e.g., gambling disorder). The constructs were
then summarised and interpreted according to the relevant
neurocognitive constructs or subdomains (e.g., response
inhibition).

Overview of Included Studies

Out of 1186 studies identified from database searches and
reference lists, 228 articles were included for further screening
of abstracts (see Fig. 1). Of these, 80 met eligibility criteria
and underwent further, full-text assessment. In total, 74 papers
were excluded, with the most common reason being a lack of
systematic search strategy (n=45). A total of six meta-
analyses were included in the final quantitative synthesis
(Chowdhury, Livesey, Blaszczynski, & Harris, 2017;
Kovacs, Richman, Janka, Maraz, & Ando, 2017; Lipszyc &
Schachar, 2010; Smith, Mattick, Jamadar, & Iredale, 2014;
Stephan et al., 2017; van Timmeren et al., 2018). All included
meta-analyses were published between 2010 and 2018.
There was substantial variation in how each meta-analysis
defined their addictive behavior samples (see Table 1). Some
opted for a constrained approach, and only included studies
using narrowly-defined diagnostic thresholds (e.g., van
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Timmeren et al., 2018), whereas other studies opted for greater
inclusion, selecting studies including both diagnostic as well
as subthreshold addictive disorders (e.g., Smith et al., 2014).
For the purposes of this meta-review, the verbatim diagnostic
terminology used within a particular meta-analysis will be
used henceforth (e.g., alcohol dependence or heavy drinking),
given the differing thresholds applied across studies and diffi-
culties with aggregating these approaches. No meta-analyses
indicated a priori the specific setting or context required for
study inclusion (e.g., inpatients who had undergone
medically-managed detoxification). No meta-analyses explic-
itly included studies of individuals who were under the acute
effects of intoxication although some did include current
users. All reviews focussed on adults.

The six included meta-analyses represented a broad
range of neurocognitive tasks across a breadth of addictive
behaviors (see Table 2). In total, nine tasks were quantita-
tively reviewed across alcohol, cannabis, cocaine, MDMA,
methamphetamine, opioid, and tobacco use, as well as non-
substance-related addictive behaviors of gambling and ex-
cessive internet use. The neurocognitive tasks used were
the stop signal task (SST) and go/no-go task (GNG), the
Stroop interference test, Hayling test, Wisconsin card
sorting test — perseverative errors (WCST), intra- or
extra-dimensional set-shifting task — total errors (IED),
card playing task — cards played (CPT), trail making test-

part b (TMT-B), and the Iowa gambling task (IGT). In
terms of the potential effects of diagnostic specificity and
recent substance use affecting the standardized mean dif-
ference, the inclusion criteria are detailed in Table 1.

The methodological quality of included meta-analyses was
also somewhat variable (Table 3). Most meta-analyses ad-
hered to PRISMA guidelines in terms of methodology.
However, on the whole, most reviews did not take into ac-
count potential risk of biases of included studies (e.g., poor
matching to control groups, publication bias) or the quality of
included studies.

Impulsivity Deficits

Based on the included studies, impulsivity was most common-
ly assessed using measures of response inhibition (SST, GNG
task, Stroop, or Hayling tests) and disadvantageous decision-
making (IGT). For a more detailed justification of how these
measures tap into these functions, see Verdejo-Garcia et al.
(2008).

The SST is commonly regarded as the gold standard para-
digm for measuring response inhibition (Eagle & Robbins,
2003). In this task, participants are asked to press one button
(e.g., left button) in response to a stimulus (e.g., left arrow),
and another button (e.g., right button) in response to another

@ Springer



Neuropsychol Rev (2019) 29:14-26

18

sozis ojdures pajood payrodar sarpms [[e Jou Idylng “(Syse)
pue sasouderp jo soquunu dy uo Surpuadop Apmys 1od sazis ojdwres pajood Auew a1e 219y} 0S) NSk} JANIUT0o0INAU Te[nonIed Y 0) UIPI0OdE PAIAYIP SIY) AOUIS PAPN[IUI JOU 1M SozZIs d[dwes pajood :gN

payodar jou sonsne)s S UBY) 101BAI3 JO 9109S UIAIOS
omyderSowop Arewwung Sulquen syeQ YINOS & PIm SI[ques 1o
$9-81 PasY pariodasjoN  paificads joN  sIBIqUIED [Ed1S0[0Rd AT-INSA 10 W-II-NSA ‘I-NS, ~ SUOBOLNSAIajep ON  (8107) '€ 10 UIOWIWIL, UeA
douspuadop

sourjsqns-Ajod papnjoxo os[e SAIpMS
3unsy) esr3ojoyoAsdomou

payodor jou sonsne)s Aue 03 Joud Y {7 JO wnwiumu e
omyderSowop Arewruung 901 [oy0o[e
S)npy pue -3nIp,, 9JoM OUM SIOSN JOWLIO],,  paifidads JoN JopIosIp asn [0Y09[V,, paifidads joN (L102) Te 10 ueydys
payodar jou sonsne)s Jopiosig Surjquien 1o doudpuadoq
omyderSowop Arewmung payodor Jou sonsnels asn douesqng  payfioads 10N 104091V Jayd Jo sisousderp (I 10 INSA,, paifidads joN (L102) ‘Te 12 soeAo]
payodor Jou sonsnes
oyderSowep Arewrung  (9ouspuadap ounodIu 1o durdjyed 3dooxa) Japiosig Surquen
sInpy JOPIOSIP 2SN 20UBISANS PIGIOWOD ON  paifidads joN (315) A-INSC 1o Surjquies [eordojoyped AT-INS,,  SUONOLISAI 9)ep ON (L107) Te 1 Amypmoy)
(proysaxpqns + douapuadap) . surureoydweyo,
(asn proysaxypqns + douspuadap) . siqeuue)),,
(sgo-mo Aep 1od sop01e310 SNOLIBA) ,0008q0],,
(osn proysamyqns + doudpuadop)  oureso)),,
(s9189s AJ1I9ASS U0 JJO-INd)  UOHIIPPY JOUIAU],,
payodor (asn pjoysaxypqns + [ear3ojoyped)  Surjquen,;
jou sonsne)s (asn poysaxpqns + dduspuadap) . sprordQ,,
omydesSowop Arewrmung pauodar jou Sunjuniq AAeo,,
pooyynpe ojur [jom SONISIIL)S ASN doUEBISqNS ATRWUING ouspuado( [0yooy,,
soSe ueow,, payoads jou,, 0} (sgo-mo osn
10 ‘g1 JO oFe wnwIuIpy doudunsqe paguojoid woxy paues  paifidads joN QWIMIJI] JO Joquind,) . VINAIN,, paifidads joN #102) ‘Te 3 yws
paitodai JoN pajiodad joN  paifidads joN Burquen [ea13ojoyed,, 6007 ISNSny 01 9961 (0107) TeyoeydS pue dAzsdr|
sme)s asn (wneqIoA) o3uer
soydergowoq Q0UB)SQNS JUALINY)  JXAIUOI/TUMNS sojdweg Jeq (189K) sisATeue-eIo|N

SOsAJeuE-eIOW PIPNIIUI JO SONSLIAORIBY) | d|qel

pringer

Qs



Neuropsychol Rev (2019) 29:14-26 19

Table 2  Quantitative meta-analytic data of impulsivity and compulsivity across addictions

Impulsivity
SST - SSRT k  SMD 95% CI p value  Heterogeneity Meta-Regression  Publication bias
Alcohol dependence® 6 0395 0227-0562 0.000 Non-sig.V - -
Heavy drinking® 7 0248  0.098-0399  0.001 Non-sig.V - -
Cannabis® 6 0004 -023-0.239 0971 Sig.\/ - -
Cocaine® 9 0464 0291-0636 0.000 Non-sig.V - -
Methamphetamine® 30724  0362-1.08  0.000 Non-sig.V - -
Tobacco® 5 0218 —0.045-0481 0.104 Non-sig.V - -
Internet addiction® 2 —0.040 -0458-0.378 0.853 Non-sig.V - -
Gambling® 5 0625 0415-0835 0.000 Non-sig.V - -
Gambling” 2 0130 -0.880-1.140 0810 SigV - -
Gambling® 5 0570 0.15-1.00 0.008  Sig.V - -
GNG - commission errors
Alcohol dependence - Rare-No-Go* 3 0531  0.166-0.897 0.004 Non-sig.V - -
Alcohol dependence - Equiprobable’ 7 0.427 0278 —0.577  0.000 Non—sig.\/ - -
Heavy Drinking - Rare-No-Go* 6 0110 -0.082-0302 0260 Non-sig.V - -
Heavy Drinking — Equiprobable® 3 —0.098 —0262-0.067 0244 Non-sig.V - -
Cannabis - Rare-No-Go® 5 0112 -0.120-0.343  0.345 Non—sig.\/ - -
Cocaine - Rare-No-Go® 7 0440  0.188-0.691 0.001  Sig - -
MDMA - Rare-No-Go® 30351 0.005-0.696 0.047 Non-sig.V - -
MDMA - Equiprobable® 20227 —0258-0.712 0360 Non-sig.V - -
Opioids — Equiprobable® 2 0056 -0262-0374 0.731  Non-sig.V - —
Tobacco - Rare-No-Go* 6 0248 0.018-0.549 0.037 Non-sig.V - -
Internet addiction - Rare-No-Go* 2 —0397 —0.737-0.057 0.022 Non-sig.V - -
Internet addiction — Equiprobable® 2 0537  0.072-1.001 0.024  Non-sig.V - -
Gambling — Equiprobable® 2 0236 —0.062-0.534 0.120 Non-sig.V - -
Gambling® 7 0.320 0.05-0.59 0.022  Sig. & medium to large ES - -
Stroop — interference score
Alcohol use disorder? 17 0358 0.312-0.796  0.000 Non-sig. & small ES - -t
Gambling® 9 0331 0079-0.583 0.010 Sig. & medium ES All non-sig. -
Hayling — error score
Alcohol use disorder 3 1437 0.746-2.128  0.000 Sig. & large ES - -t
IGT - total score
Alcohol Use Disorder® 6 0817 0406-1.228 0.000 Sig. & medium to large ES - -t
Alcohol Use Disorder” 16 0581  0266—0.895  0.000 Sig.V All non-sig. Non-sig.
Gambling® 7 1.034 0507-1.561  0.000 Sig.V All non-sig. Non-sig.
Compulsivity
WCST - perseverative errors
Alcohol Use Disorder® 15 0.645 0487-0.804 0.000 Non-sig. & small ES - -t
Gambling® 9 0518 0.35-0.69 0.000  Non-sig. & very small ES - -
IED - total errors
Gambling® 3 0412 0.017-0.808 0.041 Non-sig. & medium ES - -
TMT-B - time
Alcohol use disorder 34 0.593  0.485-0.702  0.000 Sig. & small to medium ES - -t
Gambling® 4 0270 0.027-0.513  0.030 Non-sig. & small to medium ES — Not assessed
CPT - cards played
Gambling® 3 0569 0274-0864 0.000 Non-sig. and very small ES - -

CPT Card Playing Task, GNG Go/No-Go Task, /GT lowa Gambling Task, £ number of included studies/samples, SSRT Stop Signal Reaction Time, SST
Stop Signal Task, TMT-B Trail Making Test — part B, WCST Wisconsin Card Sorting Task

V' No effect size reported

tOnly reported by cognitive domain in meta-analysis
4 Smith et al. (2014)

® Lipszyc and Schachar (2010)

¢ Chowdhury et al. (2017)

9 Stephan et al. (2017)

¢van Timmeren et al. (2018)

fKovacs et al. 2017)

stimulus (e.g., right arrow). These stimuli are known as ‘go’ (known as the ‘stop signal delay’; SSD), which will require
trials. On a portion of trials, however, a ‘stop signal’ stimulus  the participant to inhibit the already initiated go response. The
(e.g., a coloured dot or a beep sound) will appear after a delay =~ SSD is stair-cased (i.e. difficulty-level decreases or increases
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according to performance) to ensure performance is kept close
to 50% correct. A ‘stop signal reaction time’ (SSRT) is com-
puted from the distribution of responses indexing the average
time required to inhibit a motor response.

The SSRT is one of the most commonly used measures of
response inhibition, and was quantitatively reviewed across
alcohol dependence (number of included primary studies,
k =6), heavy drinking (k = 7), cannabis dependence or chron-
ic heavy use (k = 6), cocaine dependence or chronic heavy use
(k=9), methamphetamine dependence or chronic heavy use
(k=3), tobacco use (k=15), internet addiction (k=2), and
gambling (k=10). With the exception of tobacco- or
cannabis-use and internet addiction, all other substance or
addictive behaviors were associated with significant decre-
ments in response inhibition performance as indexed by the
SSRT. Specifically, methamphetamine use and gambling dis-
order were associated with medium to large effect size deficits
in inhibitory control, followed by medium effect size decre-
ments in the cocaine using pooled cohort. By comparison,
alcohol dependence and heavy drinking were associated with
the least pronounced response inhibition deficits at a small to
medium effect size level, with the latter being the least im-
paired among the addictive behaviors with significant SST
decrements. Cannabis use and gambling disorder were both
associated with significant heterogeneity of effect sizes across
studies. All other addictive behaviors were reported to exhibit
no significant heterogeneity.

The GNG task is another commonly used measure
indexing response inhibition (Gomez, Ratcliff, & Perea,
2007). In this task, participants are asked to make a response
(e.g., press a button) when presented with a ‘Go’ stimulus (e.g.
green shape), but not respond when presented with a No-Go
stimulus (e.g., red shape). The number of No-Go commission
errors is used to index poor response inhibition, although
some have noted that this is not the purest measure of response
inhibition since it also involves other, commonly impaired
functions (e.g., poor sustained attention). Broadly, there are
two configurations of the GNG task, one that includes fre-
quent Go trials in order to predispose pre-potent Go
responding, relative to much rarer No-Go trials. The second
configuration of the GNG task includes equal proportions of
the Go and No-Go trials and is considered by some as being
less sensitive to response inhibition deficits (Smith et al.,
2014).

The GNG task was reviewed across alcohol dependence
(k=10), heavy drinking (k =9), cannabis dependence or
chronic heavy use (k=15), cocaine dependence or chronic
heavy use (k=7), chronic MDMA heavy use (k=5), opioid
dependence or chronic heavy use (k =2), tobacco use (k= 6),
internet addiction (k =4) and gambling (k=9). In descending
magnitude of effect size from medium to small, response in-
hibition on the GNG task was deficient in those with alcohol
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dependence, cocaine use, MDMA use, and tobacco use.
Effects were detected using the frequent-Go/rare-No-Go var-
iation of the GNG task, with the exception of alcohol depen-
dence where the equiprobable version was also able to detect a
response inhibition deficit, albeit less strongly.

In terms of behavioral addictions, the most recent meta-
analysis included more than three times the number of includ-
ed studies than the earlier review, and identified a small to
medium effect for response inhibition deficits in pathological
gambling or gambling disorder. By contrast, studies were
mixed for internet addiction, where the frequent-Go/rare-No-
Go variation of the GNG task yielded results contradicting the
equiprobable GNG task, whereby performance on the
frequent-rare variant was paradoxically superior in those with
excessive internet use compared to controls. The internet ad-
diction findings need to be interpreted with caution given this
was only based on two studies, and internet addiction being
still a disorder under theoretical debate and requiring further
empirical validation. Furthermore, inspection of the individual
studies showed that this superior GNG finding was based on
an outlier study with a lower threshold of inclusion for internet
usage.

The Stroop colour-word interference test is a commonly
used clinical and research instrument measuring disinhibition
(Comalli, Wapner, & Werner, 1962). There are various ver-
sions of the task. Generally, it involves three parts. The first
involves the participant reading a list of colour words (e.g.
‘green’, ‘red’, etc.) as quickly as possible. In the second part,
the participant needs to name the coloured ink as quickly as
possible. In the third and final part — the colour-word interfer-
ence condition — participants are asked to name the ink colour
whilst ignoring the printed word (where the printed word is
the more automatic, pre-potent response that needs to be
inhibited). Depending on the version of the Stroop task, the
time taken in the colour-word interference condition or the
number of correct responses in a set amount of time are com-
monly used to index cognitive inhibition.

The Stroop task has been quantitatively reviewed in alco-
hol use disorder (k=17) and pathological gambling or gam-
bling disorder (k=9). Stroop task performance was deficient
in both the alcohol use disorder and pathological gambling or
gambling disorder samples at a medium effect size level.

The Hayling sentence completion test is a subscale from
the Hayling and Brixton tests, indexing disinhibition (Burgess
& Shallice, 1996). This task comprises two parts, adminis-
tered by an experimenter or clinician. In the first part, partic-
ipants are required to vocalise responses to fifteen sentence
stems as quickly as possible with a word that fits the end of the
sentence, both semantically and grammatically (i.e., paced
cloze passage task). In the second condition, participants are
asked to complete 15 sentences again but with a word that
completely does not match or make sense when paired with
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the sentence stem. The number and types of errors, and re-
sponse time for correct responses, are used to index cognitive
disinhibition.

The Hayling task has only been meta-analysed in alcohol
use disorder (k = 3). There was a very large pooled effect size
deficit.

One ubiquitous task assessing disadvantageous decision
making is the computerised IGT (Bechara, Damasio,
Damasio, & Anderson, 1994). Participants are shown a
deck of cards labelled A, B, C and D, and are instructed
to select 100 cards from these decks. Each response will
result in either a monetary win or loss. The A and B decks
are disadvantageous decks with bigger wins but will result
in a net loss over time due to larger penalties, whereas the
C and D decks are advantageous in the longer term because
they result in a net win despite yielding smaller gains dur-
ing win trials. The net score is calculated by subtracting the
number of selections from the disadvantageous decks from
the advantageous decks.

Meta-analyses of the IGT has been conducted on alcohol
use disorder (k =22) and gambling disorder (k = 7). Gambling
disorder was associated with a very large decrement in deci-
sion making on the IGT. Results for alcohol use disorder have
been mixed, with a meta-analysis including fewer studies
finding a large decision-making deficit and the other finding
a medium sized deficit. This pattern or results was likely due
to the stricter inclusion criteria of the former review, which
only included studies that matched case to controls on age and
educational attainment. Accordingly, the larger effect size dec-
rement is likely to be more accurate and free from the con-
found of a poorly matched control group.

Compulsivity Deficits

Compulsivity-related neurocognition was most typically mea-
sured by tasks of attentional set-shifting (WCST, IED, TMT-
B) and contingency-related cognitive inflexibility (CPT). For
amore detailed description of how these measures index these
functions, see van Timmeren et al. (2018).

The WCST is a traditional, clinical neuropsychological in-
strument that measures the ability to generate strategies to
problem solve, and the ability to switch between concepts
based on verbal feedback (Anderson, Damasio, Jones, &
Tranel, 1991). This ‘flexibility’ or ‘reversal learning’ aspect
of the WCST is considered to be closely related to the aber-
rant, strong habitual responding observed in compulsivity. In
this task, participants are instructed to match 128 cards, one-
by-one, to four key cards. They are not told how to match
those cards, but they are told whether they are right or wrong.
The cards show three types of stimuli — that can be categorised
into colour, form and shape — and the participant is required to
work out the rule to match each card and to change their
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strategy once the rule has changed. The number of mistakes
they make in persevering with a previous, matching strategy,
which is no longer correct, is known as ‘perseverative errors’
and is a common metric to index poor cognitive flexibility or
reversal learning ability.

Meta-analyses have been conducted on the WCST in alco-
hol use disorder (k= 15) and pathological gambling or gam-
bling disorder (k=9). A medium effect size deficit was found
in pathological gambling or gambling disorder, and a slightly
larger medium to large decrement was found in alcohol use
disorder.

IED is an abstract and computerised analogue of the WCST
where the participant has to switch between responding to
pink shapes or white lines (Sahakian & Owen, 1992). The
index of set-shifting ability is typically the extradimensional
shift errors or total errors. [ED performance has only been
quantitatively reviewed in pathological gambling or gambling
disorder (k = 3), with a small to medium effect being found.

TMT-B is the second part of a commonly used paper and
pencil test measuring attentional switching ability (Franzen,
Paul, & Price, 1990). In this task, participants are required to
join numbers and letters in ascending and alphabetical orders
respectively, in alternating sequences. The index of poor at-
tentional switching ability is the time taken to complete TMT-
B (or the time relative to the first part). TMT-B performance
has been quantitatively pooled in alcohol use disorder (k = 34)
and pathological gambling or gambling disorder (k=4). A
small effect size was detected in gambling, whereas a medium
to large decrement was found in alcohol use disorder.

The CPT is a computerised task of cognitive flexibility,
predicated on changes in response and outcome contingencies
(Newman, Patterson, & Kosson, 1987). Participants are pre-
sented with a deck of cards comprised of a predetermined set
of “face” and “number” cards. Each trial begins with the
presentation of the back of a card and the participant is re-
quired to either place a bet on that card being a face card, or
discontinue the game and collect earnings to date. The betting
amount is stair-cased after each trial depending on whether the
participant was correct and the card was indeed a face card
(i.e., increased next bet) or incorrect (i.e., decreased next bet).
As the task progresses, the mean probability of losing in-
creases steadily from block to block (i.e., from 10% to
100%). The number of cards played before deciding to quit
is thought to be a measure of contingency-related cognitive
flexibility. CPT performance has only been meta-analysed in
pathological gambling or gambling disorder (k =3). A medi-
um to large effect size was found.

Summary of Findings

The current meta-review was the first to systematically syn-
thesize the neurocognitive literature examining impulsive-
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compulsive constructs across the addictive behavior spectrum.
To summarise, alcohol dependence and gambling disorder
were consistently associated with impulsivity and compulsiv-
ity deficits across all the reviewed neurocognitive tasks to
date. Drug dependence and other domains of behavioral ad-
dictions, however, have been less frequently examined and
meta-analyses have only been conducted on the impulsivity
paradigms, with neurocognitive measures addressing compul-
sivity not having been quantitatively reviewed thus far in these
disorders. Specifically, psychostimulant dependence (i.e.,
methamphetamine, cocaine, MDMA) appeared to be most
commonly associated with inhibitory control deficits, whereas
evidence linking impulsivity to cannabis dependence was
consistently lacking. Tobacco use, by comparison, appeared
to be associated with mild impulsivity. In terms of the role of
impulsivity in other addictive behaviors, such as opiate or
excessive internet use, it remains premature to interpret given
the dearth of studies, as well as the inconsistent application of
diagnostic criteria in the latter, likely owing to the relative
infancy of the behavioral addiction research and practice.
These findings depart somewhat from established thinking
that impulsivity operates both as a vulnerability marker and
the toxic effect of prolonged substance exposure (Verdejo-
Garcia et al., 2008) across the full alcohol and drug spectrum,
such that impulsivity appeared to be more relevant for some
substances (e.g., alcohol) compared to others (e.g., cannabis).
This highlights the advantages of a meta-review approach that
is better equipped to compare the strength of findings across
the sheer quantity of reviews to date.

Implications

The gestalt of the neurocognitive evidence at present suggests
that the role of impulsivity and compulsivity in addictive be-
haviors is not homogeneous across conditions. Specifically,
seemingly different addictive behaviors (e.g., alcohol and
gambling) appear to have more in common with each other,
than alcohol appears to have with cannabis use. Accordingly,
the mechanisms underlying risk and maintenance of substance
misuse need to be qualified by the specific substance in ques-
tion. In particular, inhibitory control deficits may play only a
minor or negligible role in chronic cannabis use, whereas it is
an important vulnerability marker as well as a chronicity
marker for alcohol use disorders, given that such deficits were
found in both alcohol dependence and heavy drinkers, but
more so in the former (with implications for clinical staging).
Clinically, cognitive control interventions may be more indi-
cated for some substance use disorders but not others.

The significant impact of impulsivity and compulsivity in
behavioral addictions, specifically in problem gambling, is

notable. This finding suggests that the deleterious,
neurocognitive sequelae of prolonged substance exposure
may not be sufficient to reinforce the maladaptive approach
behaviors that characterise addictions. That is, problem gam-
blers demonstrate both inhibitory control and cognitive flexi-
bility deficits, comparable in magnitude to that of individuals
dependent on alcohol, in keeping with current thinking
(Goudriaan, Oosterlaan, De Beurs, & Van Den Brink, 2006).
As such, it is reasonable to propose that impulsivity and com-
pulsivity contribute to driving addictive behaviors
transdiagnostically, even though in some addictive behaviors
(e.g. alcohol use), these functions may additionally be a con-
sequence of substance toxicity. Accordingly, clinical interven-
tions designed to specifically target the neurocognitive mech-
anisms of addictive behaviors are needed, independent
of treatments targeting the behaviors themselves.

More broadly, it is difficult to provide specific directions
regarding how to implement the current findings in clinical
practice, since implementation studies are currently lacking.
We believe the present study could advance the neuroscience-
informed approach of diagnosis and treatment of addictive
behaviors by promoting the imperative of measuring the core
neuropsychological constructs of impulsivity and compulsiv-
ity (Franken & van de Wetering, 2015, Yucel et al., in press).
The use of neuropsychological measures of impulsivity and
compulsivity in clinical practise could be helpful in several
ways. First, we could use these neuropsychological functions
as a surrogate outcome for treatment progress, which are typ-
ically difficult to measure in substance use disorders (Perlis,
2011). For example, improvement of impulsivity can function
as a proxy for treatment progress. Second, neuropsychological
markers can contribute to the confirmation of a diagnosis
(Perlis, 2011), in keeping with the RDoC approach
(Cuthbert & Insel, 2013; Yucel et al., 2018). The third benefit
would be that these markers could function as predictors of
treatment outcome (Marhe & Franken, 2014; Marhe, Luijten,
van de Wetering, Smits, & Franken, 2013; Perlis, 2011).
Fourth, the profiling of neurocognition will facilitate more
efficient and effective treatments for addictive behaviors by
providing a starting point for more personalized forms of treat-
ment (Perlis, 2011). For example, we could provide patients
who exhibit inhibitory control deficits with specific forms of
cognitive training designed to target behavioral disinhibition
(Verdejo-Garcia, 2016; Wiers, 2018).

It is worth noting that other neurocognitive functions the-
oretically linked to impulsive-compulsive behaviors, such as
incentive salience attribution, error processing, temporal
discounting, habit learning, and reward prediction error, have
not been systematically reviewed in any addiction
population to date despite the key roles these functions play
in relation to addictive behaviors (Franken & van de Wetering,
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2015). This is not surprising given these paradigms are typi-
cally more laboratory-based, and there is a clear paucity of
studies utilizing these tasks consistently within a single addic-
tion population. The systematic evaluation of other
neurocognitive functions evidently warrants more urgent,
concerted research focus.

Methodological Considerations for Future
Research

There are a few qualifications worth noting. It is clear from
the current meta-review that the role of certain
neurocognitive functions across addictive behaviors are
varied and heterogeneous, particularly for compulsivity-
related constructs, where heterogeneity analyses were con-
sistently significant. Unfortunately, most meta-analyses did
not specifically seek to disentangle the effects of methodo-
logical, clinical or demographic characteristics regarding
the significant heterogeneity found across studies, for ex-
ample, lower educational attainment or poorer socioeco-
nomic status in clinical samples versus controls, different
substance use severities or comorbid substance use. The
meta-analyses that have employed meta-regression ap-
proaches have not been able to identify any significant re-
lationships, suggesting that researchers have not been fo-
cusing on the right factors when trying to determine why
the results may have varied systematically from study to
study. Alternatively, it may have been premature to conduct
a meta-regression given the small number of studies includ-
ed in some pooled analyses (e.g. k=3) and the effects of
factors such as age and gender may emerge as important
predictors when meta-analyses become better
powered, statistically, with better designed studies.
Moreover, infrequent consideration of risk of biases and
methodological quality of included studies may have inflat-
ed the magnitude of effects identified in the current reviews.
Methodologically, we were unable to disentangle with con-
fidence the differential contribution of impulsive-
compulsive functions to vulnerability and chronicity of ad-
dictions, which will require more prospective, longitudinal
investigations using repeated panel designs. We also note
that only six meta-analyses were included in the current
meta-review and the findings stand to be corroborated as
more meta-analytic evidence comes to light and may addi-
tionally be enhanced by insights from meta-analysis of
patient-level data.

Notwithstanding these caveats, impulsivity and compul-
sivity appear to be core processes underlying addictive be-
haviors across the substance and behavioral spectrums.
Further research is needed to examine compulsivity-
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related functions across addictive disorders and in the lon-
gitudinal trajectories and clinical outcomes of individuals
with addictive behaviors. The current meta-review
highlighted the need to consider how research evidence is
synthesized within the field of addiction, given the majority
of reviews to date have either been selective and narrative,
or qualitative, in nature.
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