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Abstract

Objectives—Compared with non-addicted controls (CTLS), adults in remission from
methamphetamine addiction (MA-REM) evidence impairments on objective measures of
executive functioning and impulsivity.

Methods—To evaluate the impact of these impairments in MA-REM adults, demographically
matched groups (MA-REM, n=30; CTLs, n=24) completed objective and self-report measures of
executive functioning and impulsivity.

Results—MA-REM adults demonstrated significantly (p < 0.050) greater objective and
subjective problems with executive functioning and impulsivity.

Conclusions—These results suggest that adults in MA-REM are aware of their deficits and that
these deficits have significant impact in everyday life.
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Introduction

Methamphetamine (MA) addiction is purportedly associated with long-term structural
changes to regions of the brain that regulate cognitive and psychiatric function as well as
dysregulation of dopaminergic, serotonergic, noradrenergic, and glutamatergic systems
(Nordahl et al.,2003; Chang et al., 2007; Scott et al., 2007; Hoffman et al., 2008; Schwartz
et al., 2010). Adults seeking treatment for MA addiction present with high rates of cognitive
impairments and psychiatric disorders that frequently persist for months to years into
remission (Hoffman et al., 2008; Schwartz et al., 2010). A third to a half or more of MA
dependent adults evidence mood and other psychiatric disorders during remission (Shoptaw
et al., 2003; London et al., 2004; Darke et al., 2008; Glasner-Edwards et al., 2010; Zweben
etal., 2004), and remission from MA dependence is associated with global cognitive
impairments, including speed of information processing, learning, memory, motor,
language, visuoconstruction, attention, working memory, and executive function (EF)
(Hoffman et al., 2006; Scott et al., 2007; Fernandez-Serrano et al., 2011; Loftis et al., 2011).

Deficits related to EF and impulsivity are of significant concern within this population
because of their association with increased risk for impairments in activities of daily living
and unemployment (Cattie et al., 2012; Weber et al., 2012). Our group and others have
previously shown that, compared with non-addicted controls (CTLS), adults in early
remission (< 6 months) from methamphetamine addiction (MA-REM) continue to evidence
impairments on objective measures of EF, which may also persist long-term (= 6 months)
(Fernandez-Serrano et al., 2011; Hoffman et al., 2006; Loftis et al., 2011). Likewise,
compared with CTLs, adults in MA-REM exhibit an increased tendency to discount delayed
rewards on the delay discounting task (DDT), a behavioral measure of impulsivity (Hoffman
et al., 2006). The purpose of this study was to evaluate whether adults in MA-REM self-
report problems in their daily life related to executive dysfunction and impulsivity and if this
impact is clinically significant and adults in MA-REM are aware of it.

Materials and Methods

Participants were demographically matched samples (age, gender, ethnicity, baseline
intellectual function) of 30 adults in early remission from MA addiction (MA-REM group)
recruited from Portland-area addiction treatment centers and 24 non-addicted controls
(CTLs) recruited from the community via word of mouth and advertisement. Inclusion
criteria for the MA-REM group included MA use = 0.5 g/day for = 5 days/week for = 2
years and meeting the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition
(DSM-1V; 1994) criteria for MA dependence, verified with a Structured Clinical Interview
for DSM Disorders, Research, Patient Version (SCID-I/P; First et al., 2002). All MA-REM
participants were in remission from MA addiction = 2 weeks and < 160 days. MA-REM and
CTL subjects were excluded for a positive urine drug screen at the time of scanning. MA-
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REM participants were excluded for abuse or dependence within the past 5 years for any
other substance, excluding nicotine and caffeine, or any past/present Axis | psychiatric
diagnosis, excluding substance dependence or depression. CTLs were excluded if they had
any history of drug abuse or dependence, excluding nicotine or caffeine, lifetime use of any
illicit drug other than cannabis, or any past/present Axis | psychiatric diagnosis, excluding
depression. No participants were currently taking medications that might affect cognition, or
suffered from any past/present medical illnesses that might affect cognition or central
nervous system function. Participants were compensated for their participation in the form
of a $100 gift certificate to a local store. All participants completed the following assessment
measures:

1. Wide Range Achievement Test 3, Reading Subtest (WRAT3-Reading; Wilkinson,
1993). WRAT3-Reading is a well-validated measure of word recognition reading
that is commonly used in research and clinical settings for estimating premorbid
intelligence (Strauss et al., 2006).

2. Delay Discounting Task (DDT; Mitchell, 1999). This measure was included as a
brief objective measure of impulsivity and has been described previously (Huckans
etal., 2011; Mitchell, 1999). A series of items are presented to participants on a
computer screen with a choice of an immediate reward ranging from $1-$99, versus
a fixed delayed reward of $100. Participants are asked which they would prefer, a
ranging monetary value “now” (sooner), or $100 later with a ranging delay period
(in 7, 30, 90, 180 or 365 days). For each delay period, the point at which the
participant switched their preference to the smaller immediate reward instead of the
larger delayed reward ($100) was termed | (indifference point). A nonlinear
regression was then used to solve for the function that best fit these indifference

points, represented as, ]:ﬁ' where t represents the delay time, and K is a
constant that characterizes the degree of discounting. Because the distribution of K
values is not normal, K values are then natural log (In) transformed. Less negative
In(K) values indicate greater impulsivity.

3. Behavior Rating Inventory of Executive Function — Adult Version (BRIEF-A; Roth
et al., 2005). A well-validated and clinically-normed self-report measure consisting
of 75 items and nine clinical scales (see Table 1) that evaluate the degree to which
adults experience problems related to executive functioning and self regulation in
their daily life.

4. Barratt Impulsiveness Scale (BIS-11; Patton, Stanford & Barratt, 1995). A well-
validated self-report questionnaire consisting of 30 items that measure the degree to
which adults experience everyday problems related to long-term trait impulsivity.

Results were considered significant at p < 0.050. According to independent sample t tests or
chi square tests, groups did not significantly differ in terms of demographics (MA-REM: age
=33+ 7, 40% male, 93% Caucasian, WRAT3- Reading standard score = 100 £ 8; CTLs:

age = 35 + 11, 46% male, 88% Caucasian, WRAT3-Reading standard score = 104 + 10). An
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independent samples t test revealed significant between-group differences on the DDT (t(38)
=3.996, P <.001); compared with CTLs, the MA-REM group's mean In(K) value was
significantly higher (less negative), indicating greater impulsivity (see Table 1). A one-way
multivariate analysis of variance (MANOVA) was conducted with group as an independent
variable and the nine clinical scale scores of the BRIEF-A and 6 factor scores of the BIS-11
entered as dependent variables; a significant group effect was found (Wilks A(18,32) = .454,
p = .030). Follow up univariate analyses of variance (ANOVAS) indicated significant
differences between groups in all areas of executive functioning measured by the BRIEF-A,
including all nine clinical scales (see Table 1). Follow up univariate ANOVAs also indicated
significant differences between groups in all areas of impulsivity as measured by the
BIS-11, including all six factors (See Table 1).

Discussion

Consistent with previous research showing that adults in MA-REM evidence objective
deficts in EF and impulsivity (Loftis et al., 2011; Fernandez-Serrano et al., 2011; Scott et al.,
2007; Hoffman et al., 2006), we found that, compared with CTLs, adults in MA-REM were
significantly more likely to discount larger delayed rewards in favor of smaller immediate
rewards on the DDT. Moreover, we found that this objective deficit corresponded with
subjective problems in daily functioning on the BRIEF-A and BIS-11. These results extend
the literature on executive dysfunction in addictions by demonstrating that individuals in
MA-REM demonstrate awareness of their impulsivity and executive dysfunction and that
these deficits are clinically significant, resulting in impairment in their daily life. The MA-
REM group evidenced significant elevations on all nine clinical scales of the BRIEF-A and
all six factors of the BIS-11, indicating that their EF deficits are global, ranging from
problems with behavioral, motor, and emotional disinhibition to difficulties with attention
and working memory, planning and organization, and mental flexibility (e.g., set shifting
and perseveration). Results point to the value of including measures of impulsivity, EF and
daily functioning in cognitive assessment batteries with addiction populations, as deficits in
these areas are pervasive.

Researchers have advocated for continued examination of EF, impulsivity, and decision
making abilities in MA dependent individuals, arguing that this is perhaps one of the most
important directions for future research (Semple et al., 2005; Scott et al., 2007). Previous
studies have shown that related deficits are associated with poorer addiction treatment
outcomes. Carroll and colleagues (2011) found that higher levels of risk taking on a
computerized task predicted lower treatment attendance, homework completion and fewer
days of abstinence in individuals receiving cognitive behavioral therapy (CBT) for
addictions. Passetti and colleagues (2008) found that impaired affective decision making on
a computerized gambling task was associated with increased risk for relapse in opiate-
dependent individuals. Our results indicate that deficits in impulsivity and EF interfere with
daily functioning and may hamper other essential aspects of the recovery process following
sobriety, such as the ability to repair important life roles previously damaged by addiction
(e.g., employment, relationships).
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Results highlight the need for addiction treatments that incorporate methods for addressing
EF deficits, such as cognitive rehabilitation therapy (CRT). Although the literature on CRTs
for addiction is in an early stage and requires replication through larger randomized
controlled trials, investigators have shown that compared with CBT alone, CBT
supplemented with restorative cognitive training (i.e., computer-assisted training through
attention, memory, and EF tasks) significantly reduces psychological distress and craving in
alcohol addicted individuals (Rupp et al., 2012). Another group found that alcohol addicted
adults who completed 25 weeks of working memory training tasks drank on average 10
drinks less per week than those who completed control tasks during that period (Houben et
al., 2011). This literature and our own results suggest that additional research is warranted to
evaluate the potential efficacy of CRTs in improving EF, reducing relapse and increasing
daily functioning in adults recovering from MA and other addictions.

Acknowledgments

This work was in part supported by NIDA/NIH grant DA018165 to the Methamphetamine Abuse Research Center
(MARC) in Portland, Oregon and a VA Merit Review Award to WH. This material is the result of work supported
with resources and the use of facilities at the Portland Veterans Affairs Medical Center and Oregon Health &
Sciences University.

References

American Psychiatric Association. Diagnostic and statistical manual of mental disorders: Fourth
edition. American Psychiatric Association; 1994,

Berman S, O'Neill J, Fears S, Bartzokis G, London ED. Abuse of amphetamines and structural
abnormalities in the brain. Annals of the New York Academy of Sciences. 2008; 1141:195-220.
[PubMed: 18991959]

Carroll KM, Kiluk BD, Nich C, Babuscio TA, Brewer JA, Potenza MN, et al. Cognitive function and
treatment response in a randomized clinical trial of computer-based training in cognitive-behavioral
therapy. Substance Use & Misuse. 2011; 46(1):23-34. [PubMed: 21190403]

Cattie JE, Woods SP, ludicello JE, Posada C, Grant I. TMARC Group. Elevated neurobehavioral
symptoms are associated with everyday functioning problems in chronic methamphetamine users.
Journal of Neuropsychiatry & Clinical Neurosciences. 2012; 24(3):331-339.10.1176/
appi.neuropsych.11080192 [PubMed: 23037647]

Chang L, Alicata D, Ernst T, Volkow N. Structural and metabolic brain changes in the striatum
associated with methamphetamine abuse. Addiction. 2007 Apr; 102(Suppl 1):16-32. [PubMed:
17493050]

Darke S, Kaye S, McKetin R, Duflou J. Major physical and psychological harms of methamphetamine
use. Drug Alcohol Rev. 2008; 27:253-262. [PubMed: 18368606]

Durell TM, Kroutil LA, Crits-Christoph P, Barchha N, Van Brunt DL. Prevalence of nonmedical
methamphetamine use in the United States. Substance Abuse Treatment Prevention and Policy.
2008 Jul 25.:3-19.

Fernandez-Serrano MJ, Perez-Garcia M, Verdejo-Garcia A. What are the specifics. generalized effects
of drugs of abuse onneuropsychological performance? Neuroscience and Biobehavioral Reviews.
2011; 35:377-406. [PubMed: 20451551]

First, Michael B.; Spitzer, Robert L.; Gibbon, Miriam; Williams, Janet BW. Structured Clinical
Interview for DSM-IV-TR Axis | Disorders, Research Version, Patient Edition (SCID-1/P). New
York: Biometrics Research; 2002.

Glasner-Edwards S, Mooney LJ, Marinelli-Casey P, Hillhouse M, Ang A, Rawson RA.

Psychopathology in methamphetamine-dependent adults 3 years after treatment. Drug and Alcohol
Review. 2010; 29:12-20. [PubMed: 20078677]

Addict Disord Their Treat. Author manuscript; available in PMC 2017 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ellis et al.

Page 6

Gonzalez R, Bechara A, Martin EM. Executive functions among individuals with methamphetamine or
alcohol as drugs of choice: Preliminary observations. Journal Of Clinical & Experimental
Neuropsychology. 2007; 29(2):155-159.10.1080/13803390600582446 [PubMed: 17365250]

Hoffman WF, Schwartz DL, Huckans MS, McFarland BH, Meiri G, Stevens AA, Mitchell SH.
Cortical activation during delay discounting in abstinent methamphetamine dependent individuals.
Psychopharmacology (Berl). 2008; 201:183-193. [PubMed: 18685833]

Hoffman WF, Moore M, Templin R, McFarland B, Hitzemann RJ, Mitchell SH. Neuropsychological
function and delay discounting in methamphetamine-dependent individuals. Psychopharmacology.
2006; 188(2):162-170.10.1007/s00213-006-0494-0 [PubMed: 16915378]

Houben K, Wiers RW, Jansen A. Getting a grip on drinking behavior: Training working memory to
reduce alcohol abuse. Psychological Science. 2011; 22(7):968-975. [PubMed: 21685380]

Loftis JM, Choi D, Hoffman W, Huckans MS. Methamphetamine causes persistent immune
dysregulation: a cross-species, translational report. Neurotox Res. 2011; 20(1):59-68. [PubMed:
20953917]

London ED, Simon SL, Berman SM, Mandelkern MA, Lichtman AM, Bramen J, Shinn AK, Miotto K,
Learn J, Dong Y, Matochik JA, Kurian V, Newton T, Woods R, Rawson R, Ling W. Mood
disturbances and regional cerebral metabolic abnormalities in recently abstinent methamphetamine
abusers. Archives of General Psychiatry. 2004; 61:73-84. [PubMed: 14706946]

McGregor C, Srisurapanont M, Jittiwutikarn J, Laobhripatr S, Wongtan T, White JM. The nature, time
course and severity of methamphetamine withdrawal. Addiction. 2005; 100:1320-1329. [PubMed:
16128721]

McKetin R, McLaren J, Lubman DI, Hides L. The prevalence of psychotic symptoms among
methamphetamine users. Addiction. 2006; 101:1473-1478. [PubMed: 16968349]

Monterosso, JR.; Aron, AR.; Cordova, X.; Xu, J.; London, ED. Deficits in response inhibition
associated with chronic methamphetamine abuse. Elsevier Science Publishers B.V; 2005.

National Drug Intelligence Center (NDIC). National drug threat assessment. U.S. Department of
Justice; 2011. Product no. 2011-Q0317-001

Nordahl TE, Salo R, Leamon M. Neuropsychological Effects of Chronic Methamphetamine Use on
Neurotransmitters and Cognition: A Review. The Journal Of Neuropsychiatry And Clinical
Neurosciences. 2003; 15(3):317-325.10.1176/appi.neuropsych.15.3.317 [PubMed: 12928507]

Passetti F, Clark L, Mehta MA, Joyce E, King M. Neuropsychological predictors of clinical outcome
in opiate addiction. Drug and Alcohol Dependence. 2008; 94(1-3):82-91. [PubMed: 18063322]

Patton JH, Stanford MS, Barratt ES. Factor structure of the barratt impulsiveness scale. Journal of
Clinical Psychology. 1995; 51(6):768-774. [PubMed: 8778124]

Paulus MP, Hozack N, Frank L, Brown GG, Schuckit M. Decision making by methamphetamine-
dependent subjects is associated with error-rate-independent decrease in prefrontal and parietal
activation. Biological Psychiatry. 2003; 53(1):65-74. [PubMed: 12513946]

Roth, RM.; Isquith, PK.; Gioia, GA. Behavior rating inventory of executive function — adult version:
BRIEF-A professional manual. Psychological Assessment Resources; Florida: 2005.

Rupp CI, Kemmler G, Kurz M, Hinterhuber H, Fleischhacker WW. Cognitive remediation therapy
during treatment for alcohol dependence. Journal of Studies on Alcohol and Drugs. 2012; 73(4):
625-634. [PubMed: 22630801]

Schwartz DL, Mitchell AD, Lahna DL, Luber HS, Huckans MS, Mitchell SH, Hoffman WH. Global
and local morphometric differences in recently abstinent methamphetamine-dependent individuals.
Neuroimage. 2010; 50:1392-1401. [PubMed: 20096794]

Scott J, Woods S, Matt GE, Meyer RA, Heaton RK, Atkinson J, Grant I. Neurocognitive effects of
methamphetamine: A critical review and meta-analysis. Neuropsychology Review. 2007; 17(3):
275-297.10.1007/s11065-007-9031-0 [PubMed: 17694436]

Sekine Y, Ouchi Y, Takei N, Yoshikawa E, Nakamura K, Futatsubashi M, et al. Brain serotonin
transporter density and aggression in abstinent methamphetamine abusers. Archives of General
Psychiatry. 2006; 63(1):90-100. [PubMed: 16389202]

Semple SJ, Zians J, Grant |, Patterson TL. Impulsivity and methamphetamine use. Journal Of
Substance Abuse Treatment. 2005; 29(2):85-93.10.1016/j.jsat.2005.05.001 [PubMed: 16135337]

Addict Disord Their Treat. Author manuscript; available in PMC 2017 March 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Ellis et al.

Page 7

Shoptaw S, Peck J, Reback CJ, Rotheram-Fuller E. Psychiatric and substance dependence
comorbidities, sexually transmitted diseases, and risk behaviors among methamphetamine-
dependent gay and bisexual men seeking outpatient drug abuse treatment. Journal of Psychoactive
Drugs. 2003; 35(Suppl 1):161-168. [PubMed: 12825759]

Strauss, E.; Sherman, E.; Spreen, O. A compendium of neuropsychological tests: Administration,
norms and commentary. 3rd. New York: Oxford Univ. Press; 2006.

Weber E, Blackstone K, ludicello JE, Morgan EE, Grant I, Moore DJ, Woods SP. Neurocognitive
deficits are associated with unemployment in chronic methamphetamine users. Drug and Alcohol
Dependence. 2012 Sep 1; 125(1-2):146-153. [PubMed: 22560676]

Wilkinson, G. Wide Range Acheivement Test: WRAT 3 manual. Western Psychological Services;
Delaware: 1993.

Zweben JE, Cohen JB, Christian D, Galloway GP, Salinardi M, Parent D, Iguchi M. Psychiatric
Symptoms in Methamphetamine Users. American Journal On Addictions. 2004; 13(2):181-190.
[PubMed: 15204668]

Addict Disord Their Treat. Author manuscript; available in PMC 2017 March 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Ellis et al. Page 8

Table 1
Bivariate comparisons of adultsin remission from methamphetamine addiction (M A-

REM) versus non-addicted controls (CTL<s) on measur es of executive function and

impulsivity
Measure MA-REM (n=30) CTLs(n=24) pvalue
DDT [In(K)] -3.79+1.01 -5.04+1.06 <0.000
BRIEF-A
Inhibit 63.41+9.97 50.33+8.67 <0.000
Shift 57.48+10.70 49.04+8.83 0.003
Emotional Control 55.34+8.94 47.17+8.39 0.001
Self-Monitor 60.69+9.62 47.12+8.12 <0.000
Initiate 57.21+10.30 50.63+11.04  0.029
Working Memory 60.03+8.91 53.75+10.64  0.023
Plan/Organize 58.07+10.00 51.29+10.04  0.018
Task Monitor 57.03+8.35 50.7149.97 0.015
Organization of Materials  52.48+10.82 50.1749.90 0.042
BIS-II
Attention 11.83+2.82 9.43+2.01 0.001
Cognitive Instability 6.24+2.72 5.35+1.85 0.045
Motor 17.31+3.08 14.39+2.73 0.001
Self-Control 15.34+3.13 11.57+2.64 <0.000
Cognitive Complexity 13.93+2.51 11.17+2.74  <0.000
Perseverance 9.24+1.64 8.26+1.96 0.050

MA-REM = Methamphetamine Remission, CTL = Control. DDT = Delay Discounting Task, BRIEF-A = Behavior Rating Inventory of Executive
Function—Adult Version, BIS-II = Barratt Impulsiveness Scale. *DDT results are reported as mean log of the constant that characterizes the degree
of discounting Ln(k) values =+ standard deviation (SD). BRIEF-A results are reported as mean t scores = SD, and BIS-II results are reported as
mean factor scores + SD. p values are the results of between group comparisons. An independent samples t test was used to compare DDT values.
Univariate analyses of variance (ANOVA)s were used to compare means on the BRIEF-A clinical scales and BIS-11 factor scales.
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