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A B S T R A C T   

Background: Confidence in one’s ability to achieve and maintain drug abstinence (i.e., abstinence self-efficacy) is 
a strong predictor of substance use treatment outcomes. Neurobehavioral factors that may interfere with 
abstinence self-efficacy are less well established, particularly in methamphetamine (METH). This study inves
tigated whether apathy, which is highly prevalent during active METH use and periods of abstinence, influences 
abstinence self-efficacy among METH dependent individuals. 
Methods: Sixty-six participants with lifetime METH dependence and METH abuse/METH dependence diagnoses 
within the last 18 months (mean age [SD] = 39.5 years [10.7]), and no severe psychiatric or neurological dis
eases, completed the Methamphetamine Self-Efficacy Scale (MSES), alongside a comprehensive neurobehavioral 
evaluation. The MSES presents six situations that may lead to relapse and collects self-report ratings for two 
subscales: “Confidence” (i.e., confidence in one’s ability to abstain from using METH, or METH abstinence self- 
efficacy) and “Temptation” (i.e., how tempted one is to use METH) with regard to each situation. Apathy was 
measured using a composite T-score comprised of items and scales from three well-validated, self-report 
assessments. 
Results: Multivariable linear regression found that higher Apathy T-scores were significantly associated with 
lower Confidence ratings (i.e., poorer METH abstinence self-efficacy; p < .05), independent of potentially rele
vant factors (e.g., Temptation to use METH, comorbid HIV disease, and neurocognitive impairment). 
Conclusions: Elevated apathy may adversely impact one’s confidence to abstain from METH use. Findings 
highlight the importance of addressing apathy in order to improve METH abstinence self-efficacy, which may 
subsequently increase the likelihood of successful METH treatment outcomes.   

1. Introduction 

The 2018 National Survey on Drug Use and Health estimated >14.9 
million people in the United States have used methamphetamine 
(METH) at least once, and almost 1.9 million people used METH in the 
year prior to survey publication (Substance Abuse and Mental Health 
Services Administration, 2019). METH use can lead to a range of adverse 
legal (e.g., METH-related arrest; Dobkin & Nicosia, 2009), psychosocial 
(e.g., poor social support and coping skills; Cretzmeyer, 2003; Halkitis & 
Shrem, 2006), and medical (e.g., cardiovascular) consequences (Chin, 

Channick, & Rubin, 2006), including death (Gibson, Leamon, & Flynn, 
2002). METH can also damage the central nervous system, leading to a 
wide range of psychiatric (e.g., depression), neurobehavioral (e.g., 
apathy), and neurocognitive consequences (Looby & Earleywine, 2007; 
Marquine, 2014; McGregor, 2005; McKetin, 2006; Rippeth, 2004; Scott, 
2007) that have been linked to numerous adverse health-related and 
everyday functioning problems (e.g., unemployment; problems inde
pendently completing daily activities; Cattie, 2012; Weber, 2012). 

Importantly, adverse METH effects on the CNS may resolve, to some 
degree, following sustained abstinence periods (Iudicello, 2010; Schulte, 
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2014; Volkow, 2001; Zhang, 2018). Cognitive and behavioral in
terventions (e.g., cognitive behavioral therapy, contingency manage
ment) can effectively reduce METH use and improve abstinence (Lee & 
Rawson, 2008). However, treatment programs modeled after these in
terventions struggle to enroll and retain participants. Even when pa
tients engage in treatment, there are high rates of relapse (Brecht & 
Herbeck, 2014; Chen, Chen, & Wang, 2015). Many factors have been 
identified as barriers to treatment and sustained recovery, including 
negative social support, decreased motivation for treatment, and side 
effects from METH withdrawal (e.g., depression, anxiety, cravings; 
McGregor, 2005; Zorick, 2010). 

Low self-efficacy has also been identified as a significant barrier to 
successful intervention and treatment of METH use disorders (Alex
ander, 2017; German, 2006). General perceived self-efficacy is consid
ered a malleable construct, defined as when an individual visualizes 
themselves as executing activities skillfully, thereby enhancing subse
quent performance on the task itself (Bandura, 1989, 1994). Higher self- 
efficacy can improve performance across many areas from academics 
(Talsma, 2018) to health outcomes (Sheeran, 2016). In the context of 
substance use, self-efficacy may be defined an individual’s confidence in 
their ability to abstain from using substances in the future. Abstinence 
self-efficacy is often a targeted goal during treatment, and is a significant 
predictor of successful treatment outcomes across various substances of 
abuse (Ilgen, McKellar, & Tiet, 2005; Kadden & Litt, 2011) including 
tobacco (Gwaltney, 2009), alcohol (Adamson, Sellman, & Frampton, 
2009; Kadam, 2017; Moos & Moos, 2006; Noyes, 2018), opioid (Kadam, 
2017; Reilly, 1995), and cocaine dependence (Wong, 2004). There is 
preliminary evidence of its impact on METH treatment outcomes; in a 
sample of Filipino METH users, lower abstinence self-efficacy and 
poorer coping were the strongest predictors of relapse, after considering 
factors like negative behavior states, motivation to change, and drug 
craving (Tuliao & Liwag, 2011). 

Despite the strong relationship between abstinence self-efficacy and 
successful treatment outcomes, research is limited regarding the pre
dictors of abstinence self-efficacy among METH users. Studies conducted 
in other substance using populations (e.g., alcohol, cannabis, cocaine, 
opioid) have identified associations with demographics (e.g., older age, 
higher education), motivation (e.g., desire to quit), coping style, 
depressive symptoms, neurocognitive functioning, and other substance 
use-related factors (e.g., degree/recency of use, prior treatment out
comes; Demmel & Rist, 2005; Demmel, Nicolai, & Gregorzik, 2006; 
Demmel, 2004; Dolan, Martin, & Rohsenow, 2008; Greenfield, 2012; 
Ilgen, McKellar, & Moos, 2007; Majer, 2003). We sought to expand this 
literature by examining predictors of abstinence self-efficacy among 
METH dependent individuals with the goal of identifying potentially 
modifiable intervention targets. We were particularly interested in 
whether apathy (i.e., lack of motivation and relative absence of self- 
initiated, goal-directed behaviors), a common neurobehavioral distur
bance among METH users (Looby & Earleywine, 2007), may contribute 
to abstinence self-efficacy. We hypothesized that more apathy would be 
significantly associated with poorer METH abstinence self-efficacy (i.e., 
confidence to abstain from using METH) in a sample of METH dependent 
individuals. 

2. Materials and methods 

2.1. Participants 

Participants included 66 individuals enrolled in the National Insti
tute on Drug Abuse-funded Translational Methamphetamine and AIDS 
Research Center (TMARC), which was designed to examine the CNS 
effects of HIV and METH dependence. Study protocols were approved by 
UCSD Human Research Protections Program. After providing written, 
informed consent, participants underwent a comprehensive substance 
use, neuromedical and neurocognitive evaluation. Participants were 
compensated for their participation. 

Study participants included individuals who were enrolled and 
comprehensively assessed as part of the TMARC and met Diagnostic and 
Statistical Manual-Fourth Edition (DSM-IV; APA, 1994) criteria for 
lifetime METH dependence and for METH abuse or dependence within 
the last 18 months based on the Composite International Diagnostic 
Interview (CIDI) version 2.1 (Kessler & Ustun, 2004; Wittchen, 1994). 
General TMARC exclusion criteria included history of psychotic disor
ders (e.g., schizophrenia), HCV co-infection, or other neurological con
ditions known to impact neurobehavioral functioning (e.g., stroke, 
seizure disorders, head injury with loss of consciousness >30-min). 
TMARC’s substance-related exclusion criteria included meeting DSM-IV 
criteria for 1) alcohol dependence within the last year; 2) other sub
stance (e.g., cocaine, opioid) abuse within the past 12 months, or 
dependence within the past 5 years. Participants were not excluded on 
the basis of current or lifetime cannabis use or lifetime alcohol abuse 
diagnoses given the high proportion of METH dependent individuals 
who use or abuse these substances. In this way, the TMARC eligibility 
criteria afford a more representative sample of METH users encountered 
in clinical settings, while at the same time minimizing the potential 
confounding effects of current/active use of other substances (e.g., 
cocaine, alcohol) known to affect important outcomes of interest. 

2.2. Measures 

Participants were administered a comprehensive neuromedical and 
neurobehavioral evaluation. Demographic characteristics and behav
ioral measures were obtained via self-report. 

2.2.1. METH abstinence Self-Efficacy Scale (MSES) 
The MSES was modified from the brief 12-item Alcohol Abstinence 

Self-Efficacy (AASE) Scale (McKiernan, 2011), an abbreviated version of 
the 20-item AASE Scale developed to assess self-efficacy (Bandura, 
1977) as it applied to alcohol abstinence (DiClemente, 1994). Content- 
wise, the MSES is identical to the brief AASE (McKiernan, 2011), but 
was modified to assess METH, rather than alcohol, abstinence self- 
efficacy. It consists of six items/cues within four hypothesized high- 
risk categories related to METH abstinence: 1) negative affect, 2) so
cial interactions and positive states, 3) physical and other concerns, and 
4) withdrawal and urges (DiClemente, 1994). For each item/cue, par
ticipants rate themselves using a Likert Scale ranging from 1 (not at all) 
to 5 (extremely) regarding: 1) how tempted they would be to use METH 
in each situation (“Temptation” ratings); and 2) how confident they 
would be in their ability to avoid using METH (“Confidence” ratings). 
Temptation and Confidence ratings for each item are summed sepa
rately, each ranging from 6 to 30 with higher scores indicating greater 
Temptation or Confidence. The average “Confidence” (i.e., abstinence 
self-efficacy) rating was the primary outcome variable in analyses. 
Temptation was controlled for in analyses given its strong, negative 
correlation with Confidence (McKiernan, 2011). 

2.2.2. Apathy composite 
Apathy was measured using a validated composite (Marquine, 2014) 

derived from subscales and/or items from three self-report question
naires: 1) Beck Depression Inventory – II (BDI-II; Beck, 1996); 2) Profile 
of Mood States (POMS; McNair, Lorr, & Droppleman, 1981); and 3) 
Frontal Systems Behavior Scale (FrSBe; Grace & Malloy, 2001). The BDI- 
II is a 21-item inventory assessing the severity of current depression 
symptomatology; higher scores indicate greater severity. The four 
apathy-related items from the BDI-II (loss of pleasure, loss of interest, 
difficulties making decisions, and feelings of tiredness and fatigue) were 
included in the apathy composite (Castellon, 2006). The POMS is a 65- 
item measure of current affective distress with six subscales. The POMS 
“Vigor-Activity” subscale was included in the apathy composite. The 
FrSBe is a 46-item behavior rating scale designed to assess current and 
before illness/injury-behaviors related to frontal dysfunction; higher 
scores reflect greater behavioral disturbance. Current ratings from the 
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FrSBe Apathy subscale were included in the apathy composite. Details of 
the Apathy T-score composite are in Marquine et al. (Marquine, 2014). 
Higher T-scores indicate greater Apathy. 

2.2.3. Neurocognitive and psychiatric/substance use assessment 
Neurocognitive functioning was assessed using a comprehensive, 

standardized seven-domain test battery (Heaton, 2010), which included 
an estimate of premorbid cognitive ability (WRAT-4 reading subtest; 
Wilkinson & Robertson, 2006). A global deficit score ranging from 
0 (normal) to 5 (severe) was created (Carey, 2004), with GDS ≥ 0.5 
indicative of neurocognitive impairment (NCI). Current and lifetime 
Major Depressive Disorder (MDD) and substance use diagnoses (abuse/ 
dependence) were assessed using the CIDI v2.1. Current and lifetime 
Attention Deficit Hyperactivity Disorder (ADHD) and lifetime Antisocial 
Personality Disorder (ASPD) were evaluated using the Diagnostic 
Interview Schedule (Robins, 1981). Detailed METH use characteristics 
(see Table 1) were collected using a semi-structured timeline follow- 
back substance use interview (Rippeth, 2004). The POMS “Depression- 
Dejection” subscale was also examined as a measure of current, self- 
reported depression symptoms. 

2.2.4. Neuromedical assessment 
The neuromedical assessment included a medical history interview, 

physical and neurological exam, blood draw, urine drug screen, and 

alcohol breathalyzer. HIV serostatus was determined via self-report and 
confirmed by the Miriad HBc/HIV/HCV finger stick point-of-care test 
(MedMira Inc., Nova Scotia, Canada). Approximately 58% of our sample 
were HIV+ (n = 37). The following HIV disease and treatment-related 
variables were also collected: estimated duration of HIV disease, nadir 
and current CD4+ T-cell counts, antiretroviral therapy (ART) status, 
AIDS diagnoses, and plasma HIV RNA viral load. 

2.3. Statistical analyses 

Univariable analyses (e.g., Pearson’s r correlations or Spearman’s ρ 
for non-parametric data, and/or independent samples t-tests or Wil
coxon Rank Sums χ2 test for non-parametric data), were conducted to 
examine the relationship between Apathy T-score and Confidence rat
ings, and to identify candidate covariates for inclusion in multivariable 
analyses (screened covariates listed in Table 1). Given previous litera
ture demonstrating strong, significant associations between Temptation 
and Confidence ratings (McKiernan, 2011), and between current MDD 
and abstinence self-efficacy among other substance-using populations 
(Greenfield, 2012), these variables were selected, a priori, for inclusion 
in multivariable analyses. 

Multivariable analyses were conducted to examine Apathy as a 
predictor of Confidence ratings, while controlling for variables that met 
our a priori selection criterion of α = 0.10 (see Table 2). Variables were 
entered into a stepwise linear regression model using a backward se
lection method and Akaike Information Criterion (AIC; Akaike, 1974) to 
select the best model, balancing explanatory value and efficiency. The 
final model was selected by minimizing AIC, taking into account both 
the goodness of fit and the model complexity. 

3. Results 

3.1. Participant characteristics 

Demographic, psychiatric, neurocognitive, and METH use charac
teristics of our sample are presented in Table 1. On average, participants 
were 39.5 years old (SD = 10.7), with 13.2 years of education (SD =
2.5), predominantly male (80.3%), and the majority self-identified as 
either non-Hispanic White (40.9%) or Hispanic (34.9%). Lifetime MDD 
(37.9%) and ASPD (28.8%) were the most prevalent psychiatric condi
tions. Approximately 27.3% of our sample was classified as having NCI. 
Per TMARC inclusion criteria, all participants met criteria for lifetime 
METH dependence and for METH abuse or dependence within 18 
months of assessment. Approximately 18% of our sample (n = 12) met 
criteria for current (≤30-days) METH abuse (n = 1) or dependence (n =

Table 1 
Participant demographic and descriptive statistics.   

METH+ (n = 66) 

Demographic characteristics  
Age (years) 39.5 (10.7)  
Education (years) 13.2 (2.5)  
Gender (% male) 80.3%  
Race/Ethnicity    

non-Hispanic White (%) 40.9%   
Hispanic (%) 34.9%   
Othera (%) 24.2%  

HIV Status (% PWH) 56.1% 
Psychiatric and substance use Characteristics  

POMS Depression-Dejection Subscale Total, median 
[interquartile range] 

14.0 (5.5, 25.5)  

Current Major Depressive Disorder (%) 9.1%  
Lifetime Major Depressive Disorder (%) 37.9%  
Attention-Deficit/Hyperactivity Disorder (%) 9.1%  
Antisocial Personality Disorder (%) 28.8%  
Lifetime other non-METH Substance Use Disorder 
(%) 

83.3% 

Neurocognitive characteristics  
Estimated premorbid verbal IQb 100.5 (13.2)  
Neurocognitive impairmentc (% impaired) 27.3% 

METH use characteristics  
Currentd METH use diagnosis (%) 18.2%  
Self-reported days since last use (days), median 
[interquartile range] 

121.7 [6.5, 182.6]  

Positive METH urine toxicology (%) 21.2%  
Age of first use (years), median [interquartile range] 25.6 (9.6)  
Total lifetime duration of use (years), median 
[interquartile range] 

4.6 [2.1, 9.0]  

Total lifetime quantity of use (grams), median 
[interquartile range] 

1334.9 [371.4, 3435.5]  

History of METH use treatment (% ever in lifetime) 70.8% 
Apathy Composite T-Score 66.7 (18.0) 
METH Abstinence Self-Efficacy Scale (MSES)  

Confidence Rating 18.3 (7.5)  
Temptation Rating 20.3 (7.3) 

Note. Values represent means (standard deviations), or proportions, unless 
otherwise noted. 

a African-American (n = 9), Asian (n = 2), and Native American and/or mixed 
(n = 5) ethnicities. 

b Wide Range Achievement Test. 
c Calculated using Global Deficit Score (GDS ≥ 0.5). 
d Within 30 days of assessment. METH = methamphetamine; POMS = Profile 

of Mood States. 

Table 2 
Confidence ratings (i.e., poorer METH abstinence self-efficacy) for 6 specific 
cues/situations within 4 four hypothesized high-risk categories related to METH 
abstinence.    

Confidence Mean 
(SD) 

Negative affect   
When you are emotionally upset. 3.02 (1.4) 

Social interactions and positive states   
When you are around others who are using or when you 
see others using - such as during celebrations or on 
vacation. 

2.71 (1.4) 

Physical and other concerns   
When you experience physical injury, such as headache, 
injury, or are physically tired. 

3.26 (1.5)  

When you feel a physical need or craving for METH. 2.92 (1.4) 
Withdrawal and urges   

When you have thoughts of using – while either awake or 
dreaming. 

3.32 (1.4)  

When you have an urge to use METH just once to see what 
happens. 

3.09 (1.4) 

TOTAL 18.32 (7.5)  
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11), and 21.2% (n = 14) had positive urine toxicology results indicating 
recent METH use. Age at first METH use, days since last METH use, total 
lifetime duration and quantity of METH use, and the proportion of in
dividuals with a history of treatment for METH use at least once in their 
lifetime are provided in Table 1. Five participants met DSM-IV criteria 
for cannabis abuse or dependence (n = 3) or alcohol abuse (n = 2) in the 
year prior to assessment (none within the past 30 days). In addition to 
their lifetime METH use diagnoses, approximately 83% of our sample (n 
= 55) met DSM-IV criteria for lifetime abuse or dependence for at least 
one other substance (within the above mentioned limits of TMARC’s 
eligibility criteria), with the most common being alcohol (74.2%), 
cannabis (34.8%), cocaine (28.8%), and opioids (16.7%). The majority 
of our participants reported use of at least one (94%; n = 62) or two 
(67%; n = 44) other non-METH substances within the past year (if 
excluding cannabis and alcohol, then 59% [n = 39] and 30% [n = 20], 
respectively). 

Fifty-six percent (n = 37) of our sample were HIV+. On average, the 
estimated duration of infection for the HIV+ subset was 8.2 years (SD =
6.9; median = 7.1, interquartile range [IQR] = 2.4, 12.8). Approxi
mately 39% had AIDS (n = 14/36, one missing AIDS status). Average 
nadir and current CD4+ T-cell counts were 334.6 (SD = 242.6; median 
[IQR] = 278.0 [178.0, 450.0]) and 654.3 (SD = 282.5; median [IQR] =
615.0 [441.5, 862.5]), respectively. All were on ART regimens at the 
time of their assessment and, on average, had been on their current ART 
regimen for 2.4 years (SD = 45.5; median = 1.0 [0.3, 2.2]). Approxi
mately 78% reported adherence (≥90% of doses taken as prescribed), 
and 77% were virally suppressed (n = 27/35, missing data for two 
participants). 

Descriptive statistics for the primary study variables (i.e., Apathy T- 
score, Confidence ratings) are also presented in Table 1. The Apathy T- 
score corresponded to almost 2 SD above the mean of a non-METH 
dependent, HIV- control group. Average Confidence ratings for each of 
the six cues/situations are presented in Table 2. The lowest Confidence 
ratings were observed for the social situation item (i.e., confidence in 
abstaining from METH use when around others who are using [i.e.., 
during gatherings or vacation]). 

3.2. Univariable analyses examining associations with confidence ratings 

Given the non-normal distributions of the Confidence ratings (Sha
piro-Wilk W Test: W = 0.94, p < .01), non-parametric tests (Spearman’s 
ρ and Wilcoxon Rank Sums χ2 Test) were used for analyses. Higher 
Apathy T-Scores were significantly associated with lower Confidence 
ratings (ρ = − 0.41; p = .0006). Consistent with the aforementioned 
literature (McKiernan, 2011), higher Temptation ratings were signifi
cantly associated with lower Confidence ratings (ρ = − 0.56; p < .0001). 

More recent self-reported METH use (ρ = 0.45; p = .0002), higher 
POMS Depression/Dejection scores (ρ = -0.42; p = .0006), and NCI (χ2 

= 6.42, p = .01) were associated with significantly lower Confidence 
ratings. PWH rated themselves as more confident to abstain from METH 
relative to their HIV- counterparts (χ2 = 3.88, p = .049). None of the 
above mentioned non-METH substance use variables (e.g., cannabis use 
or alcohol abuse diagnoses in the past year, lifetime non-METH sub
stance abuse or dependence disorder, or use of other non-METH sub
stances within the past year that did not meet diagnostic criteria for 
abuse or dependence) were significantly associated with Confidence 
Ratings at the univariable level, nor were any of the other variables 
listed in Table 1 (ps > 0.10). 

3.3. Multivariable analysis: apathy as an independent predictor of 
confidence ratings 

Based on univariable analyses, and prior literature, variables 
considered for multivariable regression included Apathy T-score, 
Temptation ratings, POMS Depression/Dejection, NCI, HIV status, and 
days since last METH use. Positive METH urine toxicology was not 

included since it was highly correlated with days since last use, although 
results remained the same regardless of which recent METH use variable 
was considered. The best AIC selection model (R2 = 0.52, p < .0001) 
included higher Apathy T-score (β = − 0.28, p = .004), higher Tempta
tion ratings (β = − 0.50, p<.001), presence of NCI (β = − 0.23, p = .014), 
and being HIV- (β = − 0.23, p = .012) as significant contributors of lower 
Confidence ratings (see Table 3). Fig. 1(a–d) displays univariable as
sociations with Confidence ratings for the four significant predictors in 
the final multivariable regression model (Fig. 1a and b are correlation 
plots showing bivariate associations; Fig. 1c and d are box plots showing 
medians and quartiles). 

While current depression symptoms (POMS Depression/Dejection) 
was not a significant predictor of Confidence ratings at the univariable 
level (p > .10), the above model was re-run with current MDD added 
given research suggesting that current MDD may play an important role 
in abstinence self-efficacy (Greenfield, 2012). 

Apathy remained a significant, independent predictor of Confidence 
ratings (β = − 0.37, p<.001; R2 = 0.56, p < .0001). Current MDD was a 
significant predictor in this model (although contrary to what was 
observed in literature; current MDD in our model was associated with 
increased Confidence ratings), as were the original covariates (i.e., 
Temptation, NCI, and HIV status; ps < 0.05). We used the same approach 
to further characterize any influence of previous METH treatment and/ 
or other non-METH substance use variables described above. As with 
current MDD, these characteristics were not significantly associated 
with Confidence ratings in univariable analyses (ps > 0.10), though they 
have been linked to abstinence self-efficacy in the literature (Ilgen et al., 
2005; Kadden & Litt, 2011). Our multivariable regression results 
remained unchanged regardless of the substance use variable consid
ered, none of which explained a significant proportion of the variance in 
Confidence ratings in multivariable analyses (ps > 0.10). 

4. Discussion 

Results from this study found that among METH dependent in
dividuals, apathy plays a significant role in reducing confidence in one’s 
ability to maintain abstinence from using METH. Difficulties with 
motivation, self-direction, and goal-orientation appear to have a unique 
impact on METH abstinence self-efficacy, regardless of the degree of 
temptation, cognitive impairment, recency of METH use, co-morbid HIV 
disease, or depression. Despite the fact that apathy is highly prevalent, 
and a neurobehavioral consequence among METH users (Looby & Ear
leywine, 2007), these results suggest that it may also provide an 
important assessment and intervention target for METH substance use 

Table 3 
Univariable and multivariable regression analyses examining predictors of 
Confidence (i.e., METH abstinence self-efficacy).  

Predictors Risk Direction 
(lower 
Confidence) 

Univariable 
Analysesa 

Multivariable 
Regression 
Analysesb 

rho (ρ) or χ2 β p 

Apathy T-Score More apathy ρ = − 0.41** − 0.28 0.004 
Temptation ratings More temptation ρ = − 0.56** − 0.50 <0.001 
HIV Status HIV- χ2 = 3.88* − 0.23 0.012 
Neurocognitive 

Impairment (NCI) 
NCI χ2 = 6.42* − 0.23 0.014 

Model Statistics 
R2 0.52 
p-value <0.0001 

Note. 
a Univariable analyses were conducted using Spearman’s rho (ρ) or Wilcoxon 

Rank Sums tests (χ2). 
b AIC and backward selection methods. 
* p < .05. 
** p < .01. 
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treatment. For example, in addition to other mood and behavioral 
treatments (i.e., contingency management), improving motivation and 
self-direction and may serve as an additional buffer to enhance the 
likelihood of successful METH substance use treatment and relapse 
prevention through improving abstinence self-efficacy. Indeed, absti
nence self-efficacy is an important predictor of these outcomes (Tuliao & 
Liwag, 2011), and there is promising work emerging regarding the 
treatment of apathy by pharmacological and non-pharmacological 
means (Manera, 2019; Roth, Flashman, & McAllister, 2007). 

Consistent with prior work (McKiernan, 2011; Soravia, 2015), more 
temptation to use METH was a significant risk factor for poorer METH 
abstinence self-efficacy. The type and amount of temptation would be 
important to consider prior to engaging individuals in treatment, espe
cially when they are working through different stages recovery and/or 
sobriety. Our results also highlight cognitive impairment as a contrib
uting factor to poorer METH abstinence self-efficacy. This may reflect an 
individual’s difficulties to learn and apply new treatment strategies, and 
related difficulties with prior abstinence attempts (Jovanovski, Erb, & 
Zakzanis, 2005; Verdejo-Garcia & Perez-Garcia, 2007). This relationship 
may be further compounded by increased apathy, which is also inde
pendently associated with executive function deficits and learning dif
ficulties (Castellon, Hinkin, & Myers, 2000; Cole, 2007). Combined with 
evidence linking NCI with a variety of other adverse health and func
tional outcomes in METH users, which may further interfere with 
treatment outcomes (Aharonovich, Nunes, & Hasin, 2003; Henry, Min
assian, & Perry, 2010; Minassian, 2017; Sadek, 2007; Weber, 2012), 
individuals should be screened for NCI prior to treatment to appropri
ately tailor intervention strategies to their cognitive strengths and/or 
weaknesses. 

Recency of METH use was the only METH use characteristic signif
icantly associated with abstinence self-efficacy at the univariable level. 
However, it was not a significant predictor in the final multivariable 
model. This may be, in part, because current, active METH use was not a 

recruitment criterion for our sample. Though use within the past 18- 
months was an inclusion criterion, only 18% of our sample (n = 12) 
met criteria for current (≤30-days) abuse or dependence diagnoses, and 
21% (n = 14) screened METH+ on their day-of-testing urine toxicology. 
Inclusion of current METH diagnoses or urine toxicology did not alter 
our primary findings, though future research in larger samples is needed 
to confirm these associations in active, heavy METH users. While sig
nificant recent use of most other substances was not permitted due to the 
eligibility criteria of the parent study, we did examine the potential 
influence of non-METH substance use characteristics, including allow
able substance use diagnoses in the past year (i.e., cannabis abuse or 
dependence, alcohol abuse) and use (i.e., yes/no) of other non-METH 
substances in the past year (which was allowed as long as criteria for 
abuse or dependence were not met, and urine drug screens were nega
tive). None of these variables altered the relationship between apathy 
and abstinence self-efficacy, nor were they significant predictors in 
univariable or multivariable analyses. These findings suggest that 
apathy may play a role in abstinence self-efficacy more broadly across 
other substance using populations, which is an important avenue for 
future research. 

Among METH users, risky drug use (e.g., needle sharing) and risky 
sexual behavior (e.g., condom-less sex) are common (Hoenigl, 2016; 
Ropelewski, 2011), increasing transmission risk for infectious diseases 
(Passaro, 2015). In our cohort, HIV seronegative individuals reported 
poorer abstinence self-efficacy compared to PWH. This may illustrate 
particular vulnerability of METH dependent individuals without HIV to 
acquire it in the future, resulting in negative downstream public health 
outcomes. Poor METH abstinence self-efficacy in HIV seronegative in
dividuals compared to PWH appear unrelated to METH use character
istics (e.g., recency/quantity of use) since there were no significant 
METH use differences between the groups. Education was not associated 
with Confidence ratings in our analyses, though prior research suggests 
education may impact drug abstinence self-efficacy (Ilgen et al., 2007), 
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Fig. 1. Univariable associations with Confidence ratings for: (a) Apathy T-Score (Spearman’s ρ = − 0.41; p < .001); (b) Temptation ratings (Spearman’s ρ = − 0.56; p 
< .001); (c) HIV status (χ2 

= 3.88, p = .049); and (d) NCI (Wilcoxon Rank Sums χ2 
= 6.42, p = .01). 
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and PWH in our sample were more educated than HIV seronegative 
individuals (p < .001). Among PWH, METH use is also a significant risk 
factor for medication non-adherence and poorer HIV disease outcomes 
(Carrico, 2011; Moore, 2012). However, PWH in our sample were on 
their current treatment regimen for about six years. It is possible that 
previous exposure to care and long-term, successful ART adherence 
improves self-efficacy in various areas of life, including METH absti
nence self-efficacy, though we do not have sufficient data to examine 
this fully. 

Analyses examining item responses on the four categories of high- 
risk situations for abstinence (McKiernan, 2011) identified social pres
sure and physical pain/illness as potential risk factors for relapse. Social 
pressure had the largest impact on temptation to use METH and confi
dence to abstain from METH. Findings emphasize the importance of 
considering an individual’s social context when tailoring treatment and 
prevention efforts, perhaps integrating components of assertiveness or 
social skills training to aid in practicing refusal. 

Prior work illustrates significant associations between depression 
and poor abstinence self-efficacy in substance users, though findings are 
mixed (Greenfield, 2012; Haukkala, 2000; Hodgins, Peden, & Cassidy, 
2005). Interestingly, depression, whether measured via self-report or 
diagnostic evaluation, was not univariably associated with Confidence 
ratings in our study, and inclusion of current MDD in multivariable 
analyses did not alter the relationship between apathy and abstinence 
self-efficacy. Current MDD emerged as a significant predictor in multi
variable analyses, though in an unexpected direction (presence of cur
rent MDD was associated with more Confidence). However, very few 
participants had current MDD (n = 6) and we did not observe a signif
icant univariable association, therefore it is likely that other factors may 
have influenced this finding. To clarify these findings, we evaluated 
whether different assessment methods of depression available (e.g., 
current self-reported depression symptoms and lifetime diagnoses of 
MDD) may alter the findings though again, our main findings held 
regardless of the depression measure included (which themselves were 
not significant predictors in the model; ps > 0.10). Collectively, these 
results highlight the importance of apathy, perhaps beyond depression, 
in abstinence self-efficacy among METH users, which is consistent with a 
previous study that found apathy, but not depression, was associated 
with drug abstinence self-efficacy (Kalechstein, Newton, & Leavengood, 
2002). While apathy shares features with depression (e.g., reduced 
insight, energy, and interest in activities; Ishizaki & Mimura, 2011), the 
two constructs may be dissociable (Paul, 2005; Paul, 2005; Tate, 2003) 
and may differ in their clinical impact. Indeed, apathy has important 
clinical consequences (e.g., NCI, poor treatment compliance, reduced 
quality of life; Kamat, 2012, 2016), and these findings extend this 
literature to lower abstinence self-efficacy and possible poor substance 
abuse treatment outcomes. Therefore, although depression is important 
to consider in substance treatment programs (Glasner-Edwards, 2009; 
Kay-Lambkin, 2011; Swendsen & Merikangas, 2000), our results suggest 
that assessing and addressing apathy may additionally improve treat
ment initiation, adherence, and efficacy. 

Although not directly examined, the strong link between apathy and 
poorer abstinence self-efficacy in METH dependence may shed light on 
the neural mechanisms of initiating and maintaining abstinence. The 
neural basis of apathy involves disruption of the dorsal anterior cingu
late cortex and ventral striatum networks (Husain & Roiser, 2018). This 
circuitry potentially underlies a willingness to work, to keep working, 
and to learn what is worth working towards (Le Heron, Apps, & Husain, 
2018). For abstinent, METH dependent individuals, greater activation of 
the dorsal anterior cingulate cortex and other dorsal cognitive control 
systems are needed when choosing larger, delayed rewards than smaller, 
immediate rewards (Hoffman, 2008). Thus, the motivational impair
ment that stems from apathy may play an important role in perpetuating 
harmful behaviors, even when temptation to use drugs is low. To address 
this challenge, METH treatment should identify motivators of absti
nence through values-based care or motivational interviewing prior to 

program engagement. Additional work is needed to elucidate the 
directionality between apathy and METH abstinence self-efficacy via 
prospective or longitudinal designs, and their impact on treatment 
outcomes. 

This study is not without limitations. Our sample size was relatively 
small, limiting our ability to perform more sophisticated analyses. 
Another limitation is that the modified MSES was originally designed for 
alcohol users. Though our findings provide support for the use of this 
measure in METH, tailored METH-specific cues and situations may be 
useful. Importantly, since the TMARC study was cross-sectional and 
observational, we were unable to examine the effects of apathy in the 
context of treatment, or longitudinally to address implications for 
treatment engagement or outcomes. Moreover, due to the primary aims 
of the parent study (e.g., cross-sectional examination of the CNS effects 
of METH dependence), only limited data were collected regarding the 
history of METH addiction (i.e., general information regarding whether 
or not the participant had a history of treatment in their lifetime), which 
was not associated with study outcomes. Detailed treatment history and 
characteristics (e.g., number and types of treatments and/or relapses) 
collected by future studies would provide valuable insight into the role 
of apathy in the context of other addiction characteristics as they relate 
to METH abstinence self-efficacy. 

Lastly, while our findings generalize to some METH users encoun
tered in clinical settings, we are limited in our ability to extend these 
findings to METH users with concurrent active and/or significant recent 
use of other commonly used substances of abuse (e.g., cocaine), since 
these participants were excluded, by design, of the parent study. This 
would be an important future direction, particularly since polysubstance 
use is common among METH users and associated with elevated risk of 
neurobehavioral problems that may affect treatment outcomes (Reback, 
2012). For example, polysubstance users such as METH dependent in
dividuals who co-abused alcohol, cocaine, and/or marijuana have been 
shown to experience apathy (Verdejo-García, 2006), and has been a 
barrier to successful substance use treatment (Balsamo, 2016; Mathew, 
2017). Moreover, among individuals addicted to alcohol, nicotine, 
opiates, amphetamines, heroin, and cannabis (Garfield, Lubman, & 
Yucel, 2014), anhedonia, which can be a symptom of apathy, has been 
shown to increase cravings and the likelihood of relapse. Thus, the role 
of apathy in abstinence self-efficacy is an important direction for further 
exploration, not only in METH, but across other substance using pop
ulations, and may be an important target for intervention to improve 
abstinence self-efficacy and subsequently improving treatment efficacy. 

5. Conclusions 

Despite study limitations, our findings offer significant clinical im
plications. Apathy, beyond other factors, may have a direct impact in 
one’s perceived ability to effectively abstain from METH use in the 
future (i.e., abstinence self-efficacy), which is an important factor 
associated with successful treatment outcomes. Thus, current treatment 
programs addressing comorbid substance use disorder and depression 
with techniques such as behavioral activation (Daughters, 2016) may be 
more efficacious if apathy was also an integrated treatment focus, 
particularly in METH. Though there is not yet a gold standard for apathy 
treatment, potential pharmacological and psychological treatments (e. 
g., acetylcholinesterase inhibitors, dopamine-reuptake inhibitors, and 
cognitive-communication therapies) are being investigated (Manera, 
2019; Roth et al., 2007). 

Many non-pharmacological interventions for apathy have risen from 
research on apathy in dementia. This research may provide suggestions 
for interventions in addiction, as well. A unifying theme for many of 
these interventions is the incorporation of socially-based activities that 
are tailored to the individual (e.g., music therapy, multi-sensory 
behavioral therapy, art therapy, and therapeutic conversations; Mas
simo, Kales, & Kolanowski, 2018). Thus, these interventions may offer 
intrinsic reward, thereby increasing motivation. Although research in 
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non-pharmacological treatment for apathy among substance use disor
der populations is limited, a similar socially-based model for addiction 
treatment may help to reduce apathy. Potential interventions may 
include those that rebuild social networks to support abstinence through 
community programs (Worley, 2014; Zywiak, Longabaugh, & Wirtz, 
2002), incorporate relationship-enhanced approaches with standard 
cognitive behavioral therapies (Bouma, Halford, & Young, 2004), 
emphasize communication skills training to help successsfully navigate 
social environments that may result in temptation to use in the future 
(Monti, 1990), and increase positive affect through adaptive coping 
interventions (Carrico, 2013). These socially-focused approaches may 
help reduce apathy and increase drug abstinence self-efficacy, particu
lary among METH dependent indivduals. 

6. Role of Funding Sources 

This work was supported by the National Institutes of Health (NIH)/ 
National Institute on Drug Abuse (NIDA)-funded Translational Meth
amphetamine AIDS Research Center (TMARC; grant number 
P50DA026306). M.A.H. was supported by the NIDA-funded T32- 
DA031098 award. NIDA had no role in the study design, collection, 
analysis or interpretation of the data, writing the manuscript, or the 
decision to submit the paper for publication. 

7. Contributors 

M.A.H. developed the current manuscript’s study concept, per
formed formal data analysis and interpretation for the current study, 
wrote the original draft, and took part in review and editing during the 
writing process. J.E.I. provided supervision to M.A.H during the devel
opment of the current manuscript’s study concept, formal data analysis 
and interpretation, and took part in review and editing during the 
writing process. E.E.M and R.K. provided help with the development of 
the current manuscript’s study concept, and took part in review and 
editing during the writing process. R.K.H. provided supervision to M.A. 
H. during the development of the current manuscript’s study concept, 
and took part in review and editing during the writing process. I.G., the 
Principal Investigator of the current research study, developed the larger 
study concept and acquired funding for the Translational Metham
phetamine Research Center (TMARC), as well as provided review and 
editing during the writing process. 

CRediT authorship contribution statement 

Mariam A. Hussain: Conceptualization, Formal analysis, Writing - 
original draft, Writing - review & editing. Jennifer E. Iudicello: 
Conceptualization, Formal analysis, Writing - review & editing, Super
vision. Erin E. Morgan: Conceptualization, Writing - review & editing. 
Rujvi Kamat: Conceptualization, Writing - review & editing. Robert K. 
Heaton: Conceptualization, Writing - review & editing, Supervision. 
Igor Grant: Conceptualization, Writing - review & editing, Funding 
acquisition. : . 

Acknowledgements 

The Translational Methamphetamine AIDS Research Center 
(TMARC) is supported by Center award P50DA026306 from the Na
tional Institute on Drug Abuse (NIDA) and is affiliated with the Uni
versity of California, San Diego (UCSD), the Sanford-Burnham Medical 
Discovery Institute (SBMDI), and the University of California, Irvine 
(UCI). The TMARC comprises: Administrative Coordinating Core (ACC): 
Executive Unit: Director: Igor Grant, MD; Co- Directors: Ronald J. Ellis, 
MD,PhD, Scott L. Letendre, MD, and Cristian L.Achim, MD, PhD; Center 
Manager: Mariana Cherner, PhD.; Associate Center Managers: Erin E. 
Morgan, PhD and Jared Young, PhD; Data Management and Information 
Systems (DMIS) Unit: Anthony C. Gamst, PhD (Unit Chief) and Clint 

Cushman, BA (Unit Manager); ACC: Statistics Unit: Florin Vaida, PhD 
(Unit Chief), Ian S. Abramson, PhD, Reena Deutsch, PhD, and Anya 
Umlauf, MS; ACC: Participant Unit: J. Hampton Atkinson, MD (Unit 
Chief) and Jennifer Marquie-Beck, MPH (Unit Manager); Behavioral 
Assessment and Medical (BAM) Core: Neuromedical and Laboratory 
Unit (NLU): Scott L. Letendre, MD (Core Co-Director/NLU Chief) and 
Ronald J. Ellis, MD, PhD; BAM Core: Neuropsychiatric Unit (NPU): 
Robert K. Heaton, PhD (Core Co- Director/NPU Chief), J. Hampton 
Atkinson, MD, Thomas D. Marcotte, PhD, Erin E. Morgan, PhD, and 
Matthew Dawson (NPU Manager); Neuroimaging (NI) Core: Gregory G. 
Brown, PhD (Core Director), Thomas T. Liu, PhD, Miriam Scadeng, PhD, 
Christine Fennema-Notestine, PhD, Sarah L. Archibald, MA, John R. 
Hesselink, MD, Mary Jane Meloy, PhD, and Craig E.L. Stark, PhD; 
Neuroscience and Animal Models (NAM) Core: Cristian L. Achim, MD, 
PhD (Core Director) and Marcus Kaul, PhD; Pilot and Developmental 
(PAD) Core: Mariana Cherner, PhD (Core Director) and Stuart A. Lipton, 
MD, PhD; Project 1: Arpi Minassian, PhD (Project Director), William 
Perry, PhD, Mark A. Geyer, PhD, and Jared W. Young, PhD; Project 2: 
Amanda B. Grethe, PhD (Project Director), Assawin Gongvatana, PhD, 
and Martin Paulus, PhD; Project 3: Erin E. Morgan, PhD (Project Di
rector) and Igor Grant, MD; Project 4: Samuel Barnes, PhD (Project Di
rector) and Svetlana Semenova, PhD; Project 5: Marcus Kaul, PhD 
(Project Director). 

The views expressed in this article are those of the authors and do not 
reflect the official policy or position of the Department of the Navy, 
Department of Defense, nor the United States Government. 

References 

Adamson, S. J., Sellman, J. D., & Frampton, C. M. A. (2009). Patient predictors of alcohol 
treatment outcome: A systematic review. Journal of Substance Abuse Treatment, 36(1), 
75–86. 

Aharonovich, E., Nunes, E., & Hasin, D. (2003). Cognitive impairment, retention and 
abstinence among cocaine abusers in cognitive-behavioral treatment. Drug and 
Alcohol Dependence, 71(2), 207–211. 

Akaike, H. (1974). A new look at the statistical model identification. IEEE Transactions on 
Automatic Control, 19(6), 716–723. 

Alexander, P. D., et al. (2017). A comparison of psychotic symptoms in subjects with 
methamphetamine versus cocaine dependence. Psychopharmacology (Berlin), 234 
(9–10), 1535–1547. 

APA, A. P. A. (1994). Diagnostic and statistical manual of mental disorders, 4th ed. 
Arlington, VA, US: American Psychiatric Publishing, Inc., pp. xxvii, 886–xxvii, 886. 

Balsamo, D. N., et al. (2016). Differential impact of depressive and manic mood states on 
alcohol craving in comorbid bipolar alcoholism: Preliminary findings. Addictive 
Disorders & Their Treatment, 15(3), 107–110. 

Bandura, A. (1977). Self-efficacy: Toward a unifying theory of behavioral change. 
Psychological Review, 84(2), 191–215. 

Bandura, A. (1989). Exercise of control through self-belief - a citation classic commentary 
on self-efficacy - toward a unifying theory of behavioral-change by Bandura, A. 
Current Contents/Social & Behavioral Sciences, 20, 14. 

Bandura, A. (1994). Regulative function of perceived self-efficacy. Personnel Selection and 
Classification, 261–271. 

Beck, A. T., et al. (1996). Comparison of Beck Depression Inventories -IA and -II in 
psychiatric outpatients. Journal of Personality Assessment, 67(3), 588–597. 

Bouma, R., Halford, W. K., & Young, R. M. (2004). Evaluation of the controlling alcohol 
and relationship enhancement (CARE) program with hazardous drinkers. Behaviour 
Change, 21(4), 229–250. 

Brecht, M. L., & Herbeck, D. (2014). Time to relapse following treatment for 
methamphetamine use: A long-term perspective on patterns and predictors. Drug and 
Alcohol Dependence, 139, 18–25. 

Carey, C. L., et al. (2004). Predictive validity of global deficit scores in detecting 
neuropsychological impairment in HIV infection. Journal of Clinical and Experimental 
Neuropsychology, 26(3), 307–319. 

Carrico, A. W. (2011). Substance use and HIV disease progression in the HAART era: 
Implications for the primary prevention of HIV. Life Sciences, 88(21–22), 940–947. 

Carrico, A. W., et al. (2013). Positive affect and processes of recovery among treatment- 
seeking methamphetamine users. Drug and Alcohol Dependence, 132(3), 624–629. 

Castellon, S. A., et al. (2006). Components of depression in HIV-1 infection: Their 
differential relationship to neurocognitive performance. Journal of Clinical and 
Experimental Neuropsychology, 28(3), 420–437. 

Castellon, S. A., Hinkin, C. H., & Myers, H. F. (2000). Neuropsychiatric disturbance is 
associated with executive dysfunction in HIV-1 infection. Journal of the International 
Neuropsychological Society, 6(3), 336–347. 

Cattie, J. E., et al. (2012). Elevated neurobehavioral symptoms are associated with 
everyday functioning problems in chronic methamphetamine users. Journal of 
Neuropsychiatry and Clinical Neurosciences, 24(3), 331–339. 

M.A. Hussain et al.                                                                                                                                                                                                                             

http://refhub.elsevier.com/S2352-8532(20)30146-2/h0005
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0005
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0005
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0010
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0010
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0010
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0015
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0015
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0020
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0020
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0020
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0030
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0030
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0030
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0035
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0035
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0040
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0040
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0040
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0045
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0045
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0050
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0050
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0055
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0055
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0055
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0060
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0060
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0060
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0065
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0065
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0065
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0070
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0070
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0075
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0075
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0080
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0080
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0080
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0085
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0085
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0085
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0090
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0090
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0090


Addictive Behaviors Reports 13 (2021) 100331

8

Chen, Y. C., Chen, C. K., & Wang, L. J. (2015). Predictors of relapse and dropout during a 
12-week relapse prevention program for methamphetamine users. Journal of 
Psychoactive Drugs, 47(4), 317–324. 

Chin, K. M., Channick, R. N., & Rubin, L. J. (2006). Is methamphetamine use associated 
with idiopathic pulmonary arterial hypertension? Chest, 130(6), 1657–1663. 

Cole, M. A., et al. (2007). Relationship between psychiatric status and frontal-subcortical 
systems in HIV-infected individuals. Journal of the International Neuropsychological 
Society, 13(3), 549–554. 

Cretzmeyer, M., et al. (2003). Treatment of methamphetamine abuse: Research findings 
and clinical directions. Journal of Substance Abuse Treatment, 24(3), 267–277. 

Daughters, S. B., et al. (2016). LETS ACT: A behavioral activation treatment for substance 
use and depression. Advances in Dual Diagnosis, 9(2–3), 74–84. 

Demmel, R., et al. (2004). Readiness to change in a clinical sample of problem drinkers: 
Relation to alcohol use, self-efficacy, and treatment outcome. European Addiction 
Research, 10(3), 133–138. 

Demmel, R., Nicolai, J., & Gregorzik, S. (2006). Alcohol expectancies and current mood 
state in social drinkers. Addictive Behaviors, 31(5), 859–867. 

Demmel, R., & Rist, F. (2005). Prediction of treatment outcome in a clinical sample of 
problem drinkers self-efficacy and coping style. Addictive Disorders & Their Treatment, 
4(1), 5–10. 

DiClemente, C. C., et al. (1994). The alcohol abstinence self-efficacy scale. Journal of 
Studies on Alcohol, 55(2), 141–148. 

Dobkin, C., & Nicosia, N. (2009). The war on drugs: Methamphetamine, public health, 
and crime. The American Economic Review, 99(1), 324–349. 

Dolan, S. L., Martin, R. A., & Rohsenow, D. J. (2008). Self-efficacy for cocaine abstinence: 
Pretreatment correlates and relationship to outcomes. Addictive Behaviors, 33(5), 
675–688. 

Garfield, J. B. B., Lubman, D. I., & Yucel, M. (2014). Anhedonia in substance use 
disorders: A systematic review of its nature, course and clinical correlates. Australian 
and New Zealand Journal of Psychiatry, 48(1), 36–51. 

German, D., et al. (2006). Motivations for methamphetamine cessation among young 
people in northern Thailand. Addiction, 101(8), 1143–1152. 

Gibson, D. R., Leamon, M. H., & Flynn, N. (2002). Epidemiology and public health 
Consequences of methamphetamine use in California’s Central Valley. Journal of 
Psychoactive Drugs, 34(3), 313–319. 

Glasner-Edwards, S., et al. (2009). Depression among methamphetamine users: 
Association with outcomes from the Methamphetamine Treatment Project at 3-year 
follow-up. The Journal of Nervous and Mental Disease, 197(4), 225–231. 

Grace, J., & Malloy, P. F. (2001). Frontal systems behavior scale: FrSBe. Lutz, FL: 
Psychological Assessment Resources.  

Greenfield, B. L., et al. (2012). The impact of depression on abstinence self-efficacy and 
substance use outcomes among emerging adults in residential treatment. Psychology 
of Addictive Behaviors, 26(2), 246–254. 

Gwaltney, C. J., et al. (2009). Self-efficacy and smoking cessation: A meta-analysis. 
Psychology of Addictive Behaviors, 23(1), 56–66. 

Halkitis, P. N., & Shrem, M. T. (2006). Psychological differences between binge and 
chronic methamphetamine using gay and bisexual men. Addictive Behaviors, 31(3), 
549–552. 

Haukkala, A., et al. (2000). Depression and smoking cessation: The role of motivation 
and self-efficacy. Addictive Behaviors, 25(2), 311–316. 

Heaton, R. K., et al. (2010). HIV-associated neurocognitive disorders persist in the era of 
potent antiretroviral therapy: CHARTER Study. Neurology, 75(23), 2087–2096. 

Henry, B. L., Minassian, A., & Perry, W. (2010). Effect of methamphetamine dependence 
on everyday functional ability. Addictive Behaviors, 35(6), 593–598. 

Hodgins, D. C., Peden, N., & Cassidy, E. (2005). The association between Comorbidity 
and outcome in pathological gambling: A prospective follow-up of recent quitters. 
Journal of Gambling Studies, 21(3), 255–271. 

Hoenigl, M., et al. (2016). Clear links between starting methamphetamine and increasing 
sexual risk behavior: A cohort study among men who have sex with men. Journal of 
Acquired Immune Deficiency Syndromes, 71(5), 551–557. 

Hoffman, W. F., et al. (2008). Cortical activation during delay discounting in abstinent 
methamphetamine dependent individuals. Psychopharmacology (Berlin), 201(2), 
183–193. 

Husain, M., & Roiser, J. P. (2018). Neuroscience of apathy and anhedonia: A 
transdiagnostic approach. Nature Reviews Neuroscience, 19(8), 470–484. 

Ilgen, M., McKellar, J., & Moos, R. (2007). Personal and treatment-related predictors of 
abstinence self-efficacy. Journal of Studies on Alcohol and Drugs, 68(1), 126–132. 

Ilgen, M., McKellar, J., & Tiet, Q. (2005). Abstinence self-efficacy and abstinence 1 year 
after substance use disorder treatment. Journal of Consulting and Clinical Psychology, 
73(6), 1175–1180. 

Ishizaki, J., & Mimura, M. (2011). Dysthymia and apathy: Diagnosis and treatment. 
Depression Research and Treatment, 2011, Article 893905. 

Iudicello, J. E., et al. (2010). Longer term improvement in neurocognitive functioning 
and affective distress among methamphetamine users who achieve stable abstinence. 
Journal of Clinical and Experimental Neuropsychology, 32(7), 704–718. 

Jovanovski, D., Erb, S., & Zakzanis, K. K. (2005). Neurocognitive deficits in cocaine 
users: A quantitative review of the evidence. Journal of Clinical and Experimental 
Neuropsychology, 27(2), 189–204. 

Kadam, M., et al. (2017). A comparative study of factors associated with relapse in 
alcohol dependence and opioid dependence. Indian Journal of Psychological Medicine, 
39(5), 627–633. 

Kadden, R. M., & Litt, M. D. (2011). The role of self-efficacy in the treatment of substance 
use disorders. Addictive Behaviors, 36(12), 1120–1126. 

Kalechstein, A. D., Newton, T. F., & Leavengood, A. H. (2002). Apathy syndrome in 
cocaine dependence. Psychiatry Research, 109(1), 97–100. 

Kamat, R., et al. (2012). Implications of apathy for everyday functioning outcomes in 
persons living with HIV infection. Archives of Clinical Neuropsychology, 27(5), 
520–531. 

Kamat, R., et al. (2016). Apathy is associated with lower mental and physical quality of 
life in persons infected with HIV. Psychology, Health & Medicine, 21(7), 890–901. 

Kay-Lambkin, F. J., et al. (2011). The influence of depression on treatment for 
methamphetamine use. Medical Journal of Australia, 195(3), S38–S43. 

Kessler, R. C., & Ustun, T. B. (2004). The World Mental Health (WMH) Survey Initiative 
Version of the World Health Organization (WHO) Composite International 
Diagnostic Interview (CIDI). International Journal of Methods in Psychiatric Research, 
13(2), 93–121. 

Le Heron, C., Apps, M. A. J., & Husain, M. (2018). The anatomy of apathy: A 
neurocognitive framework for amotivated behaviour. Neuropsychologia, 118(Pt B), 
54–67. 

Lee, N. K., & Rawson, R. A. (2008). A systematic review of cognitive and behavioural 
therapies for methamphetamine dependence. Drug and Alcohol Review, 27(3), 
309–317. 

Looby, A., & Earleywine, M. (2007). The impact of methamphetamine use on subjective 
well-being in an Internet survey: Preliminary findings. Human Psychopharmacology, 
22(3), 167–172. 

Majer, J. M., et al. (2003). Is self-mastery always a helpful resource? Coping wiith 
paradoxical findings in relation to optimism and abstinence self-efficacy. American 
Journal of Drug and Alcohol Abuse, 29(2), 385–399. 

Manera, V., et al. (2019). Recommendations for the nonpharmacological treatment of 
apathy in brain disorders. The American Journal of Geriatric Psychiatry. 

Marquine, M. J., et al. (2014). “Frontal systems” behaviors in comorbid human 
immunodeficiency virus infection and methamphetamine dependency. Psychiatry 
Research, 215(1), 208–216. 

Massimo, L., Kales, H. C., & Kolanowski, A. (2018). State of the science: Apathy as a 
model for investigating behavioral and psychological symptoms in dementia. Journal 
of the American Geriatrics Society, 66, S4–S12. 

Mathew, A. R., et al. (2017). Cigarette smoking and depression comorbidity: Systematic 
review and proposed theoretical model. Addiction, 112(3), 401–412. 

McGregor, C., et al. (2005). The nature, time course and severity of methamphetamine 
withdrawal. Addiction, 100(9), 1320–1329. 

McKetin, R., et al. (2006). The prevalence of psychotic symptoms among 
methamphetamine users. Addiction, 101(10), 1473–1478. 

McKiernan, P., et al. (2011). Development of a brief abstinence self-efficacy measure. 
Journal of Social Work Practice in the Addictions, 11(3), 245–253. 

McNair, D. M., Lorr, M., & Droppleman, L. F. (1981). Manual for the profile of mood states. 
San Diego: Educational and Industrial Testing Service.  

Minassian, A., et al. (2017). Everyday functional ability in HIV and methamphetamine 
dependence. Drug and Alcohol Dependence, 175, 60–66. 

Monti, P. M., et al. (1990). Communication-skills training, communication-skills training 
with family and cognitive behavioral mood management-training for alcoholics. 
Journal of Studies on Alcohol, 51(3), 263–270. 

Moore, D. J., et al. (2012). Methamphetamine use and neuropsychiatric factors are 
associated with antiretroviral non-adherence. AIDS Care, 24(12), 1504–1513. 

Moos, R. H., & Moos, B. S. (2006). Treated and untreated individuals with alcohol use 
disorders: Rates and predictors of remission and relapse. International Journal of 
Clinical and Health Psychology, 6(3), 513–526. 

Noyes, E. T., et al. (2018). Impact of pretreatment change on mechanism of behavior 
change research: An applied example using alcohol abstinence self-efficacy. Journal 
of Studies on Alcohol and Drugs, 79(2), 223–228. 

Passaro, R. C., et al. (2015). The complex interaction between methamphetamine abuse 
and HIV-1 pathogenesis. Journal of Neuroimmune Pharmacology, 10(3), 477–486. 

Paul, R. H., et al. (2005). Apathy is associated with volume of the nucleus accumbens in 
patients infected with HIV. Journal of Neuropsychiatry and Clinical Neurosciences, 17 
(2), 167–171. 

Paul, R., et al. (2005). Apathy correlates with cognitive function but not CD4 status in 
patients with human immunodeficiency virus. Journal of Neuropsychiatry and Clinical 
Neurosciences, 17(1), 114–118. 

Reback, C. J., et al. (2012). Lifetime substance use and HIV sexual risk behaviors predict 
treatment response to contingency management among homeless, substance- 
dependent MSM. Journal of Psychoactive Drugs, 44(2), 166–172. 

Reilly, P. M., et al. (1995). Self-efficacy and illicit opioid use in a 180-day methadone 
detoxification treatment. Journal of Consulting and Clinical Psychology, 63(1), 
158–162. 

Rippeth, J. D., et al. (2004). Methamphetamine dependence increases risk of 
neuropsychological impairment in HIV infected persons. Journal of the International 
Neuropsychological Society, 10(1), 1–14. 

Robins, L. N., et al. (1981). National Institute of Mental Health Diagnostic Interview 
Schedule. Its history, characteristics, and validity. Archives of General Psychiatry, 38 
(4), 381–389. 

Ropelewski, L. R., et al. (2011). Correlates of risky injection practices among past-year 
injection drug users among the US general population. Drug and Alcohol Dependence, 
116(1–3), 64–71. 

Roth, R. M., Flashman, L. A., & McAllister, T. W. (2007). Apathy and its treatment. 
Current Treatment Options in Neurology, 9(5), 363–370. 

Sadek, J. R., et al. (2007). The impact of neuropsychological functioning and depressed 
mood on functional complaints in HIV-1 infection and methamphetamine 
dependence. Journal of Clinical and Experimental Neuropsychology, 29(3), 266–276. 

Schulte, M. H., et al. (2014). Recovery of neurocognitive functions following sustained 
abstinence after substance dependence and implications for treatment. Clinical 
Psychology Review, 34(7), 531–550. 

M.A. Hussain et al.                                                                                                                                                                                                                             

http://refhub.elsevier.com/S2352-8532(20)30146-2/h0095
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0095
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0095
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0100
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0100
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0105
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0105
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0105
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0110
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0110
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0115
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0115
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0120
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0120
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0120
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0125
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0125
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0130
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0130
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0130
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0135
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0135
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0140
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0140
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0145
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0145
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0145
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0150
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0150
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0150
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0155
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0155
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0160
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0160
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0160
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0165
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0165
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0165
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0170
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0170
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0175
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0175
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0175
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0180
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0180
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0185
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0185
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0185
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0190
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0190
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0195
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0195
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0200
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0200
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0205
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0205
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0205
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0210
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0210
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0210
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0215
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0215
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0215
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0220
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0220
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0225
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0225
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0230
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0230
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0230
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0235
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0235
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0240
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0240
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0240
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0245
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0245
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0245
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0250
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0250
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0250
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0255
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0255
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0260
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0260
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0265
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0265
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0265
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0270
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0270
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0275
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0275
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0280
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0280
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0280
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0280
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0285
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0285
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0285
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0290
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0290
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0290
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0295
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0295
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0295
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0300
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0300
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0300
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0305
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0305
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0310
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0310
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0310
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0315
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0315
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0315
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0320
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0320
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0325
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0325
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0330
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0330
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0335
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0335
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0340
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0340
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0345
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0345
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0350
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0350
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0350
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0355
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0355
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0360
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0360
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0360
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0370
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0370
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0370
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0375
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0375
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0380
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0380
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0380
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0385
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0385
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0385
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0390
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0390
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0390
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0395
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0395
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0395
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0400
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0400
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0400
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0405
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0405
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0405
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0410
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0410
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0410
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0415
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0415
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0420
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0420
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0420
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0425
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0425
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0425


Addictive Behaviors Reports 13 (2021) 100331

9

Scott, J. C., et al. (2007). Neurocognitive effects of methamphetamine: A critical review 
and meta-analysis. Neuropsychology Review, 17(3), 275–297. 

Sheeran, P., et al. (2016). The impact of changing attitudes, norms, and self-efficacy on 
health-related intentions and behavior: A meta-analysis. Health Psychology, 35(11), 
1178–1188. 

Soravia, L. M., et al. (2015). Resistance to temptation: The interaction of external and 
internal control on alcohol use during residential treatment for alcohol use disorder. 
Alcoholism, Clinical and Experimental Research, 39(11), 2209–2214. 

Substance Abuse and Mental Health Services Administration, & Substance Abuse and 
Mental Health Services Administration.. (2019). Key substance use and mental 
health indicators in the United States: Results from the 2018 National Survey on 
Drug Use and Health (HHS Publication No. PEP19-5068, NSDUH Series H-54). Center 
for Behavioral Health Statistics and Quality, Substance Abuse and Mental Health Services 
Administration. 

Swendsen, J. D., & Merikangas, K. R. (2000). The comorbidity of depression and 
substance use disorders. Clinical Psychology Review, 20(2), 173–189. 

Talsma, K., et al. (2018). I believe, therefore I achieve (and vice versa): A meta-analytic 
cross-lagged panel analysis of self-efficacy and academic performance. Learning and 
Individual Differences, 61, 136–150. 

Tate, D., et al. (2003). The impact of apathy and depression on quality of life in patients 
infected with HIV. AIDS Patient Care STDS, 17(3), 115–120. 

Tuliao, A. P., & Liwag, M. E. (2011). Predictors of relapse in Filipino male 
methamphetamine users: A mixed methods approach. Journal of Ethnicity in 
Substance Abuse, 10(2), 162–179. 

Verdejo-García, A., et al. (2006). Executive dysfunction in substance dependent 
individuals during drug use and abstinence: An examination of the behavioral, 

cognitive and emotional correlates of addiction. Journal of the International 
Neuropsychological Society, 12(3), 405–415. 

Verdejo-Garcia, A., & Perez-Garcia, M. (2007). Profile of executive deficits in cocaine and 
heroin polysubstance users: Common and differential effects on separate executive 
components. Psychopharmacology (Berlin), 190(4), 517–530. 

Volkow, N. D., et al. (2001). Loss of dopamine transporters in methamphetamine abusers 
recovers with protracted abstinence. Journal of Neuroscience, 21(23), 9414–9418. 

Weber, E., et al. (2012). Neurocognitive deficits are associated with unemployment in 
chronic methamphetamine users. Drug and Alcohol Dependence, 125(1–2), 146–153. 

Wilkinson, G. S., & Robertson, G. J. (2006). Wide Range Achievement Test 4 (WRAT4). 
Lutz, FL: Psychological Assessment Resources.  

Wittchen, H. U. (1994). Reliability and validity studies of the WHO–Composite 
International Diagnostic Interview (CIDI): A critical review. Journal of Psychiatric 
Research, 28(1), 57–84. 

Wong, C. J., et al. (2004). Examining interrelationships between abstinence and coping 
self-efficacy in cocaine-dependent outpatients. Experimental and Clinical 
Psychopharmacology, 12(3), 190–199. 

Worley, M. J., et al. (2014). Self-efficacy and social networks after treatment for alcohol 
or drug dependence and major depression: Disentangling person and time-level 
effects. Psychology of Addictive Behaviors, 28(4), 1220–1229. 

Zhang, Z., et al. (2018). Alteration of brain structure with long-term abstinence of 
methamphetamine by voxel-based morphometry. Frontiers in Psychiatry, 9, 722. 

Zorick, T., et al. (2010). Withdrawal symptoms in abstinent methamphetamine- 
dependent subjects. Addiction, 105(10), 1809–1818. 

Zywiak, W. H., Longabaugh, R., & Wirtz, P. W. (2002). Decomposing the relationships 
between pretreatment social network characteristics and alcohol treatment outcome. 
Journal of Studies on Alcohol, 63(1), 114–121. 

M.A. Hussain et al.                                                                                                                                                                                                                             

http://refhub.elsevier.com/S2352-8532(20)30146-2/h0430
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0430
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0435
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0435
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0435
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0440
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0440
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0440
http://refhub.elsevier.com/S2352-8532(20)30146-2/opth54Z8WadYM
http://refhub.elsevier.com/S2352-8532(20)30146-2/opth54Z8WadYM
http://refhub.elsevier.com/S2352-8532(20)30146-2/opth54Z8WadYM
http://refhub.elsevier.com/S2352-8532(20)30146-2/opth54Z8WadYM
http://refhub.elsevier.com/S2352-8532(20)30146-2/opth54Z8WadYM
http://refhub.elsevier.com/S2352-8532(20)30146-2/opth54Z8WadYM
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0445
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0445
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0450
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0450
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0450
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0455
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0455
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0460
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0460
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0460
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0465
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0465
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0465
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0465
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0470
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0470
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0470
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0475
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0475
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0480
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0480
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0485
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0485
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0490
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0490
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0490
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0495
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0495
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0495
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0500
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0500
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0500
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0505
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0505
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0510
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0510
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0515
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0515
http://refhub.elsevier.com/S2352-8532(20)30146-2/h0515

	Apathy is associated with poorer abstinence self-efficacy in individuals with methamphetamine dependence
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Measures
	2.2.1 METH abstinence Self-Efficacy Scale (MSES)
	2.2.2 Apathy composite
	2.2.3 Neurocognitive and psychiatric/substance use assessment
	2.2.4 Neuromedical assessment

	2.3 Statistical analyses

	3 Results
	3.1 Participant characteristics
	3.2 Univariable analyses examining associations with confidence ratings
	3.3 Multivariable analysis: apathy as an independent predictor of confidence ratings

	4 Discussion
	5 Conclusions
	6 Role of Funding Sources
	7 Contributors
	CRediT authorship contribution statement
	Acknowledgements
	References


