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Aim: Methamphetamine (MA) abuse and dependence are increasing worldwide and are
commonly associated with cognitive deficits. Some studies indicate that such
impairments can improve if users become abstinent, but overall results remain
inconclusive. Hence, we have performed a longitudinal case-control study investigating
key surrogates for attention and impulsive decision-making before and after treatment.

Methods: Thirty patients with MA dependence and 24 non–substance-abusing control
participants were recruited. Groups were matched on age, sex and education. All
subjects performed a baseline assessment to obtain neurocognitive measures of
sustained attention and delay discounting. Patients subsequently participated in an
MA-specific relapse prevention program including repeated monitoring of relapse
status. After 3 months, participants of both groups were reevaluated for neurocognitive
performance.

Results: At baseline, MA patients showed a significantly higher number of omissions
compared to controls, indicative of lower sustained attention. Interestingly, we observed a
steep decrease of omissions in MA patients to control-group level post treatment. On the
other hand, MA patients discounted delayed rewards significantly stronger than controls,
indicating a more impulsive choice behavior both before and after treatment.

Limitation: The results should be interpreted with care because of the small sample and
short follow-up period.

Conclusion: Our data support earlier findings on partial recovery of cognitive deficits in
MA patients. They also strengthen the indication for recently recommended
psychotherapeutic interventions and may provide a behavioral monitoring tool to inform
treatment progress.
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INTRODUCTION

Methamphetamine (MA) also called “crystal meth” is a
psychostimulant, whose use has become increasingly popular
in several European countries (1). This development reflects its
comparably low costs and highly addictive properties. MA abuse
and dependence are associated with numerous adverse
consequences, which are of great public concern. For example,
MA users are more likely unemployed and experience a number
of interpersonal difficulties (2). Furthermore, MA users are at
high risk for mental and physical health conditions, including
depression, anxiety, psychosis, suicide, sexually transmitted
diseases and cardiovascular complications (3–5). Consequently,
doctors and staff in hospitals, private practices and addiction
treatment centers encounter increasing numbers of subjects who
suffer from severe complications of MA use. The growing
prevalence of MA dependence in Germany prompted the
federal government to initiate the development of MA-specific
treatment guidelines (6). The areas that are most affected include
parts of Saxony, Thuringia and Bavaria. Pharmacotherapy has
shown limited effectiveness, making psychotherapeutic
interventions the treatment of choice (7). These include
cognitive behavioral therapy, motivational interviewing and
contingency management, which aim to reduce drug use,
positive urine samples and craving. However, such
recommendations vastly rely on the transfer of knowledge
from overseas and may not be representative of the specific
characteristics that are experienced locally. This is especially
relevant when mechanistic aspects are not yet fully clarified,
which include above all cognitive dysfunctions in MA users and
their course under therapy. As such more research is urgently
needed to strengthen the evidence for the recommended
psychotherapeutic interventions and optimization of care (8).

Compared with other stimulants, MA has a more lipophilic
structure and a very long half-life of 8–13h, causing a fast onset
and long duration of action in the brain (9). Besides the resulting
highly addictive potential through the acute modulation of the
monoaminergic system (10), long-term MA exposure produces
persistent damage to dopamine and serotonin release in nerve
terminals and triggers gliosis and apoptosis (11). Moreover,
chronic MA abuse is associated with abnormalities in brain
structure, metabolism and functions, predominantly within the
frontostriatal and limbic systems (12). Such changes reflect
cognitive impairments (13, 14) with pronounced alterations in
multiple aspects of attentional control, working memory and
executive functions including decision-making (15–19).
Clinically, MA-dependent individuals appear distractible and
exhibit difficulties in sustaining attention. The ability to keep
one’s mind continuously focused is considered a fundamental
dimension of attentional control with relevance to higher
cognitive processes (20). Chronic MA abusers generally show
poorer performance than controls on several attention tasks
[(18), e.g. CPT and Stroop tasks (19, 21, 22)], linked to MA-
associated neuronal damage and network activity in the cingulate
and insular cortices (23). Another cognitive domain altered in
MA-dependent individuals is impulsive choice behavior with
Frontiers in Psychiatry | www.frontiersin.org 2
higher rates of delay discounting relative to controls, i.e., the
propensity to select an immediate reward at the expense of a
greater future reward (24–28). Overly steep discounting is
consistently correlated with a range of conditions, including
various drug addictions, obesity and schizophrenia (29–32),
and suggested to play a causal role in upholding maladaptive
behaviors (continued drug taking despite positive long-term
outcome of abstinence, e.g., treatment, health, social). Delay
discounting in MA abuse is associated with prefrontal
inefficiency, an indication of more automatic and diminished
deliberate decision-making processes (e.g. habitual response to a
cue signaling drug availability) (24). Such impairments in
attention and decision-making may thus critically undermine
the individual’s efforts to stop or reduce MA use, thereby
negatively affecting the outcome of treatment including cognitive
behavioral strategies. Indeed, a higher number of omissions of
target stimuli in attention tasks has been found to predict relapse
among recently abstinent MA-dependent patients (33, 34). While
maladaptive decision-making has been shown to predict dropout
(34), altered neural activity during decision-making may predict
relapse (35).

Despite considerable research on adverse functional
consequences of chronic MA use and their importance for
successful long-term treatment outcomes, the extent to which
these problems persist following periods of abstinence remains
controversial. Impairments associated with MA use tend to
improve with increasing abstinence duration (36–38). The
amelioration of cognitive deficits has been shown for short
intervals of several weeks (39–41) including attention (42),
while other studies have demonstrated that the reinstatement
of especially dopamine signaling and associated cognitive
functioning may take months to years (16, 36, 43, 44).
Moreover, it is still debated whether some of the MA-induced
cognitive deficits may be irreversible [e.g. (45)].

The aim of this study was to examine sustained attention and
impulsive decision-making in MA-dependent patients and the
changes in these domains following a new standardized
psychotherapeutic intervention. In addition, we included a healthy
comparison sample to help distinguish actual improvement in
neuropsychological functioning over time from practice effects.
Consistent with previous evidence for partial neurobiological,
neuropsychological and psychiatric recovery following treatment
of MA-dependent individuals, we hypothesized that sustained
attention would improve over a 3-month period while more
temporally stable individual characteristics of impulsive choice
(46–48) would remain unaltered.
METHODS

Participants
Patients were recruited at the University Hospital Dresden. Study
inclusion criteria for MA patients were 18–65 years of age;
meeting the diagnostic criteria for MA abuse or dependence
according to the International Classification of Diseases (ICD-
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10); abstinence from illicit drug use for at least 2 days, proven
with negative urine screening results for MA, amphetamines,
MDMA, opioids, and THC. Exclusion criteria were any medical
conditions, e.g. schizophrenia, severe depressive episodes or
limited physical mobility, interfering with the capability to
attend group therapy. The assessment of psychiatric
comorbidities was supported by a standardized interview using
the M.I.N.I. International Neuropsychiatric Interview (49). In
addition, non–substance-abusing control subjects (HC) matched
for age, sex, and education were recruited via advertisements
placed on local community-based websites, which offered
employment and volunteer opportunities. HC participants
were required to have no lifetime experience with any kind of
stimulant (MA, amphetamines, MDMA, methylphenidate,
cocaine, etc.) and to have never been diagnosed with drug
addiction or suspected of having a substance use disorder.
Moreover, the presence or history of any psychiatric disease
was excluded by applying a standardized questionnaire
(including questions such as, “Have you ever been diagnosed
with any mental illness?”). In cases of doubt, a psychiatrist was
consulted. The final sample consisted of 30 MA-dependent
patients (Figure 1) and 24 HC subjects. All participants
provided written informed consent and received a compensation
between 50 and 90€. The study was approved by the local ethics
committee of the Technische Universität Dresden and carried out
in accordance with the Declaration of Helsinki.
Frontiers in Psychiatry | www.frontiersin.org 3
Study Design
Research staff independent of the relapse prevention program
conducted the study recruitment as well as baseline (T1) and
follow-up (T2) assessments. Assessments comprised a
standardized interview to collect socio-demographic information
such as age, sex, partnership, migration status, number of children,
school, and vocational qualifications as well as current
employment status. Participants of both groups then completed
a neuropsychological assessment, which encompassed sustained
attention and delay discounting as key surrogates for executive
function and impulsive decision-making, respectively. After 3
months, subjects completed a follow-up with the same
neuropsychological assessment (Figure 1A).

Treatment
In- and outpatients were enrolled in our MA-specific relapse
prevention program, which is an adaption of the manual by (50)
and has demonstrated good feasibility (51) and effectiveness (52)
in daily clinical routine. Up to six participants attended 15 twice-
a-week group sessions, which lasted 50 min. Sessions were
conducted by a psychologist, and the treatment method was
based on motivational interviewing. The program’s progress and
goals emphasized on determining high-risk situations for MA
use, providing skills to resolve personal, social and
environmental barriers, and enhancing coping methods to
prevent relapse. Before the first module, one individual session
A

B 

FIGURE 1 | Study overview, recruitment details and sample size of methamphetamine (MA) patients throughout the study process. T1, baseline assessment; T2,
follow-up assessment.
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took place in which information about the group program and
rules was provided, and the willingness to participate was
discussed. In detail, the following topics were covered:
“Explanation of the Therapeutic Rational” (module 1),
“Motivational Clarification” (modules 2 and 6, if necessary
repeated throughout therapy), “Craving” (3–5; psychoeducation,
identification of triggers, strategies), “Social Risk Situations” (7–9;
dealing with social risk situations, rejection training in role plays),
“Apparently Harmless Decisions” (10 and 11, psychoeducation
and dealing with seemingly harmless decisions), “Personal Risk
Situations” (12 and 13, dealing with personal risk situations),
“Emergency Plan” (14, preparation of an emergency plan with
strategies for coping with high-risk situations), “Change Plan” (15,
coping with problems after the end of therapy).

Inpatients provided weekly urine samples. Outpatients were
also called unannounced, but randomized in the morning
between Monday and Friday with a probability of 1/6 and
ordered to provide urine for drug screening. Urine sample
delivery took place under personal observation. In addition,
manipulations were made more difficult by measuring the
urine temperature immediately after delivery. Samples were
quantitatively analyzed at the Institute of Legal Medicine at the
Technische Universität Dresden and a sum of 300 ng/ml for MA
and amphetamines was set as a cut-off for a positive result.
Relapse was defined as any positive urine result during the course
of treatment.

Treatment was classified as “successful” if the patient was
enrolled in a postacute management program or attended at least
8 of 15 group therapy sessions. In addition, maximum one MA
relapse until T2 indicated by negative drug tests was allowed,
provided the relapse was admitted and self-critically processed. If
the therapy was prematurely terminated without following
specific long-term treatment or if two relapses occurred,
treatment was classified as “unsuccessful”. “Retention rate” was
assessed as the quotient between number of successful treatment
and total number of patients completing T1.

Tasks and Measures
Clinical Data
At T1, MA usage patterns were assessed, which included age of
first MA use, total duration of MA use and days of abstinence.
Psychiatric comorbidities were recorded according to ICD-10
criteria. A positive family history for the presence of mental
disorders in 1st and 2nd degree relatives was systematically
inquired according to (53).

Sustained Attention
The sustained attention subtest (SA) of the reliable and valid
computer-administered test of Attentional Performance 2.3.1
(54) was used, which takes approximately 15 min. Participants
were rapidly presented with individual symbols varying in shape,
size, and filling (e.g. a small triangle and a large circle) and asked
to press a key if a symbol matched the shape of the symbol
presented immediately before. Omissions were recorded as
dependent measures, with higher scores reflecting poorer
sustained attention (34). Further variables recorded included
the number of incorrect answers (errors) and response times.
Frontiers in Psychiatry | www.frontiersin.org 4
Impulsive Choice
We used a delay discounting task (DD) in which participants
repeatedly needed to choose a smaller immediate amount of
money or a greater delayed one (e.g. 2€ now or 8€ in 1 week).
Offers were randomly displayed on the left or right side of the
screen. There was no time limit for making decisions. To ensure
realistic choices and increase task relevance, subjects were
informed that at the end of the experiment, one trial would
be selected randomly and paid according to the given choice.
Monetary rewards ranged from 0.30 to 10€. The subjective
evaluation of the offers has been described by a hyperbolic
function [e.g. (55)]: V = A/(1 + kd) , where V represents the
subjective value of the amount A after a delay d (3, 7, 14, 31, 61,
180, or 365 days) and k is a free parameter representing the
discount rate. Larger k values represent preference for
immediate amounts, which has been interpreted as impulsive
choice behavior. To provide behavioral estimates, an adaptive
procedure for binary choice presentation was used. For a
detailed description of the mathematical framework see (56)
and for an application of the task in a clinical cohort of patients
with alcohol use disorder see (32). Briefly, a trial-by-trial
adaptive approach was chosen to present participants with
choice options near their individual indifference point at each
trial, thus allowing for fast assessment of individual parameters
of behavior. The likelihood of choosing between the two offers
followed a softmax probability function: P (a1| k, b) = 1/(1 +
exp [b (V2 - V1)]), where V1 and V2 are the subjective values of
the offers and b > 0 serves as a consistency parameter. The
algorithm started from liberal prior distributions on the
parameters and, after observing a choice at each trial, updates
the belief about the parameters using the Bayes’ rule: P (k, b|
choice) ∝ P (k, b|choice) P (k, b). The procedure continued for
50 trials and the estimates at the final trial were considered the
best-fitting parameters for a participant. The distribution of
parameter estimates over task progression was plotted and
found to converge well, yielding stable final estimates of choice
behavior (Supplementary Figure 1). Recorded variables included:
log[k] as an estimate of discounting behavior, log[b] as a measure
of consistency of choice behavior and for each trial the time to
make a decision.
Data Analysis
Data were initially analyzed with SPSS version 25. Histograms,
box plots, and Shapiro tests were employed to judge
parameter distribution. Differences between groups in socio-
demographic and cognitive variables were evaluated using
appropriate parametric or nonparametric tests comparing two
independent groups as specified in Tables 1 and 2. Logistic
regression analyses with forward stepwise selection was used
for outcome prediction in MA patients as previously described
(52). Individual median response times over all trials were used
for group-wise analysis. Longitudinal analyses of pre- and
posttreatment cognitive assessments were conducted using R
3.2.3 (R Development Core Team, 2015). We used mixed-
effects models (lmer, R-package: lme4); for DD: prediction of
log[k] out of time, group and their interaction; for SA:
July 2020 | Volume 11 | Article 581
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prediction of omissions out of time, group and their
interactions. Following, we assessed the effect of comorbidity
on the results found using mixed-effects models including the
factors time and the presence/absence of an additional
psychiatric disorder. We report estimates, standard
deviations, t‐values and p-values derived using Satterthwaite
approximations. An alpha level of 0.05 was set for the
determination of statistical significance.
Frontiers in Psychiatry | www.frontiersin.org 5
RESULTS

Sample Description
Socio-demographic and clinical characteristics of patients and
controls are summarized in Table 1. Statistical analyses showed
no significant difference in age, sex and education. However,
unemployment was significantly more frequent in MA patients
as expected. Fifty-three percent (n = 16) of participants with MA
TABLE 2 | Summary statistics of experimental parameters.

T1

MA (n = 30) HC (n = 24) Test valuea p d

Sustained Attention
errors 8.93 ± 19.10 10.79 ± 37.02 -0.238 .812 −0.07
omissions 10.63 ± 8.48 4.00 ± 3.65 3.569 .001 0.98
response time (ms) 558 ± 130 515 ± 118 1.252 .216 0.34

Delay Discounting
log[k] −2.2 ± 2.3 −3.9 ± 2.1 2.565 .013 0.70
log[b] −1.6 ± 1.8 −1.9 ± 1.5 0.808 .423 0.22
deliberation time (s) 2.2 ± 0.8 2.0 ± 0.6 0.935 .354 0.26

T2

MA (n = 19) HC (n = 17) Test valuea p

Sustained Attention
errors 4.77 ± 5.31 5.61 ± 14.32 −0.231 .818 −0.08
omissions 5.44 ± 7.16 4.11 ± 4.93 −0.650 .520 0.22
response time (ms) 504 ± 107 535 ± 124 −0.796 .434 −0.26

Delay Discounting
log[k] −2.3 ± 2.4 −4.1 ± 1.7 2.451 .021 0.86
log[b] −1.8 ± 1.1 −1.7 ± 1.0 −0.451 .655 −0.15
deliberation time (s) 1.8 ± 0.6 1.9 ± 0.5 −1.011 .322 −0.34
July 2020 | Volume 11 | Artic
MA, methamphetamine patients; HC, healthy controls; d, Cohen’s d; log[k], discounting parameter; log[b], consistency parameter.
at (paired t-test).
In bold: significant at p < 0.05.
TABLE 1 | Socio-demographic and clinical data at T1 and T2.

Characteristic Group Comparison

MA (n = 30) HC (n = 24) Test value p

Socio-demographic data
Age (years) 29.0 ± 6.8 28.8 ± 5.6 0.121a .904
Sex (females) 36.7 (11) 33.3 (8) 0.065b .799
Partnership 43.3 (13) 62.5 (15) 1.962b .161
Migration 2.5 (1) 7.5 (3) 1.634b .201
Children 63.3 (19) 50.0 (12) −1.335c .182
Education* 76.7 (23) 70.8 (17) 0.236b .627
Unemployment 70.0 (21) 20.8 (5) 13.900b .001

Clinical data
Age of first MA use (years) 19.2 ± 5.2 N/A N/A N/A
MA abuse duration (years) 7.0 ± 4.3 N/A N/A N/A
Abstinence (days) 19.5 ± 50.3 N/A N/A N/A
Psychiatric comorbidities 53.3 (16) N/A N/A N/A
Medication 16.7 (5) N/A N/A N/A
FH+ 43.3 (13) N/A N/A N/A
le
Descriptive statistics (mean ± SD or % (N)) and results of group differences. MA, methamphetamine patients; HC, healthy controls; FH+, positive family history for psychiatric disorders
according to first-degree relatives.
*secondary school or lower.
at (paired t-test).
bPearson chi-square (exact chi-square test).
cZ (Wilcoxon matched pairs rank sum test).
In bold: significant at p < 0.05.
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dependence did present psychiatric comorbidities at the time of
treatment: five suffered from unipolar depression, two from
attention deficit hyperactivity disorder (ADHD), three had
drug-induced psychosis before the start of the study, and one
patient had posttraumatic stress disorder and dissocial
personality disorder. One patient had ADHD combined with a
borderline personality disorder. One patient was diagnosed with
three comorbidities: ADHD, a unipolar moderate depressive
episode and a borderline personality disorder. Of these 16
comorbid patients, five additionally showed a harmful use of
cannabinoids and four an alcohol dependence. Five (16.7%)
patients were prescribed regular psychotropic medication
during the study period: one patient received doxepin, one
patient sertraline, one patient olanzapine, one patient a
combination treatment of duloxetine and quetiapine, and one
patient methylphenidate. Clinically, none of these patients were
significantly affected by the medication.

Outcome at Follow-Up
T2 data were obtained from 70% (n = 17) of HC and 63.3% (n =
19) of MA patients initially included. Treatment outcome and
participant characteristics of the extended MA patients sample
(successful vs. unsuccessful) are reported elsewhere (52).
Measures in our subsample (one patient diagnosed with
schizophrenia excluded) were comparable. In summary, the
treatment was classified as successful in 14 of 30 patients
(46.6%). Four of these patients were transferred to a specific
long-term treatment and 10 patients into a specific postacute
outpatient treatment setting at our department. By contrast, the
treatment was considered not successful in 16 cases, i.e., patients
had more than one relapse with MA during the study
or prematurely terminated the program (Figure 1B).
Frontiers in Psychiatry | www.frontiersin.org 6
Correlational analysis showed trend-level significance for
longer regular MA use in men across groups (r = 0.359, p =.051).
Moreover, patients with an unsuccessful outcome were
predominantly male (81.3%). The abstinence period before
baseline (T1) tended to be longer in patients with a favorable
outcome (U = 71.500, z = −1.693, p =.093), without being
significantly correlated with sex (r = −0.100, p =.597) or the
duration of regular MA use (r = −0.134, p =.479) across groups.
Among the demographic and clinical variables, the only predictor
significantly increasing the odds of a successful outcome was a
shorter period of regular MA use (OR = 1.342, CI 95% for OR =
1.028–1.753, b = 0.294, SE = 0.136, p =.031).

Sustained Attention
Recorded variables and test statistics can be found in Table 2.
There were no differences between groups in the number of
incorrect answers (errors) and response times. Analysis of
omissions over groups and time points showed a significant
effect of time (Estimate = −4.66, SD = 1.45, t = −3.22, p =.003),
group (Estimate = −11.3, SD = 3.31, t = −3.42, p =.001) and a
significant interaction effect (Estimate = 4.66, SD = 2.09, t = 2.23,
p =.032). At baseline, MA patients had significantly more
omissions, indicative of poorer SA. Over time, the patient
group showed a steep decline of omissions, while the control
group remained on the same level (Figure 2). Analysis of MA
patients controlling for comorbidity similarly showed a
significant effect of time (Estimate = −4.35, SD = 1.71, t =
−2.536, p =.002) but no effect of comorbidity (Estimate = 2.49,
SD = 2.79, t = 0.892, p =.379) (Supplementary Fig. 2). Baseline
performance in SA did not significantly differ between patients
who finished the program and patients who prematurely stopped
treatment (Supplementary Fig. 3).
FIGURE 2 | Box plots of omissions in the sustained attention task. The horizontal line represents the median; the boxes extend to the 1st and 3rd quartile, while
whiskers extend to the max/min or the corresponding quartile + 1.5 IQR. Additionally, each data point is visualized. MA_T1, MA patients at baseline; HC_T1, control
group at baseline; MA_T2, MA patients at follow-up; HC_T2, control group at follow-up; *, significant main effect of group.
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Impulsive Choice
Estimates of choice behavior and deliberation times as well as
test statistics can be found in Table 2. Analysis showed a group
effect for DD (Estimate = −2.02, SD = 0.99, t = −2.04, p = 0.04)
with MA patients having significantly higher estimates,
indicating that they chose the immediate option more often
and thus were more impulsive (Figure 3). For discounting
estimates, there was neither a significant change in time from
T1 to T2 (Estimate = 0.11, SD = 0.41, t = 0.26, p = 0.791) nor a
significant interaction effect (Estimate = 0.42, SD = 0.59, t =
0.71, p = 0.487). Analysis of MA patients controlling for
comorbidity similarly showed no significant effect of time
(Estimate = 0.02, SD = 0.49, t = 0.04, p = 0.973) and
comorbidity (Estimate = 0.59, SD = 1.44, t = 0.415, p =.681).
No significant differences between groups were observed for
consistency of choices and deliberation times.
DISCUSSION

The main aim of the present study was to determine whether
cognitive impairments in attention and impulsive choice
behavior in recently detoxified MA patients recover during a
3-month program, which included psychotherapy and regular
drug screening. Our results showed that baseline performances
in sustained attention, which were inferior compared with those
of controls, improved so much during this period that they were
no longer impaired at the follow-up session. In contrast, more
impulsive delay discounting in MA patients compared to
controls did not change over time.

Baseline differences between groups in both cognitive domains
tested in this study are in line with a range of prior studies (13, 22,
Frontiers in Psychiatry | www.frontiersin.org 7
24, 26, 28, 33, 43, 57–59). Thus, attentional deficits and choice
behavior favoring immediate rewards are consistently associated
withMA use. On the other hand, decision speed of MA patients has
been found unaltered previously (25, 60) as well as in our sample in
which performance demonstrated no group effect. Observed
heightened impulsive behaviors may predict drug use or can be a
consequence of repeated drug exposure and withdrawal (61).
However, impulsivity is a multifaceted construct and impulsive
choice behavior might undergo a developmental change that
parallels drug consumption as directly observed in rodent studies
[e.g. (62)] and suggested from human work in addiction [c.f. (32)].
On the neurobiological level, neurotoxic effects of MA and adaptive
changes in the structure of brain regions involved in motivation,
reward and the top-down control of behavior may be causal (21, 23,
27, 63–65). This is complemented by functional magnetic resonance
imaging findings of lower activation in the frontal cortices in MA
users during attention (66) and decision-making tasks (24, 25, 35,
67), reflective of reduced resources to process information and
subsequent performance deficits. In addition, as MA users often
lack appetite and therefore stop regular eating, nutritional effects on
brain metabolism may also contribute to the observed cognitive
dysfunctions (68). Our data thus further support the notion that
chronic MA abuse is linked to cognitive dysfunction and may cause
cognitive decline (69, 70).

Our main finding suggests an improvement of sustained
attention performance when compared to levels of control
subjects, while performance in controls did not improve over
time. Observed effects may be specific to the treatment or
represent a subgroup of patients completing treatment. The
design of the present study did not include a control group for
the intervention. Nevertheless, post hoc analysis showed that
baseline performance in sustained attention was not divergent
FIGURE 3 | Box plots of the decision-making parameter from the delay discounting task in log scale. The horizontal line represents the median; the boxes extend to
the 1st and 3rd quartile, while whiskers extend to the max/min or the corresponding quartile + 1.5 IQR. Additionally, each data point is visualized. MA_T1, MA
patients at baseline; HC_T1, control group at baseline; MA_T2, MA patients at follow-up; HC_T2, control group at follow-up; *, significant main effect of group.
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between patients who finished the program and those who
prematurely stopped treatment, which allows supportive
evidence for a treatment effect. This speculation however
warrants further assessments. Existing cross-sectional studies
already illustrate comparable neuropsychological test
performance in MA users and non-MA–using controls
following periods of abstinence, i.e. ≥ 8 months (16, 43, 71),
reflecting that there may indeed be recovery of cognitive
functioning following protracted abstinence (38). Other studies
evaluating subjects with shorter periods of abstinence (5 days to 3
months) report observable deficits in a number of cognitive
domains such as attention, episodic memory and executive
functions (39, 41). Yet, these findings likely align with baseline
deficits observed in our study with mean days of abstinence at
baseline assessment in the range of these reports. Longitudinal
studies that have examined the effects of abstinence on cognitive
functioning in MA users when tested in early abstinence and
again in later abstinence, similarly yield some evidence for
functional recovery. In short observation periods (≤ 3 weeks),
MA-dependent individuals have been found to improve their
performance on neuropsychological tests including attention
(42) and executive functioning (40). Longer periods of
abstinence may also improve motor and verbal memory (36,
72). However, these studies did not include a control group for
re-test effects, thus limiting conclusions on the causal role of
abstinence in performance changes. The inclusion of such a
control group clearly represents an important advance of the
present study, strengthening our findings of attentional
improvements. In support, normalization of global cognitive
function in MA-dependent participants after an average of 1
year abstinence from MA has been reported in one study, which
also included a control group for longitudinal effects (73).

Finally, relevant to improvements in function, there is evidence
for some of the MA-associated changes on the neurobiological
level to recover following periods of abstinence. This has been
illustrated in human studies for MA-associated brain metabolism
and monoamine system abnormalities (36, 40, 72, 74, 75) and
structural alterations, e.g. prefrontal grey-matter deficit (71).
Similar results have been obtained in primate (76) and rodent
studies (77). Nonetheless, discordant findings in the literature
examining cognitive functions and neurobiological alterations in
MA users following abstinence exist [see (23)] and have been
discussed to reflect differences, e.g. in study design but also
important clinical characteristics such as length of abstinence.
Meta-analyses, however, do not imply such an association between
length of abstinence and functional impairments in MA users
(58, 60).

An alternative explanation is provided if not global cognitive
function but single performance domains recover over different
time scales following periods of abstinence while others may
even persist. This idea was put forward together with the notion
that neurobiochemical alterations in the monoamine system are
likely most pronounced and persistent in e.g. dopamine rich
regions (72). In light of the present study this implies that
performance in sustained attention, which is highly related to
activity measures in the prefrontal cortices (78) and moderately
Frontiers in Psychiatry | www.frontiersin.org 8
innervated by dopaminergic fibers, follows an early path of
recovery, while impulsive choice and decision-making are
additionally dependent on high striatal activity (79), the main
target of dopamine fibers. This is also in line with the idea of
delay discounting representing “more” trait-like features, while
sustained attention is highly state-dependent. For discounting to
change, conditions must change, and the individual must adapt
to the new state, which may take time but may also be drug-
dependent (80).

Clinical Relevance
Attentional ability is a critical aspect in processing environmental
stimuli during decision-making and highly relevant for long-term
treatment success. Pharmacological treatment studies using
modafinil or ibudilast have shown some positive effects on the
attentional capacity in recently detoxified MA patients (20, 81).
Our data provide the first evidence that sustained attention can
substantially improve during a 3-month MA-specific relapse
prevention program based on cognitive behavioral therapy and
motivational interviewing. This is in line with available clinical
and preclinical evidence suggesting that cognitive stimulation may
provide a valuable adjuvant intervention for drug addiction (82).
Interestingly, a recent review shows that individual rates of delay
discounting can decrease through behavioral training, endorsing
context-dependent and changeable attributes in impulsive choice
behavior. The most promising avenues in this regard seem to be
acceptance-/mindfulness-based trainings and manipulations
involving future orientation (83). Thus, we cannot exclude that
impulsive choice, which did not normalize after 3 months in our
study, would have improved after a longer recovery time or after
implementing the aforementioned treatment modules. Although
studies are required to identify explicit modules and their
mechanisms, interventions that improve such cognitive domains
or target activity in relevant networks are promising for the long-
term reduction of MA intake and prevention of relapse.
Limitations
It should be emphasized that this work can only be considered as
a pilot study. Firstly, our findings are limited by the relatively
small sample size providing low power for within-subject
analyses. The small sample size additionally limited analysis to
evaluate effects of medication and comorbid diagnoses. The
presence of a dual diagnosis in MA users can worsen craving
(84) and may thus affect behavior and relapse. While the
evaluation of specific comorbid diagnoses was impossible, we
could confirm our main results when including the presence/
absence of psychiatric comorbidity in our model. Moreover, the
number of cases with medication was too small for systematic
investigations on medication effects, which represents a
shortcoming as medications have been found to modulate
attention performance in patients and animal models (85, 86).
Secondly, no control group for intervention was included and we
thus encourage similar research to address specific intervention
effects. Finally, multiple measures are required to inform more
rigorously about the nature and degree of deficits in different
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domains of attention and their developmental course under
therapy. These include focused, selective, alternating and
divided attention in which problems—if they significantly
persist into abstinence and recovery—could result in treatment
failure and return to regular MA use (87). On the other hand, our
study has several strengths, exemplified by the longitudinal HC
group and a naturalistic sample of MA patients with comorbid
psychiatric disorders and drug abuse histories.
CONCLUSION

The current study in MA patients shows that sustained attention
significantly improved under treatment conditions. Our work thus
lends support to the recommended psychotherapeutic interventions.
Further measures of sustained attentionmay even present a valuable
tool of parallel clinical monitoring informing treatment progress.
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Suárez J, Rodrıǵuez de Fonseca F, et al. Neuroplastic and cognitive
impairment in substance use disorders: a therapeutic potential of cognitive
stimulation. Neurosci Biobehav Rev (2018) 106:23–48. doi: 10.1016/
j.neubiorev.2018.11.015

83. Scholten H, Scheres A, de Water E, Graf U, Granic I, Luijten M. Behavioral
trainings and manipulations to reduce delay discounting: A systematic review.
Psychon Bull Rev (2019) 26:1803–49. doi: 10.3758/s13423-019-01629-2

84. Nakama H, Chang L, Cloak C, Jiang C, Alicata D, Haning W. Association
between Psychiatric Symptoms and Craving in Methamphetamine Users. Am
J Addict (2008) 17:441–6. doi: 10.1080/10550490802268462

85. Kaskey GB, Salzman LF, Ciccone JR, Klorman R. Effects of lithium on evoked
potentials and performance during sustained attention. Psychiatry Res (1980)
3:281–9. doi: 10.1016/0165-1781(80)90058-x

86. Marshall CA, Brodnik ZD,MortensenOV, ReithMEA, Shumsky JS,Waterhouse
BD, et al. Selective activation of Dopamine D3 receptors and norepinephrine
transporter blockade enhances sustained attention. Neuropharmacology (2019)
148:178–88. doi: 10.1016/j.neuropharm.2019.01.003

87. Mehrjerdi ZA, Kiakojouri A, Dolan K. Attention problems and cognitive-
behavioural therapy for methamphetamine users: Implications for treatment.
J Addict Med Ther (2013) 2(1):1006.

88. Heinz A, Kiefer F, Smolka MN, Endrass T, Beste C, Beck A, et al. Addiction
Research Consortium: Losing and regaining control over drug intake
(ReCoDe)-From trajectories to mechanisms and interventions. Addict Biol
(2020) 25:e12866. doi: 10.1111/adb.12866

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

The handling editor declared a shared affiliation, though no other collaboration,
with the authors at the time of review.

Copyright © 2020 Bernhardt, Petzold, Groß, Scheck, Pooseh, Mayer-Pelinski,
Zimmermann, Smolka and Pilhatsch. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.
July 2020 | Volume 11 | Article 581

https://doi.org/10.3758/s13428-017-0866-x
https://doi.org/10.3758/s13428-017-0866-x
https://doi.org/10.1007/s00213-006-0494-0
https://doi.org/10.1007/s11065-007-9031-0
https://doi.org/10.1016/j.drugalcdep.2020.107891
https://doi.org/10.1016/j.drugalcdep.2020.107891
https://doi.org/10.1037/neu0000552
https://doi.org/10.1111/nyas.12388
https://doi.org/10.1007/PL00005488
https://doi.org/10.1523/JNEUROSCI.17-21-08491.1997
https://doi.org/10.1523/JNEUROSCI.17-21-08491.1997
https://doi.org/10.1016/j.neuropharm.2004.06.025
https://doi.org/10.1016/j.neuropharm.2004.06.025
https://doi.org/10.1523/JNEUROSCI.3765-09.2009
https://doi.org/10.1016/j.pscychresns.2011.04.010
https://doi.org/10.1016/j.pscychresns.2011.04.010
https://doi.org/10.1016/j.drugalcdep.2014.06.003
https://doi.org/10.1055/s-0043-123471
https://doi.org/10.1111/j.1360-0443.2011.03433.x
https://doi.org/10.1038/npp.2012.179
https://doi.org/10.1017/S1461145705005699
https://doi.org/10.1176/appi.ajp.161.2.242
https://doi.org/10.1176/appi.ajp.161.2.242
https://doi.org/10.1080/13803390903512637
https://doi.org/10.1001/archpsyc.62.4.444
https://doi.org/10.1523/JNEUROSCI.3008-08.2008
https://doi.org/10.1016/s0006-8993(00)02439-2
https://doi.org/10.1007/s00213-005-2188-4
https://doi.org/10.1007/s00213-005-2188-4
https://doi.org/10.1038/nn.4179
https://doi.org/10.1001/jamapsychiatry.2014.399
https://doi.org/10.1037/a0027391
https://doi.org/10.15288/jsad.2011.72.943
https://doi.org/10.1016/j.neubiorev.2018.11.015
https://doi.org/10.1016/j.neubiorev.2018.11.015
https://doi.org/10.3758/s13423-019-01629-2
https://doi.org/10.1080/10550490802268462
https://doi.org/10.1016/0165-1781(80)90058-x
https://doi.org/10.1016/j.neuropharm.2019.01.003
https://doi.org/10.1111/adb.12866
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

	Neurocognitive Dysfunctions and Their Therapeutic Modulation in Patients With Methamphetamine Dependence: A Pilot Study
	Introduction
	Methods
	Participants
	Study Design
	Treatment
	Tasks and Measures
	Clinical Data
	Sustained Attention
	Impulsive Choice

	Data Analysis

	Results
	Sample Description
	Outcome at Follow-Up
	Sustained Attention
	Impulsive Choice

	Discussion
	Clinical Relevance
	Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


