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Abstract
Background: Chronic abuse of methamphetamine and morphine may result in cognitive impairment with negative consequences
for patients’ treatment and rehabilitation.
Objectives: We applied Conner’s CPT II (continuous performance test) to determine the effect of methamphetamine and morphine
use on patient performance in terms of type of substance use.
Methods: The research was performed at the Tehran University of Medical Sciences, Iran, during the autumn and winter of
2014. Twenty-two male patients previously dependent on morphine, twenty-one former methamphetamine abusers, and nineteen
healthy controls were assessed by Conner’s CPT II. The patients groups were pure consumers of their drug of choice in the last six
months before treatment, and were in their abstinence period without intoxication or withdrawal symptoms. Initially, the potential depression and anxiety levels of volunteers were evaluated with the Hamilton questionnaire, and then a computerized CPT test
was performed.
Results: Omission errors (P = 0.008) and variability (P = 0.02) in the methamphetamine group and variability in ex-morphine users
were significantly higher in comparison with healthy controls (P = 0.004).
Conclusions: Significant differences in CPT performance were observed between the methamphetamine group and the healthy
control group.
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1. Background
Although Iran has an advanced healthcare system and
complete supervision on prevention and treatment of substance use (1) methamphetamine consumption, which
leads to high risk and hazardous behaviors, has become
a major health concern (2, 3). According to psychological and neurological perspectives, addiction leads to cognitive changes in the field of attention deficits (4), mental
processing speed (5), cognitive flexibility (6), and executive
function (7). Defects in behavioral inhibition control, in
some instances, have been created, maintained, and continued even after an individual refrains from substance use
(8). In one study, CPT was used to evaluate changes in sustained attention in stimulant abusers. The results showed
an increase in omission errors and variability (9). A simi-

lar study conducted on morphine users showed decreased
discrimination ability between target and non-target stimuli (10). Preliminary findings from the Cambridge Neuropsychological Test Automated Battery revealed the inability of morphine and methamphetamine users’ attention while performing the task (11). It is established that different substances, despite their diverse initial actions, produce some common effects on the ventral tegmental area
and nucleus accumbens (12, 13), but show distinct structural changes of the brain owing to their intensity and
quality (14). In contrast, one study showed no difference in
executive function between the abuse and abstinence periods in either opioid or stimulant abusers (9), while other
results showed longer visual attention during early attention between former morphine and methamphetamine
abusers (15).
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2. Objectives

3.4. Study Procedure

In light of elevated methamphetamine consumption
in Iran, we conducted this study to evaluate impulsivity
and attention in consideration of the abused substance
(morphine or methamphetamine).

3.4.1. Conners’ Continuous Performance Test II

3. Materials and Methods
3.1. Study Design and Setting
The current descriptive study was conducted on patients referred to the addiction cessation centers in Tehran,
Iran, and matched drug naive control volunteers. The data
collection lasted from May to December in 2014.
3.2. Participants
A total of 72 male volunteers aged 18 years or above participated in our study. They signed a written informed consent form. Ultimately, 62 volunteers remained in our study,
in which 22 participants were former morphine abusers
(age 36 ± 9.9 years), 21 were former methamphetamine
abusers (31 ± 6.8 years), and 19 were healthy participants
(30.6 ± 3.7 years). The healthy control group had matched
demographic criteria and was selected from a general population.
3.2.1. Inclusion Criteria
l Participants used either of the drugs (morphine or
methamphetamine without using another drug) in the
last six months
l Absence of signs or symptoms of withdrawal or intoxication, screened by expert psychologist
l Negative result on a urinary test for substance use
3.2.2. Exclusion Criteria
l Polydrug abuse
l Cigarette smokers
3.2.3. Exceptions
Eight former morphine abusers were under treatment
with methadone, and one participant from the healthy
control group had used fluoxetine for his depression symptoms. On moral grounds, the participants continued taking their medication during the study.
3.3. Questionnaire
3.3.1. Anxiety and Depression Questionnaire of Hamilton
None of the participants had significant symptoms or
signs of depression or anxiety. To rule out any effect of depression and anxiety on impulsivity or attention (16), we
used the Hamilton questionnaire (17). All participants were
evaluated with Hamilton questionnaires adapted for the
Iranian population (18).
2

Conners’ CPT II is a computerized test, lasting approximately 14 minutes. Stimuli appear in letter form. The display time for each letter on the monitor is held constant
for 250 milliseconds (19). The room was dim, and had no
environmental disturbances. We evaluated seven variables
of the CPT II, which consisted of signs of inattention, impulsivity, or disturbed vigilance in participants, and scored
them accordingly.
1. Hit reaction time: The mean average speed of all correct responses in test performance (20).
2. Omission error: High scores of this error are an indicator of insufficient attention or sluggish response towards a stimulus (21).
3. Commission error: Fast reaction times with high
scores of commission errors suggest impulsivity. In contrast, high errors in omission and commission accompanied by slow reaction time suggest inattention as a general
principle (22).
4. Response style (β ): This shows an individual’s tendency for answering the test. Sometimes participants prefer to answer correctly despite the longer time resulting in
higher β scores (23).
5. Perseveration: Any reaction time of less than 100 milliseconds represents a perseverative response (19).
6. Detectability: This value represents the mean of every individual’s discrimination power. Higher scores suggest greater discrimination ability (23).
7. Variability: A measure of the response speed consistency (24).
3.5. Statistical Analysis
The data was statistically analyzed using SPSS version
20.0. We performed a data analysis using the KruskalWallis analysis and Mann-Whitney U test.

4. Results
Evaluated variables comprised CPT II variables; depression and anxiety scores of Hamilton tests; and demographic data. In the groups with a history of substance
abuse, characteristics such as quantity of drug consumption, duration of abuse, and number of days of abstinence
were evaluated. The frequency of marital status varied between groups. With respect to occupation and income, the
highest frequency of employment was observed in the control group (73.3%) and higher frequency of unemployment
was found in former methamphetamine abusers (28.6%).
Demographic and clinical data are presented in Table 1.
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Table 1. Demographic and Clinical Data’s of Three Groups; (Ex-Morphine Abusers, Former Methamphetamine Abusers and Healthy Control)
Parameters

Morphine, (n = 22)a

Methamphetamine, (n = 21)a

Healthy Control, (n = 19)a

df

X2

P Value

Age (y)

36 ± 9.9

31 ± 6.8

30.6 ± 3.7

2

3.35

0.18

Education (y)

10.7 ± 1.9

11.9 ± 2.2

14.9 ± 1.8

2

28.86

0.001b

Duration of abstinence (days)

20.1 ± 8.4

20.8 ± 9.6

-

1

0.0

1

Duration of abuse (month)

96.2 ± 71.8

48.3 ± 35.1

-

1

4.94

0.026b

Amount of abuse (gr)

1.9 ± 1.6

0.9 ± 0.7

-

1

4.90

0.027b

HAM-Dc

4.3 ± 6.1

4.7 ± 5.2

1.2 ± 1.5

2

6.01

0.04b

d

2.6 ± 4.3

1.5 ± 1.8

1.3 ± 2.2

2

3.12

0.2

HAM-A
a

Values are expressed as mean ± SD.
P values are significant.
Hamilton questionnaire for depression.
d
Hamilton questionnaire for anxiety.
b
c

We considered depression score and education level
as covariates and eliminated their effect by using ANCOVA
analysis. After correction, CPT measurements were compared again between groups. The only variable that had
a small effect on omission error was education level with
partial eta squared = 0.09, P value = 0.01, F(1) = 6.15. Correction of depression score and education level did not have
any significant effect on other CPT variables.
The analyses of the CPT II variables are shown in Table
2.
Paired groups comparison performed with the MannWhitney U test showed higher measures of omission error
in the former methamphetamine abusers group in comparison with the control group (U = 103, Z = 0.007, P =
0.008, r = 0.0). Variability was significantly different between the three groups, significantly higher in the former
methamphetamine abusers in comparison with control
group (U = 114, Z = -2.31, P = 0.02, r = 0.36), and higher in former morphine abusers compared with the control group
(U = 99, Z = -2.87, P = 0.004, r = 0.44).
We conducted our analysis again with exclusion of
eight morphine users with methadone consumption to
avoid cognitive differences which may affect their performance. When controlling for methadone use, the differences were not significantly different. The second set of results are presented in Table 3.
Lastly, we entered a few other variables (level of education, drug dosage, duration of abuse and Hamilton depression scores) in Spearman’s correlation analysis to assess their relationship with CPT II variables. A summary of
these results is presented in Table 4.
5. Discussion
The results of our study showed that there are differences in the CPT II performance between the two former
Iran J Psychiatry Behav Sci. 2018; 12(3):e57233.

abuser groups and the control group, with no significant
differences in executive functions between former morphine and methamphetamine abusers in their abstinence
period. This emphasizes the executive function changes
that take place after long durations of substance use. Former morphine abusers had higher measures in variability compared to the control group. The performance of
former methamphetamine abusers showed a significant
increase in the number of omission errors and variability that is similar to the results from another study in
which the participants were evaluated using Conners’ CPT
II and represented increased omission errors and variability (9). One difference was that the participants of the
other study were in the abuse phase, while our study participants were in the abstinence period. These results suggest that disturbances that are observed in the early abstinence phase of the former methamphetamine abusers
group are similar to the abuse period. In addition to
these results, sustained and divided attention in the abstinence phase of former methamphetamine abusers in the
Price study showed lower measures in comparison with
the control group (25). Cognitive disturbance found in former methamphetamine abusers in comparison with the
healthy control group was confirmed by other studies in
which impaired vigilance was detected by an auditory vigilance CPT II in participants with 4 - 7 days of abstinence (26)
and significant impulsivity in the delay discounting task
found in participants with 2 - 24 weeks of abstinence from
methamphetamine (27).
Considerable executive dysfunction and attention disturbances in addiction are documented by numerous
studies (28), but the persistence of them after overcoming
the addiction, based on type of substance used is only partially discussed. In a comprehensive study performed using the frontal systems behavior scale (FrSBe), executive
dysfunction in multi-drug addicted participants, even in
3
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Table 2. CPT Variables in Three Groups; (Ex-Morphine Abusers, Former Methamphetamine Abusers and Healthy Control)
Group

Morphine, (n = 22)a

Methamphetamine, (n = 21)a

Healthy Control, (n = 19)a

df

X2

P Value

10.4 ± 23.6

2.2 ± 2.2

0.7 ± 0.8

2

6.4

0.03b

11.3 ± 7.7

9.7 ± 5.3

10 ± 5.9

2

0.33

0.84

Omission
Commission

453.3 ± 99.2

421.6 ± 79.7

397.4 ± 65.9

2

3.36

0.18

Detectability

0.7 ± 0.4

0.8 ± 0.4

0.8 ± 0.3

2

0.33

0.84

Variability

12.4 ± 11.5

8.5 ± 4.1

5.9 ± 2.3

2

9.56

0.008b

Response style

0.8 ± 0.6

1.1 ± 1.7

0.8 ± 1.1

2

2

0.36

Perseveration

1.3 ± 3.8

0.6 ± 1.3

0.5 ± 0.2

2

5.44

0.06

Hit reaction time

a
b

Values are expressed as mean ± SD.
P values are significant.

Table 3. CPT Variables in Three Groups; (Ex-Morphine Abusers without Methadone Treatment, Former Methamphetamine Abusers and Healthy Control)
Morphine, (n = 14)a

Methamphetamine, (n = 21)a

Healthy Control, (n = 19)a

df

X2

P Value

Omission

12.2 ± 16.9

2.2 ± 2.2

0.7 ± 0.8

2

7.2

0.023b

Commission

10.5 ± 7.2

9.7 ± 5.3

10 ± 5.9

2

0.31

0.77

Hit reaction time

466 ± 83.1

421.6 ± 79.7

397.4 ± 65.9

2

4.51

0.15

Detectability

0.7 ± 0.2

0.8 ± 0.4

0.8 ± 0.3

2

0.33

0.79

Variability

15.2 ± 8.3

8.5 ± 4.1

5.9 ± 2.3

2

8.68

0.0001b

Response style

0.8 ± 0.7

1.1 ± 1.7

0.8 ± 1.1

2

2

0.4

Perseveration

1.2 ± 2.9

0.6 ± 1.3

0.5 ± 0.2

2

5.4

0.06

Group

a
b

Values are expressed as mean ± SD.
P values are significant.

Table 4. Spearman’s rho Correlation Between CPT Variables and Hamilton Depression Score, Education Years, Amount and Duration of Drug Abuse
CPT Variables

Hamilton Depression Score

Amount of Drug Abuse

Duration of Drug Abuse

a

0.06

-0.01

-0.45

0.10

0.11

0.005

-0.32

0.30

0.095

-0.06

0.094

-0.16

Perseveration

a

0.30

-0.20

0.099

-0.03

Response style

0.22

-0.30a

0.11

0.14

Omission errors

0.19

-0.39

Commission errors

-0.15

0.04

0.26

a

a

Variability of standard error

0.26

a

Detectability

0.06

Hit RT

a

-0.32

a

Correlations are significant in P > 0.05

the abstinence period, have been reported to be greater
than that in a healthy control group (29). Researchers have
tried to select specific participants and develop more precise measures of neurocognitive and neuropsychological
investigations to avoid confounding effects of the drugs
themselves. Similarly, one study reported weak performance of opium abusers with a mean of 9.6 days of abstinence in the Ruff figural fluency test (RFFT) assessment
(30). This suggests the existence and/or persistence of executive dysfunction in the abstinence phase of morphine

4

Education (Y)

abusers similar to other substances.
Multiple studies have revealed that many cerebral regions and brain circuits are affected during the addiction
process that leads to changes in cognitive and emotional
functions of addicted people, and strongly impacts the development of drug dependence (31). Structural abnormalities identified in the brain of psychostimulant users are
more specific and affect the prefrontal and medial temporal lobe areas (32-34). In contrast, non-specific ventricular
and cortical volume loss has been reported in opiate users
Iran J Psychiatry Behav Sci. 2018; 12(3):e57233.
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(35, 36). Increased central monoamine neurotransmission
is an outcome of acute pharmacological effects of methamphetamines (37). In contrast, opiates act mainly through
µ-opioid receptors (38).
The different chronic effects of prolonged use of amphetamines and opiates probably explain the differences
in intensity and quality of neuropathological disturbances
(14) and different measures of CPT II variables that have
been achieved in our results from these two groups of patients. The purity of drugs purchased from the streets differ; enormous differences in the concentrations of main
components are typically observed. In a report by the
UNODC (39), the most popular material used in the Middle East as methamphetamine is called “Captagon”, whose
psychoactive ingredients are not fully clear. This variability presents difficulties in assessing the true effects of
methamphetamine use in Iranian users. Besides, acute
withdrawal signs for both opioids and amphetamines may
last for several weeks following abstinence. We propose
a long term abstinence CPT performance evaluation for
elimination some biases which would affect short term abstinence results.
5.1. Conclusion
Our study showed a significant discrepancy in CPT
performance by substance abusers in comparison with
healthy controls, even in their abstinence period. This discrepancy would have undesirable influence on their treatment maintenance. Thus, we suggest a long period of abstinence follow up for a more precise comparison of executive and cognitive changes which may follow substance
use.
Acknowledgments
This research proposal was approved by the ethics committee of Tehran University of Medical Sciences (17/2/1392,
number 1141). The authors thank our cognition lab assistant, Miss Nahid Nourian, for her sincere cooperation and
patience with all study participants.
Footnotes
Authors’ Contribution:
Mehdi Tehrani-doost and
Maryam Soleimannejad conceived and designed the
study, Maryam Soleimannejad and Anahita Khorrami
performed the evaluation of data and drafting of the
manuscript, Mehdi Tehrani-doost, Maryam Soleimannejad
and Sadegh Yoosefee revised the manuscript for important
intellectual content, Maryam Soleimannejad and Anahita
Khorrami reanalyzed the clinical and statistical data.
Iran J Psychiatry Behav Sci. 2018; 12(3):e57233.

Conflict of Interests: Authors mention that there is no
conflict of interest in this study.
Funding/Support: No financial support.

References
1. Alam-Mehrjerdi Z, Abdollahi M, Higgs P, Dolan K. Drug use treatment
and harm reduction programs in Iran: A unique model of health in
the most populated Persian Gulf country. Asian J Psychiatr. 2015;16:78–
83. doi: 10.1016/j.ajp.2015.06.002. [PubMed: 26168763].
2. Mehrjerdi ZA, Abarashi Z, Noroozi A, Arshad L, Zarghami M. Correlates
of shared methamphetamine injection among methamphetamineinjecting treatment seekers: the first report from Iran. Int J STD
AIDS. 2014;25(6):420–7. doi: 10.1177/0956462413512806. [PubMed:
24287028].
3. Alam-mehrjerdi Z, Mokri A, Dolan K. Methamphetamine use and
treatment in Iran: A systematic review from the most populated Persian Gulf country. Asian J Psychiatr. 2015;16:17–25. doi:
10.1016/j.ajp.2015.05.036. [PubMed: 26123235].
4. Fishbein DH, Krupitsky E, Flannery BA, Langevin DJ, Bobashev G, Verbitskaya E, et al. Neurocognitive characterizations of Russian heroin
addicts without a significant history of other drug use. Drug Alcohol Depend. 2007;90(1):25–38. doi: 10.1016/j.drugalcdep.2007.02.015.
[PubMed: 17382488]. [PubMed Central: PMC1991277].
5. Al-Zahrani MA, Elsayed YA. The impacts of substance abuse and dependence on neuropsychological functions in a sample of patients from
Saudi Arabia. Behav Brain Funct. 2009;5:48. doi: 10.1186/1744-9081-5-48.
[PubMed: 20003358]. [PubMed Central: PMC2799426].
6. Verdejo A, Toribio I, Orozco C, Puente KL, Perez-Garcia M. Neuropsychological functioning in methadone maintenance patients versus
abstinent heroin abusers. Drug Alcohol Depend. 2005;78(3):283–8. doi:
10.1016/j.drugalcdep.2004.11.006.
7. Rogers RD, Robbins TW, Ron MA, Robbins TW. The neuropsychology
of chronic drug abuse. In: Ron MA, Robbins TW, editors. Disorders of
brain and mind. Cambridge: Cambridge University Press; 2003. p. 447–
67. doi: 10.1017/cbo9780511550072.021.
8. Dalley JW, Theobald DE, Berry D, Milstein JA, Laane K, Everitt
BJ, et al. Cognitive sequelae of intravenous amphetamine selfadministration in rats: evidence for selective effects on attentional performance. Neuropsychopharmacology. 2005;30(3):525–37.
doi: 10.1038/sj.npp.1300590. [PubMed: 15508024].
9. Levine AJ, Hardy DJ, Miller E, Castellon SA, Longshore D, Hinkin
CH. The effect of recent stimulant use on sustained attention in
HIV-infected adults. J Clin Exp Neuropsychol. 2006;28(1):29–42. doi:
10.1080/13803390490918066. [PubMed: 16448974].
10. Forman SD, Dougherty GG, Casey BJ, Siegle GJ, Braver TS, Barch
DM, et al. Opiate addicts lack error-dependent activation of
rostral anterior cingulate. Biol Psychiatry. 2004;55(5):531–7. doi:
10.1016/j.biopsych.2003.09.011. [PubMed: 15023582].
11. Ornstein TJ, Iddon JL, Baldacchino AM, Sahakian BJ, London M, Everitt
BJ, et al. Profiles of cognitive dysfunction in chronic amphetamine
and heroin abusers. Neuropsychopharmacology. 2000;23(2):113–26. doi:
10.1016/S0893-133X(00)00097-X. [PubMed: 10882838].
12. Koob GF, Le Moal M. Drug addiction, dysregulation of reward,
and allostasis. Neuropsychopharmacology. 2001;24(2):97–129. doi:
10.1016/S0893-133X(00)00195-0. [PubMed: 11120394].
13. Howlett AC, Breivogel CS, Childers SR, Deadwyler SA, Hampson
RE, Porrino LJ. Cannabinoid physiology and pharmacology: 30
years of progress. Neuropharmacology. 2004;47 Suppl 1:345–58. doi:
10.1016/j.neuropharm.2004.07.030. [PubMed: 15464149].
14. Ersche KD, Clark L, London M, Robbins TW, Sahakian BJ. Profile
of executive and memory function associated with amphetamine

5

Tehrani-Doost M et al.

15.

16.

17.
18.
19.

20.
21.
22.

23.

24.

25.

26.

27.

6

and opiate dependence. Neuropsychopharmacology. 2006;31(5):1036–
47. doi: 10.1038/sj.npp.1300889. [PubMed: 16160707]. [PubMed Central: PMC1867318].
Soleimannejad M, Tehranidoost M, Khorrami A, Pishyareh E. Evaluation of attention bias towards emotional scenes in pure morphine and methamphetamine abusers at their early abstinence period in comparison with each other and healthy control, an eye tracking study. Basic Clin Neurosci. 2015;6(4):223–30. [PubMed: 26649160].
[PubMed Central: PMC4668869].
Kellough JL, Beevers CG, Ellis AJ, Wells TT. Time course of selective attention in clinically depressed young adults: an eye tracking study.
Behav Res Ther. 2008;46(11):1238–43. doi: 10.1016/j.brat.2008.07.004.
[PubMed: 18760771]. [PubMed Central: PMC2584153].
Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry. 1960;23:56–62. [PubMed: 14399272]. [PubMed Central: PMC495331].
Kaviani H, Mousavi AS. [Psychological tests and interview]. Tehran: Sana;
2001. Persian.
Conners CK, Staff MHS, Connelly V, Campbell S, MacLean M, Barnes J.
Conners’ continuous performance test II (CPT II v. 5). North Tonawanda,
New York: Multi-Health Syst Inc; 2000.
Sandford JA, Turner A. Manual for the integrated visual and auditory continuous performance test. Richmond, VA: Braintrain; 1995.
Gordon Systems. Technical manual for the Gordon Diagnostic System. DeWitt, NY; 1986.
Conners CK. Multi health systems. Conners’ continuous performance test
II: Technical guide for software manual. New York: Multi-Health Systems;
2004.
Cohen RA, O’Donnell BF. Attentional dysfunction associated with psychiatric illness. The neuropsychology of attention. New York: Plenum
Press; 1993. p. 275–305. doi: 10.1007/978-1-4419-7463-1_12.
Riccio CA, Reynolds CR, Lowe PA. Clinical applications of continuous performance tests: Measuring attention and impulsive responding in children
and adults. John Wiley & Sons Inc; 2001.
Price KL, DeSantis SM, Simpson AN, Tolliver BK, McRae-Clark AL, Saladin ME, et al. The impact of clinical and demographic variables
on cognitive performance in methamphetamine-dependent individuals in rural South Carolina. Am J Addict. 2011;20(5):447–55. doi:
10.1111/j.1521-0391.2011.00164.x. [PubMed: 21838844]. [PubMed Central:
PMC3603567].
London ED, Berman SM, Voytek B, Simon SL, Mandelkern MA, Monterosso J, et al. Cerebral metabolic dysfunction and impaired vigilance in recently abstinent methamphetamine abusers. Biol Psychiatry. 2005;58(10):770–8. doi: 10.1016/j.biopsych.2005.04.039. [PubMed:
16095568].
Hoffman WF, Moore M, Templin R, McFarland B, Hitzemann RJ,
Mitchell SH. Neuropsychological function and delay discounting
in methamphetamine-dependent individuals. Psychopharmacology
(Berl). 2006;188(2):162–70. doi: 10.1007/s00213-006-0494-0. [PubMed:

16915378].
28. Barr AM, Panenka WJ, MacEwan GW, Thornton AE, Lang DJ, Honer WG,
et al. The need for speed: an update on methamphetamine addiction.
J Psychiatry Neurosci. 2006;31(5):301–13. [PubMed: 16951733]. [PubMed
Central: PMC1557685].
29. Verdejo-Garcia A, Bechara A, Recknor EC, Perez-Garcia M. Executive
dysfunction in substance dependent individuals during drug use and
abstinence: an examination of the behavioral, cognitive and emotional correlates of addiction. J Int Neuropsychol Soc. 2006;12(3):405–
15. [PubMed: 16903133].
30. Rapeli P, Kivisaari R, Autti T, Kahkonen S, Puuskari V, Jokela O, et al.
Cognitive function during early abstinence from opioid dependence:
a comparison to age, gender, and verbal intelligence matched controls. BMC Psychiatry. 2006;6:9. doi: 10.1186/1471-244X-6-9. [PubMed:
16504127]. [PubMed Central: PMC1489929].
31. Volkow ND, Fowler JS, Wang GJ. The addicted human brain: insights from imaging studies. J Clin Invest. 2003;111(10):1444–51. doi:
10.1172/JCI18533. [PubMed: 12750391]. [PubMed Central: PMC155054].
32. Fein G, Di Sclafani V, Meyerhoff DJ. Prefrontal cortical volume
reduction associated with frontal cortex function deficit in 6week abstinent crack-cocaine dependent men. Drug Alcohol Depend. 2002;68(1):87–93. [PubMed: 12167554]. [PubMed Central:
PMC2857690].
33. Matochik JA, London ED, Eldreth DA, Cadet JL, Bolla KI. Frontal cortical tissue composition in abstinent cocaine abusers: a magnetic
resonance imaging study. Neuroimage. 2003;19(3):1095–102. [PubMed:
12880835].
34. Thompson PM, Hayashi KM, Simon SL, Geaga JA, Hong MS, Sui Y,
et al. Structural abnormalities in the brains of human subjects
who use methamphetamine. J Neurosci. 2004;24(26):6028–36. doi:
10.1523/JNEUROSCI.0713-04.2004. [PubMed: 15229250].
35. Danos P, Van Roos D, Kasper S, Bromel T, Broich K, Krappel C, et al.
Enlarged cerebrospinal fluid spaces in opiate-dependent male patients: a stereological CT study. Neuropsychobiology. 1998;38(2):80–3.
doi: 10.1159/000026521. [PubMed: 9732207].
36. Pezawas LM, Fischer G, Diamant K, Schneider C, Schindler SD, Thurnher M, et al. Cerebral CT findings in male opioid-dependent patients:
stereological, planimetric and linear measurements. Psychiatry Res.
1998;83(3):139–47. [PubMed: 9849723].
37. Seiden LS, Sabol KE, Ricaurte GA. Amphetamine: effects on catecholamine systems and behavior. Annu Rev Pharmacol Toxicol.
1993;33:639–77. doi: 10.1146/annurev.pa.33.040193.003231. [PubMed:
8494354].
38. De Vries TJ, Shippenberg TS. Neural systems underlying opiate addiction. J Neurosci. 2002;22(9):3321–5. [PubMed: 11978806].
39. United Nations Office on Drugs and Crime . 2011 World Drug Report.
New York: UNODC publications; 2011.

Iran J Psychiatry Behav Sci. 2018; 12(3):e57233.

