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ABSTRACT

Background: Amphetamines constitute a group of central nervous system stimulators with
an increasing frequency of usage and destructive outcomes on the metabolism, perfusion, and
structure of the brain. This study aimed at evaluating the structural brain changes following
amphetamines abuse, using Magnetic Resonance Imaging (MRI).

Methods: This cross sectional study was conducted on the individuals, who were admitted to
the toxicology Emergency Room (ER) with continuous amphetamines abuse for at least six
months and a positive methamphetamine urine test. Positive Diagnostic and Statistical Manual
of Mental Disorders (DSM-1V) criteria for dependency and addiction to methamphetamine
were also considered as the inclusion criteria. Following informed consent, the demographic
information, and data on methamphetamine use were collected. An MRI was performed for
all participants as soon as relative recovery. A matched control group also underwent MRI
simultaneously.

Results: Forty male (20 cases of methamphetamine addicts and 20 healthy individuals)
with a Mean+SD age of 28.1+5.11 years were investigated. The MeantSD age of starting
methamphetamine abuse was 25.6£10 years. About (75%), (n=15) of the patients abused
methamphetamine 6-9 months, while others had abused it for more than 10 months. All
cases used to abuse methamphetamine at least once a week, with (85%) of them inhaling
it. The results showed that the only change in the brain MRI of methamphetamine abusers
was hyperintensities increase in deep and periventricular white matter (only positive MRI in 3
cases, P=0.231). Oral consumption and higher doses had induced greater changes in the brain
structure.

Conclusion: Methamphetamine dependency may increase deep and periventricular white
matter hyperintensities.
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1. Introduction

aving similar structure and effects, amphet-

amines were first produced in 1887 with

the synthesis of amphetamine (1-methyl-

2-phenethylamine) and methamphetamine,

3-4-methylenedioxymethamphetamine
(MDMA), and other members of this family [1]. These
drugs increase the neuronal network activity by expanding
the synoptic area of biogenic, dopamine, norepinephrine, and
serotonin amines [1-3]. A report in 2010 estimated that 13.7-
52.9 million people had used amphetamines at least once a
year [4]. In 2011, it was reported that amphetamines were
the most widely used stimulant drugs after cannabis in Eu-
rope with a prevalence of (2.3%) among schoolgirls under
18 years [5, 6]. Evidence from previous studies suggests that
amphetamines users face the risk of serious brain disorders in
terms of perfusion, metabolism, and structure [7-10].

Recent studies have verified structural brain changes
because of amphetamines such as the reduction in the
volume of white matter, increased deep and periventric-
ular White Matter Hyperintensities (WMH), disturbed
fractional anisotropy measures in the right frontal lobe,
and other white matter disorders in basal ganglia [11,
12]. Further studies have suggested the evidence of re-
duced gray matter in the limbic system, cingulate lobe,
paralimbic cortex, the middle part of the frontal lobe gy-
rus, and the temporal lobe among amphetamine abusers
compared to those of normal people [13-15]. Neverthe-
less, other studies in this area suggest no changes in the
general brain structure and gray matter in amphetamine
abusers compared to those of the non-users [16].

On the other hand, metabolic disorders can lead to
the apoptosis of brain cells and a decrease in glial cells
count. In addition, perfusion-related disorders in the
brain can result in infarctions that will destroy vale-
rian and cause axonal injury in gray matter [1]. These
changes in the perfusion, metabolism, and white matter
structure can potentially lead to primary or secondary
brain disorders [17].

Given the destructive effects of amphetamines on the me-
tabolism, perfusion, and structure of the brain, and since
there has not been any MRI study in this context despite the
increasing prevalence of amphetamines abuse in Iran, the
current study was conducted to assess the structural brain
changes in the MRI of methamphetamine abusers.
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2. Materials and Methods

This was a two-group cross sectional study on patients
with a minimum six-month history of methamphetamine
abuse, who were admitted to the Emergency Department
of Clinical Toxicology of Imam Reza University Hospi-
tal, Mashhad University of Medical Sciences, Iran, over
six months.

Twenty cases, who met the inclusion criteria (at least
six months of continuous methamphetamine abuse,
positive urine toxicology screen for methamphetamine,
positive DSM-IV criteria for dependency, and signed
informed consent), were included. Individuals with posi-
tive HIV test, those suffering from chronic kidney and
liver diseases, any contraindication of MRI, patients
under psycho-medication or with other drugs addictions
were excluded from the study.

Demographic information (age and sex) and metham-
phetamine abuse data including the age, in which the
abuse was started, dosage, duration, and method of abuse
were collected. Afterward, a urine sample for toxicology
screening was taken to show the presence of metham-
phetamine consumption. In order to compare the brain
structure of addicted individuals with that of healthy
people, a sexually homogeneous group was selected as
control. Control group contained 20 healthy volunteer
cases without the history of methamphetamine use and
negative urine test for methamphetamine (The personnel
of poisoning ward).

Radiological findings

A brain MRI was taken at the time of admission in
poisoning ward and just before discharge (Each patient
underwent MRI twice), using Siemens Symphony in
axial T1 and T2 and diffusion-weighted and in sagit-
tal T1 and T2 and diffusion-weighted sections. All the
recorded images were interpreted by a professional ra-
diologist (The radiologist evaluation was blind), and if
any pathology was observed, neurology consult would
be performed (Only for patients with signs of Intracra-
nial Pressure "ICP" increasing). The findings of MRI
included changes in the white matter volume, increased
hyperintensities in deep and periventricular white mat-
ter, changes in the gray matter in syngolite, limbic and
paralimbic cortex lobes, and changes in the volume of
globus pallidus, putamen, and the mid-posterior section
of the corpus callosum.
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Data analysis and statistical procedures

SPSS V. 16 was used for analysis. We evaluated the
normal distribution of data by the Kolmogorov-Smirnov
test. The mean and standard deviation were applied for
normal continues variables and median and Interquar-
tile Range (IQR) was used for non-normally distributed
data. On the basis of the normal distribution of data, in-
dependent samples t-test or Mann-Whitney U test was
used for difference between two groups. The Fisher’s
exact-test was used to differentiate frequencies between
two groups. The significance level for all of the men-
tioned tests was applied at (0.05) and data were analyzed
by SPSS V. 17 software.

3. Results

During the six-month course of the study, 34 suspected
male cases of amphetamine overdose, who had been ad-
mitted to the toxicology emergency department of Imam
Reza University Hospital, participated in this study; 14
of these cases were excluded based on the inclusion
and exclusion criteria; five of them lacked the inclusion
criteria, two were HIV positive, four had simultaneous
chronic kidney or liver diseases, and three were addicted
to other drugs. The results for 20 patients and 20 healthy
adults were analyzed at the end.

In this study, 40 male participants with the Mean+SD age
of 28.1+5.11 were assigned to two groups. There were no
significant age or sex differences between the two groups.
The MeantSD age in the case and the control groups was
26.85+6.56 and 29.1543.15 (P=0.114), respectively.

The lowest age to begin methamphetamine abuse was
17 and the highest was 37 (with a mean of 25.6). Elev-
en cases (55%) had abused the drug for 6 to 7 months,
while this value was 8-9 months in four cases (20%),
10-12 months in two cases (10%), 13-24 months in one
case (5%), and more than 24 months in 2 cases (10%).
All cases had abused the drug at least once a week. The
method of drug abuse was snuffing in 17(85%) and oral
consumption in 3(15%) cases.

The findings of MRI indicated no changes in the white
matter volume, the gray matter of syngolite, limbic and
paralimbic cortex lobes, and the volume of globus palli-
dus, putamen, and a mid-posterior section of the corpus
callosum in those with methamphetamine dependency.
The control group had a normal MRI.
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Only in three cases (15%), increased deep and periven-
tricular white matter signal intensities was seen, which
was absent in the rest of the patients (85%).

4. Discussion

This study shows that methamphetamine abuse can
increase deep and periventricular white matter signal
intensities. Deep and periventricular WMH could be
described as patchy changes or white matter perfusion
in the MRI based on T2 [18]. According to the results
of this study, it can be hypothesized that aside from all
other proven side effects, methamphetamine abuse can
cause brain structure damage.

Previous studies have suggested that methamphet-
amine abuse can lead to a decrease in the level of N-
acetylaspartate and frontal glucose metabolism [19].
The reason for increased deep WMH is possibly brain
ischemia, although increased periventricular WMH is
less investigated [20]. Nonetheless, it seems that aging,
mild syncope, multiple sclerosis, and related complica-
tions can cause increased periventricular WMH [21].

With regard to our patients’ age and conditions, the
most relevant cause might be a mild syncope during
methamphetamine abuse. Thus, vascular mechanisms
are the leading causes of rising WMH in patients with
methamphetamine dependency [10, 22]. In an investiga-
tion performed by Bae et al. [23], prevalence, intensity,
and the locality of T2-weighted MRI of white matter
signal hyperintensities in 33 methamphetamine-depen-
dent patients were studied. The results of this study in-
dicated that WMH was significantly more prevalent in
those who were methamphetamine-dependent.

Another noteworthy finding in the present study is the cor-
relation between methamphetamine dosage and the probabil-
ity of WMH occurrence in the abusers. Based on the results
of the present study, the chance of coming across a patho-
logical observation is greater in oral amphetamine abusers
(although it is not a common route of methamphetamine
use). Given the significantly limited number of observations,
the correlation between the method of abuse and pathologic
findings cannot be confirmed, and further studies with larger
populations are required.

The correlation between methamphetamine dosage
and structural disorders was among other findings,
which was only positive for white matter signal hyperin-
tensities. Nevertheless, because of the small study popu-
lation, it was not possible to determine the most effec-
tive dose. In contrast to our study, a research reported a
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significant correlation between methamphetamine dos-
age and white matter signal hyperintensities [23].

All of our affected patients were men, perhaps because
of a protective role of estrogen against brain structural dis-
orders following methamphetamine abuse, which has been
suggested by many studies [12, 20, 23-25]. In contradiction,
another study has shown that men probably do not benefit
from the protective features of estrogen in brain veins [26].
What threatens methamphetamine abusers is developing
behavioral disorders such as depression, panic and bipo-
lar disorders, and schizophrenia, in which cases a rise in
WMH has been reported [27-29].

This study also shows no change in white and gray mat-
ter volumes in cingulate, limbic, and paralimbic cortex
lobes in the MRI of the experimental group. On the other
hand, there were no volume changes in globus pallidus or
putamen in methamphetamine-dependent cases in com-
parison to the control group. The possible causes of this
observation can be developmental time-courses, gender
difference, the severity of methamphetamine abuse, and
abstinence duration [29, 30]. In other studies, no changes
in white and gray matter were reported [15, 31, 32].

In a study by Thompson et al. no significant changes of
gray matter were reported in methamphetamine abuse;
while, there was a severe decrease in the gray matter of syn-
golite, limbic, and paralimbic cortex lobes in those who were
methamphetamine-dependent [15]. In a study by Change et
al., no changes were observed in total brain volume in both
experimental and control groups [28]. However, globus pal-
lidus and putamen were much bigger in those with metham-
phetamine dependency compared with the control group, and
the mid-posterior section of the corpus callosum was larger
in women; it is possibly because of gliosis and inflamma-
tory response to brain trauma following amphetamine abuse.
Similarly, Oh et al. reported no changes in the volume of the
corpus callosum [32].

In a survey by Lawyer et al., no difference in the thick-
ness of gray matter was found between the amphetamine
users, who simultaneously consumed little alcohol and
those who were not alcohol consumers with that of the
control group [16]. The only difference existed in the
right upper frontal cortex thickness and left the central
blade in long-term alcohol users, which was consider-
ably lower compared to healthy people. As a result, am-
phetamine abuse does not affect brain cortex thickness
except in individuals with simultaneous alcoholism.

The minimum age to begin methamphetamine abuse was
17 and the maximum age was 37, showing that most meth-
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amphetamine abusers were in the most vulnerable age for ad-
diction [33]. In similar studies, the age of participants ranged
between 25 and 45 [23, 25, 26, 29, 30, 34-36].

The simultaneous use of other substances can be men-
tioned as another reason for the minimal change of brain
structure in methamphetamine abuser cases [12]. On the
other hand, background diagnostic disorders could in-
flict structural changes in the brain that are sometimes
different from amphetamine-induced changes [37].

The dosage and duration of amphetamine abuse can
also affect the intensity of structural brain disorders [38].
However, some studies have recorded the importance of
the number of times in a day that the drug is abused and
not its dosage [29]. In the present study, the number of
daily or weekly uses and its effects on structural brain
disorders in the MRI are given regardless of dosage. The
results have shown no significant correlation between
the duration of amphetamine abuse and structural chang-
es, which could be the result of limited sample size. The
most important point in a review on all related studies
is the period, in which the drug was not abused, and the
correlation of this phenomenon to the structural disor-
ders, which has not been investigated herein [14, 23, 31].

To the best of our knowledge, this is the first Iranian
study that evaluates the brain MRI changes in amphet-
amine abusers. The first limitation of this study was
group matching. Despite attempts to homogenize the two
groups in terms of age and gender, other factors such as
diagnostic and behavioral disorders, smoking, and alco-
holism should be taken into account. On the other hand,
the small sample population led to vague answers to
some questions and hypotheses; for instance, the results
showed that the structural brain changes were correlated
to the weekly frequency of abuse. However, how much
of these effects are dose-related still remains unclear and
could not be determined because of the small number of
people in weekly use patterns. Thus, further studies are
suggested to assess drug dosage in inflicting structural
brain changes with controlled confounding variables.

The cross sectional design of this study is another limi-
tation and it is recommended that a prospective study be
designed in two groups including amphetamine abuser
and non-abusers to reach a more realistic interpretation
of the structural brain changes while controlling the con-
founding variables.
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5. Conclusion

Methamphetamine abuse may increase deep and peri-
ventricular WMH. More investigations with larger sam-
ple size are recommended for better interpreting of the
structural brain changes in methamphetamine abusers.

Ethical Considerations
Compliance with ethical guidelines

This study was ethically approved by the Ethics Com-
mittee of Mashhad University of Medical Sciences (No.
IR.mums.rec.910338).

Funding

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-
profit sectors.

Author's contributions

All authors contributed in designing, running, and writ-
ing all parts of the article.

Conflict of interest
The authors declared no conflict of interest.
Acknowledgements

The authors are grateful to the head of the Poisoning
Ward and hardworking staff of this department.

References

[1] Laurence L. Brunton O, Randa Hilal-Dandan, Bjorn C.
Knollmann. Neuropharmacology. In: Laurence L. Brunton,
Randa Hilal-Dandan, Bjérn C, editores. Goodman & Gil-
man's: The Pharmacological Basis of Therapeutics, 13e. New
York: McGraw-Hill; 2018.

[2] Larisch R, Sitte W, Antke C, Nikolaus S, Franz M, Tress
W, et al. Striatal dopamine transporter density in drug na-
ive patients with attention-deficit/hyperactivity disorder.
Nuclear Medicine Communications. 2006; 27(3):267-70.
[DOI:10.1097/00006231-200603000-00010] [PMID]

[3] Elliott JM, Beveridge TJ. Psychostimulants and monoamine
transporters: Upsetting the balance. Current Opinion in Phar-
macology. 2005; 5(1):94-100. [DOI:10.1016/].coph.2004.09.005]
[PMID]

Summer 2019, Volume 9, Number 3

[4] United Nations Office on Drugs and Crime. World Drug
Report 2010. Vienna: United Nations Office on Drugs and
Crime; 2010.

[5] United Nations Office on Drugs and Crime. UNODC: Am-
phetamine-type stimulants ranked world’s second most used
drug after cannabis [Internet]. 2011 [Updated 2019 july 30].
Availble from: https:/ /www.unodc.org/unodc.

[6] ShamshiriMilani H, Abadi AR, Helmzadeh Z, Abachizadeh
K. Prevalence of Ecstasy use and predisposing factors among
Iranian female high school students. Journal of the Pakistan
Medical Association. 2011; 61(6):566-71. [PMID]

[7] Paulus MP, Hozack NE, Zauscher BE, Frank L, Brown GG,
Braff DL, et al. Behavioral and functional neuroimaging evi-
dence for prefrontal dysfunction in methamphetamine-de-
pendent subjects. Neuropsychopharmacology. 2002; 26(1):53-
63. [DOI:10.1016/50893-133X(01)00334-7]

[8] Kao CH, Wang 5], Yeh SH. Presentation of regional cerebral
blood flow in amphetamine abusers by 99Tcm-HMPAO brain
SPECT. Nuclear Medicine Communications. 1994; 15(2):94-8.
[DOI:10.1097/00006231-199402000-00005] [PMID]

[9] Iyo M, Namba H, Yanagisawa M, Hirai S, Yui N, Fukui
S. Abnormal cerebral perfusion in chronic methampheta-
mine abusers: A study using 9MTc-HMPAO and SPECT.
Neuro-Psychopharmacology & Biological Psychiatry. 1997;
21(5):789-96. [DOI:10.1016/50278-5846(97)00079-1]

[10] Chang L, Ernst T, Speck O, Patel H, DeSilva M, Leonido-
Yee M, et al. Perfusion MRI and computerized cognitive test
abnormalities in abstinent methamphetamine users. Psy-
chiatry Research. 2002; 114(2):65-79. [DOI:10.1016/S0925-
4927(02)00004-5]

[11] Alicata D, Chang L, Cloak C, Abe K, Ernst T. Higher diffu-
sion in striatum and lower fractional anisotropy in white mat-
ter of methamphetamine users. Psychiatry Research. 2009;
174(1):1-8. [DOI:10.1016/j.pscychresns.2009.03.011] [PMID]
[PMCID]

[12] Berman S, O'Neill ], Fears S, Bartzokis G, London ED.
Abuse of amphetamines and structural abnormalities in the
brain. Annals of the New York Academy of Sciences. 2008;
1141:195-220. [DOI:10.1196/annals.1441.031] [PMID] [PM-
CID]

[13] Bartzokis G, Beckson M, Lu PH, Edwards N, Rapoport R,
Wiseman E, et al. Age-related brain volume reductions in
amphetamine and cocaine addicts and normal controls: Im-
plications for addiction research. Psychiatry Research. 2000;
98(2):93-102. [DOI:10.1016/S0925-4927(99)00052-9]

[14] Kim SJ, Lyoo IK, Hwang J, Chung A, Hoon Sung Y, Kim
J, et al. Prefrontal grey-matter changes in short-term and
long-term abstinent methamphetamine abusers. Internation-
al Journal of Neuropsychopharmacology. 2006; 9(2):221-8.
[DOI:10.1017/S1461145705005699] [PMID]

[15] 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. Journal of
Neuroscience. 2004; 24(26):6028-36. [DOI:10.1523 /JNEURO-
SCI.0713-04.2004] [PMID]

[16] LawyerG, Bjerkan PS, Hammarberg A, Jayaram-Lindstrom
N, Franck ], Agartz I. Amphetamine dependence and co-mor-
bid alcohol abuse: Associations to brain cortical thickness.

Dadpour B, et al. Brain Structure Changes Associated With Methamphetamine Abuse. IMTFM. 2019; 9(3):103-108.

—
107



https://doi.org/10.1097/00006231-200603000-00010
https://www.ncbi.nlm.nih.gov/pubmed/16479247
https://doi.org/10.1016/j.coph.2004.09.005
https://www.ncbi.nlm.nih.gov/pubmed/15661632
https://www.ncbi.nlm.nih.gov/pubmed/22204212
https://doi.org/10.1016/S0893-133X(01)00334-7
https://doi.org/10.1097/00006231-199402000-00005
https://www.ncbi.nlm.nih.gov/pubmed/8170643
https://doi.org/10.1016/S0278-5846(97)00079-1
https://doi.org/10.1016/S0925-4927(02)00004-5
https://doi.org/10.1016/S0925-4927(02)00004-5
https://doi.org/10.1016/j.pscychresns.2009.03.011
https://www.ncbi.nlm.nih.gov/pubmed/19782540
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2925833
https://doi.org/10.1196/annals.1441.031
https://www.ncbi.nlm.nih.gov/pubmed/18991959
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2769923
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2769923
https://doi.org/10.1016/S0925-4927(99)00052-9
https://doi.org/10.1017/S1461145705005699
https://www.ncbi.nlm.nih.gov/pubmed/15982446
https://doi.org/10.1523/JNEUROSCI.0713-04.2004
https://doi.org/10.1523/JNEUROSCI.0713-04.2004
https://www.ncbi.nlm.nih.gov/pubmed/15229250

Summer 2019, Volume 9, Number 3

BMC Pharmacology. 2010; 10(5):1-10. [DOI:10.1186/1471-
2210-10-5] [PMID] [PMCID]

[17] McMurtray A, Nakamoto B, Shikuma C, Valcour V. Cor-
tical atrophy and white matter hyperintensities in HIV: The
Hawaii Aging with HIV Cohort Study. Journal of Stroke and
Cerebrovascular Diseases. 2008; 17(4):212-7. [DOI:10.1016/j.
jstrokecerebrovasdis.2008.02.005] [PMID] [PMCID]

[18] Awad IA, Johnson PC, Spetzler RF, Hodak JA. Incidental
subcortical lesions identified on magnetic resonance imag-
ing in the elderly, II, Postmortem pathological correlations.
Stroke. 1986; 17(6):1090-7.[DOI:10.1161/01.STR.17.6.1090]
[PMID]

[19] Ernst T, Chang L, Oropilla G, Gustavson A, Speck O. Cer-
ebral perfusion abnormalities in abstinent cocaine abusers: A
perfusion MRI and SPECT study. Psychiatry Research. 2000;
99(2):63-74. [DOI:10.1016,/50925-4927(00)00056-1]

[20] Ince PG, Fernando M, MRC Cognitive Function and Age-
ing Neuropathology Study. Evidence for an ischaemic origin
of deep white matter lesions in the ageing brain. Neuro-
pathology and Applied Neurobiology. 2002; 28(2):150-1.
[DOI:10.1046/j.1365-2990.2002.39286_8.x]

[21] Kruit MC, Thijs RD, Ferrari MD, Launer LJ, van Buchem
MA, van Dijk JG. Syncope and orthostatic intolerance increase
risk of brain lesions in migraineurs and controls. Neurology.
2013; 80(21):1958-65. [DOI:10.1212/WNL.0b013e318293€1c7]
[PMID] [PMCID]

[22] London ED, Berman SM, Voytek B, Simon SL, Mandel-
kern MA, Monterosso ], et al. Cerebral metabolic dysfunc-
tion and impaired vigilance in recently abstinent metham-
phetamine abusers. Biological Psychiatry. 2005; 58(10):770-8.
[DOI:10.1016/j.biopsych.2005.04.039] [PMID]

[23] Bae SC, Lyoo IK, Sung YH, Yoo ], Chung A, Yoon S, et al.
Increased white matter hyperintensities in male methamphet-
amine abusers. Drug and Alcohol Dependence. 2006; 81(1):83-
8. [DOI:10.1016/j.drugalcdep.2005.05.016] [PMID]

[24] Kim SJ, Lyoo IK, Hwang J, Sung YH, Lee HY, Lee DS, et al.
Frontal glucose hypometabolism in abstinent methampheta-
mine users. Neuropsychopharmacology. 2005; 30(7):1383-91.
[DOI:10.1038/sj.npp.1300699] [PMID]

[25] Paganini-Hill A, Ross RK, Henderson BE. Postmenopausal
oestrogen treatment and stroke: A prospective study. Brit-
ish Medical Journal. 1988; 297(6647):519-22. [DOI:10.1136/
bm;.297.6647.519] [PMID] [PMCID]

[26] Dluzen DE, McDermott JL. Estrogen, anti-estrogen, and
gender: Differences in methamphetamine neurotoxicity. An-
nals of the New York Academy of Sciences. 2002; 965(1):136-
56. [DOI:10.1111/}.1749-6632.2002.tb04157 x]

[27] Beyer JL, Young R, Kuchibhatla M, Krishnan KR. Hyperin-
tense MRI lesions in bipolar disorder: A meta-analysis and re-
view. International Review of Psychiatry. 2009; 21(4):394-09.
[DOI:10.1080/09540260902962198] [PMID] [PMCID]

[28] Bae S, Kim JE, Hwang J, Lee YS, Lee HH, Lee J, et al. In-
creased prevalence of white matter hyperintensities in pa-
tients with panic disorder. Psychopharmacol. 2010; 24(5):717-
23. [DOI:10.1177/0269881108098476] [PMID]

[29] Herrmann LL, Le Masurier M, Ebmeier KP. White matter
hyperintensities in late life depression: A systematic review.

International Journal of
Medical Toxicology & Forensic Medicine

Journal of Neurology, Neurosurgery, and Psychiatry. 2008;
79(6):619-24. [DOI:10.1136/jnnp.2007.124651] [PMID]

[30] Jan RK, Kydd RR, Russell BR. Functional and structural
brain changes associated with methamphetamine Abuse.
Brain Sciences. 2012; 2(4):434-82. [DOI:10.3390/brains-
€i2040434] [PMID] [PMCID]

[31] Chang L, Cloak C, Patterson K, Grob C, Miller EN, Ernst T.
Enlarged striatum in abstinent methamphetamine abusers: A
possible compensatory response. Biological Psychiatry. 2005;
57(9):967-74. [DOI:10.1016/j.biopsych.2005.01.039] [PMID]
[PMCID]

[32] OhJS, Lyoo IK, Sung YH, Hwang J, Kim J, Chung A, et al.
Shape changes of the corpus callosum in abstinent metham-
phetamine users. Neuroscience Letters. 2005; 384(1-2):76-81.
[DOI:10.1016/j.neulet.2005.04.082] [PMID]

[33] Bartzokis G, Beckson M, Lu PH, Nuechterlein KH, Ed-
wards N, Mintz J. Age-related changes in frontal and tem-
poral lobe volumes in men: A magnetic resonance imaging
study. Archives of General Psychiatry. 2001; 58(5):461-5.
[DOI:10.1001/ archpsyc.58.5.461] [PMID]

[34] Jernigan TL, Gamst AC, Archibald SL, Fennema-Notestine
C, Mindt MR, Marcotte TD, et al. Effects of methampheta-
mine dependence and HIV infection on cerebral morphology.
The American Journal of Psychiatry. 2005; 162(8):1461-72.
[DOI:10.1176/ appi.ajp.162.8.1461] [PMID]

[35] Schwartz DL, Mitchell AD, Lahna DL, Luber HS, Huckans
MS, Mitchell SH, et al. Global and local morphometric differ-
ences in recently abstinent methamphetamine-dependent in-
dividuals. Neurolmage. 2010; 50(4):1392-401. [DOI:10.1016/j.
neuroimage.2010.01.056] [PMID] [PMCID]

[36] Nakama H, Chang L, Fein G, Shimotsu R, Jiang CS, Ernst
T. Methamphetamine users show greater than normal age-
related cortical gray matter loss. Addiction. 2011; 106(8):1474-
83. [DOI:10.1111/§.1360-0443.2011.03433.x] [PMID] [PMCID]

[37] Croft R], Mackay AJ, Mills AT, Gruzelier JG. The rela-
tive contributions of ecstasy and cannabis to cognitive
impairment. Psychopharmacology. 2001; 153(3):373-9.
[DOI:10.1007,/5002130000591] [PMID]

[38] Rogers RD, Everitt BJ, Baldacchino A, Blackshaw AJ,
Swainson R, Wynne K, et al. Dissociable deficits in the deci-
sion-making cognition of chronic amphetamine abusers, opi-
ate abusers, patients with focal damage to prefrontal cortex,
and tryptophan-depleted normal volunteers: Evidence for
monoaminergic mechanisms. Neuropsychopharmacology.
1999; 20(4):322-39. [DOI:10.1016,/50893-133X(98)00091-8]

Dadpour B, et al. Brain Structure Changes Associated With Methamphetamine Abuse. IMTFM. 2019; 9(3):103-108.



https://doi.org/10.1186/1471-2210-10-5
https://doi.org/10.1186/1471-2210-10-5
https://www.ncbi.nlm.nih.gov/pubmed/20487539
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2883539
https://doi.org/10.1016/j.jstrokecerebrovasdis.2008.02.005
https://doi.org/10.1016/j.jstrokecerebrovasdis.2008.02.005
https://www.ncbi.nlm.nih.gov/pubmed/18589342
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2525800
https://doi.org/10.1161/01.STR.17.6.1090
https://www.ncbi.nlm.nih.gov/pubmed/3810706
https://doi.org/10.1016/S0925-4927(00)00056-1
https://doi.org/10.1046/j.1365-2990.2002.39286_8.x
https://doi.org/10.1212/WNL.0b013e318293e1c7
https://www.ncbi.nlm.nih.gov/pubmed/23616159
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3716345
https://doi.org/10.1016/j.biopsych.2005.04.039
https://www.ncbi.nlm.nih.gov/pubmed/16095568
https://doi.org/10.1016/j.drugalcdep.2005.05.016
https://www.ncbi.nlm.nih.gov/pubmed/16005161
https://doi.org/10.1038/sj.npp.1300699
https://www.ncbi.nlm.nih.gov/pubmed/15726115
https://doi.org/10.1136/bmj.297.6647.519
https://doi.org/10.1136/bmj.297.6647.519
https://www.ncbi.nlm.nih.gov/pubmed/3139181
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1840341
https://doi.org/10.1111/j.1749-6632.2002.tb04157.x
https://doi.org/10.1080/09540260902962198
https://www.ncbi.nlm.nih.gov/pubmed/20374153
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4098150
https://doi.org/10.1177/0269881108098476
https://www.ncbi.nlm.nih.gov/pubmed/18957476
https://doi.org/10.1136/jnnp.2007.124651
https://www.ncbi.nlm.nih.gov/pubmed/17717021
https://doi.org/10.3390/brainsci2040434
https://doi.org/10.3390/brainsci2040434
https://www.ncbi.nlm.nih.gov/pubmed/24961256
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4061807
https://doi.org/10.1016/j.biopsych.2005.01.039
https://www.ncbi.nlm.nih.gov/pubmed/15860336
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4899039
https://doi.org/10.1016/j.neulet.2005.04.082
https://www.ncbi.nlm.nih.gov/pubmed/15913890
https://doi.org/10.1001/archpsyc.58.5.461
https://www.ncbi.nlm.nih.gov/pubmed/11343525
https://doi.org/10.1176/appi.ajp.162.8.1461
https://www.ncbi.nlm.nih.gov/pubmed/16055767
https://doi.org/10.1016/j.neuroimage.2010.01.056
https://doi.org/10.1016/j.neuroimage.2010.01.056
https://www.ncbi.nlm.nih.gov/pubmed/20096794
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3478236
https://doi.org/10.1111/j.1360-0443.2011.03433.x
https://www.ncbi.nlm.nih.gov/pubmed/21438934
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3135731
https://doi.org/10.1007/s002130000591
https://www.ncbi.nlm.nih.gov/pubmed/11271410
https://doi.org/10.1016/S0893-133X(98)00091-8

