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Methamphetamine (MA) use has been an important health problem in Iran in recent decade. Previous studies have
suggested brain structural abnormalities in MA users. Increasing knowledge about the MA induced structurally and
possible structural brain changes is important for better management of this disorder. The aim of the present study
was to investigate the possible structural brain structural changes in MA dependent patients. This was a case-control
study, which conducted in Farabi mental hospital in the west of Iran. Voxel-based-mor phometry (VBM) as a whole-
brain technique for characterizing regional cerebral volume and tissue concentration differences in structural MRI
was administered. We used VBM to assess regional brain differences in 25 MA dependent patients and 20 age, sex
matched healthy controls. In MA dependent patients hippocam, parahippocamp, left frontal lobe, right frontal lobe,
left temporal lobe, and right temporal lobe volumes were significantly lower than healthy control subjects (P< 0.05).
Also caudate and amygdala volume in MA dependent patients were smaller than healthy subjects (P< 0.05). The brain
volume reduction of MA dependent patients compared to control subjects may explain the prevalence of psychiatric
disorders in these patients, and could help to provide therapeutic strategies for drug-induced brain injury.
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Introduction methods have suggested significant structural
abnormalities within different regions of the brain
system in stimulant-dependent individuals(Barros-
Loscertalesetal,, 2011; Changetal., 2005; Changetal,
2004; Jacobsen, Giedd, Gottschalk, Kosten, & Krystal,
2001; Kim et al,, 2006; Thompson et al., 2004). In

n I.ran bgtvlvleen12601206z;r01d Zf()lhl(\lhen?a, 2012)1' IF 'S contrast, some other studies could not identify any
estimated that 1.6-2.67% of the Iranian population brain structural abnormalities in stimulant users at

(75.1 million in 2011) using illicit drugs regularly all (Narayana et al,, 2010; Weller et al.,, 2011).
(Alam-Mehrjerdi, Abdollahi, Higgs, & Dolan, 2015),

so MA use has been an important health problem in
[ran recently.

Methamphetamine (MA) has become the second
most used drug globally(Vienna, 2013). According
to the report of the United Nations Office on Drugs
and Crime Vienna, 2012, MA use has increased 400%

Magnetic resonance imaging (MRI) is a highly
sensitive modality for brain morphometric studies, as
the resolution of an anatomical scan of a whole brain

In recent decade several neuroimaging studies  jpcreases with shorter acquisition time. Voxel-based
with  different volumetric and pattern analysis  morphometry (VBM) as a relatively easy technique
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is used to provide biologically plausible results. VBM
basically uses T1-weighted volumetric MRI scans
and by performing statistical analysis between all
voxels in the image could assess volume differences
between groups(Whitwell, 2009).

Certainly more comprehensive understanding
of the neuropathology underlying the clinical
symptoms of MA use is necessary to develop better
strategies for more effective interventions; and well-
organized neuroimaging studies and robust data could
be helpful in this way(Hanlon and Canterberry, 2012).

Accordingly we aimed to investigate the
possible brain anatomical abnormalities of MA
dependent patients compare to healthy controls in
an Iranian population in the present study.

Methods

The present case-control study, which assessed the
brain MRI findings of subjects with MA use compare
to control group, was carried outbetween March 2016
and January 2018 in Kermanshah (Iran). Written
informed consent provided by all of participants.
The study was approved by the Medical Research
and Ethical Committee of Kermanshah University of
Medical Sciences, Kermanshah, Iran with registration
No. Kums. REC.1396.150 at the date of 9 June 2017
and was conducted in accordance with the ethical
standards laid down in the Declaration of Helsinki.

All participants were healthy according to
physical examination, and medical history. Inclusion
criteria were as follow: (a) current diagnosis of
amphetamine use according to the structured clinical
interview for psychiatric disorders(Sheehan et al,
1998), (b) a positive MA urine test for patients in case
group, (c) age between 18 and 60 years; (d) written
informed consent.

Subjects were excluded for the following
reasons: (a) not meeting the inclusion criteria; (b)
history of any other psychiatric disorder (c) in the
case of female patients, (planned) pregnancy or
breastfeeding (d) using of psycho-active medications
or other substances( except MA in case group), and
(e) history of cardiovascular, pulmonary, systemic
disease; and neurological diseases.

Finally forty-three subjects were selected for
the study. Twenty-Five MA dependent patients with a
history of MA use (mean age, 30.5+-6.5 years; 18 men
and 7 women) and 20 comparison subjects without a
history of MA abuse (mean age, 31.7+-9.1 years; 15
men and 5 women) were analyzed.

Assessments

The diagnoses were made by trained psychiatrists
using psychiatric interview and clinical exams.
Socio-demographic and historical data were
gathered. Laboratory urine samples were screened
for drugs using thin-layer chromatography for
benzodiazepines, barbiturates, opiates, methadone,
cocaine, amphetamines and Lysergic Acid
Diethylamide (LSD).

Image acquisition and pre-processing

Magnetic resonance imaging was obtained in all
subjects using a 1.5-T Siemens scanner and the head
coil. A strict imaging protocol was used, including
a 3-dimensional inversion recovery preparation
spoiled gradient recalled echo sequence of the entire
brain in the axial plane, and the following parameters:
repetition time, 17 milliseconds; echo time, 5
milliseconds; inversion time, 300 milliseconds;
section thickness, 1.5 mm; field of view, 24 x 256 cm;
and number of excitations, 1.

All MRI processing was carried out according
to the optimized VBM protocol (Good et al., 2001).
The MRIs were analyzed using SPM8 (WDCN, London
or http://www.filion.ucl.ac.uk/spm), and MATLAB
software.

Statistical analyses

First, a series of T-tests and Chi square tests were
administered to compare socio-demographic
variables between case and control groups. Next,
Kolmogorov Smirnoff test was performed to assess
the normal distribution of demographic and imaging
data. Finally the brain regions volumes between two
groups were compared using a series of independent
sample T-tests. All computations were performed
with SPSS -22.0 (IBM Corporation, Armonk NY, USA)
for Apple Mac.

Results

Socio-demographic data: comparisons between
MA dependent patients and healthy controls. All
descriptive and inferential statistical indices are
summarizedinTable 1. The meanage of MAdependent
patients was lower than healthy controls, but the
differences was not statistically significant (p=0.61).
The differences related to gender, education, marital
status, and employment between two groups were
not statistically significant.

VBM analyses: comparisons between MA
dependent patients and healthy controls
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To investigate the differences of the brain
regions volume between MA dependent patients
and healthy controls Kolmogorov Smirnoff test

was performed. The results are summarized in
Table 2. There were no group differences in total
cerebral volumes between two groups (p> 0.1). The

Table 1. Demographic and Basic Characteristics of the MA dependent patients and healthy controls

Group

Variable . Sig
MA dependent patients(n=25) Healthy controls(n=20)

Age 30.5+-6.5 31.75+-9.1 0.61
Male 18(0.72) 15(0.75)

Gender 0.55
Female 7(0.28) 5(0.15)
High School 11(0.44) 6(0.30)

Level of education Diploma 11(0.44) 11(0.55) 0.63
Academic 3(0.12) 3(0.15)
Single 12(0.48) 11(0.55)

Marital status Married 7(0.28) 9(0.45) 0.06
Widowed/ Divorced 6(0.24) 0
Employed 18(0.72 10(0.50

Occupation status mploye ( ) ( ) 0.15
Non- employed 7(0.28) 10(0.50)

Table 2. Comparison of the brain volumes regions between MA dependent patients and healthy controls

Whole brain volume

Gray matter

White matter

Cerebrospinal fluid

Left amygdala

Right amygdala

Left caudate nucleus

Right Caudate nucleus

Left frontal lube

Right frontal lobe

Left hippocampus

Right hippocampus

Left parahippocampus

Right parahippocampus

Left putamen

Right putamen

Left temporal lobe

Right temporal lobe

MA dependent patients
Healthy controls
MA dependent patients
Healthy controls
MA dependent patients
Healthy controls
MA dependent patients
Healthy controls
MA dependent patients
Healthy controls
MA dependent patients
Healthy controls
MA dependent patients
Healthy controls
MA dependent patients
Healthy controls
MA dependent patients
Healthy controls
MA dependent patients
Healthy controls
MA dependent patients
Healthy controls
MA dependent patients
Healthy controls
MA dependent patients
Healthy controls
MA dependent patients
Healthy controls
MA dependent patients
Healthy controls
MA dependent patients
Healthy controls
MA dependent patients
Healthy controls

MA dependent patients

Volume (mm3)

Mean+SD test
1562112.5 + 131678.2 082
1598195.5+160702.4 '
717165.7+61758.2 125
741395.2+66339.4 '
2532281.5+52547.7 081
546315.3+62097.9 '
312665.1+29431.8 0.20
310484.8+42201.4 ’
949.1+266.6

-2.31
1083.6+92.8
2035.7+1022.3

-1.45
1095.9+111.0
2618.5+648.4

-2.34
2998.4+353.2
2728.8+556.0

-1.69
2977.8+387.1
83600.2+15817.1

-2.44
93332.9+8922.2
81377.0+15198.0

-2.30
90249.7+8884.7
3264.62773.6

-1.98
3618.9+221.7
3023.0£590.6

-1.22
3195.1+240.2
3362.24841.1

-2.52
3855.9+261.1
4297.5+1019.4

-2.64
4938.3+406.2
2593.5+708.1

-0.65
2702.3+269.5
3355.8+784.8

-0.67
3481.2+330.1
50442.7+8125.5

-2.67
56015.6+5034.9
50549.8+5799.7

-1.96

53927.6£5575.9

sig

0.42

0.22

0.42

0.84

0.038"

0.15

0.0.24"

0.099

0.019"

0.026"

0.055

0.23

0.016"

0.012"

0.52

0.51

0.01™

0.057
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analyses revealed significantly differences in some
brain regions between two groups. In subjects with
history of chronic MA use the hippocampus, par
hippocampus, left frontal lobe, right frontal lobe,
left temporal lobe, and right temporal lobe were
significantly smaller than control subjects (P< 0.05).

Discussion

In the present study, the brain regions volume in
25 patients with MA dependence and 20 healthy
subjects were studied. Both groups were comparable
in terms of demographic and basic characteristics
variables. According to our study results no
significant differences was found in whole brain
volume between two groups. However, compared
to healthy controls, patients with MA dependence
showed several regions of lower brain volume.
In particular, differences in the hippocampus,
parahippocampal, left frontal lobe, right frontal
lobe, left temporal lobe, and right temporal lobe
were found between two groups. Previous studies
reported some structural brain alterations in cortex,
and hippocampus, thalamic and hypothalamic
structures among MA users(Marinelli-Casey et al.,
2008; Mobius, Kustermann, Struffert, Kornhuber, &
Muller, 2014; Rawson, Gonzales, Marinelli-Casey, &
Ang, 2007). Also two studies reported larger grey
matter volumes in the striatum and bilateral parietal
cortices (Chang et al., 2005; Jernigan et al., 2005).
These brain deficits may help to better understanding
the underlying psychopathology of MA induced
psychiatric symptoms, and disorders. For examples,
brain deficits in temporal cortex and in the visual
association area of the occipital cortex in our MA
users may contribute to psychiatric symptoms, such
as psychosis or hallucinations that are often reported
in these patients (Mahoney, Kalechstein, De La Garza,
& Newton, 2008; McKetin, McLaren, Lubman, & Hides,
2006). Future studies are necessary to investigate
the relationship between change in regional brain
volume and psychiatric symptoms in MA users.

Conclusion

VBM as a sensitive modality could help to find brain
deficits in MA users. Summarizing, findings from our
study suggest that chronic use of stimulants like MA
could induce permanent severe brain damages, and
considering growing MA use worldwide informing
mental practitioners about these possible brain
alternations seems necessary to better treatment of
this health problem.

Limitations

Our findings should be interpreted with few
limitations. First the sample size of the study was
relatively small to generalize the results. Next, the
medical history data were gathered by self-reports,
though the present data will involve memory bias.
Last future neuroimaging studies include additional
measures and larger sample-sizes should be perform
to prove our findings.
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