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ARTICLE 'INFO ABSTRACT

Consumpnon of methamphetamine disturbs dopaminergic transmission ancl sometimes provokes. schizophrenia-
like-psychosis, named methamphetamme-assoaated psychosis (MAP). While previous studies have repeatedly
reported regional volume reductions in the frontal and temporal areas as neuroanatomnca] substrates for psychotic
symptoms, no study has examined whether such neurcanatomical substrates exist Of not in patients with MAP.
Magnetic resonance images obtained from twenty patients with MAP and 20 demographically-matched healthy
controls (HC) were processed for voxel- -based moxphometry (\/BM) using lefeomorphlc Anatomical Reglsﬁ'atlon
using Exponentiated Lie Algebra. An analys;s of covariance mode!l was adopted to identify volume differences be-
tween subjects with MAP and HC, treating intracranial volume as a confounding covariate. The VBM analyses
showed significant. gray matter volume reductions in the left perisylvian structures, such as the posterior inferior
frontal gyrus and the : antenor superior temporal gyrus, and the frontopolar cortices, including its dorsomedial, ven-
tromedial, dorsolateral and ventrolateral portions, and white matter volume reduction in the orbitofrontal area in
the patients with MAP compared with the HC subjects. The smaller regmnal gray matter volume in the medial por-
tion of the frontopolar cortex was mgmﬁcantly correlated wuth the sévere positive symptoms in the individuals with
MAP. The volume reductions in the left perlsylwan structure suggest that patients with MAP have a similar patho-
- physiology to schizophrenia, ‘whereas those in the frontopolar ¢ comces and orbitofrontal area suggest an association
with antxsoaal traits or vulnerablhty to substance dependence.
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1. Introduction

In Japan it has been recognized in years that administration of -
methamphetamine (METH) can cause persistent psychosxs including -

visual and auditory hallucinations and delusions, in healthy subjects
without preexisting psychiatric problems. This process was termed
METH associated - psychosis (MAP) (Ellinwood, 1968; Rylander,
1972; Ellinwood et al,, 1973; Iwanami et al., 1991; Sato et al,, 1992;
McKetin et al, 2006; Matsuzawa et al, 2007; Kishimoto et al,
2008). In the USA, it has been recognized that stimulants can cause
initiation- and maintenance of schizophrenia-like pskychos"is (Flaum
and Schultz, 1996). A recently published population-based cohort
study in California demonstrated that consumption of METH signifi-
cantly increased the risk of developing schizophrenia-like psychosis
(Ca laghan et al., 2012). Because of the recent rapid expansion of

i * Correspcmchncr author. Tel.: +81 3 5800 9263; fax: +81 3 5800 6894.
- E-mail address: yamasue-tky@umm acjp (H.Yamasue).

f0920-9964/5 - see front matter © 2013 Elsevier B.V. All rights reserved,
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illegal usage of METH in the USA (Substance Abuse and Mental
Healt1 Services - Administration ofﬁce of applied studles 2012),

MAP is now of particular interest in the clinical (Grelotti et al,,

2010) and research settings (Rounsavﬂle 2007).
Neurmmagmg studies have repeatedly reported that enhanced do-
paminergic transmission is the potential underlying pathophysmlogy

~of MAP (Sekine et al,, 2001, 2003; Grant et al,, 2012) and dopamine an-

tagonists effectively attenuate MAP (reviewed in Grant et al., 2012). In
addition, genetic studies have also provided evidence that MAP and
schlzophrema have many genetic vulnerabilities in common (rev1ewed
in Grant et al,, 2012). These clinical and genetic similarities between
MAP and sch;zophrema have implied that MAP may be a human phar-

- maceutical model of schizophrenia (Grant et al, 2012)‘M0r,eove1 they

have provoked debate as to whether persistent MAP is distinct from
schizophrenia, and hence requires a separate diagnostic: cla551ﬁcat10n
(Rounsaville, 2007; Callaghan et al., 2012).

Although both patients with MAP and those with schlzophrema

experience delusions and hallucmauons patients with MAP tend to
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have traits such as immorality or antlsoaal behavxor more often than
those with schxzophrema (Grant et al, 2012). A number of studies
have suggested that the prefrontal cortex, particularly: frontopolar
cortex (FPC), and its connectivity with temporal lobe are the neural
bases of moral judgment (Raine et al, 2000; Laakso et al, 2002;

Miller et al,, 2008; Yang et al., 2009; Tsujimoto et al,, 2011) and

that the orbltofrontal cortex is also known to contribute to antisocial
" behavior via value-based decision makmg (Lucantonio et al,, 2012).

Thus, it is reasonable to expect that the specific traits of patients

with MAP derive from specific brain structural abnormalities in the
frontal and temporal lobe. ,

- ' Numerous studies have described consistent structural changes inthe
frontal and temporal lobe in schizophrenia, such as volume reductions in
the left perisylvian region (Pantelis et al., 2003; Glahn et al, 2008; Chari et
‘al.,; 2011; Fusar-Poli et al, 2012). Thus, investigating regions in the frontal

and temporal lobe that may mediate the psychosis-general and -specific

~clinical characteristics in patients with MAP will further elucidate wheth-

er MAP is distinct from schizophrenia. Furthermore, such investigations
would address whether MAP requires a separate diagnostic and/or path-

ophysxologxc classification from schizophrenia in terms of abnormalities

in brain structure as an intermediate phenotype between symptom-. -

atology and genetics.

To address this questlon, in this study, we conducted voxel-based
morphometry (VBM) using lefeomorphlc Anatomical Registration . -

‘Using Exponentiated Lie Algebra (DARTEL) (Ashburner, 2007) ta ex-
plore volumetric changes across the entire brain in patients with MAP,
Based on previous studies examining patients with related disorders
such ‘as schizophrenia, mood disorders, stimulant abusers, antisocial
personality disorder and psychopath, it was hypothesized that morpho-
logical abnormalities were observed in the frontal and ‘temporal lobe in
patients with MAP compared thh matched healthy control (HC).

2. Materials and methods
2.1. Participants and clinical evaluation

Al participants in the current study, including both the MAP and
HC subjects, were included in our prior published volumetric investi-
gation employing manual-tracing methodology; and their detailed
-demographic information and clinical assessments are available else-
where (Orikabe et al., 2011). Briefly, 20 right-handed inpatients and
outpatients with MAP were recruited from the Department of Psychi-
atry, Metropolitan Matsuzawa Hospital, Japan. Ten were male, and
ten were female. A diagnosis was determined for each patient
according to the International Classification of Diseases-10 (ICD-10)
research criteria for MAP (World Health Organization, 1993). The
criteria defined the duration of psychosis due to substance use as
less than 6 months. At least two experienced psychiatrists separately
examined the patients and reached a consensus diagnosis in each
subject. The other one psychiatrist (YA) further reviewed the sub-
jects" clinical records to explore preexisting psychiatric: diagnoses
and confirm that the patients with MAP had no primary diagnosis of

or history of consultation for Diagnostic and Statistical- Manual of

Mental Disorders-IV axis I disorders, except substance abuse or de-
pendence and antisocial behavior. Psychiatric symptoms were evalu-
ated by one psychlatnst (Y.T.) using the Brief Psychiatric Rating Scale

(BPRS) (Qverall and Donald, 1962), w1thm three days prior to mag— ,

netic resonance imaging (MRI) scannmg
- Similar to previous studies examining METH abusers ( Sekme etal,
‘ 2001 2003), detailed information on METH use and its relationship to
onset and disappearance of psychotic symptoms was obtained care-
fully from interviews with the patients and by examining their med-

ical records. As we have adopted the operational definition of the

ICD-10 criteria for psychosis due to psychoactive substance use for
the diagnosis of MAP, we also confirmed that psychotic symptoms
did not exist before first consumption of METH and did not last

- 2.2. MRI acquisition

“Netherlands). The repetition time was 20 ms, the echo time 9.2

- Ject in every session. To improve the signal-to-noise-ratio, two

' 2,3. Image processing for VBM

more than 6 months (Table 1). Seventeen of the 20 patients received

< typical neuroleptics. Nine of the 17 patients received both typical and

atypical neuroleptics. The other 3 patients received atypical neurolep-
tics only. Accordmg to their charts, all patients with MAP examined
in the current study were prescribed antipsychotics after the first
eplsode of psych051s to prevent its recurrence. Although there is no
reliable method to confirm that all of these patients took all of their

- prescribed medications, we assumed that the duration of exposure

to antipsychotics was almost identical to the duration between the

~ first episode of psychosxs and the conduct of this study, which we de-

fined as the “duration of illness” in the current manuscript. :
‘Twenty age-, gender-, and handedness-matched healthy subjects

were employed as controls (Table 1). The socioeconomic Status

(SES) and parental-SES were assessed using the Hollingshead scale

’(Hol[mgshead 1957). The estimated premorbid Intelligence Quotient

(1Q) for the ‘patients and the present IQ for the control subjects were

~calculated using a shortened version of the Japanese version of the -

Natlonal Adult Reading Test (JART) (Nelson, 1982; Matsuoka et al;;
2006).

All subjects were physwally healthy at the tlme of the study, and
none had a lifetime history of serious head trauma, neurological
illness, or a serious medical or surgical history. No control subjects
had a significant alcohol or substance abuse disorder. All subjects
participated in this study after providing written informed consent,
The ethical committee of Metropohtan Matsuzawa Hospital approved -

this study. After a complete explanation of the study to the subject
written informed consent was obtained.

The methods for MRI acquisition: have been described in deta
elsewhere (Takayanagl et al.; 2010; Orikabe et al,, 2011). Brxeﬂy. th
MRI data were obtained using a 1.5-Tesla Gyroscan Intera MR scan
with SENSitivity Encoding (SENSE) (Phxhps Medical Systems,

the slice thickness 1 mm, the field of view 25.6 x 25.6'x 19,
and the acquisition matrix 256 x 256 x 192. The voxel dimensi ]
were-1 x 1 x 1 mm. We obtained two image datasets in every sub

quential images that were obtained on one occasion were avera,
using Statistical Parametric Mapping (SPM) 8 (Wellcome Departm
of Imaging Neuroscience, London, UK).

Image processing for VBM analysis was performed, as in ou
ous study (Yamasue et al, 2011), using SPM8 running on
2008a (Math Works). The non-uniformity of intensity of all :
images was corrected using non-parametric non-uniform f{
normalization (N3) (Sled etal., 1998). First, MR images were s
ed using the standard unified segmentation model in SPM8.T
were preprocessed using the DARTEL (Ashburner, 2007) VB \
box. The followmg steps were conducted for VBM prepi
(1) checking for scanner artifacts and gross anatomical abn
for each subject, (2) setting the image origin to the anter:
sure, (3) using the DARTEL toolbox to produce a high-dimen:
malization protocol, (4) checking for homogeneity across tt
(5) using partition cleanup to remove non-brain tissues, and
standard smoothing (i.e., 8 mm). The final voxel resolu
DARTEL was 1.5 x 1.5 x 1.5 mm. A “modulation step” w:
cluded in the normalization to preserve information about th
gray matter values. A ‘modulation’ step was also included t
gray matter probability values by the Jacobian determina
deformations to ensure that the total amount of gray matt
voxel was conserved after registration (Ashburner and Fristo
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Table 1
Subject characteristics and test scores.

Variable Patients with MAP (n = 20) Control subjects (n = 20) Independent t-test

Mean sD Mean sp ‘t-value df p-value
Age 33.75 7.80 33.70 7.50 0210 38 0.984
SES? 4.05 1.10 1.65 049 8921 38 <0.001
Parental SES® 3.05 089 2.55 0.76 1915 38 0.063
Estimated 1QP 90.35 1039 108.52 o742 —5872 . 31 <0.001
First use, age 20.10 429
Onset of iliness, years 26.40 ©6.03
Duration of iliness, years 7.35 732
Medication dose®, mg/day ' 627.9 68237
BPRS positive symiptoms 731 4.08
BPRS negative symptoms 513 222 :
Total gray matter volume 694.48 60.92 717.60 . 5518 —~1.258 38 0.216
Total white matter volume 522.24 49.88 533.88 54.46 —0.705 38 0.485
Cerebrospinal fluid 329.43 55.25 307.12 31,54 1.568 38 0.125
Intracranial volume 1546.14 141.92 1558.60 . 133.72 —0.286 38 0.777

Abbreviations: MAP: methamphetamine-associated psychosis; SES: somoeconomlc status; 1Q: intelligence quotient; BPRS: brief psych:atnc rating scale
a Socmeconomxc status, assessed using the Hollingshead scale Higher scores indicate lower status.

b Estimated 1Q, assessed using JART.
¢ Based on chlorpromazine equivalents.

2.4. Statistical analysis

2.4.1.-Demographic information and global brain volumes

Group differences in demographic information including age, self--

and parental-SES, and estimated 1Q, and.in global brain volumes cal-
culated using VBM processing in SPM were tested using two-sample
t-tests. The threshold for statistical significance was set at p < 0.05.

2.4.2. VBM analysis

Statistical analyses using pre-processed images were performed )

'by an analysis of covariance model to identify brain regions that
showed a significant difference in regional brain volume between

ons, the intracranial volume (ICV) was treated as a confoundmg,,co-
“variate. The resulting set of voxel values for each contrast constituted
statistical parametric map of the t statistic (SPM(t]). The significance

olume correction was applied using PickAtlas. (Ma]djlan et al‘
003) to test our a priori hypothesis. The amygdala and hippocampus
ere excluded from the regions-of-interest in the current study,

lppocampus volumes in the same part1c1pants (Orxkabe et al;

AP, the statistical significance was also set as a voxel that was
within clusters showing significant volume devlanons from
and simultaneously reached at p < 0.001.
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ubjects with MAP and HC. To account for global anatomical varia-

“of each region was corrected for multiple comparisons using family--
ise-error (FWE) correction. For peaks located w1thm the frontal;
nd temporal lobe other than the amygdala or. hlppocampus small

ause our previous study has already exammed the amygdala and

3. Results
3.1. Demographic and clinical data

An independent t-test revealed that there were no significant dif-
ferences between patients with MAP and HC in age and parental-SES.
On the other hand, the subjects in the MAP group had significantly
lower self-SES (p < 0 001) and estimated IQs (p < 0.001) compared
with those in the HC group. There were no significant differences
between subjects with MAP and HC in total GMV, WMV, CSF volume,
and ICV (Table 1). :

32 Comparzson of regwnal brain volumes between the MAP and HC
groups

VBM analyses demonstrated that there were areas with signifi-
cantly smaller regional: GMVs in the individuals with MAP than in
the HC subjects in the left postenor mferxor frontal gyrus (IFG)-and

~ anterior superior temporal gyrus (STG), and in the bilateral dorsolat-

eral, ventrolateral, dorsomedial, and ventromedial portions of the FPC

Table 2 :
Results from voxel-based analysxs of MR i xmages

1). The statistical thresho\ds were set at p < 0. 05 FWE-corrected ‘Anatomical  Peak coordinate  Z score - Peak Cluster - Cluster
he cluster or voxel level (Verhoeff et al,, 2000). - location X iy FWE . FWE size (k)
To detect neuroanatomical correlates of individual dlfferences in . orredted B corrected P E“;?:S‘;:ol "
chotic symptoms, regressxon -analysis in SPMS was performed e 010013
thiCVasa confoundmg covariate and the BPRS: posmve and nega- o - n
= ray. ma er
cores as the covariate of interest within the MAP group. Statisti Regional volume reduction in the patients (Fig. 14) ’
gnificance was deﬁned as the peak voxel that was located ‘within LeVIFPC  —44 42 =6 494 . 0.009 0.017 791
ers showing sxgmﬁcant volume deviations from normal and Left STG =57 -6 4 4 64 - 0031 0.017 794
taneously reached at p < 0.001. : : : Right ventral 26° 60 —8 461 0036 <0.001 2870
FPC . . ‘
a E: C , , ,
thddntlon regre?on anfah;ses V\{ereffurther perfodrmed to II;VBS’CI ; e 4 6 19 45 0052 o021 50
e potential effects of ‘clinical information and potential con- Left DLFPC  —39 44 21 438 0086 0.029 631
's on gray ‘matter volume (GMV) and white matter. volume VMEPC ~2. B3 =5 424 0145 0.002 1285
V), including parental-SES, estirnated 1Q, age at first use of METH, ,
duration of MAP, and antipsychotic dose. To exam-~ White matter
nset of MAP, duration o psy Regional volume reduction in the patients (sz IB)
effects of these indices on structural abnormalities in the patients OFA 9 45 =20 459 0.028 0.016 1072

- Abbreviations: VLFPC: ventrolateral frontopolar cortex; STG: superior temporal gyrus;

- “FPC: frontopolar cortex; DMFPC: dorsomedial FPC; DLFPC: .dorsolateral FPC; VMFPC:

ventromedial FPC; OFA: orbitofrontal area.





