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Neuroimaging Findings in Late-Onset
Schizophrenia and Bipolar Disorder

Changtae Hahn, MD, PhD', Hyun Kook Lim, MD, PhD*>,
and Chang Uk Lee, MD, PhD'

Abstract

In recent years, there has been an increasing interest in late-onset mental disorders. Among them, geriatric schizophrenia and
bipolar disorder are significant health care risks and major causes of disability. We discussed whether late-onset schizophrenia
(LOS) and late-onset bipolar (LOB) disorder can be a separate entity from early-onset schizophrenia (EOS) and early-onset bipo-
lar (EOB) disorder in a subset of late-life schizophrenia or late-life bipolar disorder through neuroimaging studies. A literature
search for imaging studies of LOS or LOB was performed in the PubMed database. Search terms used were “(imaging OR MRI
OR CT OR SPECT OR DTI OR PET OR fMRI) AND (schizophrenia or bipolar disorder) AND late onset.” Articles that were
published in English before October 2013 were included. There were a few neuroimaging studies assessing whether LOS and LOB
had different disease-specific neural substrates compared with EOS and EOB. These researches mainly observed volumetric dif-
ferences in specific brain regions, white matter hyperintensities, diffusion tensor imaging, or functional neuroimaging to explore
the differences between LOS and LOB and EOS and EOB. The aim of this review was to highlight the neural substrates involved in
LOS and LOB through neuroimaging studies. The exploration of neuroanatomical markers may be the key to the understanding of

underlying neurobiology in LOS and LOB.
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Introduction

In recent years, there has been increasing interest in late-onset
mental disorders. This increasing interest is not only because of
a natural result of the growing number of elderly population but
also because of the difficulty in diagnosing and establishing a
treatment strategy for late-onset mental disorders. Indeed, the
initial differential diagnosis of older patients with major
psychiatric symptoms, such as paranoia, hallucination, or mood
change, is important and difficult. Major psychiatric disorders
such as schizophrenia or bipolar disorder significantly decrease
the quality of life of patients and caregivers and increase
the burden of health and social care services. Although
late-life schizophrenia and late-life bipolar disorder can be
significant health risks of older adults and a major cause of dis-
ability,"? there have been few publications on these topics.
Advances in neuroimaging techniques and image analysis
have led to success in determining the neural substrates of var-
ious psychiatric disorders. Over the past decade, many studies
have used neuroimaging techniques to identify brain regions
implicated in various psychiatric disorders. This article focuses
on neuroimaging studies of patients with late-onset schizophre-
nia (LOS) or late-onset bipolar (LOB) disorder. Neuroimaging
is a powerful tool to identify neuroanatomical markers and can
be used in the determination of diagnostic and prognostic

statuses of LOS and LOB in the elderly patients, not only for
research purposes but also for clinical treatment.

Several investigators have observed differences in the struc-
ture of the brain between late-onset and early-onset psychiatric
disorders (LOS vs early-onset schizophrenia [EOS],>"'? LOB
vs early-onset bipolar [EOB]'*"') but there have been few ver-
ification studies. We will discuss whether, in a subset of
patients with late-life schizophrenia or late-life bipolar disor-
der, LOS and LOB can be considered to be separate entities
from EOS and EOB, respectively, through neuroimaging stud-
ies. Additionally, we will also discuss certain unique neuroana-
tomical markers of LOS and LOB in accurately diagnosing and
treating these disorders.
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Methods

A literature search for imaging studies of LOS or LOB was per-
formed in the PubMed database. Search terms used were:
“(imaging OR MRI OR CT OR SPECT OR DTI OR PET
OR fMRI) AND (schizophrenia or bipolar disorder) AND late
onset.” Articles were included that had published in English
before October 2013. Additional publications that were not
found in the original search were complemented by reviewing
reference lists of all retrieved studies. We discriminated
between late-onset mental disorders and late-life mental disor-
ders. Studies about late-life schizophrenia or late-life bipolar
disorder could be cited in the text of this article if it was neces-
sary, and studies about LOS and LOB are presented in the
tables.

Results
Volumetric Differences in Specific Brain Regions

Success in exploring alterations in brain structures in patients
with psychiatric disorders has closely paralleled the develop-
ment of neuroimaging techniques and advances in image anal-
ysis. Several investigators have observed alterations in the
morphology and volume of brain structures and reductions in
cortical thickness in patients with mental disorders and have
described disease-specific neural substrates. Among neuroima-
ging studies of late-onset mental disorders, more studies have
been done on late-onset depression compared to other late-
onset disorders, and results that emphasize the abnormalities
of frontosubcortical circuits'’ are likely comparatively consis-
tent. Although there are relatively fewer neuroimaging studies
about LOS and LOB, most studies report results about simple
volumetric alterations.

Late-Onset Schizophrenia. Howard et al,'® in an magnetic
resonance imaging (MRI) study of 50 patients with late-
paraphrenia (31 patients with paranoid schizophrenia and 16
patients with delusional disorder), reported that patients with
late paraphrenia had larger lateral and third ventricles com-
pared to controls. They did not distinguish between LOS and
delusional disorder, and they found that the lateral ventricle
volume in the delusional disorder group was much greater than
those of the schizophrenia group. These results suggested that
various geriatric mental disorders might have different neuro-
biology. Corey-Bloom et al® reported larger ventricles in an
LOS group than in an healthy control group, which parallels the
results of Howard et al. Further, they reported that the group
with LOS had larger thalamic volumes than the group with
EOS. Barak et al,'" in a computed tomography (CT) scan study
of 21 patients with very LOS-like psychosis (VLOSLP) versus
21 patients with EOS, reported that the VLOSLP group was
characterized by more pronounced cerebellar atrophy than the
EOS group. Sachdev and Brodaty® reported that the mean area
of the corpus callosum in an LOS group was smaller than that
in EOS and control groups.

Symonds et al® observed brain MRIs of 30 patients with
EOS, 24 patients with LOS, 15 other patients with psychosis,
and 41 controls. They examined volume loss, infarcts, lacunae,
and white matter hyperintensities (WMHs). Results indicated
that there were no significant differences in gross structural
abnormalities between the EOS and the LOS groups. Sachdev
et al'® examined 20 patients with late-life schizophrenia, 5
patients with LOS, and 20 controls on MRI imaging. Patients
with schizophrenia had smaller hippocampal and amygdala
volumes than those of the controls, consistent with morpholo-
gical findings in schizophrenia. However, the LOS group did
not differ in hippocampus—amygdala volumes from the EOS
group. Imaging studies that compared the LOS group with the
EOS group are presented in Table 1.

Late-Onset Bipolar Disorder. Beyer et al* examined the caudate
nuclei volumes of 36 older patients with bipolar disorder and
35 older controls and reported decreased volume in the LOB
group compared with the EOB group. They also reported that
the right caudate was smaller in the LOB group than in the con-
trol group. In a different study, Beyer et al*' observed no dif-
ference in hippocampal volume between the EOB and LOB
groups. Additionally, Huang et al'® reported contrasting results
that the left caudate was larger in patients with late-onset mania
than those with early-onset mania. Further, they reported that
the late-onset mania group had greater volumes in the left
middle frontal gyrus and smaller volumes in the right posterior
cingulate than that of the early-onset mania group. Imaging
studies that compared LOB group with EOB group are pre-
sented in Table 2.

White Matter Hyperintensities and Other Vascular Risks

Periventricular and deep WMHs on T2-weighted image have
been thought to be indicative of microangiopathy. Several
investigators have suggested that frequency of WMHs is corre-
lated with vascular risk factors,23 cognitive function,24’25 and
various neuropsychiatric symptoms'>*® as well as with normal
aging. Therefore, extant studies suggest a relationship between
late-onset mental disorder and WMHs.

Late-Onset Schizophrenia. Breitner et al examined the brain
MRIs of 8 patients with late-onset psychosis and 8 healthy con-
trols (HCs) and found that patients with late-onset psychosis
had significant vascular lesions or leukoencephalopathy in
temporoparietal and occipital areas.”’ Tonkonogy and Geller
reported that WMHs were more frequent in those with
late-onset psychosis than those with early-onset psychosis.
However, others have reported that those with early-onset show
ventricular enlargement and cortical atrophy compared to those
with late onset.'” Sachdev and Brodaty examined WMHs of
LOS, EOS, and control groups and found that the LOS group
had greater periventricular hyperintensity than that of the EOS
and control groups. Additionally, they observed that the LOS
group had more signal hyperintensities in the thalamus than did
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the HC group.® They also found greater periventricular WMHs
in those with LOS than those with EOS.’

In contrast, Symonds et al did not find any differences in
volume loss, infarcts, lacunae, or WMHs between EOS and
LOS.® Further, Rivkin et al examined 12 patients with LOS,
10 patients with EOS, and 42 controls and found no differences
in the WMHs volume among these 3 groups.’

Late-Onset Bipolar Disorder. Fujikawa et al observed the relation-
ship between late-onset mania and silent cerebral infarctions
using MRIs and found that the late-onset mania group had a
higher incidence of silent cerebral infarctions than the early-
onset affective disorder groups. They suggest that those with
late-onset mania may have increased vascular risk of brain
damage."® Using different approaches, Huang et al examined
elderly patients with bipolar disorder. They observed 59.5%
silent cerebral infarctions among patients without a history of
stroke. Interestingly, they detected 61.3% silent cerebral
infarctions in an LOB group and 46.7% in an EOB group.*?

Takahashi et al examined the severity of hyperintensities in
29 patients with late-onset mania, 23 patients with early-onset
mania, and 14 controls. Although the authors showed no
difference in periventricular WMHs among the 3 groups, the
late-onset group had more severe bilateral deep WMHs in
the frontal areas and in the left parietooccipital area than did the
early-onset group.'* Others have also found evidence to sup-
port the relationship between vascular risk factors and LOB.
Tamashiro et al observed more frequent WMHs in the LOB
group than in the EOB group and controls in the deep parietal
region and the basal ganglia.'> Furthermore, they showed that
those with LOB had more severe WMH scores relative to the
other 2 groups in the deep frontal and parietal regions and the
putamen.

Diffusion Tensor Imaging

Diffusion tensor imaging (DTI) can detect microstructural
characteristics in the brain, allowing for inferences about the
structural connections between brain regions.?*>* White matter
(WM) has the unique distinction of having a directional nature,
which causes remarkable differences in diffusion within WM
tracts. Therefore, by measuring the water diffusion tensor in
WM, DTI can display microstructural alterations in WM of
patients with psychiatric disorders.>'~** Diffusion tensor
imaging can be interpreted by measuring mean diffusivity
(MD), fractional anisotropy (FA), axial diffusivity (AD), and
radial diffusivity (RD), all of which reflect the integrity of the
neural circuit.

Late-Onset Schizophrenia. In an early study, Casanova et al
reported the preservation of gray matter and the concomitant
reduction of white matter in affected parahippocampal gyri
by observing significant alterations in the gray matter and
white matter ratio in those with LOS.'? Although this study was
not focused on WM integrity in LOS, the authors observed a
change in WM in patients with LOS.

Chen et al** measured FA in whole WM and reported signif-
icant loss of integrity in the left parietal and right posterior cin-
gulum of those with LOS. Because findings of frontal and
temporal connectivity disturbances are established in general
schizophrenia,” the findings of Chen et al suggested the possi-
bility of specific neural substrates involved in LOS.

Others, however, have not found any differences when
assessing WM. For instance, Jones et al*® reported no differ-
ence in FA and MD between VLOSLP and control groups.

Late-Onset Bipolar Disorder. To the best of our knowledge, no
study has examined microstructural alterations of WM in
patients with LOB. Haller et al analyzed DTI of patients with
late-life bipolar disorder by assessing FA, AD, RD, and MD
and found significant loss of integrity in the ventral part of the
corpus callosum in patients with bipolar disorder.*’

Functional Neuroimaging

Functional neuroimaging techniques, such as positron emission
tomography (PET), functional MRI, and single-photon emis-
sion CT, have been widely used in psychiatry research. These
techniques allow for brain function imaging in real time
through indirect measures of neuronal activity. However, very
few researchers focus on functional neuroimaging to explore
LOS or LOB.

Late-Onset Schizophrenia. Sachdev et al examined 15 patients
with LOS, 7 patients with EOS, and 27 controls and showed
that the LOS group had significantly lower perfusion in the
frontal and bilateral temporal lobes. They also observed less
temporal perfusion in the LOS group compared to the EOS
group and temporal and frontal cerebral blood flow abnormal-
ities in LOS. However, these findings are similar to those found
in schizophrenia, suggesting that they are not indicative of sep-
arate pathology in EOS.* Finally, Pearlson et al*® examined
quantitative D, dopamine receptor PET and observed elevated
receptor density values for D, dopamine receptors, which they
had previously found to be abnormal in EOS.

Conclusions

The primary aim of this review was to highlight the neural sub-
strates involved in LOS and LOB based on extant neuroima-
ging studies of both major psychiatric disorders. Several
neuroimaging studies indicate that LOS and LOB may be sub-
types of each respective disorder. However, current data do not
support consistent results of differences between early-onset
and late-onset disorders. Larger studies of LOS and LOB
should consider the neurobiology of each disorder and concur-
rently examine the neurobiological peculiarities unique to the
late-onset subgroup of schizophrenia and bipolar disorder
compared with the early-onset of each disorder. However, cur-
rent evidence is mixed regarding the hypothesis that LOS or
LOB has unique neurobiological characteristics from the
early-onset of each of these disorders. Schizophrenia and
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bipolar disorder are very complex diseases involving several
neural substrates that affect onset and symptoms and do not
have a definite pathogenesis. However, with the development
of imaging techniques and analysis methods, a sufficient
number of replication studies may be able to determine whether
LOS and LOB are separate entities from EOS and EOB.

In the case of LOS, several studies suggested neuroimaging
biomarkers of LOS that differed from that of EOS. For exam-
ple, Cory-Bloom et al® observed thalamus enlargement in LOS,
which is inconsistent with other findings in schizophrenia in
general. Chen et al** reported loss of integrity in the left parie-
tal and right posterior cingulum in LOS. Volume change or loss
of integrity in specific brain regions can be interpreted in
various ways, such as indicating the expression of a protecting
factor, an aspect of pathophysiology, or a phenotype of disease
progression delayed by late onset. Although there are not
enough follow-up studies about volumetry or microstructural
alteration in patients with LOS, comparative studies between
EOS and LOS suggest different neurobiological markers and
indicate a direction for future research.

With regard to LOB, 1 study found progressive increases of
gray matter volume in the right caudate,* and another study
reported larger left caudate nucleus volume in patients with
bipolar disorder.*® However, Beyer et al.>° found a smaller right
caudate in a late-life bipolar group than in a healthy control
group. Additionally, Huang et al'® reported a larger left caudate
in patients with late-onset mania than those with early-onset
mania. These findings indicate the necessity of investigating vol-
ume change in the caudate in late-life bipolar disorder depending
on the chronicity of disease with longitudinal imaging studies. If
there are volume changes in the caudate based on the chronicity
of bipolar disorder, studies verifying volumetric differences in
the caudate between LOB and EOB could be valuable. Further,
a discussion about the clinical significance of volumetric differ-
ences between LOB and EOB is necessary. In this review, we
summarized the close relationship between LOB and vascular
risk, which has consistent support. Through the elaborate locali-
zation and quantification of WMHs in LOB, future studies
should focus on the association between vascular risk and the
neural circuitry of bipolar disorder.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This
research was supported by a grant from the BioGreen 21 Program
(No. PJ009830012013), Rural Development Administration, Republic
of Korea. This research was supported by Basic Science Research Pro-
gram through the National Research Foundation of Korea (NRF)
funded by the Ministry of Education, Science and Technology
(2012R1A1A2042339). The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the
manuscript.

References

1. Folsom DP, Lebowitz BD, Lindamer LA, Palmer BW, Patterson
TL, Jeste DV. Schizophrenia in late life: emerging issues. Dialo-
gues Clin Neurosci. 2006;8(1):45-52.

2. Arciniegas DB. New-onset bipolar disorder in late life: a case of
mistaken identity. Am J Psychiatry. 2006;163(2):198-203.

3. Corey-Bloom J, Jernigan T, Archibald S, Harris MJ, Jeste DV.
Quantitative magnetic resonance imaging of the brain in late-
life schizophrenia. Am J Psychiatry. 1995;152(3):447-449.

4. Sachdev P, Brodaty H, Rose N, Haindl W. Regional cerebral
blood flow in late-onset schizophrenia: a SPECT study using
99mTc-HMPAO. Schizophr Res. 1997;27(2-3):105-117.

5. Symonds LL, Olichney JM, Jernigan TL, Corey-Bloom J, Healy
JF, Jeste DV. Lack of clinically significant gross structural
abnormalities in MRIs of older patients with schizophrenia and
related psychoses. J Neuropsychiatry Clin Neurosci. 1997;9(2):
251-258.

6. Sachdev P, Brodaty H. Quantitative study of signal hyperintensi-
ties on T2-weighted magnetic resonance imaging in late-onset
schizophrenia. Am J Psychiatry. 1999;156(12):1958-1967.

7. Sachdev P, Brodaty H, Rose N, Cathcart S. Schizophrenia with
onset after age 50 years. 2: Neurological, neuropsychological and
MRI investigation. Br J Psychiatry. 1999;175:416-421.

8. Sachdev PS, Brodaty H. Mid-sagittal anatomy in late-onset schi-
zophrenia. Psychol Med. 1999;29(4):963-970.

9. Rivkin P, Kraut M, Barta P, Anthony J, Arria AM, Pearlson G.
White matter hyperintensity volume in late-onset and early-
onset schizophrenia. Int J Geriatr Psychiatry. 2000;15(12):
1085-1089.

10. Sachdev P, Brodaty H, Cheang D, Cathcart S. Hippocampus and
amygdala volumes in elderly schizophrenic patients as assessed
by magnetic resonance imaging. Psychiatry Clin Neurosci.
2000;54(1):105-112.

11. Barak Y, Aizenberg D, Mirecki I, Mazeh D, Achiron A. Very late-
onset schizophrenia-like psychosis: clinical and imaging charac-
teristics in comparison with elderly patients with schizophrenia.
J Nerv Ment Dis. 2002;190(11):733-736.

12. Casanova MF, Lindzen EC. Changes in gray-/white-matter ratios
in the parahippocampal gyri of late-onset schizophrenia patients.
Am J Geriatr Psychiatry. 2003;11(6):605-609.

13. Fujikawa T, Yamawaki S, Touhouda Y. Silent cerebral infarctions
in patients with late-onset mania. Stroke. 1995;26(6):946-949.

14. Takahashi K, Oshima A, Ida I, et al. Relationship between age at
onset and magnetic resonance image-defined hyperintensities in
mood disorders. J Psychiatr Res. 2008;42(6):443-450.

15. Tamashiro JH, Zung S, Zanetti MV, et al. Increased rates of white
matter hyperintensities in late-onset bipolar disorder. Bipolar Dis-
ord. 2008;10(7):765-775.

16. Huang SH, Tsai SY, Hsu JL, Huang YL. Volumetric reduction in
various cortical regions of elderly patients with early-onset and
late-onset mania. Int Psychogeriatr. 2011;23(1):149-154.

17. Naismith S, Norrie L, Mowszowski L, Hickie I. The neurobiology
of depression in later-life: clinical, neuropsychological, neuroi-
maging and pathophysiological features. Prog Neurobio. 2012;
98(1):99-143.

Downloaded from jgp.sagepub.com at University of Central Florida Libraries on August 22, 2014


http://jgp.sagepub.com/

62

Journal of Geriatric Psychiatry and Neurology 27(1)

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Howard RJ, Almeida O, Levy R, Graves P, Graves M. Quantita-
tive magnetic resonance imaging volumetry distinguishes delu-
sional disorder from late-onset schizophrenia. Br J Psychiatry.
1994;165(4):474-480.

Tonkonogy JM, Geller JL. Late-onset paranoid psychosis as a dis-
tinct clinicopathologic entity: magnetic resonance imaging data in
elderly patients with paranoid psychosis of late onset and schizo-
phrenia of early onset. Neuropsychiatry Neuropsychol Behav
Neurol. 1999;12(4):230-235.

Beyer JL, Kuchibhatla M, Payne M, et al. Caudate volume
measurement in older adults with bipolar disorder. Int J Geriatr
Psychiatry. 2004;19(2):109-114.

Beyer JL, Kuchibhatla M, Payne ME, et al. Hippocampal volume
measurement in older adults with bipolar disorder. Am J Geriatr
Psychiatry. 2004;12(6):613-620.

Huang SH, Chung KH, Hsu JL, Wu JY, Huang YL, Tsai SY.
The risk factors for elderly patients with bipolar disorder hav-
ing cerebral infarction. J Geriatr Psychiatry Neurol. 2012;
25(1):15-19.

Longstreth WT, Manolio TA, Arnold A, et al. Clinical correlates
of white matter findings on cranial magnetic resonance imaging
of 3301 elderly people. The Cardiovascular Health Study. Stroke.
1996;27(8):1274-1282.

Benedictus MR, Goos JD, Binnewijzend MA, et al. Specific risk
factors for microbleeds and white matter hyperintensities in
Alzheimer’s disease. Neurobiol Aging. 2013;34(11):2488-2494.
Jacobs HI, Visser PJ, Van Boxtel MP, et al. Association between
white matter hyperintensities and executive decline in mild cogni-
tive impairment is network dependent. Neurobiol Aging. 2012;
33(1):201 e201-201 e208.

Vardi N, Freedman N, Lester H, et al. Hyperintensities on T2-
weighted images in the basal ganglia of patients with major
depression: cerebral perfusion and clinical implications. Psychia-
try Res. 2011;192(2):125-130.

Breitner JC, Husain MM, Figiel GS, Krishnan KR, Boyko OB.
Cerebral white matter disease in late-onset paranoid psychosis.
Biol Psychiatry. 1990;28(3):266-274.

Bosch B, Arenaza-Urquijo EM, Rami L, et al. Multiple DTI index
analysis in normal aging, amnestic MCI and AD. Relationship

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

with neuropsychological performance. Neurobiol Aging. 2012;
33(1):61-74.

Hiippi PS, Dubois J. Diffusion tensor imaging of brain develop-
ment. Semin Fetal Neonatal Med. 2006;11(6):489-497.

Stricker NH, Schweinsburg BC, Delano Wood L, et al. Decreased
white matter integrity in late-myelinating fiber pathways in Alzhei-
mer’s disease supports retrogenesis. Neurolmage. 2009;45(1):10-16.
Taylor W, Hsu E, Krishnan KRR, MacFall J. Diffusion tensor
imaging: background, potential, and utility in psychiatric
research. Biol Psychiatry. 2004;55(3):201-207.

Moseley ME, Kucharczyk J, Asgari HS, Norman D. Anisotropy in
diffusion-weighted MRI. Magn Reson Med. 1991;19(2):321-326.
Pierpaoli C, Jezzard P, Basser PJ, Barnett A, Di Chiro G. Diffusion
tensor MR imaging of the human brain. Radiology. 1996;201(3):
637-648.

Chen L, Chen X, Liu W, et al. White matter microstructural
abnormalities in patients with late-onset schizophrenia identified
by a voxel-based diffusion tensor imaging. Psychiatry Res. 2013;
212(3):201-207.

Fitzsimmons J, Kubicki M, Shenton M. Review of functional and
anatomical brain connectivity findings in schizophrenia. Curr
Opin Psychiatry. 2013;26(2):172-187.

Jones DK, Catani M, Pierpaol C, et al. A diffusion tensor mag-
netic resonance imaging study of frontal cortex connections in
very-late-onset schizophrenia-like psychosis. Am J Geriatr Psy-
chiatry. 2005;13(12):1092-1099.

Haller S, Xekardaki A, Delaloye C, et al. Combined analysis of
grey matter voxel-based morphometry and white matter tract-
based spatial statistics in late-life bipolar disorder. J Psychiatry
Neurosci. 2011;36(6):391-401.

Pearlson GD, Tune LE, Wong DF, et al. Quantitative D2 dopa-
mine receptor PET and structural MRI changes in late-onset schi-
zophrenia. Schizophr Bull. 1993;19(4):783-795.

Lisy M, Jarvis K, DelBello M, et al. Progressive neurostructural
changes in adolescent and adult patients with bipolar disorder.
Bipolar Disord. 2011;13(4):396-405.

Ong D, Walterfang M, Malhi G, Styner M, Velakoulis D, Pantelis
C. Size and shape of the caudate nucleus in individuals with bipo-
lar affective disorder. Aust N ZJ Psychiatry. 2012;46(4):340-351.

Downloaded from jgp.sagepub.com at University of Central Florida Libraries on August 22, 2014


http://jgp.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


