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Abstract
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Objective: It has been reported that both obsessive-compulsive disorder (OCD) and attention deficit hyperactivity 
disorder (ADHD) might be related to impairments in frontal-striatal brain circuits. Besides, these two disorders are 
frequently comorbid. However, there are no published studies directly comparing the neurobiological findings in 
these two disorders. The objective of the study was to investigate the differences in cortical blood flow between 
patients with OCD and ADHD. 

Method: Thirteen drug-naive OCD subjects (mean age ± SD: 10.4 ± 2.8), and 13 drug-naive ADHD subjects 
(mean age ± SD: 10.5 ± 2.2) were included in the study. Cerebral blood flow (CBF) was evaluated with Tc-99m-
hexamethylpropyleneamine oxime (Tc99m HMPAO) brain single photon emission tomography (SPECT) during 
standard resting conditions in all cases. P value was set to <.006 after Bonferroni correction. 

Results: OCD cases had significantly higher right prefrontal (p=.003) CBF than ADHD cases. There were no 
significant CBF differences in other brain regions. OCD symptom severity was not related to CBF. 

Discussion: This is one of the very few studies which directly investigated brain imaging in pediatric OCD subjects. 
Results are consistent with previous studies reporting increased prefrontal CBF in OCD subjects. We also found 
that, consistent with the previous literature, ADHD subjects had lower prefrontal cortex CBF. Studies which 
compare subjects with comorbid ADHD and OCD with pure forms of these disorders are necessary to have a better 
understanding of similarities and differences of these two disorders.  
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INTRODUCTION

First symptoms of Obsessive Compulsive Disorder 
(OCD) occur before the age of 15 in one-third to one-
half of the adults with this disorder (Pauls et al. 1995). 
Neurological findings suggest basal ganglia dysfunction 
is more common in children and adolescents with OCD 
(Rosenberg and Keshavan 1998). OCD is believed to be 
a neurodevelopmental disorder rather than a degenera-
tive process and this illustrates the importance of research 
on pediatric and adolescent OCD cases (Rosenberg and 
Keshavan 1998). Childhood-onset OCD may hold im-
portant clues for the etiology of the adult-onset disor-
der. 

Changes in cortical blood flow, metabolism and ac-
tivation have been shown in OCD cases using Single 
Photon Emission Tomography (SPECT), Positron 

Emission Tomography (PET) and functional Magnetic 
Resonance Imaging (fMRI) (Aouizerate et al. 2004). 
These changes are most consistent in the prefrontal 
and anterior cingulate cortices and the head of caudate 
nucleus. On the other hand, changes have been dem-
onstrated in children and adolescent cases by structural 
neuroimaging techniques (Giedd et al. 2000, Gilbert et 
al. 2000). Functional neuroimaging studies have been 
carried out in adult OCD cases with childhood-onset 
(Swedo et al. 1992, Busatto et al. 2000) while those on 
pediatric and adolescent OCD cases are scarce. Diler 
and colleagues’ study on pediatric and adolescent OCD 
cases showed bilateral increase in blood flow to the cau-
date nucleus, prefrontal and cingulate cortices (2004). 
Another study observed no changes cerebral blood flow 
after clomipramine treatment in 10 pediatric and ado-
lescent OCD cases but reported a negative relation be-
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tween the age at the onset of the disorder and calendar 
age with the frontal and parietal blood flow bilaterally 
(Castillo et al. 2005). 

Attention Deficit Hyperactivity Disorder (ADHD) 
is another neurodevelopmental disorder. Functional im-
aging studies showed decreases in prefrontal, parietal, 
anterior cingulate cortices and caudate nucleus blood 
flows and a decrease in metabolic activity (Bush et al. 
2005). Results of many structural cerebral imaging stud-
ies suggest that right prefrontal-basal ganglia anomalies 
underlie ADHD pathophysiology (Castellanos 1997).

It has been proposed that OCD is a hyperglutama-
tergic and ADHD is a hypoglutamatergic condition, 
with prefrontal brain regions being especially affected 
(Carlsson 2000). According to some researchers, abnor-
malities in the cortico-striato-thalamo-cortical (CSTC) 
pathways are alike: ADHD, OCD and Tourette’s syn-
drome represent inhibition in the indirect CSTC path-
ways or hyperactivation in the direct pathway (Baxter et 
al. 1992, Aouizerate et al. 2004). Moreover, co-existence 
of these disorders lends support to this idea. Therefore, 
direct comparison of OCD and ADHD cases could yield 
some interesting data. 

Primary aim of this study was to make a contribu-
tion to the functional imaging studies on pediatric and 
adolescent OCD cases. In the light of previous studies, 
we hypothesized that prefrontal blood flow in pediatric 
and adolescent OCD cases is higher than that of ADHD 
cases. 

METHOD

Sample

Sample included 13 OCD (4 males, 9 females) and 
13 ADHD (8 males, 5 females) cases. ADHD cases 
were selected from 29 ADHD cases on which age re-
lated changes in cerebral blood flow (CBF) was inves-
tigated (Öner et al., 2005). To control for age and sex 
variables, ADHD and OCD cases were matched so that 
there would be no significant age or sex differences. For 
this matching, all female ADHD cases were selected and 
age-matched in a range of ±1 years. All cases selected 
matching fulfilled the inclusion criteria. When there was 
a possibility of more than one matching, the one who 
applied first was included in the study. None of the sub-
jects were left-handed based on the laterality inventory of 
the Pediatric Neurological Examination for Subtle Signs 
(Denckla, 1985). All OCD and ADHD cases were se-
lected among consecutive patients who presented to the 

Child Psychiatry Outpatient Clinic of a university hos-
pital and fulfilled the inclusion criteria. Informed con-
sent was obtained from the families and the University 
Ethics Committee approved the study. Diagnoses were 
made by two psychiatrists based on diagnostic criteria 
set forth in DSM-IV and there was a perfect agreement 
in the diagnoses by both psychiatrists. Medical histories 
of all OCD and ADHD cases were normal and they 
were screened clinically for psychosis, eating disorder, 
substance abuse, mental retardation and diffuse develop-
mental disorders. None of the cases had prior treatment. 
Concomitant ADHD or chronic tic disorder was not 
identified in any of the OCD cases. Inclusion criteria for 
the subjects included having OCD or ADHD based on 
DSM-IV diagnostic criteria, absence of any other medi-
cal condition in the history, and be between 7-14 years of 
age. Psychosis, eating disorder, substance abuse, mental 
retardation, pervasive developmental disorder, presence 
of concomitant tic and ADHD in an OCD patient and 
incompliance to SPECT (excessive movement, excessive 
crying, resistance to injection, etc) comprised the exclu-
sion criteria. Three OCD and two ADHD cases were 
excluded from the study. 

Assessment tools

Conners’ Teacher Rating Scale (CTRS): Comprised 
of 28 items, this scale is used by teachers to rate the 
behavior of children at school (Goyette 1978). Eight 
items comprise inattention, 7 items comprise hyperac-
tivity and 8 items comprise conduct problems subscale. 
Validity and reliability of the Turkish version of the scale 
is satisfactory (Cronbach alpha .95) (Şener et al. 1995).

Children Yale-Brown Obsessive Compulsive Scale 
(CY-BOCS):  CY-BOCS is a 10-item scale that is scored 
by a clinician. Assessment takes 10 minutes on average. 
It is a semi-structured tool to measure the severity of 
OCD signs within the past week. There are five major 
sections: (1) Instructions, (2) obsession screening list, (3) 
items to determine the severity of obsessions, (4) com-
pulsion screening list, (5) items to determine the sever-
ity of compulsions. Information gathered from the child 
and his/her parents are used for scoring. The obsession 
and compulsion subtotal scores are the sums of items 1-
5 and 6-10, respectively. Compared to the adults, more 
time should be allocated for children during the first 
administration and, depending on the level of develop-
ment, obsessions and compulsion should be explained 
with different terms. CY-BOCS is designed to be admin-
istered to children aged between 8 and 16. It has been 
shown that it is valid and reliable for children (Scahill 
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et al. 1997). Adaptation to Turkish language as well as 
validity and reliability studies has been carried out by 
Yücelen and colleagues (2000).

PROCEDURE

Image acquisition

All children and their families were informed about 
the procedure. Before the image acquisition, subjects lay 
in the supine position with their eyes closed for minimal 
sensorial stimuli for five minutes. Subjects were then ad-
ministered intravenous Tc99m HMPAO in the presence 
of a parent. The dose of Tc99m HMPAO was calculated 
separately for each subject using the formula [(age+1)/
(age+7)] x standard adult dose (15 mci). Subjects rested 
until SPECT images were acquired, 15 minutes after the 
injection. Each subject was checked by the researchers 
for compliance to the procedure and three OCD and 
two ADHD cases were excluded from the study. 

Radiochemical purity was determined by chromatog-
raphy and was found above 90% each time. Images were 
acquired with a SPECT system (GE 4000I) equipped 
with a high-resolution collimator and each SPECT im-
age was recorded on 128 projections on a 64 x 64-ma-
trix, giving a pixel size of 4 mm, with a total acquisition 
time of 3 minutes. Data was processed using a Meltz fil-
ter, images were reconstructed with filtered back-projec-
tion algorithm with a ramp filter, and data was corrected 
with Sorenson method. Oblique reorientation was used 
to obtain transaxial slices of 2 pixels (8 mm) thickness 
parallel to the orbitomeatal line.  

Regions of interest (ROI) were manually traced in 

the right prefrontal, frontal, temporal and parietal cor-
tices. ROI analyses were performed by one of the au-
thors (Dr ÖK) blind to the diagnoses of the subjects. To 
increase the objectivity of the findings, the procedures 
were repeated with known clinical parameters (O’Tauma 
et al. 1999). 

A neuroanatomy atlas was used to choose different 
regions on transaxial sections. Semi-quantitative analy-
ses were performed on five consecutive oblique slices 
corresponding to anatomical planes. It is possible that 
the cerebellum plays a part in the pathophysiology of 
ADHD. Therefore, in contrast to many previous studies, 
we expressed the ratio of ligand uptake in the regions of 
interest to the cortical blood flow (sum of cerebral blood 
flows to the prefrontal, frontal, parietal and temporal 
cortices bilaterally) for each subject for “normalization”.

Data analyses

Non-parametric Mann-Whitney-U test was used 
to determine the significance of differences in cerebral 
blood flow (CBF) between groups. Bonferroni method 
was used to control for multiple comparisons and ad-
justed p=.006 (0.05/8, the number of regions of interest; 
right and left prefrontal, frontal, temporal and parietal) 
was considered statistically significant. SPSS v10.0 sta-
tistical package was used for analyses. 

FINDINGS

Age and Sex

There was no significant sex difference between 
groups (x2=2.4, p>.23). Age distribution did not sig-

Table I. Regional Cerebral blood flow (CBF) measurements normalized for total cortical blood flow (sum of bilateral prefrontal, frontal, parietal 
and temporal cortical CBF) in OCD and ADHD cases. Mann-Whitney-U test. * Significant differences after Bonferroni correction. 

Regions of interest
OCD

(n=13)
Mean±SD

ADHD
(n=13)

Mean±SD
z p

Right Prefrontal ,141±.003 .121±.001 2.89 .003*

Left Prefrontal ,115±.002 .125±001 1.82 .069

Right Frontal ,120±.002 .121±001 .18 .858

Left Frontal ,111±003 .125±001 1.51 .130

Right Parietal ,126±001 ,124±001 1.56 .118

Left Parietal ,106±003 ,125±001 1.56 .118

Right Temporal .136±002 ,127±001 .128 .920

Left Temporal ,144±003 ,132±001 .555 .590
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nificantly differ between groups either (mean age± SD 
for OCD: 10.4 ± 2.8 years; mean age± SD for ADHD= 
10.5 ± 2.2 years; z=-.52, p=.96).

Severity of Symptoms 

CY-BOCS was used to measure the severity of symp-
toms in the OCD group (range: 0-40, obsessive symp-
toms, mean=11.2, SD =4.1; compulsive symptoms, 
mean=12.9, SD=3.5). ADHD symptom severity was 
measured by CTRS (Inattention, mean =8.8, SD =4.2, 
Hyperactivity, mean =11.9, SD =3.7, Conduct problems, 
mean =9.0, SD =4.2, Total, mean =34.0, SD =8.5).

SPECT Examination 

“Normalized” CBF measurements of the groups are 
summarized in Table I. 

Mann-Whitney-U test results showed that CBF in the 
right prefrontal region of OCD cases was significantly 
higher than ADHD cases (z=2.89, p=.003). Differences 
in CBFs in other regions between groups were not statis-
tically significant after Bonferroni correction. 

No significant relation was observed between OCD 
severity and CBF measurements. 

DISCUSSION 

This study is one of the few studies that examined 
child and adolescent OCD cases directly. Results showed 

that normalized CBF in the right prefrontal cortex in 
OCD cases was higher than ADHD cases. 

Results of the present study are consistent with those 
of ADHD- and OCD-related studies. Many functional 
neuroimaging studies demonstrated increases in prefron-
tal metabolism and blood flow in OCD cases (Aouizerate 
et al. 2004). A SPECT study on children and adolescents 
lends support to this finding (Diler et al. 2004). One oth-
er study found relations between current age and the age 
at the onset of the disorder with bilateral frontal blood 
flow in children and adolescents (Castillo et al. 2005). 
Some other neuroimaging studies showed an association 
between improvement in symptoms and restoration of 
prefrontal cortical metabolism or blood flow (Baxter et 
al. 1992, Swedo et al, 1992, Benkelfat et al. 1990, Perani 
et al. 1995, Saxena et al. 1999). On the other hand, there 
exist studies that failed to find an increase in prefron-
tal activity (Crespo-Facorro et al. 1999, Busatto et al. 
2000). Our findings demonstrated an increase in pre-
frontal cortical activity in children and adolescents with 
OCD, similar to the adult OCD cases. Many authors 
argued that, in OCD, there is a hyperfunction of the 
neural network comprised of prefrontal cortex, cingulate 
cortex and the head of the caudate nucleus (Insel 1992, 
Baxter 1994). In the present study, we found that right 
prefrontal blood flow in ADHD cases was lower than 
OCD cases. Many of the previous studies reported a de-
crease in activity in the right prefrontal region in ADHD 
cases (Zametkin et al. 1990, Zametkin et al. 1993, Rubia 
et al. 2000, Spaletta et al. 2001). With regard to this, the 
results of the present study are in agreement with those 
of the previous studies on these two disorders. 

According to Bradshaw and Shephard, ADHD, 
OCD, autism and schizophrenia can be classified as 
“neurodevelopmental fronto-striatal disorders”. In addi-
tion to the possibility of diagnostic superposition, these 
disorders are highly comorbid and alterations in brain 
lateralization have been shown in all these disorders 
(Bradshaw and Shepard 2000). The authors argued that 
genetic and environmental factors acting on anatomi-
cally- or neurochemically-defined certain networks de-
termine if and which disorder will occur. In other words, 
OCD and ADHD may be two disorders that are related 
to similar neural networks. Though they are in the same 
group, different sites in the fronto-striatal region are in-
volved due to different genetic and environmental fac-
tors. Our findings showed that prefrontal CBF was high-
er in OCD cases than ADHD cases. Pathophysiology of 
these disorders can be better understood by examining 
cases with two disorders.  

Figure I. Regions of interest in obsessive compulsive disorder and at-
tention deficit and hyperactivity disorder cases. OCD cases are on the 
right side of the panel and ADHD cases are on the left side of the panel. 
Upper half of the panel depicts right and left prefrontal regions while 
lower half of the panel shows the right and left parietal regions of in-
terest. 
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It is obvious that this study has certain limitations. 
The most important of these limitations is the lack of a 
control group comprised of healthy subjects. Even though 
results of the present study are consistent with previous 
studies, this complicates the interpretation of the results. 
However, there are ethical issues related to the use of 
SPECT in healthy children, a technique that utilizes ion-
izing radiation and many previous studies faced with the 
similar constraints (Bush et al. 2005). In a review by Bush 
and colleagues, the authors reported that of the 13 SPECT 
studies on ADHD cases, only three studies had a control 
group, the biggest of which was composed of 7 subjects. 
Four studies did not have a control group at all and the 
remaining six studies used psychiatric cases, neurological 
cases or siblings as controls (Bush et al. 2005). In one of 
the two studies on children and adolescents with OCD 
had no control group (Castillo et al. 2005). Considering 
the possible alterations in CBF, using subjects with other 
psychiatric or neurological disorders as a control group 
does not seem to be a good approach. Inclusion of siblings 
in the control group is problematic due to genetic predis-
positions that might affect CBF as well as ethical issues. 
This shows that all control, or comparison groups, to be 
more accurate, can introduce confounders and none of 
those choices serve as an ideal control group. 

Another limitation of the study is the fact that there 
was a sex difference between groups though it was not 
statistically significant. Previous PET studies have dem-
onstrated a sex difference in brain metabolism in ADHD 
cases and suggested that this difference could be more pro-
nounced in adult females (Zametkin et al. 1993, Ernst et 
al. 1994). 

Sample size in studies that examined ADHD cases 
with SPECT varied between 8 and 54, with a mean of 
22.9 (Bush et al. 2005). There are two previously pub-
lished studies that assessed pediatric OCD cases and these 
studies included 18 and 14 OCD cases with no control 
subjects in the second study (Diler et al. 2004, Castillo et 
al. 2005). This suggests that sample size of ADHD and 
OCD cases in the present study is sufficient. We tried to 
minimize possible statistical errors by using non-paramet-
ric statistical tests and Bonferroni correction for multiple 
comparisons.  

Despite these limitations, we believe the results of the 
present study that compared two disorders that might 
occur concomitantly and thought to be mediated by the 
same neural networks would be useful. 

REFERENCES
Aouizerate B, Guehl D, Cuny E, et al. (2004) Pathophysiology of  

obsessive-compulsive disorder: a necessary link between phenomenology, 
neuropsychology, imagery and physiology. Prog Neurobiol, 72:195-221.

Baxter LJ, Schwartz JM, Bergman KS, et al. (1992) Caudate glucose 
metabolic rate changes with both drug and behavior therapy for obsessive-
compulsive disorder. Arch Gen Psychiatry, 49:681-689.

Baxter LR (1994) Positron emission tomography studies of  cerebral 
glucose metabolism in obsessive-compulsive disorder. J Clin Psychiatry, 
55:54-59.

Benkelfat C, Nordahl TE, Semple WE, et al. (1990) Local cerebral 
glucose metabolic rates in obsessive-compulsive disorder, patients treated 
with clomipramine. Arch Gen Psychiatry, 47:840-48.

Bradshaw JL, Shepard DM (2000) The neurodevelopmental 
frontostriatal disorders, evolutionary adaptiveness and anomalous 
lateralization. Brain Lang, 73: 297-320.

Busatto GF, Zamignani DR, Buchpiguel CA, et al. (2000) A voxel-
based investigation of  regional cerebral blood flow abnormalities in 
obsessive-compulsive disorder using single photon emission computed 
tomography (SPECT) Psychiatry Res, 99:15-27.

Bush G, Valera EM, Seidman LJ (2005) Functional neuroimaging 
of  attention deficit hyperactivity disorder: a review and suggested future 
directions. Biol Psychiatry, 57:1273–84.

Carlsson ML (2000) On the role of  cortical glutamate in obsessive-
compulsive disorder and attention deficit hyperactivity disorder, two 
phenomenologically antithetical conditions. Acta Psychiatr Scan, 102 : 
401-413.

Castellanos FX (1997) Toward a pathophysiology of  attention deficit 
hyperactvity disorder. Clin Pediatrics,  36:381-393.

Castillo AR, Buchpiguel CA, de Araujo LA et al. (2005) Brain SPECT 
imaging in children and adolescents with obsessive-compulsive disorder. J 
Neural Transm, 112:1115–29.

Crespo-Facorro B, Cabranes JA, Lopez-Ibor AI, et al. (1999) Regional 
cerebral blood flow in obsessive-compulsive patients with or without a 
chronic tic disorder, A SPECT study. Eur Arch Psychiatry Clin Neurosci, 
249;156-161.

Denckla MB. (1985) Revised neurological examination and subtle 
signs. Psychopharmacol Bull, 21:773-779.

Diler RS, Kibar M, Avci A. (2004) Pharmacotherapy and regional 
cerebral blood flow in children with obsessive-compulsive disorder. 
Yonsei Med J, 45:90-9.

Ernst M, Liebenauer LL, King AC, et al. (1994) Reduced brain 
metabolism in hyperactive girls. J Am Acad Child Adolesc Psychiatry, 
33:858–868.

Giedd JN, Rapoport JL, Garvey MA, et al. (2000) MRI assessment 
of  children with obsessive-compulsive disorder or tics associated with 
streptococcal infection. Am J Psychiatry, 157:281-3.

Gilbert AR, Moore GJ, Keshavan MS, et al. (2000) Decrease in 
thalamic volumes of  pediatric patients with obsessive-compulsive disorder 
who are taking paroxetine. Arch Gen Psychiatry, 57:449-56.

Goyette CH, Conners CK, Ulrich RF (1978) Normative data on 
revised Conners’ parent and teacher rating scales. J Abnorm Child 
Psychol, 6:221-36.

Insel TR (1992) Toward a neuroanatomy of  obsessive-compulsive 
disorder. Arch Gen Psychiatry, 49:739-744.

O’Tuama LA, Dickstein DP, Neeper N, et al. (1999) Functional brain 
imaging in neuropsychiatric disorders of  childhood. J Child Neurol, 14: 
207-221.



6

Öner Ö, Öner P, Aysev A, et al. (2005) Regional cerebral blood flow 
in children with ADHD: changes with age. Brain Dev, 27:279-85.

Pauls DL, Alsobrook JP, Goodman W, et al. (1995) A family study of  
obsessive-compulsive disorder. Am J Psychiatry, 125: 76-84. 

Perani D, Colombo C, Bressi S, et al. (1995) [18F]FDG PET study 
in obsessive-compulsive disorder. A clinical/metabolic correlation study 
after treatment. Br J  Psychiatry, 166:244-50.

Rosenberg DR, Keshavan MS (1998) Toward a neurodevelopmental 
model of  obsessive-compulsive disorder. Biol Psychiatry, 43:623-40.

Rubia K, Overmeyer S, Taylor E, et al. (2000) Functional 
frontalisation with age: mapping neurodevelopmental trajectories with 
fMRI. Neuroscience and Biobehav Rev, 24:13-9. 

Saxena S, Brody AL, Maidment KM, et al. (1999) Localized 
orbitofrontal and subcortical metabolic changes and predictors of  
response to paroxetine treatment in obsessive-compulsive disorder. 
Neuropsychopharmacol, 21:683-93.

Scahill L, Riddle MA, McSwiggin-Hardin M, et al. (1997) Children’s 
Yale-Brown Obsessive Compulsive Scale: reliability and validity. J Am 
Acad Child Adolesc Psychiatry, 36:844-52.

Spalletta G, Pasini A, Pau F, et al. (2001) Prefrontal blood flow 
dysregulation in drug naïve ADHD children without structural 
abnormalities. J Neural Trans, 108:1203-1216.

Swedo SE, Pietrini P, Leonard HL, et al. (1992) Cerebral glucose 
metabolism in childhood-onset obsessive-compulsive disorder, 
revisualization during pharmacotherapy. Arch Gen Psychiatry, 49:690-4.

Şener S, Dereboy C, Dereboy IF, et al. (1995) Conners Öğretmen 
Derecelendirme Ölçeği Türkçe uyarlaması-1. Çocuk ve Ergen Ruh Sağlığı 
Dergisi 2: 131-141.

Yücelen A, Arman V, Topçuoğlu G et al. (2000)  Çocuklar için Yale- 
Brown obsesif  kompulsif  geçerlik ve güvenirlik değerlendirmesi. Poster 
presentation at 10. Ulusal Çocuk ve Ergen Kongresi, Sarıgerme.

Zametkin AJ, Liebenauer LL, Fitzgerald GA, et al. (1993) Brain 
metabolism in teenagers with attention-deficit hyperactivity disorder. Arch 
Gen Psychiatry, 50:333-40.

Zametkin AJ, Nordahl TE, Gross ME, et al. (1990) Cerebral glucose 
metabolism in adults with hyperactivity of  childhood onset. N Eng J Med, 
323:1361-1366.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


