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Abstract

The efficacy of modafinil in comparison with methylphenidate in treatment of pediatric attention-deficit hyperactivity disorder
(ADHD) has not been thoroughly investigated. This study compared the effect of modafinil versus methylphenidate on continuous
attention task in children with ADHD, using the Test of Variables of Attention. Twenty-eight participants completed a baseline
test followed by administration of a single dose of either methylphenidate or modafinil, after which the test was repeated. The test
was performed a third time, after each subject received a dose of the medication not previously administered. Comparison of
scores showed mean baseline, postmethylphenidate, and postmodafinil scores of —2.04, 0.017, and 0.09, respectively. No differ-
ence was found between improvements observed with either medication (P < .05). Adverse events for both agents were mild and
self-limited, including abdominal pain, diarrhea, and hyposomnia. The authors conclude that modafinil is as effective as methylphe-

nidate; however, a larger scale long-term study is required to confirm these results.
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Attention-deficit hyperactivity disorder (ADHD) is the
most common neuropsychiatric disorder of childhood and
adolescence, with a worldwide prevalence of 8% to 12%
among school-aged children.! The pathophysiological process
underlying this disorder is not entirely understood; however,
imbalances in the noradrenergic and dopaminergic systems are
believed to account for some of its core symptoms.”

Treatment of ADHD is based on integration of pharma-
cotherapy and nonpharmacological interventions, with the
drugs of choice being sympathomimetic stimulants, such as
methylphenidate, and amphetamine derivatives.> These agents
inhibit the reuptake of norepinephrine and dopamine into the
presynaptic neuron and increase their release at presynaptic
terminals.* Despite the proven efficacy of stimulants in most
individuals, approximately 10% to 30% of patients do not
respond adequately to the treatment or demonstrate intolerable
adverse effects.’

In the past decade, modafinil, a nonsympathomimetic
wakefulness-promoting agent, structurally and pharmacologically

different from the classical stimulants, has been suggested
as an alternative therapy for the treatment of ADHD.®’
Although its precise mechanism of action remains to be
determined, modafinil is thought to modulate the release
of glutamate, y-aminobutyric acid (GABA), histamine, and
hypocretin. This results in hypothalamus-based wakefulness,
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as opposed to the diffuse neuronal activation caused by
conventional wake-promoting stimulants.®

Most studies hitherto have tested the efficacy of
modafinil in comparison with placebo.”'! One randomized
controlled trial, conducted by Amiri et al,'> compared the
effects of modafinil versus methylphenidate in children
and adolescents with ADHD; however, the study did not
use a crossover design, and each participant only received
1 medication, which might make the results prone to the
influence of confounding factors.'?

The aim of the present study was to compare the effects
of a single administration of modafinil on ADHD
symptoms in children and adolescents with those of a single
methylphenidate challenge, using the Test of Variables of
Attention. This computerized continuous performance test
was developed in California in the 1990s and is one of
the most commonly used continuous performance tests.'>'
In this test the examinee has to press a button in response to
a target stimulus (a circle at the fop of a square that
appears on the screen) and to refrain from responding to a
nontarget stimulus (a circle in the bottfom of a square that
appears on the screen). In its current version it lasts 21.6
minutes, and the main variables measured include omission
errors (number of targets that were missed), commission
errors (number of false responses to nontargets), response
time (mean response latency in milliseconds), and variabil-
ity (the standard deviation of response times). Additional
variables, of less importance in the total score weighting,
are postcommission response time (a measure of how long
after a commission error the next response is executed),
multiple responses (a measure of how many times the
button is pressed repeatedly, which may indicate additional
problems), and anticipatory responses (time during the test
in which the examinee presses the button before the stimu-
lus has been replaced by a consecutive stimulus). A total score is
calculated by weighting the score of all the variables throughout
the 4 quarters of the test, and the score expresses the standard
deviation of the mean. In our study this score is the qualitative
result of the test. As a rule, a score between —1.8 and +1.8
is considered a normal range. Most subjects with ADHD
achieve a score below —1.8, and when they repeat the test
with an effective stimulant (or another medication found
effective for ADHD) the score is expected to improve. In
cases where the examinee presses the button before the sti-
mulus has been changed too many times, the anticipatory
response is too high, and the total score is missing (ie, the
test does not have a qualitative result). This phenomenon
usually appears at the beginning of the test. In such cases,
even when the total calculated mean score is missing, the
output of the crude data of the 4 major variables (percentiles
of the omission errors, percentiles of the commission errors,
response time, and response time standard deviations) is dis-
played as column graphs. Looking at these graphs allows
the examiners to make a qualitative decision whether the
performance was better or worse when using a stimulant
drug in comparison to the baseline test.

Table |. Results of the Qualitative Assessment of the Test of Variable
of Attention Following a Single Administration of Either Methylphenidate
or Modafinil

Postmethylphenidate Postmodafinil

Subjective Subjective
Participant Sex Age,y Assessment Assessment
| M 12 Improvement No change
2 M 125 Improvement Improvement
3 M 7 Improvement Improvement
4 M 1l Improvement Improvement
5 M 7 No change No change
6 M 9.5 Improvement Improvement
7 M 115 Improvement Improvement
8 M 10 No change No change
9 M I1.5 No change Deterioration
10 M 15 No change No change
Il M 13 Deterioration No change
12 M 7 No change Improvement
13 M 8 Improvement Improvement
14 F 13 Improvement Deterioration
15 M 10.5 Improvement No change
16 M 7 Improvement Improvement
17 M 14 No change Improvement
18 M 8 Improvement Improvement
19 M 6.5 Improvement Improvement
20 M 15 Improvement Deterioration
21 M 6.5 Deterioration Improvement
22 M 6 Improvement Deterioration
23 M 10 Deterioration Improvement
24 M 6.5 Deterioration Improvement
25 M 10 No change Improvement
26 M 12 Deterioration No change
27 F 155 Improvement Improvement
28 M 8 Improvement Improvement
Methods
Patients

Participants were randomly selected from our pediatric ADHD
outpatient clinic. Twenty-eight patients (26 boys and 2 girls) ranging
from 6 to 15 years of age (mean age, 10.1 + 2.9 years) were included.
To reduce the possibility of a diagnostic error, we selected only
patients with the classic combined subtype of ADHD (with features
of both inattention and hyperactivity—impulsivity). Other inclusion
criteria were fulfillment of the clinical criteria of the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSM-1V) for
ADHD' and hyperactivity index ¢ score of at least 65 at the Teacher
Conners Rating Scales and Parent Conners Rating Scales. Patients
with major psychiatric conditions (based on the DSM-IV criteria),
mental retardation, autistic spectrum disorder, or epilepsy were
excluded. Other exclusion criteria included heart disease, hyperten-
sion, sleep disorders, migraine, and previous history of either
Steven-Johnson syndrome or hypersensitivity reaction to modafinil,
methylphenidate, or other psychostimulants.

Study Design

The effect of a single dose of either modafinil or methylphenidate on
attention was evaluated using the Test of Variables of Attention, one
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Figure |. Results of the quantitative assessment of attention following a single administration of either methylphenidate or modafinil.

of the most widely used continuous performance tests.'®'® The Test of
Variables of Attention is characterized by a robust internal
consistency when used to assess children diagnosed with ADHD and
is highly sensitive to medication titration effects on ADHD
symptoms. 18,19

A randomized, double-blind, crossover study design was used. Ini-
tially, all participants were requested to perform a baseline Test of
Variables of Attention procedure, following which they were ran-
domly assigned to receive a single dose of either modafinil
(100 mg) or methylphenidate (10 mg). After an average of 90 minutes,
a second Test of Variables of Attention was performed. Within the
following 2 weeks, the participants received a single dose of the med-
ication that they had not previously received (either 10 mg methylphe-
nidate or 100 mg modafinil). An average of 90 minutes later, they
were requested to perform the third, and last, Test of Variables of
Attention procedure. Neither the patients nor the interpreter was
informed what medication was given at each trial. The test results
were summarized as numerical quantitative values (ADHD score).
In addition to the numerical ADHD scores, we added qualitative eva-
luations that were made by the examiner and were based on side obser-
vations of the patients during the test performance and on the column
graphs of the 4 major test variables (percentiles of the omission errors,
percentiles of the commission errors, response time, and response time
standard deviations). These evaluations were particularly helpful in
cases where the ADHD scores were missing. All the procedures were
performed during the morning. Patients and their families were subse-
quently contacted and requested to report any adverse effects that
might have occurred.

Statistical Analysis

Statistical analysis was performed using the SPSS statistical package
version 15 (SPSS, Chicago, Illinois). The sensitivity, specificity, and
positive value were computed. All P values were 2-sided, and statis-
tical significance was defined as P < .05.

Results
Qualitative Assessment

The results of the qualitative evaluation for each participant
are shown in Table 1. In summary, the performance of 17
subjects (60.7%) was improved with modafinil, in compari-
son to 16 (57.1%) who improved with methylphenidate. In 4
participants (14.3%) the performance deteriorated following
the modafinil challenge, in comparison with 5 (17.9%) after
the administration of methylphenidate. In 7 participants
(25.0%) neither modafinil nor methylphenidate affected the
performance in the Test of Variables of Attention proce-
dure. Tt is noteworthy that 17 participants (60.7%) reacted
similarly to both medications: 11 had a positive response
to both modafinil and methylphenidate, whereas 6 had a
negative response to both challenges. No statistically signif-
icant difference was found between the proportions of sub-
jects who showed improvement, deterioration, or no change
in their Test of Variables of Attention performance, when
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Table 2. Results of Attention-Deficit Hyperactivity Disorder
(ADHD) Scores Based on the Test of Variables of Attention

Baseline
ADHD Postmethylphenidate Postmodafinil

Participant Sex Age,y Score Score Score
| M 12 -5.49 NA -5.87
2 M 125 -3.18 0.46 0.29
3 M 7 =571 -1.27 0.47
4 M I NA NA NA
5 M 7 NA NA NA
6 M 9.5 —4.2 —4.2 -0.2
7 M IS —4.46 1.55 -1.09
8 M 10 2.36 271 0.84
9 M L5 NA NA NA
10 M 15 NA NA NA
I M 13 -1.09 —2.88 -0.88
12 M 7 —2.54 -2.14 -1.34
13 M 8 -0.38 3.6l 1.2
14 F 13 NA NA NA
15 M 105 -3.79 1.25 —2.41
16 M 7 0.84 1.02 331
17 M 14 NA NA 2.11
18 M 8 NA 3.78 227
19 M 6.5 1.55 33 3.44
20 M 15 NA NA NA
21 M 6.5 —2.34 -3.75 -0.072
22 M 6 -2.51 -0.38 -3.23
23 M 10 —2.63 NA 0.09
24 M 6.5 NA NA 3.03
25 M 10 —7.55 NA 24
26 M 12 =3.11 NA -3.14
27 F 155 -3.59 NA -0.2
28 M 8 -3.12 0.96 1.05

Abbreviation: NA, not applicable (score could not be accurately calculated).

given the 2 medications (P = .22). A graphic representation
of these results is provided in Figure 1.

Test of Variables of Attention Scores

Numerical ADHD scores of the Test of Variables of Attention
procedure for the baseline, postmodafinil, and postmethylphe-
nidate performances were available for 14 subjects. In the
remaining 14 participants, no scores or partial scores were
obtained (Table 2).

The mean baseline score for the participants whose scores
were available in all 3 stages of the Test of Variables of Atten-
tion procedure was —2.04, the mean postmodafinil score was
0.09, and the mean postmethylphenidate score was 0.017. Both
methylphenidate and modafinil significantly improved
performance on the Test of Variables of Attention (P <.05), but
there was no statistically significant difference between the
improvement seen with the 2 medications (P = .9) (Figure 2).

Adverse Events

Four participants (14.3%) experienced adverse events follow-
ing modafinil challenge, including abdominal pain, diarrhea,
and hyposomnia. Seven participants (25%) reported adverse
events after administration of methylphenidate, including

abdominal pain, diarrhea, hyposomnia, and headaches. No
statistically significant difference was found between the glo-
bal incidences of adverse events caused by the 2 medications;
however, headache was reported only after administration of
methylphenidate (4 participants).

Discussion

The current study sought to investigate the efficacy and toler-
ability of a single dose of modafinil in comparison with methyl-
phenidate in pediatric patients with ADHD. In this regard, our
study is the first crossover double-blind, randomized,
modafinil-methylphenidate trial comparing the effects of these
2 medications using the Test of Variables of Attention proce-
dure quantitative assessment as well as qualitative assessments.
Our study shows that modafinil administration significantly
improves the ADHD scores of subjects upon performance of
the Test of Variables of Attention procedure and that this
improvement is not significantly different than that achieved
with methylphenidate. With regard to adverse events, their
incidence after modafinil or methylphenidate administration
was not significantly different, with the exception of head-
aches, which were exclusive to methylphenidate. All adverse
events caused by both modafinil and methylphenidate were
minimal and resolved spontaneously.

To date, several studies have examined the effects of mod-
afinil on children and adolescents with ADHD, most of which
were either open-label or conducted in comparison to placebo.
Three large randomized, double-blind, placebo-controlled
trials, which included 190 to 248 subjects each and lasted 7
to 9 weeks, evaluated the use of modafinil in pediatric patients
with ADHD, with the primary efficacy measure being the
ADHD Rating Scale—IV. The results in all 3 studies were con-
sistent, showing a significant improvement (decrease) in
the ADHD Rating Scale—IV scores of subjects compared with
placebo.”!!

Two studies by Rugino et a evaluated the efficacy and
safety of modafinil in children with ADHD using the standar-
dized Test of Variables of Attention as well as the Conners
Teacher Rating Scale—Revised. The first was an open-label
trial in 11 subjects that lasted 4 to 5 weeks, whereas the second
was a randomized, placebo-controlled trial in 22 subjects that
lasted 5 to 6 weeks. Both studies demonstrated significant
improvement in ADHD symptoms, as reflected by both out-
come measures used; moreover, modafinil was well tolerated
in both studies, with most adverse events being mild and tran-
sient. No cases of anorexia or weight loss were reported.?**!

Thus far, only 1 study has compared the effects of modafinil
with those of methylphenidate. A double-blind randomized
clinical trial by Amiri et al'> was done in 60 children with
ADHD who received either modafinil or methylphenidate for
a period of 6 weeks. Efficacy outcomes were assessed using the
Parent and Teacher ADHD Rating Scale—IV. This study found
no significant difference between the outcomes of the 2 groups,
with both groups demonstrating significant improvement in
comparison to baseline. Unlike our study, in this study each

20,21
120
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Figure 2. Results of attention-deficit hyperactivity disorder (ADHD) scores based on the Test of Variables of Attention (TOVA).

group of subjects received only 1 medication, which may make
the results prone to the influence of confounding covariates. In
terms of adverse events, their study reported somewhat
decreased incidence of appetite and insomnia in the modafinil
group in comparison with the methylphenidate group.12

Since our study design uses only a single administration
of each drug, the lack of serious adverse effects is meaning-
less in terms of long-term treatment; however, previous
studies showed that modafinil is well tolerated and rela-
tively safe. However, despite the fact that modafinil is as
safe as methylphenidate in many respects (and perhaps even
has a lower rate of side effects), it was not approved by the
US Food and Drug Administration (FDA). One of the argu-
ments against its approval was a minor risk of serious skin
reaction such as the Steven-Johnson syndrome, reported by
Biederman et al.'® Interestingly, while a few cases of seri-
ous skin reactions or suspected skin reactions were reported
as probably related to modafinil among nearly 1000 children
and adolescents treated with modafinil for ADHD, only 5
cases of serious skin reactions were reported out of nearly
680 000 patients worldwide who received modafinil for
other causes, mainly sleep disorders.”” In general, most of
these patients were adults with daytime sleepiness, and they
differed from the children who received the modafinil for
ADHD symptoms by their older age and relatively smaller
daily doses of modafinil.

In addition to the fact that our study provides no information
on long-term drug effects and long-term adverse effects, the
main limitations of our study were the small number of

participants and even smaller number of participants for whom
numerical scores could be obtained.

Conclusions

As shown in previous studies, modafinil may serve as an effec-
tive alternative treatment for ADHD in pediatric patients who
do not respond well to methylphenidate or other stimulants.
Further larger scale research in this field is warranted to assess
its long-term safety in children and adolescents.

Acknowledgments

We thank the team of the Carmel Hospital Unit of Medical Statistics
for performing statistical analysis.

Author Contributions

HRG and NZ designed the study; NN and OBB performed the study;
HRG, OS, NN, and NZ analyzed data; HRG, OS, NN, and NZ per-
formed literature search; HRG, OS, and NZ wrote the paper. All
authors read and approved the final version.

Declaration of Conflicting Interests

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

Funding

The authors received no financial support for the research, authorship,
and/or publication of this article.

Downloaded from jcn.sagepub.com at FernUniversitaet Hagen on May 31, 2014


http://jcn.sagepub.com/

1552

Journal of Child Neurology 27(12)

Ethics Approval

The study was approved by the Carmel Medical Center Institutional
Review Board (Helsinki Committee).

References

1.

10.

11.

Biederman J, Faraone SV. Attention-deficit hyperactivity disor-
der. Lancet. 2005;366(9481):237-248.

. Tripp G, Wickens JR. Neurobiology of ADHD. Neuropharmacol-

0gy. 2009;57(7-8):579-589.

. Brown RT, Amler RW, Freeman WS, et al. Treatment of attention

deficit/hyperactivity disorder: overview of the evidence. Pedia-
trics. 2005;115(6): €749-e757.

. Scahill L, Carroll D, Burke K. Methylphenidate: mechanism of

action and clinical update. J Child Adolesc Psychiatr Nurs.
2004;17(2):85-86.

. Schwitzer JB, Holocomb HH. Drugs under investigation for

attention-deficit hyperactivity disorder. Curr Opin Investig
Drugs. 2002;3:1207-1211.

. Rugino T. A review of modafinil film-coated tablets for attention

deficit/hyperactivity disorder in children and adolescents. Neu-
ropsychiatr Dis Treat. 2007;3(3):293-301.

. Ferarro L, Antonelli T, O’Connor WT, et al. Modafinil: an anti-

narcoleptic drug with a different neurochemical profile to d-
amphetamine and dopamine uptake blockers. Biol Psychiatry.
1997;42(12):1181-1183.

. Ballon JS, Feifel D. A systematic review of modafinil: potential

clinical use and mechanisms of action. J Clin Psychiatry. 2006;
67(4):554-566.

. Swanson JM, Greenhill LL, Lopez FA, et al. Modafinil film-

coated tablets in children and adolescent with attention-deficit/
hyperactivity disorder: results of a randomized, double-blind,
placebo-controlled, fixed-dose study followed by abrupt disconti-
nuation. J Clin Psychiatry. 2006;67(1):137-147.

Biederman J, Swanson JM, Wigal SB, et al. Efficacy and safety of
modafinil film-coated tablets in children and adolescents with
attention-deficit/ hyperactivity disorder: results of a randomized,
double-blind, placebo-controlled, flexible dose study. Pediatrics.
2005;116(6): e777-¢784.

Greenhill LL, Biederman J, Boellner SW, et al. A randomized,
double-blind, placebo-controlled study of modafinil film-

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

coatedtablets in children and adolescents with attention-deficit/
hyperactivity disorder. J Am Acad Child Adolesc Psychiatry.
2006;45(5):503-511.

Amiri S, Mohammadi MR, Mohammadi M, et al. Modafinil a
treatment for attention-deficit/hyperactivity disorder in chil-
dren and adolescents: a double blind, randomized clinical trial.
Prog Neuropsychopharmacol Biol Psychiatry. 2008;1:32(1):
145-149.

Greenberg LM, Waldman ID. Developmental normative data on
the Test of Variables of Attention (TOVATM). J Child Psychol
Psychiatry. 1993;34:1019-1930.

Forbes GB. Clinical utility of the Test of Variables of Attention
(TOVA), in the diagnosis of attention-deficit/hyperactivity disor-
ders. J Clin Psychol. 1998;54:461-476.

American Psychiatric Association: Diagnostic and Statistical
Manual of Mental Diseases. 4th ed. Washington, DC: American
Psychiatric Publishing; 1994.

Forbes GB. Clinical utility of the Test of Variables of Attention
(TOVA), in the diagnosis of attention-deficit/hyperactivity disor-
ders. J Clin Psychol. 1998;54(4):461-476.

Manor I, Meidad S, Zalsman G, et al. Objective versus subjective
assessment of methylphenidate response. Child Psychiatry Hum
Dev. 2008;39:273-282.

. Reddy LA, Newman E, Pedigo TK, et al. Concurrent validity of

the pediatric attention disorders diagnostic screener for children
with ADHD. Child Neuropsychol. 2010;16:478-493.

Llorente AM, Voigt R, Jensen CL, et al. The Test of Variable of
Attention (TOVA): internal consistency (Q(1) vs. Q(2) and Q(3)
vs. Q(4)) in children with attention deficit/hyperactivity disorder
(ADHD). Child Neuropsychol. 2008;14:314-322.

Rugino TA, Copley TC. Effects of modafinil in children
with attention-deficit/hyperactivity disorder: an open-label study.
J Am Acad Child Adolesc Psychiatry. 2001;40(2):230-235.
Rugino TA, Samsock TA. Modafinil in children with attention-
deficit hyperactivity disorder. Pediatr Neurol. 2003;29(2):
136-142.

Cephalon, Inc. Modafinil (CEP-1538) tablets. Supplemental NDA
20-717/S-019 ADHD Indications: briefing documents for Psycho-
pharmacologic Drugs Advisory Committee Meeting. Frazer, PA;
Cephalon, Inc; 2006.

Downloaded from jcn.sagepub.com at FernUniversitaet Hagen on May 31, 2014


http://jcn.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


