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Abstract
While pharmacotherapy and psychosocial interventions are recommended as the primary frontline treatment for
attention deficit hyperactivity disorder (ADHD), alternative approaches to managing ADHD are becoming increasingly
popular among patients and their families. Supplementation with polyunsaturated fatty acids (PUFAs) is an example of this.
PUFA supplementation is not recommended by guidelines for managing ADHD; however, patients may still decide to use
it. To provide direction to healthcare professionals (HCPs) managing ADHD, eight international experts in the field of
adult and child ADHD came together for the Continuum Education Board: Omega Supplements in ADHD meeting. This
commentary summarises the panel’s consensus that current evidence suggests PUFA supplementation has a small ben-
eficial effect on behaviour in children with ADHD, and that further high-quality research is needed to clearly evaluate and
define its role in the management of ADHD of children, adolescents and adults. The panel concluded that in cases where
patients use PUFA supplementation, HCPs should be comfortable explaining the potential gains that they may have and
their possible side effects. The panel also concluded HCPs should not reinforce the idea that PUFA supplementation
should replace treatment approaches with a more robust evidence base for managing ADHD.

Keywords
Nutrition, ADHD, omega, health, supplements, attention deficit hyperactivity disorder, polyunsaturated fatty acids, PUFA

Introduction

Primary frontline treatments recommended for attention

deficit hyperactivity disorder (ADHD) may make use of

both pharmacotherapy and psychosocial interventions.

However, alternative approaches to managing ADHD are

becoming increasingly popular among patients and their

families (Bos et al., 2015). Supplementation with poly-

unsaturated fatty acids (PUFAs) is one example of this;

however, its use is not recommended by mainstream

clinical guidelines, such as NICE guidelines (NICE

guidelines, 2016), due to the relatively low effect size of

meta-analyses’ results. Important questions such as how

PUFA supplements should be used, if patients decide to

use them, remain unanswered, underscoring the need for

well-designed clinical trials to support healthcare pro-

fessionals (HCPs) to make confident recommendations to

their patients (Gow et al., 2015).

In an attempt to provide direction to HCPs managing

ADHD, on 29 August 2017, eight international experts in
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the field of both adult and child ADHD came together for

the Continuum Education Board: Omega supplements in

ADHD meeting. The meeting served as a forum in which a

panel of experts could assess the current landscape of

PUFA supplementation in light of accumulating data, and

provide practical recommendations to help HCPs make

evidence-based decisions for patients and their families

seeking alternative treatments. Details from the panel’s

consensus are summarised here, along with recommenda-

tions for future research.

Mechanism of action and rationale for
effect in ADHD

Omega-3 PUFAs, such as eicosapentaenoic acid (EPA) and

docosahexaenoic acid (DHA), are essential nutrients, and

DHA is highly abundant in the mammalian brain (Bos

et al., 2016). By altering cellular phospholipid membranes

in the central nervous system, omega-3 PUFAs play an

important role in different neural processes, some of

which may be compromised in individuals with ADHD.

Animal studies suggest effects on neurotransmission – via

increased levels of serotonin and dopamine – and cell

survival (Bazinet and Laye, 2014; Chalon, 2006).

Omega-3 PUFAs might help minimise oxidative stress,

which can be increased in individuals with ADHD (Bos

et al., 2016).

Inflammation, which could be associated with neu-

ropsychiatric disorders, might be reduced with EPA and

DHA (Donev and Thome, 2010; Simopoulos, 2008). In

contrast to omega-3 PUFAs, omega-6 PUFAs produce

compounds that have pro-inflammatory properties (Königs

and Kiliaan, 2016). Furthermore, a high omega-6/3 PUFA

ratio is thought to have adverse health effects, including the

development of some psychiatric disorders (Simopoulos,

2011). Indeed, Western diets show a trend towards higher

omega-6/3 PUFA ratios, which has been posited to corre-

late with a higher rate of certain psychiatric conditions. The

ratio between omega-3/6 PUFAs is important since omega-

3 PUFAs competitively inhibit omega-6 PUFAs, causing a

reduction in the synthesis of pro-inflammatory mediators

(Ergas et al., 2002).

In line with these observations, recent findings have

shown that some individuals with ADHD have low blood

and plasma levels of omega-3 PUFAs (Bos et al., 2015;

Chang et al., 2017; Parletta et al., 2016). Such a deficiency

may have a significant and widespread impact on the

function and development of the brain (Königs and Kiliaan,

2016). Therefore, increasing the intake of omega-3 PUFAs,

through PUFA-rich diets or PUFA supplements, could be

an appropriate strategy to address this potential deficiency

and improve ADHD symptoms.

Efficacy

PUFAs have been assessed across many psychiatric con-

ditions. Meta-analyses of omega-3 PUFA trials in patients

with depression have resulted in inconsistent conclusions.

One analysis concluded that omega-3 PUFA supple-

mentation does not have a significant benefit on depressive

symptoms (Bloch and Hannestad, 2012). Meanwhile, sev-

eral others have found significant beneficial effects of EPA

alone on depression (Hallahan et al., 2016; Martins et al.,

2012; Mocking et al., 2016). In schizophrenia and other

psychotic disorders, current data are inconclusive for

omega-3 PUFAs. (Akter et al. 2012; Freeman et al., 2006;

Fusar-Poli and Berger, 2012). Promising results from one

study suggest omega-3 PUFA supplementation reduces the

risk of progression to psychotic disorders and psychiatric

morbidity (Amminger et al., 2015). Data from autism (van

Elst et al., 2014), anxiety disorders (Ravindran and da

Silva, 2013) and obsessive–compulsive disorder studies

(Fux et al., 2004) are too sparse from which to draw

conclusions.

In ADHD, clinically meaningful effect sizes have

been observed in some studies using PUFA supplements.

Several prospective, interventional studies have suggested

that omega-3/6 PUFA supplements – either alone or in

combination – offer improvement in cognitive performance

(Sinn et al., 2008) and enhanced tolerability of the stimu-

lant methylphenidate when prescribed as an add-on treat-

ment (Barragán et al., 2017; Sinn et al., 2008). One report

describes improvement in measures that include sleep

quality and emotional functioning (Chen et al., 2004). In

recent years, attempts to clarify the effect of PUFA sup-

plementation in ADHD have culminated in the publication

of several meta-analyses, all relating to children/adoles-

cents (Bloch and Qawasmi, 2011; Chang et al., 2017;

Gillies et al., 2012; Sonuga-Barke et al., 2013).

Meta-analyses mainly report a small effect size in

ADHD (Table 1), although they differ in how the clinical

benefit is interpreted. In the Cochrane review by Gillies

et al. (2012), PUFA supplementation showed a small, non-

significant impact on ADHD symptoms (parent-ratings:

overall symptoms (standardised mean difference (SMD):

0.17); inattention (SMD: 0.04); hyperactivity/impulsivity

(SMD: 0.04) and teacher-ratings: overall symptoms (SMD: –

0.05); inattention (SMD: –0.26); hyperactivity/impulsivity

(SMD: –0.10)). The authors concluded that, overall, there

was no significant benefit for PUFA supplementation in

children and adolescents with ADHD compared with pla-

cebo. Meanwhile, Bloch and Qawasmi (2011) found a small

but statistically significant improvement on ADHD symp-

toms with omega-3 PUFA supplementation (particularly with

EPA) compared with placebo (overall ADHD symptoms

(SMD: 0.31); inattentive symptoms (SMD: 0.29); hyper-

activity (SMD: 0.23)), equating to small efficacy compared

with existing pharmacotherapies, such as psychostimulant

medication (Bloch and Qawasmi, 2011). Sonuga-Barke et al.

(2013) found that PUFA supplementation produced small but

statistically significant reductions in overall ADHD symp-

toms (SMD: 0.21). When ‘probably blinded’ assessments

were used, effects remained statistically significant for

overall symptoms (SMD: 0.16); however, when stratified
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into specific aspects of ADHD, the effect sizes for each

component were: inattention, SMD: 0.11; hyperactivity/

impulsivity, SMD: 0.13. In a recent systematic review

and meta-analysis, Chang et al. (2017) suggested that

monotherapy with omega-3 PUFA supplementation does

benefit children and adolescents with ADHD compared

with placebo, and is associated with an improvement in

both their clinical symptoms (Hedges’ g effect size (g):

0.38, p<0.0001) and their cognitive performance (g:

1.09, p¼0.001).12

Variations in the inclusion criteria for meta-analyses

may account for these conflicting results in terms of sig-

nificance or non-significance. It should be noted that

Cochrane reviews are stricter in terms of what data they

will typically include to calculate effect size, so fewer

studies usually contribute to the meta-analysis. It should

also be noted that studies included also vary in sample size,

trial length, dosage, supplement composition and whether

participants are concurrently taking stimulant medication.

In summary, current evidence suggests that PUFA sup-

plementation has a small beneficial effect on behaviour in

children with ADHD.

Further considerations

Although effect sizes on ADHD symptoms are small

compared with established stimulant treatments, research

suggests there are virtually no severe side effects of PUFA

supplements. The most frequently reported side effects

are dyspepsia and incidental nosebleeds (Königs and

Kiliaan, 2016).

In addition, there have been reports of PUFA supple-

ment products being highly oxidised, with oxidation levels

exceeding recommended averages (Albert et al., 2015).

This is often not considered in trials and may account for

their inconsistent results.

Research has also suggested that certain subsets of

patients (possibly those with developmental disorders and

other comorbid conditions, and patients with PUFA-poor

diets) may stand to benefit more than other groups of

patients (Chang et al., 2017; Parletta et al., 2016). It has

been postulated that this may reflect the heterogeneity of

the underlying causes of ADHD, for example, a deficiency

in PUFAs or certain food intolerances (Chang et al., 2017).

Proposed future research

It is evident that further high-quality research is needed to

clearly evaluate and define the role of PUFA supple-

mentation in the management of ADHD for children,

adolescents and adults (Gow et al., 2015). First, it is

crucial that future trials should include larger samples. As

the benefits of omega-3 PUFA supplements are likely to

be small, larger samples will be needed to demonstrate a

statistically significant effect. It is worth considering that

even a small improvement from omega-3 PUFA supple-

ments may be clinically useful given the absence of sig-

nificant side effects and the growing evidence that they

may be health-promoting in other areas of medical and

psychiatric health (Amminger et al., 2015; Bos et al.,

2016).

Blood PUFA levels should be routinely analysed and

monitored in future trials as it would allow researchers to

study compliance, likely responders, and correlations

between PUFA blood levels and ADHD symptoms. Fur-

thermore, circumstantial findings suggest that individuals

with certain dietary deficiencies may stand to benefit more

from PUFA supplementation, yet, to our knowledge, no

prospective investigation has taken place to test this

hypothesis, and it should be a focus of future research. This

information may enable patient stratification in the future.

Additionally, future research should aim to clarify the

difference in efficacy between omega-3 and omega-3/6

combination PUFA supplements. Future clinical trials

should also include data on oxidation values as well as

average measured contents of EPA and DHA in the sup-

plements used in the studies.

Much interest has been generated in identifying patient

populations more likely to respond to PUFA supple-

mentation. One study has suggested that PUFA supple-

ments might have a higher impact on a subgroup of patients

with the inattentive presentation and other neurodevelop-

mental problems (Johnson et al., 2009). To this end, data

collected from future trials should include information on

concomitant use of other nutritional supplements that may

have a masking effect on PUFAs, and also on comorbid

conditions and the gender of the participants.

Other unanswered questions exist regarding the optimal

age in which to use PUFA supplements. In animal studies,

Table 1. Summary of meta-analyses assessing efficacy of PUFA supplementation in children and adolescents with ADHD.

Study N Intervention Studies included
Effect size (overall
ADHD symptoms)

Chang et al. 534 Omega-3 PUFAs Placebo-controlled g: 0.38
Bloch and Qawasami 699 Omega-3, omega 3/6 PUFAs Placebo-controlled SMD: 0.31
Gillies et al. 1011 Omega-3/6 PUFAs Placebo-controlled and cross-over SMD: 0.17 (parent-rated)

SMD: –0.05 (teacher-rated)
Sonuga-Barke et al. 890 Omega-3, omega-6, omega-3/6 PUFAs Placebo-controlled and cross-over SMD: 0.21 (m-proxy)

SMD: 0.16 (p-blind)

ADHD: attention deficit hyperactivity disorder; g: Hedges’ g effect size; PUFA: polyunsaturated fatty acid; SMD: standardised mean difference.
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where there is an existing omega-3 PUFA deficiency, it has

been shown that maternal supplementation during the pre-/

post-natal period restores processes affected by the defi-

ciency if given prior to the 21st day of life (Kodas et al.,

2004), suggesting an optimal time frame may exist in

humans too. Thus, future studies should also focus on the

prophylactic impact of PUFA supplementation in the pre-

natal and neonatal period. It is also crucial to encourage

research on PUFA supplements in adults with ADHD as

most research presently focuses on children and adoles-

cents. Finally, more research should be carried out to assess

the optimal duration of PUFA treatment.

Recommendations for HCPs
communicating with ADHD
patients and their families

Interest in PUFA supplementation as a possible treatment

for a wide range of diseases and conditions has increased

remarkably among the public and the media. Their

growing popularity is likely attributable to their tolerable

safety profile and concerns about the over-medicalisation

of children.

As a result, HCPs are increasingly asked by patients and

their families about the role of PUFA supplements in

neurodevelopmental disorders, such as ADHD. Com-

monly, PUFA supplements are requested by those who are

not keen to use, would like to delay using or have not

tolerated more traditional pharmacological treatments for

ADHD. Many of these patients and families want to try

PUFA supplementation as a first step, before starting a

stimulant or other ADHD treatments. Some individuals

request to use them in combination with stimulant treat-

ment, either because they believe this will enhance the

therapeutic effect or improve tolerability.

In these scenarios, HCPs should ensure patients and

their families are aware that, in all likelihood, PUFA sup-

plements typically do not have as much effect on ADHD

symptoms as stimulants but that they are generally well

tolerated. HCPs should not necessarily advise patients and

families against using PUFA supplements, so long as their

use does not deter them from using first-line treatments

which have a stronger evidence base. It is important to

mention that PUFA supplements have been associated with

minor dyspepsia.

HCPs should also advise patients and their families to

try to find the purest source of PUFA supplements avail-

able, ensuring that the preparation contains EPA, DHA and

vitamin E (added to prevent oxidation of fatty acids) and

that, ideally, they contain no flavours or colours. In situa-

tions where a patient wishes to use a PUFA supplement

instead of stimulant medication, HCPs should advise them

to take at least 750 mg of both EPA and DHA per day for at

least 12 weeks before evaluating the response (recom-

mendation of the expert panel). HCPs should discuss with

patients and their families the available clinical evidence

for PUFA supplements and other treatments to ensure they

are making an informed choice.

Conclusion

PUFA supplementation, in particular omega-3 PUFAs,

may produce small but statistically significant reductions

in ADHD symptoms while having a tolerable safety

profile. Accumulating evidence suggests that they may

offer benefits outside of ADHD symptom control, includ-

ing improvements in sleep quality and cognitive function,

but more research is needed to confirm these additional

benefits. The variation in results from the meta-analyses

conducted, however, highlights the need for caution when

interpreting studies. Moreover, HCPs should consider each

patient on an individual basis, taking into account indi-

vidual preference, current ADHD severity and treatment

history before discussing PUFA supplementation. In cases

where PUFA supplements are used, HCPs should be

comfortable explaining the potential gains that PUFA

supplementation may have and its possible side effects.

Furthermore, HCPs should not reinforce the idea that

PUFA supplementation should replace treatment approa-

ches with a more robust evidence base for managing

ADHD.
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Barragán E, Breuer D and Döpfner M (2017) Efficacy and safety

of omega-3/6 fatty acids, methylphenidate, and a combined

treatment in children with ADHD. The Journal of Attention

Disorders 21(5): 433–441.

Bazinet RP and Laye S (2014) Polyunsaturated fatty acids and

their metabolites in brain function and disease. Nature

Reviews. Neuroscience 15(12): 771–785.

Bloch MH and Hannestad J (2012) Omega-3 fatty acids for the

treatment of depression: Systematic review and meta-analysis.

Molecular Psychiatry 17(12): 1272–1282.

Bloch MH and Qawasmi A (2011) Omega-3 fatty acid supple-

mentation for the treatment of children with attention-deficit/

hyperactivity disorder symptomatology: Systematic review

and meta-analysis. The Journal of the American Academy of

Child and Adolescent Psychiatry 50(10): 991–1000.

Bos DJ, Oranje B, Veerhoek ES, et al. (2015) Reduced symptoms

of inattention after dietary omega-3 fatty acid supplementation

in boys with and without attention deficit/hyperactivity disor-

der. Neuropsychopharmacology 40(10): 2298–2306.

Bos DJ, van Montfort SJ, Oranje B, et al. (2016) Effects of omega-3

polyunsaturated fatty acids on human brain morphology and

function: What is the evidence? European Neuropsychophar-

macology 26(3): 546–561.

Chalon S (2006) Omega-3 fatty acids and monoamine neurotrans-

mission. Prostaglandins, Leukotrienes and Essential Fatty

Acids 75(4–5): 259–269.

Chang JC, Su KP, Mondelli V, et al. (2017) Omega-3

polyunsaturated fatty acids in youths with attention defi-

cit hyperactivity disorder (ADHD): A systematic review

and meta-analysis of clinical trials and biological studies.

Neuropsychopharmacology. Epub ahead of print 25 July

2017.

Chen JR, Hsu SF, Hsu CD, et al. (2004) Dietary patterns and

blood fatty acid composition in children with attention-

deficit hyperactivity disorder in Taiwan. The Journal of Nutri-

tional Biochemistry 15(8): 467–472.

Donev R and Thome J (2010) Inflammation: Good or bad for

ADHD? Attention Deficit Hyperactivity Disorders 2(4):

257–266.

Ergas D, Eilat E, Mendlovic S, et al. (2002) n-3 fatty acids and

the immune system in autoimmunity. The Israel Medical

Association Journal 4(1): 34–38.

Freeman MP, Hibbeln JR, Wisner KL, et al. (2006) Omega-3

fatty acids: Evidence basis for treatment and future research in

psychiatry. The Journal of Clinical Psychiatry 2006; 67(12):

1954–1967.

Fusar-Poli P and Berger G (2012) Eicosapentaenoic acid inter-

ventions in schizophrenia: Meta-analysis of randomized,

placebo-controlled studies. The Journal of Clinical Psycho-

pharmacology 32(2): 179–185.

Fux M, Benjamin J and Nemets B (2004) A placebo-controlled

cross-over trial of adjunctive EPA in OCD. The Journal of

Psychiatric Research 38(3): 323–325.

Gillies D, Sinn JKh, Lad SS, et al. (2012) Polyunsaturated fatty

acids (PUFA) for attention deficit hyperactivity disorder

(ADHD) in children and adolescents. The Cochrane Database

of Systematic Reviews CD007986(7).

Gow RV, Hibbeln JR and Parletta N (2015) Current evidence

and future directions for research with omega-3 fatty acids

and attention deficit hyperactivity disorder. Current

Opinion in Clinical Nutrition and Metabolic Care 18(2):

133–138.

Hallahan B, Ryan T, Hibbeln JR, et al. (2016) Efficacy of

omega-3 highly unsaturated fatty acids in the treatment

of depression. The British Journal of Psychiatry 209(3):

192–201.

Johnson M, Ostlund S, Fransson G, et al. (2009) Omega-3/

omega-6 fatty acids for attention deficit hyperactivity

disorder: A randomized placebo-controlled trial in children

and adolescents. Journal of Attention Disorders 12(5):

394–40.

Kodas E, Galineau L, Bodard S, et al. (2004) Serotoninergic

neurotransmission is affected by n-3 polyunsaturated fatty

acids in the rat. Journal of Neurochemistry 89(3):

695–702.

Königs A and Kiliaan A (2016) Critical appraisal of omega-3

fatty acids in attention-deficit/hyperactivity disorder treat-

ment. Neuropsychiatric Disease and Treatment 12:

1869–1882.

Martins JG, Bentsen H and Puri BK (2012) Eicosapentaenoic acid

appears to be the key omega-3 fatty acid component associated

Banaschewski et al. 5

http://orcid.org/0000-0002-8232-0037
http://orcid.org/0000-0002-8232-0037
http://orcid.org/0000-0002-8232-0037


with efficacy in major depressive disorder: A critique of Bloch

and Hannestad and updated meta-analysis. Journal of Mole-

cular Psychiatry 17(12): 1144–1149.

Mocking RJ, Harmsen I, Assies J, et al. (2016) Meta-analysis and

meta-regression of omega-3 polyunsaturated fatty acid supple-

mentation for major depressive disorder. Translational Psy-

chiatry 6: e756.

NICE guidelines (2016) Attention deficit hyperactivity disorder:

Diagnosis and management. Updated February 2016. Avali-

able at: https://www.nice.org.uk/guidance/cg72 (accessed 2

November 2017).

Parletta N, Niyonsenga T and Duff J (2016) Omega-3 and omega-

6 polyunsaturated fatty acid levels and correlations with symp-

toms in children with attention deficit hyperactivity disorder,

autistic spectrum disorder and typically developing controls.

PLoS One 11(5): e0156432.

Ravindran AV and da Silva TL (2013) Complementary and alter-

native therapies as add-on to pharmacotherapy for mood and

anxiety disorders: A systematic review. The Journal of Affec-

tive Disorders 150(3): 707–719.

Simopoulos AP (2008) The importance of the omega-6/omega-3

fatty acid ratio in cardiovascular disease and other chronic

diseases. Experimental Biology and Medicine (Maywood, N.

J.) 233(6): 674–688.

Simopoulos AP (2011) Evolutionary aspects of diet: The omega-

6/omega-3 ratio and the brain. Molecular Neurobiology 44(2):

203–215.

Sinn N, Bryan J and Wilson C (2008) Cognitive effects of poly-

unsaturated fatty acids in children with attention deficit hyper-

activity disorder symptoms: A randomised controlled trial.

Prostaglandins, Leukotrienes and Essential Fatty Acids

78(4–5): 311–326.

Sonuga-Barke EJ, Brandeis D, Cortese S, et al. (2013) Nonphar-

macological interventions for ADHD: Systematic review and

meta-analyses of randomized controlled trials of dietary and

psychological treatments. The American Journal of Psychiatry

170(3): 275–289.

Van Elst K, Bruining H, Birtoli B, et al. (2014) Food for thought:

Dietary changes in essential fatty acid ratios and the increase

in autism spectrum disorders. Neuroscience and Biobehavioral

Reviews 45: 369–378.

6 Nutrition and Health XX(X)

https://www.nice.org.uk/guidance/cg72


<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages 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 /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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

  /CreateJDFFile false
  /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


