
EDITORIAL
Personalizing our diet to improve our health: 
the potential impact of nutrigenomics
MT Ravi Subbiah
University of Cincinnati,  
Department of Internal 
Medicine, College of 
Medicine and Molecular 
Diagnostics Laboratories, 
ML 557, Cincinnati, 
OH 45267, USA
Tel.: +1 513 475 6631;
Fax: +1 513 221 1891;
E-mail: ravi.subbiah@uc.edu
10.2217/17410541.4.3.233 ©

part of
‘Nutritional genomics is a developing 
field that promises us the ability to 
personalize our diet to improve our 

health, based on individual 
genetic makeup.’
The data from the Human Genome Project [1]

have revolutionized medical research through
documentation of individual variation in gene
sequences and identification of SNPs and their
functional effects, thereby providing an opportu-
nity to elucidate their role in chronic diseases.
Nowhere are the changes more pronounced than
in the field of drug development, which uses
pharmacogenomics [2,3], a study of how individ-
ual genetic makeup might help in predicting
drug efficacy and potential side effects. By incor-
porating genotyping in the early stages of the
drug-development process, pharmaceutical com-
panies could perhaps avoid the possibility of late
withdrawal of blockbuster drugs from the mar-
ket. In the long run, genotyping studies could
save millions of dollars in drug-development
costs and also help to design drugs targeted to a
given population group with minimal side
effects. If we can choose the right drug based on
our genetic profile, what is next on the horizon?
The answer: nutritional genomics [4,5].

Nutrigenetics, nutrigenomics 
& metabolomics
Nutritional genomics is a developing field that
promises us the ability to personalize our diet to
improve our health, based on individual genetic
makeup. It consists of two subdisciplines: 

• Interaction of dietary components with the
genome and their subsequent effect on the
phenotype as evaluated by proteomic and
metabolomic markers (nutrigenomics);

• Understanding gene-based differences in our
response to dietary components (nutrigenetics).

In the scientific literature, the terms ‘nutri-
genomics’ and ‘nutritional genomics’ are often
used interchangeably and warrant establishment
of a uniform nomenclature. The significance of
nutrigenomics and nutrigenetics in health and
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disease and their role in the emerging area of
metabolomics (metabolite analysis) are discussed
in two excellent reviews by German et al. [6,7].
These authors raise some fundamental questions
regarding the role of genetic differences in meta-
bolic diversity, its effect on specific metabolic
needs and identification of discriminating
biomarkers of disease among various groups.
What is very clear from these review articles is that
nutrition and nutritional genomics will play a
critical role in the development of metabolomics. 

Common genes of nutrigenetic interest
Despite the identification of numerous SNPs that
are of interest from the nutrigenomic point of
view, translation of these observations into spe-
cific nutrigenetic mutation sites that are amen-
able to dietary manipulations are only beginning
[8]. The two SNPs in the methylene tetrahydro-
folate reductase (MTHFR) gene (consisting of
C677T with a C to T substitution, and A1298C
with an A to C substitution at position 1298) are
the best-studied examples of nutrigenetics [9,10].
These MTHFR gene SNPs cause reductions in
5-methyl tetrahydrofolate, a cofactor for
MTHFR enzyme activity, causing increased
plasma homocysteine, which is a risk factor for
venous thromboembolic disease, ischemic arterial
disease and neural-tube defects [11,12]. Supple-
mentation with folic acid helps to overcome the
negative health effect of these SNPs in the
MTHFR gene [13,14]. There are a number of
examples in lipoprotein metabolism, particularly
with apo-E, apo A-1 and hepatic lipase genes and
their interaction with dietary fat intake [15–19].
For example, in response to a high-fat diet, sub-
jects with apo-E4 respond negatively in terms of
increased risk for coronary heart disease [16,17]. In
subjects with a G to A mutation in the promoter
region of the apo A-1 gene, greater amounts of
polyunsaturated fat were required to raise plasma
high-density lipoprotein levels compared with
subjects with ‘normal’ genotypes [18]. With regard
to obesity-related genes, leptin and leptin-receptor
gene mutations have emerged as leading candi-
dates towards predicting obesity [20–23]. Among
other candidates, mutations in the melano-
cortin-4 receptor, melanocortin-5 receptor and
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neuropeptide Y (NPYY5R) receptor genes are also
subject to increased attention [24–26]. Other
important areas for nutrigenetic investigations
include oxidative stress, inflammation and sterol
absorption, which are amenable to nutritional
manipulation. The readers are also referred to
excellent reviews by Ordovas [15], Kornman [27],
Loktionov [28] and Masson et al. [29] for a good
understanding of potential SNPs that come under
the umbrella of nutritional genomics.

Personalized nutrition in action
Many of the chronic diseases, such as athero-
sclerosis, hypertension, Type 2 diabetes and obes-
ity, result from metabolic imbalances and all
contribute as major risk factors towards coronary
heart disease [30–32]. Oxidative, inflammatory and
thrombogenic mechanisms also contribute to the
development of atherosclerosis [33–36]. Nutrients
play an important role in influencing factors
responsible for this metabolic imbalance, and
nutritional genomics will determine what (and
how) nutrients will produce the desired impact on
metabolic balance as influenced by individual
genetic makeup (personalized nutrition). Plasma
cholesterol control will be used as an example to
illustrate how this risk factor is amenable to
selected diet modification using nutraceuticals
based on nutritional genomics. Recent research has
defined the role of ATP-binding cassette transport-
ers in cholesterol absorption [37,38] and identified
polymorphisms (C1950G) in the ABCG5 gene
that influence differences in absorption and
response to dietary cholesterol in some individuals.
In individuals carrying this mutation, the use of a
dietary therapy to inhibit cholesterol absorption
will be useful. One of the choices, for example,
would be phytostanol esters. Phytostanol esters,
currently sold in the form of margarine Benecol®

in US grocery stores, represent one of the new line
of clinically tested products shown to decrease
cholesterol absorption and lower plasma choles-
terol [39]. This ester consists of a C-29 saturated
plant sterol (sitostanol) esterified to fatty acids,
which can also be incorporated into foods such as
milk and yogurt [40]. This is how nutrigenomics
will enhance our ability to tailor diet to improve
health. These developments coincide with the
renewed public interest in developing cost-effective
‘dietary therapy’ for lifetime maintenance of opti-
mal plasma cholesterol levels, although drug ther-
apy (a variety of statins) is available to control
plasma cholesterol. It is interesting to note that the
market for fortified and functional foods is
projected to grow by at least 7% each year from

US$47 billion recorded in 2002 [41]. Using purified
and clinically tested nutraceuticals will also elimi-
nate health concerns regarding the risk of toxicity
and potential interaction with other drugs associ-
ated with the use of dietary supplements and herbs
[42,43]. It is hoped that a number of well-tested
nutraceuticals targeted to other sites of metabolic
imbalance will find their way into the market place.

‘Nutrients play an important role in 
influencing factors responsible for this 
metabolic imbalance, and nutritional 

genomics will determine what (and how) 
nutrients will produce the desired impact 
on metabolic balance as influenced by 

individual genetic makeup.’

Nutritional genomic principles in some
instances can interplay with pharmacogenomics.
The best example of this is the increased risk of
deep-vein thrombosis and stroke associated with
oral contraceptive use in women [44,45]. This risk is
even greater for those women with prothrombin
and factor V Leiden mutations [46,47]. In the
Women’s Health Initiative trial, hormone-replace-
ment therapy was shown to have negative effects on
the risk of stroke, venous thrombosis and cardio-
vascular disease [48,49]. Recent studies suggest poten-
tial interactions between estrogen therapy and
thrombophilic factor V Leiden and prothrombin
gene mutations, which result in enhanced throm-
bosis and coronary heart disease risk [50–52]. Accord-
ingly, young women taking oral contraceptives or
postmenopausal women receiving estrogen-replace-
ment therapy carrying thrombophilic mutations
(factor V Leiden, prothrombin and PAI-1 muta-
tions) could benefit from nutraceuticals that could
reduce or control thrombosis risk. Although aspirin
(and other NSAIDS) can prevent platelet aggrega-
tion and reduce thrombotic risk, many have side
effects, including gastrointestinal bleeding [53]. Fur-
thermore, there is increased public interest in the
use of dietary supplements and the availability of
well-tested nutraceuticals. Studies from our labora-
tory and others exploring potential nutraceuticals
from the popular Amazonian herb guarana
(Paulinia cupana, Saponidaceae) noted that guarana
contains a powerful inhibitor of platelet aggrega-
tion and thromboxane synthesis [54]. Purified
nutraceutical fractions from guarana preparations
could offer considerable benefit as a dietary supple-
ment through reduction in platelet reactivity in
thrombosis, atherosclerosis and stroke [35,36], espe-
cially in subjects receiving hormone-replacement
therapy [55]. 
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Personalized medicine & nutrigenomics: 
what does the future hold?
How will nutrigenomics impact personalized
medicine? I envision the following sequence
of events: 

• Genotypical analysis (using sophisticated
genetic technology) of a ‘nutrigenetic SNP
panel’ that depicts specific health risks in popu-
lations will become routine. This will be analo-
gous to the ‘thrombosis SNP panel’ currently
used to assess risk of thrombosis [56]; 

• Nutrigenetic SNP data will then be reviewed by
clinical nutrition/dietetics/medicine experts; 

• Appropriate nutraceuticals (or functional foods)
will be recommended as part of preventative
medicine therapy to control risk factors. 

The nutraceutical market will open up on
three distinct fronts: 

• Dietary supplements, as is in common use
now for vitamins; 

• Nutraceuticals incorporated into a variety of
food products, such as juices, cereals, snacks
and spreads; 

• Whole functional foods (e.g., a margarine
such as Benecol). 

Nutraceuticals based on individual genotype
will have three major goals: 

• Help alleviate a metabolic imbalance 

• Decrease the amount of pharmaceutical use 

• Ultimately reduce individual drug and
healthcare costs

‘We can all benefit by learning about our 
finer differences in response to diet and 
drugs and then applying this knowledge 

to the successful practice of 
personalized medicine.’

Finally, it is important to note that while
more than 99% of the human DNA sequences
are similar across ethnic and cultural lines, there
may be differences in genes that contribute to
the initiation and/or progression of metabolic
diseases. Populations that inhabited and evolved
in different parts of the world may have environ-
mental imprints on their genetic makeup that
could influence response to nutrients. We can all
benefit by learning about our finer differences in
response to diet and drugs and then applying
this knowledge to the successful practice of
personalized medicine. 
Bibliography
1. Venter JC, Adams MD, Myers EW et al.: 

The sequence of human genome. Science 
291, 1304–1351 (2001).

2. Relling MV, Hoffman JM: Should 
pharmacogenetic studies be required for new 
drug approvals? Clin. Pharmacol. Ther. 81, 
425–428 (2007).

3. Giacomino KM, Brett CM, Altman RB 
et al.: Pharmacogenetic Research Network: 
From SNP discovery to clinical drug 
response. Clin. Pharmacol. Ther. 81, 
328–345 (2007).

4. Debusk RM, Fogarty CP, Ordovas JM, 
Kornman KS: Nutritional genomics in 
practice: where do we begin? J. Am. Diet 
Assoc. 105, 589–598 (2005).

5. Stover PJ: Influence of human genetic 
variation on nutritional requirements. Am. J. 
Clin. Nutr. 83(Suppl.), S436–S442 (2006).

6. German JB, Roberts MA, Watkins SM: 
Personal metabolomics as a next generation 
nutritional assessment. J. Nutr. 133, 
4260–4266 (2003).

7. German JB, Roberts MA, Watkins SM: 
Genomics and metabolomics as markers for 
the interaction of diet and health: lessons 
from lipids. J. Nutr. 133, S2078–S2083 
(2003).

8. Subbiah MTR: Nutrigenetics and 
nutraceuticals: the next wave riding on 
personalized medicine. Transl. Res. 149, 
55–61 (2007).

9. Frosst P, Blom HJ, Milos R et al.: 
A candidate for genetic risk factor for 
vascular disease: common mutation in 
methylene tetrahydrofolate reductase. Nat. 
Genet. 10, 111–113 (1995).

10. Reyes-Engel A, Munoz E, Gaitan MJ et al.: 
Implication on the human fertility of the 
677C to T and 1298A to C polymorphisms 
of the MTHFR gene: consequences of a 
possible genetic selection. Mol. Human 
Reprod. 8, 952–957 (2002).

11. Hanson HQ, Aras O, Yang F, Tsai MY: 
C677T and A1298C polymorphisms of 
methylene tetrahydrofolate reductase gene: 
incidence and effect of combined genotypes 
on plasma fasting and post-methionine load 
homocysteine in vascular disease. Clin. 
Chem. 47, 661–666 (2001).

12. Guieterez Revilla JI, Parez Hernandez F, 
Calvo Martin MT et al.: C677T and 
A1298C MTHFR polymorphisms in the 
etiology of neural tube defects in Spanish 
population. Med. Clin. (Barc.) 120, 
441–445 (2003).

13. Czeizel AE, Dudas I: Prevention of the first 
occurrence of neural tube defects by peri- 
conceptional vitamin supplementation. 
N. Engl. J. Med. 327, 1832–1835 (1992).

14. Molloy AM, Scott JM: Folates and 
prevention of disease. Public Health Nutr. 4, 
601–609 (2001).

15. Ordovas JM: Genetic interactions with diet 
influence the risk of cardiovascular disease. 
Am. J. Clin. Nutr. 83(Suppl.), S443–S446 
(2006).

16. Loctionov A, Scollen C, McKeowan N, 
Bingham SA: Gene–nutrient interactions: 
dietary behaviour associated with high 
coronary heart disease risk particularly affects 
serum LDL cholesterol in apolipoprotein E 
ε4 carrying free living individuals. Br. J. Nutr. 
84, 885–890 (2000). 

17. Ordovas JM, Schaefer EJ: Genetic 
determinants of plasma lipid response to 
dietary intervention: the role of the 
ApoA1/C3/A4 gene cluster and APOE gene. 
Br. J. Nutr. 83(Suppl. 1), S127–S136 (2000).

18. Ordovas JM, Corella D, Cupples LA et al.: 
Polyunsaturated fatty acids modulate the 
effects of the APOA1 G-A polymorphism on 
HDL cholesterol concentrations in a sex 
specific manner. The Framingham Study. 
Am. J. Clin. Nutr. 75, 38–46 (2002).
235www.futuremedicine.com



EDITORIAL – Subbiah 
19. Ordovas JM, Corella D, Demissie S: Dietary 
fat intake determines the effect of a common 
polymorphism in the hepatic lipase gene 
promoter on high density lipoprotein 
metabolism: evidence of a strong effect in this 
gene–nutrient interaction in Framingham 
Study. Circulation 106, 2315–2321 (2002). 

20. Li WD, Reed DR, Lee JH et al.: Sequence 
variants in the 5´ flanking region of the leptin 
gene are associated with obesity in women. 
Ann. Hum. Genet. 63, 227–234 (1999).

21. Mammes O, Betoulle D, Aubert R, 
Herpath B, Siest G, Fumeron F: Association 
of the G2548A polymorphism in the 5´ 
region of the LEP gene with overweight. 
Ann. Hum. Genet. 64, 391–394 (2000).

22. Chagnon YC, Wilmore JH, Borecki IB et al.: 
Associations between the leptin receptor gene 
and adiposity in middle aged Caucasian 
males from the HERITAGE family study. 
J. Clin. Endo. Met. 85, 29–34 (2000). 

23. Wauters M, Mertens I, Chagnon M et al.: 
Polymorphisms in the leptin receptor gene, 
body composition and fat distribution in 
overweight and obese women. Int. J. Obesity 
25, 714–720 (2001).

24. Dubern B, Clement K, Pelloux V et al.: 
Mutational analysis of melanocortin-4-
receptor, agouti related protein and 
α melanostimulating hormone genes in 
severely obese children. J. Pediatr. 139, 
204–209 (2001).

25. Chagnon YC, Chen WJ, Perusse L et al.: 
Linkage and association studies between the 
melanocortin receptors 4 and 5 genes and 
obesity related phenotypes in the Quebec 
Family Study. Mol. Med. 3, 663–673 (1997)

26. Jenkinson CP, Cray K, Walder K, Herzog H, 
Hanson R, Ravussin E: Novel 
polymorphisms in the neuropeptide-YY5 
receptor associated with obesity in Pima 
Indians. Int. J. Obesity 24, 580–584 (2000).

27. Kornman KS: Interleukin 1 genetics, 
inflammatory mechanisms and nutrigenetic 
opportunities to modulate diseases of aging. 
Am. J. Clin. Nutr. 83(Suppl.), S475–S483 
(2006).

28. Loktionov A: Common gene polymorphisms 
and nutrition: emerging links with 
pathogenesis of mutifactorial chronic diseases. 
J. Nutr. Biochem. 14, 426–451 (2003).

29. Masson LF, McNeill G, Avenell A: Genetic 
variation and the lipid response to dietary 
intervention: a systematic review. Am. J. 
Clin. Nutr. 77, 1098–1111 (2003).

30. Packard CJ: A triumvirate of targets in the 
prevention and treatment of paradigm for 
cardiovascular disease. Atherosclerosis 
7(Suppl.), 21–29 (2006).

31. Atilla K, Vasan RS: Pre-hypertension and 
risk of cardiovascular disease. Expert Rev. 
Cardiovasc. Ther. 4, 11–17 (2006).

32. Rosenberg DE, Jabbour SA, Goldstein BJ: 
Insulin resistance, diabetes and 
cardiovascular risk: approaches to treatment. 
Diabetes Obes. Metab. 7, 642–653 (2005).

33. Stocker R, Keaney JF Jr: Role of oxidative 
modifications in atherosclerosis. Physiol. Rev. 
84, 1381–1478 (2004). 

34. Tedgui A, Mallat Z: Cytokines in 
atherosclerosis: pathogenic and regulatory 
pathways. Physiol. Rev. 86, 515–581 (2006).

35. Mach F: Inflammation is a crucial feature of 
atherosclerosis and a potential target to 
reduce cardiovascular events. Handb. Exp. 
Pharmacol. 170, 697–722 (2005). 

36. Voles-Gonzalez JF, Fuster V, Badimon JJ: 
Links between inflammation and 
thrombogenecity in atherosclerosis. Curr. 
Mol. Med. 6, 489–499 (2006).

37. Weggemans RM, Zock PL, Tai ES, 
Ordovas JM, Molhuisen HO, Katan MB: 
ATP binding cassette G5 C1950G 
polymorphism may affect blood cholesterol 
concentrations in humans. Clin. Genet. 62, 
226–229 (2002).

38. Herron KL, McCrane MM, Waters D et al.: 
The ABCG5 polymorphism contributes to 
individual responses to dietary cholesterol 
and carotenoids in eggs. J. Nutr. 136, 
1161–1165 (2006).

39. Thompson GR, Grundy SM: History and 
development of plant sterol and stanol esters 
for cholesterol lowering properties. Am. J. 
Cardiol. 96(Suppl 1), 3–9 (2005).

40. Noakes M, Clifton PF, Doornbos AM, 
Trautwein EA: Plant sterol-ester enriched 
milk and yoghurt effectively reduce serum 
cholesterol in modestly 
hypercholesterolemic subjects. Eur. J. Nutr. 
44, 214–222 (2005). 

41. Sloan AE: The top 10 functional food 
trends: the next generation. Food Tech. 56, 
32–57 (2002). 

42. Cronin JR: Dietary supplements: safety, 
certification, labeling and efficacy. Alternat. 
Compliment. Ther. 8, 141–148 (2002). 

43. Chan M: Herbal medicines: what work and 
how to use them safely. Ohio Fam. Physician 
(Fall) 20–23 (2003). 

44. Tanis BC, Rosendaal FR: Venous and 
arterial thrombosis during oral contraceptive 
use: risk and risk factors. Semin. Vasc. Med. 
3, 69–84 (2003). 

45. Rosendaal FR, van Hylckama VA, Tanis BC, 
Helmerhorst FM: Estrogens, progestogens 
and thrombosis. J. Thromb. Haemost. 1, 
1371–1380 (2003). 

46. Mohllajee AP, Curtis KM, Martins SL, 
Peterson HB: Does use of hormonal 
contraceptives among women with 
thrombogenic mutations increase their risk 
of venous thromboembolism? A systematic 
review. Contraception 73, 166–178 (2005). 

47. Vaya A, Mira Y, Mateo J et al.: Prothrombin 
G20210A mutation and oral contraceptive 
use increase upper-extremity deep vein 
thrombotic risk. Thromb. Haemost. 89, 
452–457 (2003).

48. Cushman M, Kuller LH, Prentice R et al.: 
Estrogen plus progestin and risk of venous 
thrombosis. JAMA 292, 1573–1580 (2004).

49. Writing Group for the Women’s Health 
Initiative Investigators: Risks and benefits of 
estrogen plus progestin in healthy 
postmenopausal women. Principal results 
from the Women’s Health Initiative 
randomized controlled trial. JAMA 288, 
321–333 (2002). 

50. Glueck CJ, Wang P, Fontaine RN, Tracy T, 
Sieve-Smith L, Lang JE: Effect of 
exogenous estrogen on atherothrombotic 
vascular disease risk related to the presence 
or absence of the Factor V Leiden 
mutation. Am. J. Cardiol. 84, 549–554 
(1999). 

51. Glueck CJ, Wang P, Fontaine RN, 
Sieve-Smith L, Lang JE: Interaction of 
estrogen replacement therapy with the 
thrombophilic 20210 G/A prothrombin 
gene mutation for atherothrombotic 
vascular disease: a cross-sectional study of 
275 hyperlipidemic women. Metabolism 50, 
360–365 (2001). 

52. Psaty BM, Smith NL, Lemaitre RN et al.: 
Hormone replacement therapy, 
prothrombotic mutations and the risk of 
incident non-fatal myocardial infarction in 
postmenopausal women. JAMA 285, 
906–913 (2001). 

53. Lanas A, Garcia-Rodriguez LA, Arroyo MT 
et al.: Risk of upper gastrointestinal 
bleeding associated with selective COX-2 
inhibitors, traditional NSAIDs, aspirin and 
combinations. Gut 55(12), 1731–1738 
(2006). 

54. Subbiah MTR: Guarana consumption. 
A review of health benefits and risks. Altern. 
Compliment. Ther. 4, 212–213 (2005). 

55. Subbiah MTR: Long term effects of 
hormone replacement therapy. Lancet 361, 
255 (2003). 

56. Patnaik M, Dlott JS, Fontaine RN et al.: 
Detection of genomic polymorphisms 
associated with venous thrombosis using the 
invader biplex assay. J. Mol. Diagn. 6, 
137–144 (2004). 
236 Personalized Medicine (2007)  4(3) future science groupfuture science group



<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 false
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [589.606 793.701]
>> setpagedevice


