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Osteoporosis is a major public health burden through
associated fragility fractures. Bone mass, a composite
of bone size and volumetric density, increases through
early life and childhood to a peak in early adulthood.
The peak bone mass attained is a strong predictor of
future risk of osteoporosis. Evidence is accruing that
environmental factors in utero and in early infancy may
permanently modify the postnatal pattern of skeletal
growth to peak and thus influence risk of osteoporosis
in later life. This article describes the latest data in this
exciting area of research, including novel epigenetic and
translation work, which should help to elucidate the
underlying mechanisms and give rise to potential public
health interventions to reduce the burden of osteopo-
rotic fracture in future generations.

Introduction

Osteoporosis is a global public health and financial burden
and is a major cause of morbidity and mortality through
associated fragility fractures. With current global trends
toward an aging population, the burden is set to increase
over the next 50 years. In addition to targeting those most at
risk for osteoporotic fracture, population-based public health
interventions are needed to improve bone health in general.
In the past 20 years, it has become apparent that factors in
early life (eg, maternal nutrition, lifestyle, and body build)
may have persisting influences on postnatal skeletal devel-
opment in offspring. Because peak bone mass appears to be
a major determinant of osteoporosis risk in later life, much
work has focused on exploring the link between growth in
utero and postnatal bone health. Recent work has increased

our understanding of the possible environmental influences
and the mechanisms that underlie these associations. This
article focuses on the latest developments in the field, mainly
over the past 2 years.

Adult Cohorts With Birth Records

Building on a series of studies based in cohorts of adult
men and women, which demonstrated that early size pre-
dicts skeletal size rather than volumetric density, Oliver
et al. [1ee] used peripheral quantitative computed tomog-
raphy (pQCT) to measure bone strength in 313 men and
318 women 65 to 73 years of age for whom birth records
were available as part of the Hertfordshire Cohort Study,
United Kingdom. Lifestyle factors were evaluated by
questionnaire, anthropometric measurements, and pQCT
examination of the radius and tibia (XCT 200, Stratec
Medizintechnick GmbH, Pforzheim, Germany). Birth-
weight and conditional weight at 1 year were strongly
related to radial and tibial length in both sexes (P < 0.001)
and to measures of bone strength (fracture load X, frac-
ture load Y, polar strength strain index) at both the radius
and tibia. These relationships were robust to adjustment
for age, body mass index (BMI), social class, cigarette and
alcohol consumption, physical activity, dietary calcium
intake, hormone replacement therapy use, and menopausal
status in women. Additional support for the notion that
intrauterine and early infant growth patterns may influence
adult bone geometry, and thus strength, comes from Javaid
et al. [2], who examined the associations between weight
at 1 year and adult (in the sixth to seventh decade) femoral
neck length, width, and cross-sectional moment of inertia
(a measure of bending strength) in the same cohort. They
found that there were statistically significant positive cor-
relations between weight at 1 year and femoral neck width
and strength. These relationships were independent of adult
weight and hip bone mineral content (BMC), suggesting
that this is a true effect on shape rather than mineraliza-
tion. These recent studies confirm the connection between
the early environment and later bone size and shape; both
factors are critical in determining fracture risk. In contrast,
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volumetric density appears to be more dependent on con-
temporary factors such as loading and body build. Thus,
maternal influences likely modify the trajectory of skeletal
growth in offspring, more than the accrual of volumetric
density within this overall envelope.

Mother—Offspring Cohorts

Maternal vitamin D status and dietary patterns

Recent work in mother—offspring cohorts has revealed
avenues for further mechanistic studies and potential
public health interventions. Javaid et al. [3ee] studied
the offspring of women recruited to a pregnancy cohort
in Princess Anne Hospital, Southampton, United King-
dom. This longitudinal study involved 198 children born
to Caucasian women in 1991 to 1992. The body build,
nutrition, and vitamin D status of their mothers had been
characterized during pregnancy, and the children were
followed up at 9 years of age. Maternal vitamin D insuf-
ficiency (31% were < 20 ng/mL) or deficiency (18% were
< 10 ng/mL) was common during late pregnancy and was
associated with reduced whole-body and lumbar-spine
BMC (r = 0.21, P = 0.009 and r = 0.17, P = 0.03, respec-
tively) in the offspring at 9 years. These associations were
found to be mediated in part through concentrations
of umbilical cord venous calcium. Similar results were
observed in neonates from the Southampton Women’s
Survey, a large mother—offspring cohort in Southampton,
United Kingdom [4]. Sun exposure during pregnancy
was a major determinant of maternal 25(OH)-vitamin D
level in the mothers in the Princess Anne cohort 9-year
follow-up study and also correlated with offspring BMC
in childhood. Consistent with these results, Sayers and
Tobias [5ee] observed similar relationships in another
mother—offspring cohort: the ALSPAC (Avon Longitudi-
nal Study of Parents and Children), United Kingdom. This
recent study included 6955 9-year-old children. Ambient
maternal ultraviolet B (UVB) exposure during pregnancy
was found to be positively related to whole-body BMC,
bone area, and areal bone mineral density (BMD) in the
children. Thus, a 1-SD increase in UVB was associated
with a 9.6-g increase in offspring whole-body BMC at age
9 years. The positive association for bone area in particu-
lar was independent of height and lean mass, suggesting
an association between maternal sun exposure in preg-
nancy and offspring childhood skeletal size, independent
of linear growth.

Previous work in ALSPAC demonstrated the impor-
tance of other maternal dietary factors in determining
childhood bone mass [6]. Thus, maternal magnesium
intake at 32 weeks’ gestation predicted whole-body BMC
at 9 years in the offspring, but this association and a
similar association between potassium intake and spinal
BMC did not persist after adjusting for childhood height.
However, the relationship between maternal folate intake
and offspring spine BMC was robust to adjustment for
child’s height and weight. These data raise the question
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of whether the relationships seen relate to particular
nutrients or are simply markers of more general dietary
patterns. Cole et al. [7] recently explored this issue in the
Princess Anne cohort. Those children who were born to
mothers who had a healthy, “prudent” pattern of diet
in pregnancy (characterized by greater consumption of
fruits, vegetables, and whole-meal bread), had a greater
whole-body bone size and BMD at 9 years old. These
relationships were independent of a range of confound-
ing factors, including vitamin D status of the mother in
late pregnancy. Thus, the general pattern of dietary intake
during pregnancy may be an important determinant of
intrauterine bone mineral accrual, independent of vitamin
D status. An intervention study based on changing general
lifestyle and dietary factors before and during pregnancy
is currently underway in Southampton, United Kingdom
(The Southampton Initiative for Health).

Placental calcium transport

The study by Javaid et al. [3e¢] suggested the mother’s
25(OH)-vitamin D might be acting via placental calcium
transport. Martin et al. [8] investigated relationships
between mRNA expression of active placental calcium
transporters (plasma membrane calcium transporters
[PMCA] 1-4) and bone mass at birth. In this study of
neonates from the Southampton Women’s Survey, levels
of placental PMCA3 mRNA expression were positively
correlated with neonatal whole-body neonatal bone area
(r = 0.28, P = 0.02) and whole-body BMC (r = 0.25, P =
0.04) as determined by dual X-ray absorptiometry (DXA)
scanning within 2 weeks of birth. Although numbers were
too small to allow detection of any relationships with
maternal 25(OH)-vitamin D levels, these data suggest one
possible mechanism that could link mother’s vitamin D
levels to offspring bone development. Additionally, these
studies give rise to the idea that supplementing mothers
with vitamin D in pregnancy might be a potential public
health strategy to improve offspring bone mineral accrual.
UK health recommendations in this area have historically
been conflicting, and current guidance lacks a robust
evidence base. Work by Gale et al. [9] in the Princess
Anne cohort explored the safety of maternal vitamin D
supplementation by examining the relationships between
high levels of maternal circulating 25(OH)-vitamin D in
pregnancy and several offspring outcomes at 9 years old.
These children underwent measurements of body build,
cardiac function by echocardiogram, IQ testing, and
questionnaire assessment of health in addition to DXA
measurements of bone mass. There were no relationships
between high levels of maternal 25(OH)-vitamin D and
any of the non-bone outcomes other than weak positive
relationships with atopic eczema in infancy and asthma
at 9 years. Thus, children whose mothers were in the
highest quartile of 25(OH)-vitamin D concentrations
in pregnancy had a slightly increased risk of eczema on
examination at 9 months and asthma at age 9 years com-
pared with children whose mothers were in the lowest
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part of the distribution. Although these associations are
weak and not supported by data from the Southampton
Women’s Survey, they do suggest that supplementation
might be best aimed at bringing women out of vitamin
D insufficiency and not at achieving supranormal levels.
A trial of vitamin D supplements in pregnant women to
optimize neonatal bone mass that is under way in South-
ampton (MAVIDOS [Maternal Vitamin D Osteoporosis
Study]) should help to clarify this issue.

Other maternal and paternal influences on

neonatal bone mass

The Southampton Women’s Survey has allowed explora-
tion of other influences on offspring growth. Data from
448 mother—offspring pairs from the study were analyzed
[10e]. Taller women and those with higher parity had off-
spring with increased birth weight, fat, and lean mass (P <
0.05). Mothers who were taller, were of greater parity, had
greater fat stores, or walked more slowly also had offspring
with greater proportionate body fat at birth (all P < 0.05).
A weaker trend was found toward lower percentage fat and
greater percentage lean in the offspring of mothers who
smoked during pregnancy.

The influence of paternal bone mineral was explored
in a subset of 278 pregnancies (142 male, 136 female neo-
nates), in which the fathers and offspring underwent DXA
assessment of bone mass [4]. After adjusting the paternal
DXA indices for father’s age and the neonatal DXA indi-
ces for baby’s gestational age and age at DXA scan, highly
significant positive associations were found between the
baby’s whole-body bone area, BMC, BMD, and the corre-
sponding indices in the father (r = 0.25, 7 = 0.32, r = 0.17,
respectively) among female infants. These relationships
were independent of maternal height and fat stores. There
appeared to be no relationship between paternal DXA
indices and those of male infants, suggesting a possible
gender-specific mechanism.

Animal Models

Great advances in our understanding of possible under-
lying mechanisms have come from animal studies. One
animal model that has proved particularly useful in
the investigation of intrauterine influences is that of rat
protein restriction. In this paradigm, female rats are
fed normal or low-protein diets during pregnancy, and
offspring are studied. In the first such model, feeding a
low-protein diet to pregnant rats produced offspring
that exhibited a reduction in bone area and BMC, with
altered growth plate morphology in adulthood [11]. The
same group also examined whether maternal protein
restriction affected the proliferation and differentiation
of bone marrow stromal cells [12]. The results suggested
that normal proliferation and differentiation were sup-
pressed in offspring from mothers on low-protein diets
as assessed by fibroblast colony formation at 4 and 8
weeks. In a larger study, dams were given a low-protein

diet during pregnancy, and 135 offspring were studied
at different ages. Serum alkaline phosphatase concentra-
tions reached peak levels earlier and serum insulin-like
growth factor-1 and 25(OH)-vitamin D levels were lower
in the offspring of protein-restricted dams, confirming
the important role of the nutritional environment dur-
ing intrauterine development [13ee]. Using micro-CT on
samples of bone removed in late adulthood (75 weeks),
Lanham et al. [14e¢] observed that offspring from low
protein—diet dams had femoral heads with thinner, less
dense trabeculae; mechanical testing showed these sam-
ples to be structurally weaker.

Consistent with these results, Fetoui et al. [15]
focused on the effects of protein-restricted diets in late
pregnancy and early postnatal periods on the offspring.
Undernourished pups, compared to the control group,
showed adverse outcomes as demonstrated by several fac-
tors, including femur length (-47%; P < 0.001) and bone
calcium (-67%; P < 0.001) and phosphorus (-46%; P <
0.001) contents. Using a different approach, Snow and
Keiver [16] investigated the influence of maternal ethanol
intake on offspring bone formation. In this Canadian
study, 37 rats were divided into three groups. The first
was fed a liquid diet of 36% ethanol-derived calories,
the second a calorifically matched diet without ethanol,
and the third an unlimited liquid control diet. The diets
were imposed for 3 weeks before breeding and during 3
weeks of pregnancy; at day 21 of gestation, fetal tibiae
were analyzed. Maternal ethanol intake led to a signifi-
cant decrease in fetal tibial length (P < 0.001), reflecting
the shorter diaphysis in this group. Epiphyseal histologic
organization was disrupted, whereas epiphyseal length
was unaffected. Interestingly, prenatal ethanol exposure
not only augmented the length of the hypertrophic zone,
but decreased the length of the resting zone. These data
would suggest that ethanol affects bone development at
multiple stages.

Developmental plasticity and epigenetic mechanisms

These animal studies give examples of a ubiquitous phe-
nomenon (phenotypic or developmental plasticity), which
enables one genotype to give rise to a range of diverse
physiologic or morphologic states in response to different
prevailing environmental conditions during development
[17]. Its essence lies in the critical period during which a
system is plastic and sensitive to the environment; in later
development, this plasticity is lost, resulting in a fixed
functional capacity. The evolutionary benefit of the phe-
nomenon is that in a changing environment, it maximizes
phenotypic diversity and enables the production of pheno-
types that are better matched to their environment than
would be possible with the production of the same pheno-
type in all environments. There is good evidence that this
occurs in the natural world. For example, coat thickness
in meadow vole pups depends on ambient sun exposure to
the mother at the time of conception. Water fleas conceived
in the presence of a particular predator are born with a
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protective “helmet.” The problem arises when the expected
conditions do not materialize. The summer coat of the
meadow vole would be too thin to sustain life in a sudden
cold snap, and daphnia born with protective helmet are at
a reproductive disadvantage in the absence of the predator.

Recent work has revealed novel mechanisms by which
the environment may influence gene expression in a graded
fashion. These “epigenetic” mechanisms [18] and their rela-
tionship to potential explanatory mechanisms relating early
environment to later health and disease are well described in
a recent review by Gluckman et al. [19¢]. DNA methylation
and chromatin histone acetylation are two such processes
shown to be involved in regulating gene expression. It is cur-
rently early in terms of investigative work directly exploring
bone outcomes, but the following gives examples of epigene-
tic mechanisms of the sort that are highly likely to be relevant
to the relationships between early environmental factors and
later bone health. Lillycrop et al. [20] recently demonstrated
different levels of promoter methylation for the peroxisome
proliferator-activated receptor (PPAR-a) gene in offspring of
rats fed a protein-restricted maternal diet with low (PR) or
higher (PRF) amounts of folic acid, as compared to a control
group. Thus, there was decreased mean PPAR-a promoter
methylation due to specific reductions at CpG dinucleotides
in the PR group (P < 0.05). These data are novel, as increased
methylation of individual CpG dinucleotides in juvenile
rats (P < 0.05) was demonstrated only in rats from the PFR
group. In another study, the same group investigated how
altered epigenetic regulation of the hepatic glucocorticoid
receptor (GR) 1(10) promoter is induced in the offspring
[21e]. Rats were fed a control or protein-restricted diet
throughout pregnancy and chow during lactation. Offspring
were killed at postnatal day 34 (7 = 5 per maternal dietary
group). Methylation-sensitive polymerase chain reaction
(PCR) showed that GR 1(10) promoter methylation was 33%
lower (P < 0.001) and GR expression was 84% higher (P <
0.05) in the PR offspring. Reverse transcription-PCR showed
that DNA methyltransferase-1 (Dnmtl) expression was
17% lower (P < 0.05) in PR offspring, whereas Dnmt3a/b
and methyl-binding domain protein-2 expression was not
altered. In human umbilical cord (z = 15), a twofold dif-
ference was found between the highest and lowest level
of glucocorticoid receptor 1-C,  (GR1-C_ ) promoter
methylation. Dnmt1 expression but not Dnmt3a expression
predicted 49% (P = 0.003) of the variation in GR1-C_,
promoter methylation. These findings suggest that induction
in the offspring of altered epigenetic regulation of the hepatic
GR 1(10) promoter, and thus metabolic phenotype, may be
due to reduced Dnmt1 expression. These exciting data sug-
gest that epigenetic mechanisms are likely to be relevant and
pave the way for further work relating epigenetic changes to
bone development.

Conclusions
Osteoporosis is a major public health issue because of
associated fragility fractures. Peak bone mass, reached
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in adulthood, is an important determinant of risk for
osteoporosis in later life. Work in the last few years has
confirmed previous observations that growth in early
life is associated with adult BMC, as well as geometric
and strength-related indices. The maternal determinants
of offspring bone mass and body composition have been
elucidated. Thus, maternal lifestyle, body build, and vita-
min D status have been shown to influence intrauterine
bone mineral accrual. More general patterns of maternal
diet in pregnancy have also now been shown to modify
offspring bone mass, suggesting that programs aimed at
improving general lifestyle and dietary patterns in preg-
nant women, in addition to nutrient-specific interventions
such as supplementation with vitamin D, are warranted.
Finally, new discoveries of the mechanisms of epigenetic
modification of gene expression, which allow adaptation
of gene expression during development to produce pheno-
types suitable for the expected environment, are helping
to elucidate these processes at the molecular level. It is
hoped that interventional studies under way will lead to
potential novel public health strategies to optimize bone
mineral accrual, from the start of the life course, to reduce
the risk of osteoporotic fractures in future generations.

Disclosure
No potential conflicts of interest relevant to this article
were reported.

References and Recommended Reading
Papers of particular interest, published recently,
have been highlighted as:

. Of importance
oo Of major importance
1. e Oliver H, Jameson KA, Sayer AA, et al.: Growth in early life

predicts bone strength in late adulthood: the Hertfordshire
Cohort Study. Bone 2007, 41:400-405.
This study provides valuable information on bone strength using
pQCT, which provides data that are not available from DX A-based
studies. The results suggest poorer early growth is associated with
weaker hip geometry in adulthood.
2. Javaid MK, Lekamwasam S, Clark J, et al.: Infant growth
influences proximal femoral geometry in adulthood. | Bone
Miner Res 2006, 21:508-512.
Javaid MK, Crozier SR, Harvey NC, et al.: Maternal vitamin
D status during pregnancy and childhood bone mass at age 9
years: a longitudinal study. Lancet 2006, 367:36—43.
This key paper linked maternal vitamin D status in pregnancy with
offspring bone mass in childhood.
4. Harvey NC, Javaid MK, Poole JR, et al.: Paternal skeletal
size predicts intrauterine bone mineral accrual. | Clin
Endocrinol Metab 2008, 93:1676-1681.
Sayers A, Tobias JH: Estimated maternal ultraviolet B
exposure levels in pregnancy influence skeletal development
of the child. | Clin Endocrin Metab 2009, 94:765-771.
This is an important study linking maternal UVB exposure to
offspring bone mass in late childhood, consistent with results from
Javaid et al. [3ee].
6. Tobias JH, Steer CD, Emmett PM, et al.: Bone mass in
childhood is related to maternal diet in pregnancy. Osteoporos
Int 2005, 16:1731-1741.

3. o0

S.ee



144 | Epidemiology and Pathophysiology

7. Cole Z, Gale C, Javaid M, et al.: Maternal dietary patterns
during pregnancy and childhood bone mass: a longitudinal
study. | Bone Miner Res 2009, 24:663-668.

8. Martin R, Harvey NC, Crozier ST, et al.: Placental calcium
transporter (PMCA3) gene expression predicts intrauterine
bone mineral accrual. Bone 2007, 40:1203-1208.

9. Gale CR, Robinson NC, Javaid MK, et al.: Maternal

vitamin D status during pregnancy and child outcomes. Eur

J Clin Nutr 2008, 62:68-77.

Harvey NC, Poole JR, Javaid MK, et al.: Parental deter-

minants of neonatal body composition. | Clin Endocrinol

Metab 2007, 92:523-526.

This is an epidemiologic study linking maternal diet, adiposity, and

lifestyle with neonatal body composition.

11. Mehta G, Roach HI, Langley-Evans S, et al.: Intrauterine
exposure to a maternal low protein diet reduces adult bone
mass and alters growth plate morphology in rats. Calcif
Tissue Int 2002, 71:493-498.

12.  Oreffo RO, Lashbrooke B, Roach HI, et al.: Maternal

protein deficiency affects mesenchymal stem cell activity in

the developing offspring. Bone 2003, 33:100-107.

Lanham SA, Roberts C, Cooper C, Oreffo RO: Intrauterine

programming of bone. Part 1: Alteration of the osteogenic

environment. Osteoporos Int 2008, 19:147-156.

This is an elegant demonstration of the effect of maternal protein

restriction on bone turnover and regulation in the offspring.

14.e¢ Lanham SA, Roberts C, Perry M]J, et al.: Intrauterine pro-
gramming of bone. Part 2: Alteration of skeletal structure.
Osteoporos Int 2008, 19:157-167.

This is an extension of the Lanham et al. [13#9] article that

examines three-dimensional analysis of bone structure in offspring

of protein-restricted versus protein-replete rats.

10.e

13,00

15. Fetoui H, Mahjoubi-Samet A, Guermazi F, Zeghal N:
Maternal low-protein diet affects bone mass and mineral
metabolism in suckling rats. ] Anim Physiol Anim Nutr
2008, 92:448-455.

16. Snow ME, Keiver K: Prenatal ethanol exposure disrupts the
histological stages of fetal bone development. Bone 2007,
41:181-187.

17. Harvey N, Dennison E, Cooper C: Early life determinants
of osteoporotic fracture risk. Osteoporos Rev 2004,
12:1-4.

18.  Reik W, Dean W, Walter J: Epigenetic reprogramming in

mammalian development. Science 2001, 293:1089-1093.

Gluckman PD, Hanson MA, Cooper C, Thornburg KL:

Effect of in utero and early-life conditions on adult health

and disease. N Engl | Med 2008, 359:61-73.

This is a thorough review of the area and mechanisms of epige-

netic changes.

20.  Lillycrop KA, Phillips ES, Torrens C, et al.: Feeding

pregnant rats a protein-restricted diet persistently alters the

methylation of specific cytosines in the hepatic PPARalpha

promoter of the offspring. Br | Nutr 2008, 100:278-282.

Lillycrop KA, Slater-Jefferies JL, Hanson MA, et al.:

Induction of altered epigenetic regulation of the hepatic

glucocorticoid receptor in the offspring of rats fed a pro-

tein-restricted diet during pregnancy suggests that reduced

DNA methyltransferase-1 expression is involved in impaired

DNA methylation and changes in histone modifications. Br

J Nutr 2007, 97:1064-1073.

This discusses important new information on potential epige-

netic mechanisms.

2].0




<<
  /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 true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


