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PS01 The Aarhus Birth Cohort Biobank

BH BECH1, EA NØHR1, CC BACH1,2, LM MORTENSEN1,
N ULDBJERG3, J OLSEN1 & TB HENRIKSEN4

1Section for Epidemiology and Centre for Fetal
Programming, Department of Public Health, Aarhus
University, Aarhus, Denmark, 2Perinatal Epidemiology
Research Unit, Aarhus University Hospital, Skejby,
Denmark, 3Department of Gynecology and Obstetrics,
Aarhus University Hospital, Skejby, Denmark, and
4Department of Pediatrics, Aarhus University Hospital,
Skejby, Denmark

Background: Fetal life exposures may have long lasting

health consequences for the child and biological materials

are needed for investigation into possible biological

mechanisms.

Objective: To provide the opportunity to investigate the

role of genetic and environmental exposures in pregnancy

on the risk of disease early or later in life.

Methods: All pregnant women scheduled to deliver at

Aarhus University Hospital, and fathers-to-be are invited

to participate in the Aarhus Birth Cohort Biobank. Early

in pregnancy information, questionnaire, and a consent

form are sent to the women; the couple registers by

returning the signed consent form. Blood is drawn

(mother 44 mL, father 4 mL) at the routine ultrasound

scanning in gestational week 12, and samples are stored

at 4○C. Samples from the mothers are centrifuged at 4○C

and separated into plasma, buffy coat, erythrocyte suspen-

sion and serum before freezing at �80○C. Samples of

whole blood are also stored from both the mother and

the father. The procedure, from sampling of blood to

freezing, is carried out within 2 h. Until December 2011

2.5 mL of blood from the mother were mixed in a tube

with a RNA-stabilizer (PAXgeneTM Blood RNA tube)

given the opportunity to purify RNA. Immediately after

birth a blood sample (10 mL) from the umbilical cord

and umbilical cord tissue are stored at 4 °C until process-

ing, which typically will take place within 24 h. Plasma,

buffy coat, erythrocyte suspension and umbilical tissue

are stored at �80°C.
Results: By 2011 the Biobank included samples from 6877

pregnant women, 6022 fathers-to-be and 4550 newborns.

For 64% of the registered families, blood samples are

available from mother, father and child.

Conclusions: The Aarhus Birth Cohort Biobank includes

about 2000 families per year, and the collection can be

changed according to specific research interest.

PS02 Comparison of the effect of gender on the
impact of juvenile obesity on the metabolic and
inflammatory responses between perirenal and
omental adipose tissue depots in sheep

I BLOOR1, V SAROHA1, SP SEBERT2, H BUDGE1,
R MAHAJAN1 & ME SYMONDS1
1School of Clinical Sciences, University of Nottingham,
Nottingham, UK, and 2Institute of Health Sciences,
University of Oulu, Oulu, Finland

Background: Adipose tissue is an endocrine organ, which

synthesizes and mediates a host of proteins and hormones

involved in proliferation, immunity and metabolic func-

tion. Following juvenile obesity, females appear to be pro-

tected from the adverse metabolic and inflammatory

related outcomes, an adaptation that maybe mediated by

differences in endocrine and related functions of adipose

tissue between genders.

Objective: To investigate whether gender modulates the

effect of juvenile obesity on the metabolic mRNA profiles

of the two major visceral adipose tissue depots in young

adult sheep.

Methods: Three months after birth, male (n = 20) and

female (n = 16) sheep were randomly separated into two

experimental groups, comprising of restricted and unre-

stricted activity and raised in either a lean or obesogenic

environment. At 17 months of age all animals were

humanely euthanased and all major organs and tissues

sampled. Gene expression of omental and perirenal adi-

pose tissue (PAT) depots was determined using quantita-

tive reverse transcriptase polymerase chain reaction and

expression quantified using the geNorm method.

Results: In response to obesity, the increase in fat mass

was similar between genders. Following obesity, in PAT

however, females displayed an amplified gene response

for those genes involved in energy sensing and glucocorti-

coid action compared to males. Conversely males showed

an amplified inflammatory response in comparison with

females. Gender was associated with the opposite

response in omental tissue with respect to those genes

regulating energy sensing.

Conclusions: PAT is more metabolically sensitive to the

development of obesity than omental tissue. In addition,
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females exhibit a reduced inflammatory response associated

with chronic exposure to obesity through enhanced mRNA

expression of pathways involved in energy sensing and glu-

cocorticoid action. This may explain in part why the kidney

is protected from the adverse effects of obesity in females.

PS03 Global DNA methylation patterns in cul-
tured preadipocytes and adipocytes isolated from
individuals with low or normal birth weight

C BROHOLM1, NS SCHULTZ1, C LING2 & A VAAG1

1Department of Endocrinology (Diabetes and
Metabolism), Rigshospitalet, Copenhagen, Denmark,
and, and 2Diabetes and Epigenetics, Lund Universitet,
Malmø, Sweden

Background: Oversupply and undersupply of nutrition in

fetal life increase risk of developing type 2 diabetes (T2D)

in adult life. Alterations of epigenetic prints, involving

DNA methylations and histone modifications, could link

the intrauterine environment, in which a foetus develops,

to disease susceptibility much later in life.

Objective: The aim of this study was to investigate the

effect of an altered intrauterine environment on epige-

netic marks in fat stem cell genomes by studying global

DNA methylation.

Methods: Fat stem cells were isolated from fresh biopsies

obtained from individuals with low birth weight or normal

birth weight. The isolated cells were cultured and propa-

gated in vitro. Cells were harvested at a proliferative stage

(preadipocytes) and at final differentiation (lipid storing

adipocytes). Samples were studied using global DNA

methylation arrays covering 450 thousand cpg sites. For

genes that have different methylation patterns, methylation

status will be validated using pyrosequencing and the

mRNA level of the gene will be investigated using Q-PCR.

Results: I am still doing bioinformatic analysis and expect

to have results ready soon.

Conclusions: We hope that the project will identify genes,

which are epigenetically affected by the intrauterine envi-

ronment and which thereby could link low birth weight

to the increased risk of developing T2D in adult life.

PS04 Young, healthy men born with a low birth
weight exhibit increased fat oxidation in
response to high-fat overfeeding compared to
normal birth weight controls

C BRØNS1,2, SK LILLEØRE3, CB JENSEN3, S TOUBRO4,
AA VAAG1,2 & A ASTRUP4
1Steno Diabetes Center, Gentofte, Denmark,
2Department of Endocrinology (Diabetes and
Metabolism), Rigshospitalet, Copenhagen, Denmark,
3Novo Nordisk A/S, Bagsværd, Denmark, and
4Department of Nutrition, Faculty of Life Sciences,
University of Copenhagen, Frederiksberg, Denmark

Background: Low birth weight (LBW) is associated with

an increased risk of developing type 2 diabetes (T2D)

later in life. We recently showed that LBW subjects

during a standardized diet exhibit increased nocturnal

fat oxidation possibly associated with insufficient post-

prandial meal fat retention in subcutaneous adipose

tissue.

Objective: We hypothesized that a short-term, high fat

overfeeding diet could further unmask key defects of

whole body energy metabolism in LBW men.

Methods: Forty-six healthy lean young men matched for

age and body mass index (BMI) were included in the

study. Twenty subjects had LBW (2691 � 277 g) and 26

normal birth weight (NBW) control subjects

(3847 � 315 g). Subjects were provided with a high-fat

overfeeding diet (HFO) for 5 days with 60% of the

energy from fat and with a surplus of 50% calories in

excess of their estimated individual energy requirements.

The 24-h energy expenditure (EE), respiratory quotient

(RQ) and substrate oxidation rates were assessed using

whole body respiratory chambers.

Results: After high fat overfeeding and after adjusting for

differences in body composition, the LBW subjects had

an increased 24-h (p = 0.04) as well as nighttime (23:00–
08:00) (p = 0.01) EE compared to controls, while both

24-h (p = 0.07) and nighttime (p = 0.01) fat oxidation

was elevated in the LBW subjects as well. Interestingly,

when looking at the relative contribution of the fat oxida-

tion to the total EE, it was increased in the LBW subjects

compared to the NBW controls both during the entire

24-h period (49.3 � 1.0 vs. 52.8 � 1.6%, p = 0.06) as

well as during the nighttime (49.2 � 1.3 vs. 54.1 � 1.7%,

p = 0.03).

Conclusions: In conclusion, our results indicate that a dis-

proportionately elevated 24-hours – as well as nocturnal

– fat oxidation rate may contribute to the elevated risk of

T2D in LBW subjects when exposed to a high fat diet.
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PS05 Regulation of trefoil tactor 3 (TFF3) expres-
sion in rat perinatal pancreas in a low protein
fetal programming model – effects on b-cell mat-
uration?

LT DALGAARD1,2, LW GAARN2, A BAGGE1,
L LARSEN2, T NØRRESØE HAASE2, M RASMUSSEN2,
L THIM3 & JH NIELSEN2

1Department of Science, Roskilde University, Roskilde,
Denmark, 2Department of Biomedicine, Faculty of
Health, University of Copenhagen, Denmark, and
3Biopharmaceutical Research Unit, Novo Nordisk A/S,
Bagsværd, Denmark

Background: Trefoil factor 3 (TFF3) is a small secreted pro-

tein highly expressed in intestinal epithelia, where it pro-

motes migration and restitution. It is expressed at low

levels in adult human and rat pancreatic b-cells. However,

the expression in late fetal development, where b-cells pro-
liferate and mature, is unknown. Low protein diet is known

to decrease b-cell proliferation resulting in adult glucose-

intolerance due to decreased total b-cell mass

Objective: The aim of this study was to examine the expres-

sion and function of TFF3 in perinatal rat pancreas in a

low protein fetal mal-nutrition model vs. normal controls.

Methods: Pancreata were excised following euthanasia at

embryonic day 20 (E20), day of birth (D0) and two days

after birth (D2) from rats, who were subjected to either

control or low-protein diet during fetal development.

Cultures of fetal rat pancreas were obtained from

embryos at gestational day 21.5 according to the proce-

dure described by Hellerstrom et al. and cultured with/

without purified TFF3 protein. Transcript levels were

determined by Q-PCR.

Results: In rat pancreas TFF3 mRNA was up-regulated

4.5-fold at the day of birth and down-regulated again at

post-natal day 2. In protein-malnourished pancreas

induction of TFF3 at birth was further increased to

9.7-fold and was prolonged. In cultures of fetal rat pan-

creas TFF3 increased insulin mRNA levels as a measure

of b-cell maturation.

Conclusions: TFF3 may accelerate b-cell maturation of ex

vivo cultured pancreas. We further hypothesize that the

increased TFF3 mRNA levels in the fetal mal-nutrition

model may cause b-cells to mature, before enough b-cells
are formed to sustain normal adult glucose tolerance.

PS06 Altered neonatal anthropometric measure-
ments following maternal low GI diet in preg-
nancy (ROLO study)

JM DONNELLY1, JM WALSH1, J BYRNE2, E MOLLOY3

& FM MCAULIFFE1
1UCD Obstetrics and Gynaecology, School of Medicine
and Medical Science, University College Dublin, National
Maternity Hospital, Dublin, Ireland, 2National Maternity
Hospital, Dublin, Ireland, and 3Royal College of
Surgeons of Ireland, National Maternity Hospital,
Dublin, Ireland

Background: Large for gestational age infants are at

increased risk of childhood obesity. Maternal nutrition

impacts on birthweight.

Objective: The aim of this study was to assess impact of a

maternal low GI diet on neonatal anthropometry.

Methods: The ROLO study was a randomised control trial

to assess effect of low glycaemic index diet on birth-

weight. Women were randomized to receive either no

dietary intervention or a low glycemic index diet from

early pregnancy to term.

265 neonates had anthropometric measurements taken

at days 1–2 of life, 126 in the intervention group and 139

in the control group. This included birth weight, length,

OFC, abdominal circumferences, thigh circumference and

mid upper arm circumference. Of these neonates, a sub-

group of 219 [82%] also had skin fold measurements

(101 in the intervention group, 118 in the control

group).

Results: There was no difference between the intervention

and control groups in neonatal OFC, abdominal circum-

ference or mid upper arm circumference. Neonates whose

mothers on a low GI diet in pregnancy had lower thigh

circumference (15.9 +/� 1.7 cm vs. 16.6 +/� 1.5 cm,

p = 0.04).

No differences were noted between the two groups for

any skin fold measurements (sub scapular, thigh, biceps

and triceps).

Conclusions: Neonatal thigh and chest measurements were

significantly altered by maternal low GI diet in pregnancy.

A low GI diet is safe in pregnancy and may positively

impact on infant adiposity.
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PS07 Maternal glucose homeostasis and neona-
tal adiposity

JM DONNELLY1, JM WALSH1, J BYRNE2, E MOLLOY3

& FM MCAULIFFE1
1UCD Obstetrics and Gynaecology, School of Medicine
and Medical Science, University College Dublin, National
Maternity Hospital, Dublin, Ireland, 2National Maternity
Hospital, Dublin, Ireland, and 3Royal College of
Surgeons of Ireland, National Maternity Hospital,
Dublin, Ireland

Background: Large for gestational age infants have

increased risk of obesity, cardiovascular and metabolic

disease in later life.

Objective: The aim of this study was to examine the rela-

tionship between maternal glucose homeostasis and neo-

natal adiposity.

Methods: This is a cohort analysis of data from the ROLO

study which was a randomised control trial to assess the

impact of a low glycaemic index diet on birthweight (1).

262 neonates had anthropometric measurements taken

prior to discharge from hospital. This included birth weight,

head, abdominal, thigh and mid upper arm circumferences.

Of these a subgroup of 219 also had subscapular, biceps,

triceps, leg skinfolds measurements recorded.

Results: Neonatal abdominal circumference was increased

in the neonates born to mothers with abnormal GCT

[>7.8 mmol/L, p = 0.038]. Amongst the cohort significant

differences [p < 0.05] were also found in birth weight,

head, abdominal, thigh and mid upper arm circumfer-

ences for neonates born to mothers with GCT result

above the mean of 6.6 mmol/L when compared to those

less than the mean. No relationship was noted between

maternal GCT and neonatal skinfold measurements.

Conclusions: Neonatal anthropometric measurements were

significantly influenced by small changes in maternal glucose

homeostasis. Interventions in pregnancy to reduce maternal

glucose may have positive effects on neonatal adiposity.

PS08 Adipose tissue insulin signalling via IRS-1 is
impaired in offspring of obese mice and associ-
ated with sequestration by miR-126

DS FERNANDEZ-TWINN1, MZ ALFARADHI1, MS
MARTIN-GRONERT1, EL COTTRELL1, D FERLAND-
MCCOLLOUGH2, M BUSHELL2 & SE OZANNE1
1Metabolic Research Laboratories, Institute of Metabolic
Science, University of Cambridge, Addenbrookes
Hospital, Cambridge, UK, and 2MRC Toxicology Unit,
Leicester, UK

Background: Early nutritional insults impact on long-term

health. For example, mouse offspring of diet-induced

obese mothers develop insulin resistance and impaired

glucose tolerance in later life.

Objective: The aim of the current study was to determine

the effects of maternal diet-induced obesity on adipose

tissue insulin signaling and to explore the role of miRNAs

in programming of insulin-signaling protein expression.

Methods: Mice dams were fed either a control or an obes-

ogenic diet prior to and throughout pregnancy and lacta-

tion. Body composition and glucose tolerance were

measured in 8-week-old male offspring. Adipose tissue

insulin-signaling proteins and miRNA expression was

quantified by western blotting and qPCR respectively.

Results: At 8 weeks of age food intake, energy expendi-

ture, body composition and glucose tolerance were simi-

lar between offspring of control and obese dams.

However serum insulin was significantly (p < 0.05) ele-

vated in the offspring of obese dams. There were parallel

reductions in protein expression of IRb, PI3K catalytic

(p110ß) and regulatory (p85a) subunits and AKT1 and 2

(all p < 0.05) in adipose tissue. The largest reduction

observed was in IRS-1 (p < 0.001) protein, which

occurred without reduction in the corresponding mRNA,

but correlated with an increased expression of mir126,

which directly blocks IRS-1 translation.

Conclusions: Maternal diet-induced obesity leads to off-

spring insulin resistance prior to development of obesity.

This is associated with reduced levels of key adipose tis-

sue insulin-signaling proteins including IRS-1, which is

programmed at the post-transcriptional level. These find-

ings provide a mechanism by which maternal diet-

induced obesity leads to increased risk of diabetes in the

offspring.

PS09 Risk factors and outcomes of maternal
obesity and excessive weight gain during
pregnancy

R GAILLARD1,2,3, B DURMUS�1,2,3, A HOFMAN2,
JP MACKENBACH4, EAP STEEGERS5 &
VWV JADDOE1,2,3
1The Generation R Study Group, Erasmus Medical
Center, Rotterdam, The Netherlands, 2Department of
Epidemiology, Erasmus Medical Center, Rotterdam, The
Netherlands, 3Department of Pediatrics, Erasmus
Medical Center, Rotterdam, The Netherlands,
4Department of Public Health, Erasmus Medical Center,
Rotterdam, The Netherlands, and 5Department of
Obstetrics and Gynaecology, Erasmus Medical Center,
Rotterdam, The Netherlands

Background: The prevalence of overweight and obesity

among women of reproductive age is increasing.

Objective: We aimed to determine risk factors and

maternal, fetal and childhood consequences of maternal
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obesity and excessive weight gain during pregnancy. Fur-

thermore, we examined the associations of trimester-specific

weight gain with the risk of adverse pregnancy outcomes.

Methods: The study was embedded in a population-based

prospective cohort study among 6959 mothers and their

children. The study was based in Rotterdam, The Nether-

lands (2001–2005).
Results: Maternal lower educational level, lower house-

hold income, multiparity, and FTO risk allel were associ-

ated with an increased risk of maternal obesity, whereas

maternal European ethnicity, nulliparity, higher total

energy intake, and smoking during pregnancy were asso-

ciated with an increased risk of excessive gestational

weight gain (all p-values <0.05). As compared to normal

weight, maternal obesity was associated with increased

risks of gestational hypertension [OR 6.31 (95% CI: 4.30,

9.26)], preeclampsia [OR 3.61 (95% CI: 2.04, 6.39)], ges-

tational diabetes [OR 6.28 (95% CI: 3.01, 13.06)], caesar-

ean delivery [OR 1.91 (95% CI: 1.46, 2.50)], delivering

large size for gestational age infants [OR 2.97 (95% CI:

2.16, 4.08)], and childhood obesity [OR 5.02 (95% CI:

2.97, 8.45)]. Weaker associations of excessive gestational

weight gain with maternal, fetal and childhood outcomes

were observed, with the strongest effects for first trimester

weight gain.

Conclusions: Our study shows that maternal obesity and

excessive weight gain during pregnancy are associated

with socio-demographic, lifestyle, and genetic factors and

with increased risks of adverse maternal, fetal and child-

hood health outcomes. As compared to prepregnancy

overweight and obesity, excessive gestational weight gain

has a limited influence on these adverse maternal and

childhood health outcomes.

PS10 PPARGC1A DNA methylation in adipose tis-
sue is influenced by 5 days high-fat overfeeding
in men with low birth weight

L GILLBERG1,2, S JACOBSEN1,2, C BRØNS1,2 &
AA VAAG1,2,3

1Department of Endocrinology (Diabetes and
Metabolism), Rigshospitalet, Denmark, 2Steno Diabetes
Center, Gentofte, Denmark, and 3Faculty of Health
Sciences, University of Copenhagen, Copenhagen, Denmark

Background: Increased DNA methylation of the metabolic

regulator peroxisome proliferator-activated receptor

gamma coactivator 1 alpha (PPARGC1A) has been

reported in skeletal muscle and pancreatic islets from type

2 diabetes (T2D) patients, as well as in muscle from low

birth weight (LBW) subjects with an increased risk of

developing T2D. High-fat diet has been shown to increase

DNA methylation of the PPARGC1A promoter in human

skeletal muscle.

Objective: To determine PPARGC1A DNA methylation

and gene expression in subcutaneous abdominal adipose

tissue from LBW subjects and matched normal birth

weight (NBW) subjects during control and high-fat over-

feeding (HFO) conditions.

Methods: Nineteen young healthy men with LBW and 26

NBW controls were studied after ingestion of both a 5-

day HFO (60E% fat, +50% calories) and control diet in a

randomized crossover setting. Insulin action was mea-

sured using hyperinsulinemic euglycemic clamps. DNA

methylation was assessed with bisulfite sequencing and

gene expression with quantitative real-time PCR.

Results: Following the HFO diet the LBW subjects devel-

oped a higher peripheral insulin resistance (p < 0.05) and

showed increased PPARGC1A DNA methylation com-

pared with the NBW subjects (p < 0.05). The mRNA

expression of PPARGC1A was significantly increased dur-

ing in vivo clamp insulin infusion in the LBW subjects

only (control diet: p = 0.03, HFO diet: p = 0.002).

PPARGC1A methylation correlated inversely with gene

expression in adipose tissue after 3 h maintained hyperin-

sulinemia (r = �0.35, p = 0.04).

Conclusions: Subjects born with a LBW respond differ-

ently to HFO and have increased DNA methylation of

the PPARGC1A promoter in SC adipose tissue compared

with NBW controls, supporting previous findings in skel-

etal muscle biopsies from these individuals. Our findings

could have important implications for understanding the

role of epigenetics in the link between an adverse fetal

environment and increased risk of T2D.

PS11 Neonatal DNA epigenetic profile in humans
is specified by a complex interplay of intrauter-
ine environmental/stochastic and genetic factors
subject to tissue-specific influence

L GORDON1, EJ JOO2, B NOVAKOVIC2,
M OLLIKAINEN3, D MARTINO2, R MORLEY4,
J CARLIN5, JM CRAIG4 & R SAFFERY2

1Bioinformatics Unit, Murdoch Childrens Research
Institute (MCRI), Parkville, Victoria, Australia, 2Cancer
and Developmental Epigenetics Group, MCRI, and
Department of Paediatrics, University of Melbourne,
Victoria, Australia, 3Hjelt Institute, Department of Public
Health, University of Helsinki, Helsinki, Finland, 4Early
Life Epigenetics Group, MCRI, Parkville, Victoria,
Australia, and 5Clinical Epidemiology and Biostatistics
Unit, MCRI, Royal Children’s Hospital, Parkville, Victoria,
Australia

Background: Animal studies have highlighted the impor-

tance of prenatal environments in determining the epige-

netic profile at birth and beyond, but equivalent human

data are lacking.
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Objective: To determine the role of genetic and environ-

mental factors in regulating the neonatal DNA methyla-

tion profile in humans in a twin study.

Methods: The Peri/postnatal Epigenetic Twins Study

(n = 250), collected extensive environmental data in addi-

tion to biological specimens at birth and at 18 months.

We profiled DNA methylation across ~27,000 CpG sites

in cord blood, placenta and umbilical vein endothelial

cells collected at birth from 22 monozygotic (MZ) and 12

dizygotic (DZ) twin pairs. We estimated effects of envi-

ronmental/stochastic factors by within MZ pair compari-

sons, and the genetic contribution to epigenetic

variability by between class comparisons (MZ vs DZ).

Results: MZ twins exhibit evidence of widespread within-

pair methylation differences at birth. In all tissues, MZ

pairs showed a greater within-pair similarity than DZ

pairs confirming a role for underlying genetic factors in

specifying neonatal epigenetic profile. Despite this, mean

heritability across all probes was low. The largest compo-

nent of variation was attributed to the combined effects

of non-shared intrauterine environment and stochastic

factors. Regression analysis of methylation on birth

weight revealed a general association between methylation

of genes involved in metabolism, providing further sup-

port for a role of epigenetic change in the phenomenon

of ‘fetal programming’ of adult disease. Finally, compari-

son of our data with that of several older twins, revealed

little evidence for generalised genome-wide epigenetic

drift with increasing age, supported by limited (n = 9)

longitudinal methylation profiling of buccal cells at birth

and 18 months.

Conclusions: This study highlights the importance of both

underlying genetic factors and the intrauterine environ-

ment in shaping the early life epigenome in humans. No

evidence was found to support genome-wide epigenetic

drift over time.

PS12 Leukocyte telomere length is associated
with elevated plasma glucose and HbA1c in
young healthy men independently of birth
weight

LG GRUNNET1, K PILGAARD2, CB JENSEN3, C BRØNS1,
A ALIBEGOVIC4, SE OZANNE5, M BENNET5 &
AA VAAG1

1Department of Endocrinology (Diabetes and
Metabolism), Rigshospitalet, Copenhagen, Denmark,
2Hvidovre Hospital, Hvidovre, Denmark, 3Novo Nordisk
A/S, Bagsværd, Denmark, 4Steno Diabetes Center,
Gentofte, Denmark, and 5University of Cambridge,
Cambridge, UK

Background: Shorter blood cell telomere lengths are asso-

ciated with premature coronary artery disease. Low birth

weight is associated with type 2 diabetes and cardiovascu-

lar disease.

Objective: We investigated a possible early relationship

between low birth weight and telomere length.

Methods: A cohort of low birth weight (n = 55) and

normal birth weight (n = 61) men, average age

22.4 years, were phenotyped using multiple anthropo-

metric, haematological biochemical and metabolic analy-

ses. Telomere length was determined using a validated

qPCR method.

Results: Low birth weight was not associated with short

blood telomere length. Telomere length was negatively

associated with elevated plasma glucose and HbA1c.

Low birth weight men had significantly shorter adult

height, increased abdominal obesity (waist-to-hip-

ratios), elevated fasting plasma glucose and insulin lev-

els, and evidence of insulin resistance as measured by

HOMA-IR, predominantly reflecting insulin action in

the liver, but not as measured by the insulin clamp

technique predominantly reflecting insulin action in

muscle.

Conclusions: The association between low birth weight

and cardiovascular disease can in young healthy men not

be explained by shorter telomere length.

Shorter telomere length was negatively associated with

elevated plasma glucose and HbA1c early in life, before

the development of overt cardiovascular disease.

PS13 Intake of fish in early and mid- pregnancy
and risk of preeclampsia: a study within the
Danish National Birth Cohort

TI HALLDORSSON1,2, M STRØM1, AL THORNE-
LYMAN3 & SF OLSEN1,3

1Centre for Fetal Programming, Department of
Epidemiology Research, Statens Serum Institut,
Denmark, 2Unit for Nutrition Research, Faculty of Food
Science and Nutrition, School of Health Sciences,
University of Iceland, Reykjav�ık, Iceland, and
3Department of Nutrition, Harvard School of Public
Health, Boston, US

Background: Fish is an important source of long chain n-

3 fatty acids and vitamin D, and both nutrients have been

suggested to be protective against preeclampsia.

Objective: To examine the association between fish intake

assessed in early and mid-pregnancy on the one hand and

risk of developing preeclampsia on the other.

Methods: The Danish National Birth Cohort (DNBC)

recruited >100,000 pregnancies 1996-2002. Fish intake

was recorded in two telephone interviews in gestation

weeks 12 (gw12interview) and 30 (gw30interview). A 360-

item food frequency questionnaire recorded dietary intake
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during one month prior to gestation week 25 (gw25FFQ).

Associations between intake measures and preeclampsia

risk were examined by logistic regression adjusted for

maternal anthropometry, parity and smoking. Women

taking fish oil were excluded (5%).

Results: Women who on all three occasions consistently

reported never consuming fish in pregnancy (n = 490)

had 2.08 (95% confidence interval 1.24, 3.57) times

increased risk of preeclampsia, compared to a middle ref-

erence group consistently reporting consuming warm fish

meals and sandwiches each week but less than twice per

week (n = 3,902). Exposure classification based solely on

1st trimester intake (gw12interview) also identified low

fish intake as a risk factor, whereas classifications based

solely on 2nd trimester intake (gw25FFQ or gw30inter-

view) did not exhibit any detectable association with pre-

eclampsia.

Conclusions: Low fish intake seems to be associated with

increased risk of preeclampsia, and low fish intake in

early pregnancy seems to be a stronger determinant of

preeclampsia than low fish intake in mid-pregnancy.

Next step in this research will be to undertake a case-

control study nested in DNBC, where biomarkers for

n3FA and vitamin D status are quantified in plasma

collected in gestation weeks 7–9 and weeks 25. This

should enable us to discern between effects of n3FA

v. vitamin D, respectively, and between their potential

effects in early v. mid-pregnancy, on preeclampsia.

PS14 Does mode of delivery modify the associa-
tion between intake of fish oil during pregnancy
and the risk of child asthma? Results from a ran-
domized controlled trial with twin pregnancies

S HANSEN1, E MASLOVA1, M STRØM1, NJ SECHER2 &
SF OLSEN1,3

1Centre for Fetal Programming, Department of
Epidemiology Research, Statens Serum Institut,
Copenhagen, Denmark, 2Department of Obstetrics and
Gynaecology, Aarhus University Hospital, Aarhus,
Denmark, and 3Department of Nutrition, Harvard School
of Public Health, Boston, USA

Background: Previous studies have indicated that intake

of fish oils during pregnancy may protect against devel-

opment of child asthma. It has also been suggested that

micro-flora exposure associated with a normal vaginal

delivery may modify the child’s susceptibility of develop-

ing asthma.

Objective: To examine the association between fish oil

during pregnancy and child asthma and interaction with

type of delivery in a group of twin pregnancies with a rel-

atively high rate of caesarean (C-) sections.

Methods: We used data from a multicenter randomized

controlled trial (FOTIP) 306 mothers with twin pregnan-

cies were randomized to fish oil (2.7 g/d of n-3 fatty

acids) or olive oil during the latter half of pregnancy.

Delivery mode (vaginal vs. C-section) was recorded. Child

asthma diagnosis was obtained from the Danish National

Patient Registry using ICD-8 and ICD-10 codes. We per-

formed intention-to-treat analyses and used logistic

regression models to calculate odds ratios (OR) and 95%

CIs adjusting for correlated data among twin pairs.

Results: Vaginal deliveries were recorded in 39% and C-

section in 61% of the deliveries. By 2008, 7% of children

in the fish oil group and 10% in the olive oil group had

received a registry asthma diagnosis. The OR of an

asthma diagnosis in the fish oil vs. olive oil group was

0.71 (95% CI: 0.37–1.36). Looking at interaction by deliv-

ery mode we found an increased risk of asthma in off-

spring delivered by C-section (OR = 3.7 (1.1–11.7) in the

fish oil group, OR = 4.7 (1.6–13.7) in the olive oil group)

compared to offspring delivered vaginally in the fish oil

group.

Conclusions: We found evidence of a non-significant pro-

tective effect of maternal fish oil on offspring asthma

diagnosis. When we looked at interaction by delivery

mode, a significant increased risk of asthma was found in

offspring delivered by C-section; this association seemed

to be modified to some extent by fish oil. Future studies

including other means of ascertaining offspring asthma as

well as allergies are needed.

PS15 Optimization of a method for lipid droplet
isolation in human placental tissue

I HERNÁNDEZ-ALBALADEJO1, M RU�IZ-PALACIOS1,
A G�AZQUEZ1, JE BLANCO2, JJ PARRILLA2 &
E LARQU�E1
1Department of Physiology, Faculty of Biology,
University of Murcia, Murcia, Spain, and 2Gynecology
Service, Virgen de la arrixaca Hospital, Murcia, Spain

Background: Lipid droplets (LD) are ubiquitous intracel-

lular structures that store neutral lipids in cells. Better

knowledge on the placental LD composition in healthy

and complicated pregnancies would improve our under-

standing on fatty acid transport process across this tissue.

Objective: To develop a method to isolate LD from pla-

cental tissue in humans for future lipid analyses. We also

checked differences among placental regions and freezing

methods.

Methods: We collected placentas at term from 3 healthy

subjects. LD were isolated by density gradient ultracentrif-

ugation in placentas and rat liver (control tissue). Three
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methods from the bibliography for LD isolation in other

tissues were tried (Ontko et al. 1986, Connerth et al.

2009 and Zhang et al. 2011). Triglycerides (TG) were

quantified by commercial kits, cholesterol (Chol) accord-

ing to Roschlau et al. (1974) and phospholipids (PL)

according to Bartlett (1959). Western blot analyses of

adipophilin and Na+K+-ATPase were performed. We also

studied the lipid composition of placental LD from four

healthy women and four with gestational diabetes mellitus

(GDM).

Results: Only with the method of Zhang et al.2011 using

288 000 g 54 min at 4°C with some modifications, we

were able to isolate a LD layer in placental tissue, while

the 3 methods allowed LD isolation in rat liver. TG con-

tent intra-placenta showed a high coefficient of variation

(CV >50%), whereas for Chol CV <15% and for PL CV

<6%. The placental LD layer was characterized by the

presence of adipophilin while no ATPase as plasma

membrane contamination was detected. LD of women

with GDM had TG, Chol, total fatty acids and protein

levels significantly higher than placental LD from con-

trols.

Conclusions: The method of Zhang et al. was effective

for the isolation of placental LD. It is required to collect

a pool of pieces of placental tissue for placental LD

analyses; freezing in liquid nitrogen is the most recom-

mendable.

PS16 DNA methylation of leptin and adiponectin
in adipose tissue is influenced by 36 h of fasting
in a birth weight dependent manner

L HJORT1, L GILLBERG1, SW JØRGENSEN1, E HALL2,
AA VAAG1 & C LING2

1Department of Endocrinology (Diabetes and
Metabolism), Rigshospitalet, Copenhagen, Denmark,
and 2Department of Clinical Sciences, Lund University,
Malmø, Sweden

Background: Low birth weight (LBW) is associated with

increased risk of type 2 Diabetes (T2D). Operating in the

window between genetic and environmental factors, epi-

genetics may play a role in regulating expression of genes

relevant to development of T2D.

Objective: To study effects of short-term fasting on pro-

moter DNA methylation profiles of adiponectin (ADI-

POQ) and leptin (LEP) in LBW and normal birth weight

(NBW) subjects.

Methods: Twenty LBW men and 17 matched NBW con-

trols were studied after a 36 h fasting period, followed by

a control diet study on a subset of both groups. Subcuta-

neous adipose tissue biopsies were excised and DNA

methylation degree was studied at 7 CpG sites in the

ADIPOQ promoter region, and at 39 CpG sites in the

proximal LEP promoter region. DNA methylation profiles

were analyzed using the EpiTYPER MassArray approach.

Gene expression levels of ADIPOQ and LEP were mea-

sured by real-time PCR.

Results: After the control diet, the average DNA methyl-

ation was significantly higher (approximately 3%)

among LBW compared to NBW subjects in proximal

regions of both the ADIPOQ and LEP promoters

(p < 0.05). After fasting, both ADIPOQ and LEP pro-

moter methylation was significantly higher in the aver-

age degree of DNA methylation of proximal regions of

the promoters, compared to after control diet, in NBW

subjects only. Degree of promoter DNA methylation of

both genes was positively correlated with total fat per-

centage (p < 0.05). mRNA expression of ADIPOQ was

significantly increased after 36 h fasting in LBW subjects

(p = 0.04). LEP gene expression did not change after

fasting, but showed highly significant positive correla-

tions with BMI and total body fat mass and percentage

(p � 0.003).

Conclusions: A short-time metabolic fasting challenge

induces small but significant changes in DNA methylation

of the ADIPOQ and LEP gene promoters in adipose tis-

sue, in NBW subjects only.

PS17 Mood in Pregnancy is influenced by educa-
tional status and physical activity

MK HORAN1, CA MCGOWAN1 & FM MCAULIFFE1
1University College Dublin and The National Maternity
Hospital, Dublin, Ireland

Background: Mood has been linked to quality of diet and

lifestyle in adults but there remain gaps in the research

with regard to mood and nutrition in pregnancy.

Objective: The aim of this study was to examine the rela-

tionship between mood and diet and lifestyle during

pregnancy.

Methods: This is a cohort analysis of 619 participants of

the ROLO study (Randomised cOntrol trial of Low gly-

caemic index diet versus no dietary intervention in pre-

venting recurrence of fetal macrosomia). The following

data was collected: educational attainment, dietary intakes

with food frequency questionnaire, self-reported physical

activity and the WHO-5 Item Wellbeing Index in the first

half of pregnancy. Results were analysed using indepen-

dent t-tests, linear and multiple regression to determine a

model which best predicted overall mood score. Cluster

analysis was used to compare “healthy” and “unhealthy”

groups.
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Results: Mood was significantly associated with education

and physical activity. Multiple regression showed that 3rd

level education was associated with 3.039 point higher

WHO-5 percentage mood score R2
adj 0.9% (F = 5.710,

p < 0.05). Mood was also significantly associated with

physical activity; each day an individual achieved >30 min

walking per week was associated with 1.102 point higher

mood score R2
adj2.8% (F = 7.245, p < 0.001). There was

a non-significant association between mood and total fat

intake which may be of biological significance. For each

10 g increase in dietary fat there was 0.320 point lower

mood score R2
adj2.9 (F = 5.989, p = 0.066). No correla-

tion was noted with GI status. Cluster analysis revealed

no relationship between mood and healthy vs. unhealthy

dietary patterns (p = 0.5). Reduced mood score was not

significantly associated with failure to meet micronutrient

recommendations.

Conclusions: Mood in pregnancy was independently asso-

ciated with education and physical activity, and shows

negative trends with fat intake. These findings will assist

healthcare professionals when counselling pregnant

women about the importance of healthy lifestyle in preg-

nancy.

PS18 Maternal gestational weight gain, off-
spring anthropometry and metabolic biomarkers
in early adulthood

L HROLFSDOTTIR1, TI HALLDORSSON1,2, D RYTTER2,3,
BH BECH3, TB HENRIKSEN4, I DANIELSEN2,
C SCHALKWIJK5,6, AA VAAG7 & SF OLSEN2,8

1Unit for Nutrition Research, Faculty of Food Science
and Nutrition, School of Health Sciences, University of
Iceland, Reykjavik, Iceland, 2Centre for Fetal
Programming, Department of Epidemiology Research,
Statens Serum Institut, Copenhagen, Denmark,
3Department of Public Health, Section for Epidemiology,
Aarhus University, Aarhus, Denmark, 4Department of
Paediatrics, Aarhus University Hospital, Skejby, Denmark,
5Cardiovascular Research Institute Maastricht (CARIM)
School for Cardiovascular Diseases, Maastricht
University, Maastricht, The Netherlands, 6Department of
Internal Medicine/Laboratory for Metabolism and
Vascular Medicine, Maastricht University Medical Centre
(MUMC+), Maastricht, The Netherlands, 7Department of
Endocrinology, Rigshospitalet, Copenhagen, Denmark,
and 8Department of Nutrition, Harvard School of Public
Health, Boston, US

Background: Limited knowledge exists on the long term

implications of maternal weight gain on offspring health.

Objective: To examine the association between maternal

gestational weight gain (GWG) with inflammatory bio-

markers in pregnancy and its influence on offspring’s

anthropometry and metabolic biomarkers in early adult-

hood.

Methods: A prospective cohort of 642 normal weight

pregnant Danish women recruited in 1988-1989 of which

306 offspring participated in a clinical examination at

follow-up (~20 years). In statistical analyses, maternal

GWG at week 30 was used as continuous term and the

highest obtained GWG was used to classify women as

having excessive (>16 kg) or optimal (11.5–16 kg) weight

gain.

Results: Examining GWG in relation to maternal inflam-

matory biomarkers from week 30 of gestation, each 1-kg

increase in GWG was associated with 3.5% increase in

maternal serum C-reactive protein (95% CI 1.2; 5.9),

2.9% increase in amyloid A (95% CI 0.9; 4.9), and 2.4%

decrease in Interleukin 8 (95% CI 4.1; 0.8). Concerning

offspring anthropometry and metabolic biomarkers at

20 years, each 1-kg increase in maternal GWG during the

first 30 weeks of gestation was associated with 3.4%

increase in offspring serum leptin levels (95% CI 0.8; 6.1)

while a more modest change was observed with offspring

BMI 0.1 kg/m2 (95% CI -0.0; 0.2). For leptin, the associa-

tion was considerably stronger for males. Male offspring

whose mothers had excessive weight gain had 88% (95%

CI 26; 181) higher leptin levels compared to male off-

spring of mothers with optimal weight gain. The corre-

sponding number for female offspring was 25% (95% CI

-3; 61).

Conclusion: GWG appears to influence maternal levels of

C-reactive protein, amyloid A and Interleukin 8. Our

findings also suggest that greater GWG is associated with

elevated serum leptin levels in the offspring at ~20 years

of age.

PS19 Gestation reverses obesity-induced hepatic
inflammation in mice

C INGVORSEN1,2, A HAMMERICH THYSEN1,
DS FERNANDEZ-TWINN3, SE OZANNE3, S BRIX1 &
LI HELLGREN1,2

1Department of Systems Biology, Technical University of
Denmark, Lyngby, Denmark, 2Centre for Fetal
Programming, and 3Institute of Metabolic Science,
University of Cambridge, Cambridge, UK

Background: Maternal obesity is associated with increased

risk of metabolic dysfunction in the offspring. It is not

clear which physiological aspects of the obese state cause

this metabolic programming. Obesity causes many meta-

bolic changes but also chronic low-grade inflammation.

Objective: In this study, we determined if low-grade

inflammation was present in obese dams compared to

control dams during gestation.

Methods: Female C57BL/6 mice were fed either a standard

chow diet (3% fat) or a highly palatable obesogenic diet
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consisting of a high fat diet (22% fat) supplemented with

sweetened condensed milk. After 6 weeks on the diets,

half the mice (n = 12) were sacrificed and the remaining

half were mated and sacrificed on gestation day 18

(n = 8). Blood and tissues were collected for analysis.

Results: Obesogenic diet increased adiposity (p < 0.0001),

adipocyte size (p < 0.0001) and plasma leptin

(p < 0.0001) however, gestation had no effect on these

parameters. There was also an increased hepatic lipid

accumulation in obese mice (p = 0.05). Body weight was

increased in pre-gestating obese mice (p < 0.001), but this

difference was equalized by gestation. Insulin levels

increased in the control dams during gestation

(p < 0.01), but this effect was absent in obese dams due

to elevated insulin levels before gestation (p < 0.05).

Blood glucose levels were unaffected by diet or gestation.

Local inflammation was assayed by macrophage count in

liver and placenta. Hepatic macrophage count was

increased by the obesogenic diet (p = 0.05). Gestation

reversed the infiltration, so obese dams showed lower

macrophage count at the end of gestation compared to

pre-gestating obese mice (p < 0.01). Overall, hepatic mac-

rophage count was decreased by gestation (p < 0.001).

Placenta macrophage count was unaffected by the diet.

Conclusions: Obese dams were found not to express

increased inflammation in placenta and liver compared to

lean dams, despite an incipient hepatic inflammation

before gestation. Thus, obesity-induced inflammation is

not maintained during gestation.

PS20 Differential pancreatic gene expression in
offspring of diet-induced obesity (DIO) and diet
resistant (DR) rats

C JAKSCH1, P THAMS1, M RASMUSSEN1, BE LEVIN2 &
JH NIELSEN1

1Department of Biomedical Sciences, Faculty of Health
Sciences, University of Copenhagen, Copenhagen,
Denmark, and 2Department of Biomedical Sciences,
Neurology Service, VA Medical Center, New Jersey, USA

Background: Previous studies have shown that rats under-

going high-fat dietary modifications during pregnancy are

able to transmit the metabolic syndrome phenotype to

their offspring. The diet-induced obese (DIO) and diet-

resistant (DR) rat (Levin et al. Am J Physiol. 1997;273:

R725–R730) is a polygenetic rat model mimicking most

clinical variables characterizing the human metabolic syn-

drome. When fed a high-energy (HE) diet DIO rats, but

not DR rats, develop visceral obesity, dyslipidemia, hyper-

insulinemia and glucose intolerance.

Objective: We investigated how a HE diet during preg-

nancy affects pancreatic gene expression levels and epige-

netic mechanisms in offspring of DR and DIO rats.

Methods: DR and DIO rats were exposed to chow or HE

diet 5 weeks before and during gestation and their off-

spring were studied at 2 days after birth.

Results: The HE fed DIO rat mothers gained more weight

and had higher levels of fasting insulin and leptin than all

other groups. Within the DIO group, the HE fed rats had

significantly higher levels of fasting glucose than the chow

fed rats and were considered pre-diabetic.

Conclusions: Pups of HE fed DIO rats had a higher body

weight than pups of HE fed DR mothers. To study the

difference in gene expression patterns between the groups,

a microarray analysis of their pancreas is ongoing. Preli-

minary data indicate that a maternal HE diet significantly

altered the expression of 41 genes in male DIO offspring,

while 25 genes were differentially expressed in male DR

offspring. When comparing DIO rats to DR rats, 69 genes

were altered in male offspring of chow fed mothers, while

57 genes were differentially expressed in male offspring of

HE fed mothers. Epigenetic differences between the

groups such as DNA methylation levels and histone mod-

ifications will be investigated to evaluate how fetal pro-

gramming affected gene expression levels.

PS21 Development of a vitamin D status score in
the Danish National Birth Cohort

CB JENSEN1,2, AL THORNE-LYMAN3, LV HANSEN1,
M STRØM1, NO NIELSEN4, A COHEN5 & SF OLSEN1,3

1Centre for Fetal Programming, Department of
Epidemiology Research, Statens Serum Institut,
Copenhagen, Denmark, 2Institute of Preventive
Medicine, Frederiksberg Hospital, Frederiksberg,
Denmark, 3Department of Nutrition, Harvard School of
Public Health, Boston, US, 4Department of Epidemiology
Research, Statens Serum Institut, Copenhagen, Denmark,
and 5Department of Clinical Biochemistry, Statens Serum
Institut, Copenhagen, Denmark

Background: Vitamin D has been hypothesized to reduce

risk of pregnancy complications and diseases in childhood

including asthma and diabetes. However, many of these

outcomes are rare and require a large sample size to

study, representing a challenge for cohorts with limited

availability of biomaterials.

Objective: To (1) identify predictors of serum 25-

hydroxy-vitamin D (25(OH)D) among pregnant women

in a subsample of the Danish National Birth Cohort

(DNBC) and (2) develop and validate a score predicting

25(OH)D-status for use in future studies in the DNBC.

Methods: 25(OH)D-levels were measured in samples

drawn in gestation week 25 from 1497 DNBC women.

We divided data arbitrarily into 2 groups; one for devel-

opment of the prediction model and one validation

group.
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Results: Approximately 42% of our study sample

(n = 1494) had deficient levels of vitamin D (<50 nmol/L

25(OH)D); average 25(OH)D-status was 56.7(s.d. 24.6)

nmol/L. A prediction model consisting of intake of vita-

min D from diet and supplements, outdoor physical

activity, tanning bed use, smoking, and month of blood

draw explained 40% of the variance in 25(OH)D and

mean measured 25(OH)D-level increased linearly by dec-

ile of predicted 25(OH)D-score. In total 32% of the

women were placed in the same quintile by both mea-

sured and predicted 25(OH)D-values and 70% were

placed in the same or adjacent quintile by both methods.

Cohen’s weighted kappa (K = 0.3) reflected fair agree-

ment between measured 25(OH)D levels and predicted 25

(OH)D-score.

Conclusion: These results support previous studies that

have shown similar associations for vitamin D scores with

disease outcomes as measured 25(OH)D-levels. Our find-

ings suggest that predicted 25(OH)D-scores may be a

useful alternative to measured 25(OH)D for examining

associations between vitamin D and disease outcomes in

the DNBC cohort, but cannot substitute measured 25

(OH)D-levels.

Bjørn Jensen C, Thorne-Lyman AL, Vadg�ard Hansen L,

Strøm M, Odgaard Nielsen N, et al. Development and

Validation of a Vitamin D Status Prediction Model in

Danish Pregnant Women: A Study of the Danish

National Birth Cohort. PLoS ONE. 2013;8(1): e53059.

doi:10.1371/journal.pone.0053059.

PS22 Transgenerational fetal programming of
the metabolic phenotype of liver and skeletal
muscle by maternal diet

T JØRGENSEN1, M RASMUSSEN2, OH MORTENSEN1,
N GRUNNET1 & B QUISTORFF1
1Department of Biomedical Sciences, Faculty of Health
and Medical Sciences, University of Copenhagen,
Copenhagen, Denmark, and 2The Novo Nordisk
Foundation Center for Basic Metabolic Research, Faculty
of Health and Medical Sciences, University of
Copenhagen, Copenhagen, Denmark

Background: Both maternal low-protein (LP) and mater-

nal high-fat (HF) feeding during gestation have been

linked to adverse metabolic phenotypes such as insulin

resistance in the adult offspring. The molecular mecha-

nisms underlying such metabolic programming in

response to under- and overnutrition are unknown.

Objective: To characterise gene-specific DNA methylation

patterns over the life time of the animal in liver and skel-

etal muscle from rats subjected to gestational LP, HF, or

standard chow diet. This is combined with determination

of 1) gene expression of genes involved in mitochondrial

function and metabolism 2) liver mitochondrial function

and 3) fasting insulin, glucose and plasma lipid levels.

Furthermore, possible transgenerational effects on DNA

methylation and gene expression is tested.

Methods: Female rats were given a 5% protein, a 60% fat,

or a chow diet for 12 weeks prior to and throughout ges-

tation. All offspring groups received chow. F1 females

were mated at 14 weeks of age with males receiving chow.

Tissue samples were taken at day 0 and at 15 months for

the F1 generation and at day 0 for F2.

Results: A maternal HF diet in the F0 generation resulted

in: lower birth weight of the offspring in both F1 and F2,

hypermethylation of the Ppargc1a promoter in fetal F1

liver and hypomethylation in the F2 generation, and the

adult HF offspring showed a tendency to develop insulin

resistance. There were no differences in adiposity and

plasma triglyceride levels in the adult F1 generation com-

paring LP and HF offspring to chow. Furthermore, all

groups showed similar liver mitochondrial metabolic effi-

ciencies, coupling ratios, VO2, max and state 3 oxidation

with a carbohydrate and a fatty acid substrate.

Conclusions: Maternal diet manipulation yields adverse

effects in both F1 and F2. However, the effects are not

necessarily comparable across generations suggesting pos-

sible compensatory effects in F2.

PS23 Maternal chocolate and soft drink intake
and programming of leptin sensitivity in adult
rat offspring

M KJÆRGAARD1,2, C NILSSON3, K GROVE4,
MO NIELSEN2 & K RAUN1

1Type 2 Diabetes Pharmacology, Novo Nordisk A/S,
M�aløv, Denmark, 2Department of Veterinary Clinical
and Animal Sciences, Faculty of Health and Medical
Sciences, University of Copenhagen, Denmark, 3Uppsala
University Innovation, Uppsala Science Park, Uppsala,
Sweden, 4Division of Diabetes, Obesity and Division of
Reproductive and Developmental Sciences, Oregon
National Primate Research Center, Oregon Health and
Science University, Beaverton, USA, and 5Assay
Technology, Novo Nordisk A/S, M�aløv, Denmark

Background: Today, the abundance of high-energy diets

has increased the risk of maternal nutrient overload. Con-

sequently, many progeny are born large for gestational

age. This has been associated with development of meta-

bolic disturbances such as obesity and Type 2 Diabetes.

Objective: To evaluate the effects of maternal and postna-

tal high-fat/high-sucrose (HFHS) diet on leptin sensitivity

in adult offspring.

Methods: Pregnant Spraque-Dawley rats were fed a HFHS

diet by using chocolate and high sucrose soft drink sup-

plemented to chow diet compared to chow diet only. At
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birth, litter size was standardized into 10 male offspring

per dam until weaning. After weaning offspring from both

dietary groups were assigned to either HFHS or chow diet.

At 13 weeks of age, another diet shift was made. Offspring

fed the chow diet were assigned to either HFHS or chow

until the end of the experiment at 26 weeks of age, giving

six dietary groups. To elucidate leptin sensitivity we per-

formed a leptin challenge and measured acute food intake

and hypothalamic STAT3 phosphorylation in response to

leptin or saline intra-peritoneal bolus.

Results: Adult offspring became overweight as conse-

quence of the postnatal HFHS diet independent the

maternal diet. This was furthermore associated with high

plasma leptin and reduced pSTAT3 activation in ARC,

indicating leptin resistance. Moreover, maternal and

postnatal HFHS had additive effect on leptin sensitivity.

Offspring in this group exhibited reduced basal pSTAT3

activation. In spite of reduced leptin signalling offspring

suppress food intake but failed to increase energy expen-

diture. This indicated that leptin resistance may affect

food intake and energy expenditure through distinct sig-

naling pathways in hypothalamus.

Conclusions: Postnatal HFHS resulted in obesity associ-

ated with leptin resistance. Furthermore, when offspring

were exposed to maternal and postnatal HFHS they also

developed basal leptin resistance. This indicated that the

obese phenotype was differently regulated by leptin.

PS24 Perinatal programming in sheep and
susceptibility to development of metabolic
syndrome

AH KONGSTED1, P KHANAL1, AM DIXEN1,
L JOHNSEN1 & MO NIELSEN1

1Department of Veterinary Clinical and Animal Sciences,
Faculty of Health and Medical Sciences, University of
Copenhagen, Copenhagen, Denmark

Background: Previous studies have demonstrated that fetal

programming of metabolic outcomes to some extent dif-

fers depending on the timing of the adverse exposure in

utero due to the different growth trajectories of fetal tis-

sues during gestation.

Objective: The aim of this study was to investigate how

prenatal undernutrition (UN) and overnutrition (ON)

during late gestation (LG) respectively affect the health

status when combined with an unhealthy high-carbohy-

drate-high-fat (HCHF) diet in postnatal life. We made

use of a new animal model in sheep which has proven to

be a good alternative model to rodents when conducting

these kinds of early life nutrition studies.

Methods: Thirty six twin-pregnant ewes were fed a

NORM (fulfilling 100% of daily requirements for energy

and protein), LOW (50% of NORM) or HIGH diet

(170% of energy and 100% of protein requirements) dur-

ing the last 6 weeks of gestation (term = 147 days). Post-

natally, the twin-lambs were subjected to a high-fat or a

moderate diet until 6 months of age (around puberty),

where blood samples were obtained during different chal-

lenge tests, and sub-groups of animals sacrificed.

Results: Prenatal UN but not ON had a significant effect

on birth weight (p 0.05). Postnatal HCHF caused hyper-

lipidemia, hypercholesterolemia and a significantly

increased fasting glucose levels (as observed prior to most

tests performed). Both UN and ON shifted the fat deposi-

tion patterns towards a higher abdominal to subcutane-

ous fat ratio when exposed to the HCHF diet.

Interestingly, the HCHF diet completely abolished the

normal insulin increase when subjected to a propionate

challenge and this was particularly pronounced during

fasting.

Conclusions: Our sheep model has shown strong similari-

ties to the human metabolic syndrome when exposed to a

HCHF diet. If also combined with prenatal malnutrition

the risk of developing the metabolic syndrome might

become further increased due to the altered fat deposition

patterns.

PS25 Long term effects of in-utero exposure to
perfluorinated chemicals on female reproduction

SL KRISTENSEN1, CH RAMLAU-HANSEN1,2, EH ERNST3,
SF OLSEN4, JP BONDE5, A VESTED1,
TI HALLDORSSON4,6, G BECHER7, LS HAUG7 &
G TOFT1
1Danish Ramazzini Center, Department of Occupational
Medicine, Aarhus University Hospital, Aarhus, Denmark,
2Department of Epidemiology, Institute of Public
Health, University of Aarhus, Aarhus, Denmark,
3Department of Gynecology and Obstetrics, Aarhus
University Hospital, and Institute of Anatomy, University
of Aarhus, Aarhus, Denmark, 4Centre for Fetal
Programming, Statens Serum Institut, Denmark,
5Department of Occupational and Environmental
Medicine, Bispebjerg Hospital of Copenhagen
University, Copenhagen, Denmark, 6Faculty of Food
Science and Nutrition, University of Iceland, Reykjav�ık,
Iceland, and 7Division of Environmental Medicine,
Norwegian Institute of Public Health, Oslo, Norway

Background: The synthetic chemical perfluorooctanoate

(PFOA) is detected in human blood worldwide. Limited

data exist on the possible effects of PFOA on female

reproductive health and particularly on long term impli-

cations of in-utero exposure. Concerns have been raised
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regarding adverse developmental effects on the foetus

since PFOA crosses the placental barrier.

Objective: The aim of this population-based study was to

investigate the long term effects of in-utero exposure to

PFOA on female reproduction.

Methods: The participants were female offspring from a

Danish pregnancy cohort established in 1988–1989.
Maternal serum concentrations of PFOA during preg-

nancy were related to reproductive parameters of the

daughters: menstrual characteristics, levels of reproductive

hormones and number of ovarian follicles.

Results: The study population consisted of 246 daughters

who agreed to participate in a clinical examination. They

had a median (IQR) age of 20.1 (19.8–20.3) years. Med-

ian (IQR) PFOA concentration in maternal serum was

3.7 (2.8–5.0) ng/mL. Data was divided into three groups

according to tertiles of exposure levels (low, medium,

high). Crude mean (SD) age at the first menstrual bleed-

ing in the three groups was 12.7 (1.2) years, 12.7

(1.1) years and 13.1 (1.2) years, respectively. When

adjusting for maternal smoking, social class, and daugh-

ter’s BMI, women exposed to high levels of PFOA had a

4% (95% CI: 1.7%) higher age at menarche compared to

the reference group of low exposure. Crude (p = 0.04)

and adjusted (0.04) trend tests also indicated a relation-

ship between higher exposure to PFOA and later age at

menarche. No associations were found between prenatal

exposure to PFOA and levels of reproductive hormones

or number of ovarian follicles.

Conclusions: There may be a relationship between in-utero

exposure to PFOA and later age at menarche. Further stud-

ies are needed to elaborate on whether in-utero exposure

to PFOA has long-term effects on female reproduction.

PS26 Formula with reduced protein load and
optimized amino acid composition does not
compromise growth or organ development in
piglets

M LYKKE1, T THYMANN1, H GOUDOEVER2,
B KOLETZKO3, EVAN DER BEEK4, B PENNINGS4 &
PT SANGILD1

1Department of Nutrition, Exercise and Sport, University
of Copenhagen, Copenhagen, Denmark, 2Department of
Pediatrics, VU University Medical Center, Amsterdam,
The Netherlands,, 3Division of Metaboilc Diseases and
Nutritional Medicine, Dr. von Hauner Children’s
Hospital, Ludwig-Maximillians-University of Munich,
Munich, Germany, and 4Danone Baby Nutrition R&D,
Singapore

Background: Excess protein intake in early life may be

related to later development of obesity, metabolic syn-

drome, diabetes and cardiovascular disease.

Objective: We tested if a milk formula with 20% less pro-

tein (P) and optimized amino acid (AA) composition

would display similar growth rate and organ development

relative to a standard formula. We used artificially reared

piglets as models for infants because of high sensitivity

to small changes in P and AA, due to fast growth in

early life.

Methods: Seven-day-old piglets were fed formula with

either normal p level (100%, n = 22), 20% less p(80%,

n = 19), 20% less P and optimized AA composition (80%

opt AA, n = 17) or 50% less p(50%, n = 13). The P level in

the 100% group was 8 g P*kg bodyweight (BW)�1*day�1,

and all groups were fed isoenergetically (698 kJ*kg
BW�1*day�1) for 14 days before tissue collection.

Results: BW gain was significantly reduced in the 50%

group (p < 0.001), relative to the three other groups

which were similar. The efficiency of utilization of p was

30% higher in the 80% opt. AA group. Organ weights

showed no differences among the groups, except that kid-

ney weight was reduced in the 50% group. This group

also showed decreased blood platelet count and increased

platelet volume at day 7, compared with the 100% group.

No other differences were seen in hematology, fat mass

and fat-free mass. Groups with reduced p did not show

any decrease in intestinal brush border enzyme activity,

compared with the 100% group.

Conclusions: No adverse developmental effects were

detected when reducing p content to 80% of standard

formula, a reduction to 50% had negative effects on

growth and kidney weight. This suggests that 20% reduc-

tion of p load with optimal AA composition does not

induce any acute growth deficits or disproportional

growth effects in young pigs.

PS27 Effect of a six-week outdoor bicycle inter-
vention on insulin sensitivity, insulin secretion
and body composition in young Indian men with
low and normal birth weight

C MADSEN1, P MOGENSEN1, LG GRUNNET1,
D CHRISTENSEN2, N THOMAS3, I BYGBJERG2 &
AA VAAG1

1Department of Endocrinology (Diabetes and
Metabolism), Rigshospitalet, Copenhagen, Denmark,
2Department of International Health, Immunology and
Microbiology, University of Copenhagen, Copenhagen,
Denmark, and 3Department of Endocrinology, Diabetes
and Metabolism, Vellore, India

Background: Physical activity has many beneficial effects

on metabolic diseases including type 2 diabetes. India has

a high prevalence of babies born with low birth weight

(LBW) and numerous studies have shown that LBW is
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associated with increased risk of metabolic diseases. How-

ever, the effect of physical training, in terms of insulin

sensitivity and secretion and body composition in young

healthy Indian men with low and normal birth weight,

has not previously been studied.

Objective: To assess the effect of a six-week outdoor bicy-

cle intervention on insulin sensitivity, insulin secretion

and body composition in young Indian men born with

low and normal birth weight respectively.

Methods: Sixty-one young healthy Indian men born with

LBW and 56 men born with normal birth weight (NBW),

aged 18–22 years, recruited from a birth cohort in a rural

part of South India were included. The subjects were

given a bicycle and were told to cycle 45 min every day.

The subjects underwent basal blood samples, IVGTT and

Bioimpendance Analysis before and after the intervention.

Results: A significant improvement after exercise in

HOMA-IS (LBW: p = 0.02; NBW: p = 0.01) and a strong

tendency to improvement in HOMA-IR (LBW: p = 0.11;

NBW: p = 0.04) was shown. Men with LBW achieved a

significant increase in body mass index (p < 0.05) and a

significant decrease in the ratio total fat mass/dry lean

mass (p = 0.02). Furthermore a significant change in the

ratio dry lean mass/body weight in men with LBW was

found after the intervention (p < 0.01).

Conclusions: It is possible to lower basal insulin in young

healthy Indian men born with low and normal birth

weight by a six-week training intervention performed on

an outdoor bicycle. Young Indian men with LBW

increase their muscle mass relative to men with NBW, by

bicycle training.

PS28 Maternal obesity results in lower energy
expenditure in adult offspring when exposed to
an obesogenic diet in adulthood

X MARAGKOUDAKI, L POSTON & PD TAYLOR
Division of Women’s Health, Women’s Health Academic
Centre, King’s College London, London, UK

Background: Converging lines of evidence suggests that

maternal obesity is an independent risk factor for child-

hood obesity and metabolic syndrome. We have devel-

oped a murine model of maternal diet-induced obesity,

which gives rise to offspring obesity and metabolic syn-

drome.

Objective: We investigated whether maternal obesity could

alter offspring energy balance and whether offspring

exposure to an obesogenic diet in adulthood would exac-

erbate the effect.

Methods: Female mice were fed standard chow or a highly

palatable obesogenic diet, for 6 weeks before mating and

throughout pregnancy and lactation. Offspring were

weaned onto standard chow. At 3-months of age food

intake, energy expenditure (EE) and Respiratory Exchange

Ratio (RER) were measured continuously by indirect cal-

orimetry, (Labmaster, TSE). The animals were then chal-

lenged for 3 weeks with an obesogenic diet before re-

estimation of EE, RER and food intake.

Results: At 3-months of age, offspring of obese mothers

(OffOb, n = 11) had lower RER over 24 h (p < 0.05)

compared to offspring of control dams (OffCon, n = 10).

Following the obesogenic diet challenge OffOb females

showed increased calorific intake (OffCon: 17.56 � 1.72

kcals vs. OffOb: 27.65 � 3.24 kcals, p < 0.01). OffOb

showed reduced average EE compared to OffCon (Off-

Con: 12.12 � 0.75 kcal/h/kg, n = 11; vs. OffOb: 10.76 �
0.31 kcal/h/kg, n = 10 p < 0.01). By 4-months males Of-

fOb showed significantly increased bodyweight (OffCon:

43.93 � 1.16 g vs. 48.1 � 1.34 g, p < 0.05).

Conclusions: Maternal obesity results in lower offspring

RER. Maternal obesity showed an apparent interaction

with the adult obesogenic diet to increase food intake in

females and reduce energy expenditure in both males and

females, resulting in increased risk of obesity.

PS29 Maternal 25(OH) vitamin D prediction
scores in pregnancy and child asthma and aller-
gic rhinitis: a prospective study from the Danish
National Birth Cohort

E MASLOVA1, S HANSEN1, M STRØM1, CB JENSEN1,2,
AL THORNE-LYMAN3, A COHEN4 & SF OLSEN1,3

1Centre for Fetal Programming, Department
Epidemiology Research, Statens Serum Institute,
Copenhagen, Denmark, 2Institute of Preventive
Medicine, Frederiksberg Hospital, Frederiksberg,
Denmark, 3Department of Nutrition, Harvard School of
Public Health, Boston, USA, and 4Department of Clinical
Biochemistry, Statens Serum Institut, Denmark

Background: We have previously found that high mater-

nal vitamin D intake may protect against child asthma.

Here we extend these analyses to include a recently vali-

dated prediction score that takes into account multiple

sources of vitamin D, including diet and sun exposure.

Objective: To examine the relation between a validated

prediction score for maternal 25-hydroxyvitamin D (25

(OH)D) status and child asthma and allergic rhinitis dur-

ing the first 7 years of life.

Methods: We used data from 30 497 singleton pregnan-

cies enrolled in the Danish National Birth Cohort

(DNBC) (1996–2002). The prediction score was based

on 25(OH)D status measured in serum collected in ges-

tation week 25 from 1 497 DNBC women and predic-

tion information from interviews administered in
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gestation weeks 12 and 30 and a mid-pregnancy food

frequency questionnaire. At 18 months, we evaluated

child asthma using interview data. We also assessed

asthma and allergic rhinitis through a questionnaire at

age 7. Current asthma was defined as self-reported doc-

tor asthma diagnosis and wheeze in the past 12 months.

We calculated multivariate risk ratios (RR) and 95% CI

comparing lowest vs. highest quintile of 25(OH)D pre-

diction scores.

Results: The overall predicted sample mean of 25(OH)D

was 60.5 � 13.2 nmol/L. Prevalences of child asthma at

18 months, current asthma at 7 years, and allergic rhinitis

at 7 years were 17, 4 and 5% respectively. We did not

find an association for any of the outcomes comparing

the lowest (42.8 � 7.2 nmol/L) to highest (79.1 � 6.6

nmol/L) quintile of prediction scores, nor any evidence of

a dose-response. However, when comparing 30 nmol/L to

>=75 nmol/L the risk of allergic rhinitis increased

(RR = 2.63, 95%CI: 1.12, 6.19); a similar trend was

observed for asthma at 18 months.

Conclusions: In this study, we found no relation between

maternal 25(OH)D prediction scores and child asthma.

The effect may be present at more extreme levels of 25

(OH)D.

PS30 Consumption of artificially-sweetened soft
drinks in pregnancy and risk of child asthma and
allergic rhinitis

E MASLOVA1, M STRØM1, SF OLSEN1,2 &
TI HALLDORSSON1,3

1Centre for Fetal Programming, Department of
Epidemiology Research, Statens Serum Institut,
Copenhagen, Denmark, 2Department of Nutrition,
Harvard School of Public Health, Boston, US, and
3Faculty of Food Science and Nutrition, School of Health
Sciences, University of Iceland, and Unit for Nutrition
Research, Landspitali University Hospital, Reykjavik,
Iceland

Background: Past evidence has suggested a role of artificial

sweeteners in allergic disease; yet, the evidence has been

inconsistent and unclear.

Objective: To examine relations of intake of artificially-

sweetened beverages (ASBs) during pregnancy with child

allergic diseases.

Methods: We analyzed data from 60,466 women enrolled

during pregnancy in the Danish National Birth Cohort

(1996-2003). At gestation week 25 a validated Food

Frequency Questionnaire was administered which asked

in detail about intake of ASBs. At 18 months, we evalu-

ated child asthma using interview data. We also assessed

asthma and allergic rhinitis through a questionnaire at

age 7 and by using national registries. Current asthma

was defined as self-reported asthma diagnosis and wheeze

in the past 12 months. We examined the relation between

intake of ASBs and child allergic disease outcomes and

present here odds ratios with 95% CI comparing daily vs.

no intake.

Results: At 18 months, we found that mothers who con-

sumed more non-carbonated ASBs were 1.23 (95% CI:

1.13, 1.33) times more likely to report a child asthma

diagnosis compared to non-consumers. Similar results

were found for child wheeze. Consumers of carbonated

ASBs were more likely to have a child asthma diagnosis

in the patient (1.30, 95% CI: 1.01, 1.66) and medication

(1.13, 95% CI: 0.98, 1.29) registry, as well as self-reported

allergic rhinitis (1.31, 95% CI: 0.98, 1.74) during the first

7 years of follow-up. We found no associations for sugar-

sweetened soft drinks.

Conclusions: Carbonated ASBs were associated with regis-

try-based asthma and self-reported allergic rhinitis, while

early childhood outcomes were related to non-carbonated

ASBs. These results suggest that consumption of ASBs

during pregnancy may play a role in offspring allergic dis-

ease development.

Maslova E et al. Consumption of artificially-sweetened

soft drinks in pregnancy and risk of child asthma and

allergic rhinitis. In press PLoS ONE, 2013.

PS31 High fructose feeding during gestation and
lactation in Fischer rats lead to changed brain
mitochondrial function in aging offspring

OH MORTENSEN1, LH LARSEN1, LKH ØRSTRUP1,
LHL HANSEN1, N GRUNNET1 & B QUISTORFF1
1Department of Biomedical Sciences, Faculty of Health
and Medical Sciences, University of Copenhagen,
Copenhagen, Denmark

Background: Fructose has recently been found to have an

effect on brain metabolism and function in adults. How-

ever, whether or not increased fructose consumption dur-

ing gestation can affect offspring brain metabolism is

unknown.

Objective: We investigated brain mitochondrial function

in male aging offspring from Fischer F344 rat dams fed a

high fructose diet during gestation and lactation.

Methods: Fischer F344 rat dams were fed either a high-

fructose diet (50% energy from fructose) or a matched

control diet during gestation and lactation. At 15 months

of age, the male offspring were sacrificed and mitochon-

dria isolated from the brain (without the cerebellum)

were tested by high resolution respirometry.

Results: Gestational fructose exposure had no effect on

birth weight or litter size, but subsequently body weight

was significantly lower throughout life following weaning.
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Body fat percentage remained unchanged. Coincidentally,

gestational fructose exposure also caused a significantly

shorter snout-anus span in this group at the age of

15 months. The respiratory analysis showed similar data

for most parameters measured, except that the fructose

group displayed significantly increased state 3 and Vmax

respiration, 8 and 9% respectively, with malate/pyruvate

as substrate, as well as a 4% decrease in p/O2 ratio. This

novel observation of fructose induced fetal programming

of a key mitochondrial function in brain was not corre-

lated with any changes in the mRNA expression profile as

determined by Affymetrix Gene ST microarray analysis.

Conclusions: A gestational high fructose diet has a fetal

programming effect on brain mitochondrial function in

aging rats and these changes do not seem to be associated

with changes in brain gene expression as observed by

mRNA expression microarrays.

PS32 The relative influence of maternal and
paternal body mass index on offspring obesity:
a systematic review

B PATRO1, A LIBER1, B ZALEWSKI1, L POSTON2,
H SZAJEWSKA1 & B KOLETZKO3

1Department of Paediatrics, The Medical University of
Warsaw, Warsaw, Poland, 2Division of Women’s Health,
Women’s Health Academic Centre, King’s College
London, London, UK, and 3Division of Metabolic and
Nutritional Medicine, Dr von Hauner Children’s Hospital,
University of Munich Medical Center, Munich, Germany

Background: The intrauterine environment is proposed to

have marked effects on body mass index (BMI) and adi-

posity in later life, which may by explained by the ‘fetal

overnutrition hypothesis’.

Objective: We aimed to systematically evaluate the associ-

ation of offspring body mass index (BMI)/adiposity with

pre-pregnancy/first trimester BMI/adiposity of the mother

and the father, and their relative contribution to predict-

ing offspring BMI/adiposity.

Methods: The MEDLINE, EMBASE, and Cochrane

Library were searched in March 2012 for studies that

evaluated the parent-offspring associations described

above. Additionally, some trial registries and abstracts

from scientific conferences related to obesity were

screened.

Results: Seven cohort studies were eligible for the final

analysis. Among these, we identified 2 groups of trials

that presented different data collected from the same

cohorts of parents-offspring (The Avon Longitudinal Study

of Parents and Children, ALSPAC and Mater-University

Study of Pregnancy, MUSP). In total, 3 large birth cohorts

and 1 additional small study were identified. BMI was the

unit of the majority of measurements.

Only 3 studies provided a direct comparison of the

mother-offspring and the father-offspring associations,

expressed as the correlation coefficients (2 of them

described the ALSPAC cohort). Among these, a clear sta-

tistical difference showing stronger maternal influence

was found in the MUSP cohort. Equivocal results were

obtained from the 2 studies describing ALSPAC cohort.

Among other studies (large Finnish cohort, another with

ALSPAC and MUSP data), where the effect was estimated

by the reviewers based on the presented odds ratio, simi-

lar effect was observed in the Finnish cohort, with some

trend toward stronger maternal effect noticed in two

other studies. In one additional small study, pregravid

maternal BMI was found to be a strong predictor of

childhood obesity.

Conclusions: Findings of our systematic review are not

homogeneous and provide only limited evidence to sup-

port the ‘fetal overnutrition hypothesis’.

PS33 Clavicular brown adipose tissue in the
sheep has a different origin from perirenal
brown adipose tissue that is indicative of a mus-
cle related lineage

M POPE, M BIRTWISTLE, H BUDGE & ME SYMONDS
School of Clinical Sciences, University of Nottingham,
Nottingham, UK

Background: Adipose tissue depots contain white and/or

brown adipocytes. White adipocytes are energy storing,

whereas brown adipocytes expend energy and generate

heat. A subset of white adipocytes, termed beige adipo-

cytes, are also thermogenic. Unlike white and beige

adipocytes, brown adipocytes develop from skeletal mus-

cle precursors. Extensive evidence from human studies

indicates that the primary sites for brown adipose tissue

in humans are the bilateral clavicular depots.

Objective: We aimed to identify analogous depots in the

young sheep and to profile changes in the gene expres-

sion of key brown and white adipose tissue markers in

these depots during early life. We also aimed to assess

the expression of a muscle-specific microRNA (myomir)

with a view to ascertaining the developmental lineage of

the adipocytes. Results would be compared to those of

perirenal adipose tissue, the main depot in young sheep.

Methods: Four triplet-bearing mothers were entered into

the study, and a randomly selected triplet from each

mother was euthanased at 1, 7 or 28 days for adipose

tissue sampling. Gene expression was determined by quan-

titative reverse transcriptase polymerase chain reaction.
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Results: The brown fat markers UCP1, DIO2 and PDK4

showed a decreasing trend with age in both the clavicular

and perirenal depots, while the white fat marker RIP140

showed the reverse. The myomir MIR-206 was detected

in the clavicular depot at all sampling ages, but was not

detected in the perirenal depot at any age.

Conclusions: We have established the presence of a brown

adipose tissue depot in the clavicular region of young

sheep analogous to that of humans, and have found that

the tissue ‘whitens’ over time in a similar manner to peri-

renal adipose tissue. The clavicular depot seems to con-

tain classical brown adipose tissue from a skeletal muscle

precursor, while ‘brown’ adipose tissue in the perirenal

depot may be beige.

PS34 Scrutinize the complexity! Maternal dietary
patterns in relation to preterm birth

MA RASMUSSEN1, E MASLOVA2, TI HALLDORSSON2,3

& SF OLSEN2,4

1Department of Food Science, Faculty of Science,
University of Copenhagen, Copenhagen, Denmark,
2Centre for Fetal Programming, Department of
Epidemiology, Statens Serum Institut, Copenhagen,
Denmark, 3The Unit for Nutrition Research, Faculty of
Food Science and Nutrition, School of Health Sciences,
University of Iceland, Reykjavik, Iceland, and
4Department of Nutrition, Harvard School of Public
Health, Boston, US

Background: Dietary patterns may be a better way of

reflecting eating habits as opposed to decomposition into

single dietary components. However, the use of dietary

pattern analysis in nutritional epidemiology has been

hampered by the complexity of interpreting and present-

ing multidimensional dietary data.

Objective: To extract and visualize dietary patterns from

the Danish National Birth Cohort and examine their

associations with preterm birth.

Methods: We used self-reported dietary data collected by

a food frequency questionnaire in mid-pregnancy (25th

week of gestation) from a prospective, longitudinal cohort

to compose dietary patterns using principle component

analysis. Preterm birth was defined as gestational age <
259 days. We used multivariate logistic regression to

relate each dietary pattern to preterm birth, adjusting for

relevant confounders.

Results: We extracted and characterized a total of seven

dietary components, referred to as: Vegetables/Prudent,

Alcohol, Western, Nordic, Seafood, Candy and Rice/Pasta/

Poultry. We found that preterm birth was associated with

high intake of a Western-type diet in a confounder-

adjusted model (Odds ratio = 1.35, 95%CI 1.11;1.54 upper

vs lower quintile).

Conclusions: We presented a simple framework for visual-

izing correlation structures between overall consumption

of food groups and their relation to nutrient intake and

sociodemographic characteristics. Our results suggest that

a western type diet, high in meat and fats and low in

fruits and vegetables, is associated with increased risk of

preterm birth.

PS35 Neonatal glucose administration elicits a
mild adult phenotype

E RICHARDSON, B ELLIS, EA DOMFEH,
C GEORGALLOU, J POMBO, PD TAYLOR & L POSTON
Division of Women’s Health, King’s College London,
Women’s Health Academic Centre KHP, London, UK

Background: The mechanisms by which maternal obesity

programmes offspring metabolic dysfunction remain

poorly understood. In rodents, an exaggerated postnatal

leptin surge has repeatedly been shown to play an impor-

tant role. We have demonstrated that milk produced by

obese rat dams contains higher concentrations of glucose,

free fatty acid, triglycerides and cholesterol compared to

milk produced by control dams. This in turn has been

observed to cause hyperglycemia and hyperinsulinemia in

neonatal offspring.

Objective: We hypothesised that neonatal hyperglycemia

may precipitate the exaggerated neonatal leptin surge and

in so doing contribute to the observed phenotype of off-

spring of obese dams.

Methods: Glucose (2 g/kg) (Gx) or saline (Sx) were admin-

istered twice daily via subcutaneous injection to na€ıve neo-

natal rats at postnatal day 2–7. Plasma insulin and blood

glucose were analysed 0, 30 and 60 min after the second

injection on postnatal day 7. Plasma leptin was assayed at

postnatal days 2, 7, 9 and 13. At postnatal day 20 rats were

weaned onto standard laboratory chow. Food intake was

measured at 1, 2, 4, 12 and 24 h following leptin adminis-

tration. Insulin sensitivity was estimated using the homeo-

stasis model assessment of insulin resistance (HOMA-IR).

Results: Neonatal glucose administration resulted in

marked hyperglycemia at 30 min post injection (p =<0.001
vs. Sx). Plasma insulin was elevated in Gx animals at 30

and 60 min post injection (p =<0.01 vs. Sx at both time

points). Contrary to our hypothesis, neonatal glucose

administration did not influence the neonatal leptin

surge. Despite this, neonatal hyperglycemia and resultant

hyperinsulinemia elicited a mild, sex-specific, adult phe-

notype. Male Gx rats were resistant to leptin at 1 and 2 h

post administration. Female Gx rats displayed improved

insulin sensitivity (p =<0.05 vs. Sx).
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Conclusions: Results suggest that hyperglycemia may be

involved in neonatal programming of metabolism but is

not sufficient to recapitulate the effects of maternal obesity.

PS36 Biparietal diameter at gestation week 17
and birth weight, as two measures of intrauter-
ine growth, to predict weight, BMI and waist
circumference in the 20 year old offspring

D RYTTER1,2, BH BECH1,2, M FRYDENBERG3,
TB HENRIKSEN4 & SF OLSEN2

1Section for Epidemiology, Department of Public Health,
Aarhus University, Aarhus, Denmark, 2Centre for Fetal
programming, Department of Epidemiology Research,
Statens Serum Institut, Copenhagen, Denmark,
3Department of Public Health, Section for Biostatistics,
Aarhus University, Aarhus, Denmark, and 4Pediatric
Depepartment, Aarhus University Hospital, Aarhus,
Denmark

Background: Several studies suggest a U-shaped relation-

ship between birth weight and later disease risk. Studies

where gestational age was assessed support that the asso-

ciation between low birth weight and increased disease

risk reflects an underlying association with retarded fetal

growth.

Objective: To examine

1) the association between biparietal diameter (BPD) for

gestational age and later anthropometry

2) the association between birth weight (BW) for gesta-

tional age and later anthropometry

3) whether changing growth trajectory between these two

points in time, predicts later anthropometry

Methods: In two cohorts of children born between 1988

and 1990 (n = 1498), we have access to BPD from early

ultrasound scan and birth weight. The children were fol-

lowed up in 2008–2009 with self-reported anthropomet-

rics (n = 1040).

For each sex we calculated BPD-based growth-z-

score as (BPD–mean BPD(gestation))/SD(gestation),

based on smooth estimates of the mean and SD. The

same procedure was used for calculating z-scores for BW.

A change in growth trajectory between the time of ultra-

sound scan and the time of birth was depicted as a shift

in gestational age-specific z-score for the two growth

measures. The study population was restricted to off-

spring of women with regular menstrual cycle

Results: BPD tended to be associated with adult height,

but the association disappeared after adjustment for

maternal pre-pregnancy height. Birth weight was associ-

ated with adult height and weight but only the associa-

tion with height remained after adjustment for pre-

pregnancy anthropometrics. When analyzing the associa-

tion between adult anthropometry and changes in growth

trajectory, offspring who seemed to be growth restricted

during the entire in-utero period, tended to be shorter,

with higher weight, waist circumference and BMI com-

pared to others.

Conclusions: Growth-restriction in utero might affect

adult anthropometry.

PS37 No association between intake of marine
n-3 polyunsaturated fatty acids during second
trimester of pregnancy and factors associated
with cardiometabolic risk in the 20 year old off-
spring

D RYTTER1,2, BH BECH1,2, TI HALDORSSON2,3,4,
JH CHRISTENSEN5, EB SCHMIDT6, I DANIELSEN2,
TB HENRIKSEN7 & SF OLSEN2

1Section for Epidemiology, Department of Public Health,
Aarhus University, Aarhus, Denmark, 2Centre for Fetal
Programming, Department of Epidemiology Research,
Statens Serum Institut, Denmark, 3Faculty of Food
Science and Nutrition, University of Iceland, Reykjav�ık,
Iceland, 4Unit for Nutrition Research, Landspitali
University Hospital, Reykjav�ık, Iceland, 5Department of
Nephrology and Center for Cardiovascular Disease,
Aalborg Hospital, Aarhus University Hospital, Aalborg,
Denmark, 6Department of Cardiology and Center for
Cardiovascular Disease, Aalborg Hospital, Aarhus
University Hospital, Aalborg, Denmark, and
7Department of Pediatrics, Skejby Hospital, Aarhus
University Hospital, Aarhus, Denmark

Background: Intake of marine n-3 polyunsaturated fatty

acids (PUFA) has in a number of studies been shown to

decrease the risk of cardiovascular disease (CVD). Since

the development of CVD often is a lifelong process, mar-

ine n-3 PUFA intake early in life may also affect the

development of later CVD.

Objective: The association between maternal intake of

marine n-3 PUFA during second trimester of pregnancy

and factors associated cardiometabolic risk in the 20 year

old offspring was investigated.

Methods: The study was based on the follow-up of the

offspring from a Danish pregnancy cohort from 1988–89.
A total of 965 pregnant women were originally included

in the cohort and detailed information about the intake

of marine n-3 PUFA during second trimester was col-

lected. In 2008–2009 the offspring were invited to a clini-

cal examination including anthropometric measures,

blood pressure and short term heart rate variability mea-

surements. Also, a fasting venous blood sample was

drawn. Multiple linear regression modeling, using the

lowest quintile of marine n-3 PUFA intake as reference,

was used to estimate the association with all outcomes.
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Results: A total of 443 of the offspring participated in the

clinical examination. No association between intake of

marine n-3 PUFA during 2nd trimester of pregnancy and

offspring adiposity, glucose metabolism, blood pressure

or lipid profile was found.

Conclusions: No association between intake of marine n-3

PUFA during second trimester of pregnancy and factors

associated with cardiometabolic risk in the 20 year old

offspring could be detected.

PS38 Dietary, energy intake and growth in the
first year of life – A parallel process model using
data from the the European Childhood Obesity
Project

P RZEHAK, M WEBER, V GROTE & B KOLETZKO, FOR
THE EUROPEAN CHILDHOOD OBESITY TRIAL
STUDY GROUP & THE EARLYNUTRITION PROJECT
Division of Metabolic and Nutritional Medicine, Dr. von
Hauner Children’s Hospital, University of Munich
Medical Centre, Munich, Germany

Background: Energy intake and composition of macro-

nutrients may contribute to development of excess weight

in children. However, there are conflicting results. One

reason may be the multi-component nature of nutritional

data and the challenge of relating two or more time-vari-

ant nutritional processes and growth data simultaneously

over time.

Objective: We analyzed development of WHO-standard-

ized body-mass-index (BMI), intake of total energy

(kcal/day), protein (g/day), fat (g/day), and carbohydrates

(g/day) over the first 12 months of life for 634 infants in

several parallel process models relating intercept and

slopes of nutritional intake processes with growth devel-

opment.

Methods: Data were available from the European multi-

center randomized clinical trial of 1090 term, formula-fed

infants assigned to receive cow’s milk-based infant and

follow-on formulae with lower (LP: 1.25 and 1.6 g/

100 mL) or higher (HP: 2.05 and 3.2 g/100 mL) protein

contents during the first 12 months of life.

Results: In each of the four models the linear slopes of the

respective longitudinal nutritional process (intake of

energy, protein, fat and carbohydrates) significantly

affected the slope of the BMI-growth process. Standardized

path-regression coefficients were 0.2, 0.17, 0.21 and 0.11,

respectively. Including the randomization group higher vs.

lower protein formula-feeding as a time-invariant predictor

in the models showed significant effects on the BMI-pro-

cess slopes (0.13, 0.29, 0.13 in the models for energy, fat

and carbohydrate intake). Independent of these feeding

group effects the process slopes of the three nutritional

components (0.22, 0.29, 0.11) were also significant.

Conclusions: These results confirm previous findings that

higher-protein formula feeding results in increased BMI

trajectories compared to infants fed with a lower-protein

formula (Koletzko 2009). Even though these are prelimin-

ary results we consider parallel process modeling as a use-

ful methodological tool to analyze several time variant

developments. In particular this approach enables to cope

with the complexities of analyzing longitudinal collected

nutritional data.

PS39 Central role for melanocortin system in
energy balance and blood pressure regulation in
offspring of obese dams

A-M SAMUELSSON, A MULLIER, A STEPIEN, K PATEL,
J POMBO, CW COEN, L POSTON & PD TAYLOR
Division of Women’s Health, Women’s Health Academic
Center, King’s College London and King’s Health
Partners, London, UK

Background: Maternal obesity in rat leads to sympathetic

mediated hypertension in the juvenile offspring and

hyperphagia and increased adiposity in the adult off-

spring. We hypothesise that maternal obesity permanently

influences the development of the melanocortin system in

the offspring.

Objective: To investigate the role of the melanocortin

receptor 3 and 4 (MC3/4R) signaling, using a pharmaco-

logical intervention, on the development of juvenile sym-

pathetic mediated hypertension, secondary to maternal

obesity.

Methods: Mean arterial blood pressure (MAP) and heart

rate (HR) were recorded by telemetry in the offspring of

obese dams (OffOb) versus–control dams (OffCon). At

day 30, rats were infused ICV with either MC3/4R antag-

onist (SHU-9119, 1 nmol/h) or saline (Alzet osmotic

pump; 0.5 lL/h, i.c.v) for 7 days. At 6 months of age,

MC4R agonist, Melanotan II (MTII), 2 mg/kg, i.p) and

saline were injected and body weight (BW), food intake

(FI), BP and HR were recorded.

Results: Juvenile OffOb rats showed an increased MAP

prior to obesity. MC3/4R antagonism (SHU-9119)

increased the BW and FI in OffOb relative to OffCon and

elicited a greater decline in MAP (OffOb �29 �
4 mmHg versus OffCon, �12 � 3 mmHg, p < 0.001,

n = 8). HR was lowered to the same extent in both

groups. MTII treatment on the other hand increased HR

to a greater extent in the OffOb versus OffCon without

any significant difference in MAP response between
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groups. MTII was also more effective in reducing body

weight in the OffOb despite not having a differential

effect on the food intake.

Conclusions: CNS melanocortin system contributes to the

elevated MAP in OffOb and may play a key role in the

early origin of sympathetic mediated hypertension.

Increased signaling by the melanocortin receptor (MC3/4R)

is also implicated in altered energy balance in this model.

PS40 Effect of postnatal Leptin on cardiac struc-
ture and function

A-M SAMUELSSON1, J CLARK2, MJ SHATTOCK2,
O RUDYK2, J POMBO1, S-E BAE1, T SOUTH1,
CW COEN1, L POSTON1 & PD TAYLOR1

1Division of Women’s Health, Women’s Health Academic
Center, King’s College and King’s Health Partners,
London, UK, and 2Division of Cardiology, King’s College
London, London, UK

Background: Obesity in pregnancy is associated with

cardiovascular dysfunction in adult offspring. We have pre-

viously reported an exaggerated leptin surge, in neonatal

offspring of obese rats associated with the development of

sympathetic mediated hypertension and cardiac hypertro-

phy. We have now addressed the hypothesis that the high

levels of leptin in early postnatal life may underlie early

origin of hypertension and cardiac hypertrophy.

Objective: To investigate the role of increased neonatal

leptin exposure on the development of sympathetic medi-

ated hypertension and the cardiac hypertrophy in off-

spring of obese dams.

Methods: Recombinant rat leptin (L-Tx, 3 mg/kg) or sal-

ine (S-Tx) was administered at postnatal day 9–15. At

day 30, BP was recorded using mouse radio-telemetry

probes (DSIPhysioTel� PA-C10). Heart structure and

function were analysed using micro-echocardiography

(Vevo 770-ECHO system) and langerdorf perfusion. The

cardiomyocyte number and surface area were determined

using hemomtoxylin-eosin and anti-laminin immunoflou-

rescence.

Results: Neonatal leptin treated male and female rats (L-

Tx) showed increased BP compared with saline treated

rats (S-Tx). Female L-Tx demonstrated increased heart

weight (p < 0.05) with evidence of increased cardiomyo-

cyte number at day 30. The in vivo imaging revealed

altered left ventricle dimensions and diminished left ven-

tricular systolic function and isolated heart showed evi-

dence of impaired contractile function in the L-Tx versus

S-Tx.

Conclusions: This study implicates a central role for neo-

natal leptin in the origins of sympathetic mediated hyper-

tension and cardiac morphology and function, in

offspring of obese rodents. Evidence of cardiac dilatation

together with impaired contractility may reflect early

stages of heart failure.

PS41 Impaired leptin regulation by epigenetic
methylation as a marker of immature preadipo-
cyte function in low birth weight subjects

NS SCHULTZ1, C BROHOLM1, L GILLBERG1,
B MORTENSEN2, SW JØRGENSEN1, J WOJTASZEWSKI3,
BK PEDERSEN4 & AA VAAG1

1Department of Endocrinology (Diabetes and
Metabolism), Rigshospitalet, Copenhagen, Denmark,,
2Steno Diabetes Center, Gentofte, Denmark, 3Molecular
Physiology Group, Department of Exercise and Sport
Sciences, University of Copenhagen, Copenhagen,
Denmark, and 4Center of Inflammation and Metabolism,
Rigshospitalet, Copenhagen, Denmark

Background: Low birth weight (LBW) is associated with

increased risk of developing type 2 diabetes (T2D).

Immature development of subcutaneous adipose tissue

might contribute to risk of T2D later in life. Leptin is an

accepted marker of adipocyte differentiation and it plays

a key role in the regulation of appetite.

Objective: We hypothesize that leptin plays a major role

in developmental programming of adiposity and T2D.

Methods: We recruited 15 young men with LBW (mean

birth weight 2.7 � 0.12 kg) and 15 age-matched control

subjects (mean birth weight 3.7 � 0.18 kg). Biopsies

were obtained from subcutaneous abdominal fat depot

and preadipocytes were isolated and cultured into fully

differentiated white adipocytes. Leptin gene expression

was analyzed by qPCR during preadipocyte differentia-

tion and culturing media were collected to analyze lep-

tin secreted. Lipid accumulation was evaluated as an

end-stage measure of differentiation and lipid accumu-

lation capacity. DNA methylation of specific CpG sites

in the leptin promoter was measured with pyrosequenc-

ing.

Results: Preadipocytes established from LBW individuals

showed a significant reduced leptin gene expression com-

bined with lower leptin secretion compared to preadipo-

cytes established from control subjects. DNA methylation

at five CpG sites in the LEP promoter was significantly

higher in LBW compared to control individuals during

the preadipocyte differentiation.

Conclusions: Impaired leptin gene expression and secre-

tion from preadipocytes combined with an altered epige-

netic regulation of leptin gene promoter, may represent

central elements of developmental programming of type 2

diabetes mellitus.
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PS42 Effects of early life leptin intervention on
reward-related receptor levels and behaviour

T SOUTH, S-E BAE, JC ROBERTS, A MULLIER,
L POSTON, PD TAYLOR & CW COEN
Division of Women’s Health, Women’s Health Academic
Centre, King’s College London, London, UK

Background: Our previous work has shown that the off-

spring of obese rat dams display an exaggerated and pro-

longed leptin surge early in life, which may predispose

them to the metabolic syndrome in adulthood. It is

hypothesized that this surge of leptin influences reward

behaviour and the expression of associated receptors (e.g.

dopamine D2, cannabinoid CB1 and opioid Mu recep-

tors) in the central nervous system.

Objective: This project investigated the ways in which ele-

vated leptin levels in early life, comparable to those asso-

ciated with maternal obesity, may alter the neonatal brain

and lead to dysfunctional reward-seeking behaviours and

obesity later in life.

Methods: Twelve male Sprague Dawley rats were treated

i.p. postnatal days 9–15 with either leptin (0.3 mg/kg,

n = 6) or vehicle (saline, n = 6). At day 30, rats were eu-

thanised and brains were removed for examination of

receptor levels via ligand-binding autoradiography. An

overnight ‘two-bottle sucrose preference test’ was also

carried out in separate cohorts (n = 10/group) at day 30.

Results: The leptin-treated rats had a greater preference

for sucrose compared to the saline-treated control ani-

mals (94.6% vs. 84.7% preference for sucrose, p < 0.05).

Analysis of [3H]-spiperone binding indicated that the lep-

tin-treated rats had a significantly lower D2 binding level

than the control animals in the nucleus accumbens

(p < 0.05); for CB1 binding, the leptin treatment led to a

rise in the nucleus accumbens and a decrease in the cau-

date putamen (p < 0.05). Opioid mu receptor binding

was higher in the nucleus accumbens and thalamus in the

leptin-treated rats (p < 0.05).

Conclusions: Increased leptin exposure in early life leads

to alterations in reward-related receptors and behaviour,

which may predispose those individuals to appetitive dis-

orders later in life, such as obesity or addiction.

PS43 Fish oil supplementation during pregnancy
and offspring risk of attention deficit/hyperac-
tivity disorder and depression: 14–20 year follow
up of two randomized controlled trials

M STRØM1, E MASLOVA1, S HANSEN1,
EL MORTENSEN2 & SF OLSEN1,3

1Centre for Fetal Programming, Department of
Epidemiology Research, Statens Serum Institut,
Copenhagen, Denmark, 2Institute of Public Health and
Center for Healthy Aging, University of Copenhagen,
Copenhagen, Denmark, and 3Department of Nutrition,
Harvard School of Public Health, Boston, USA

Background: Fish oil contains docosahexaenoic acid

(DHA), the most abundant fatty acid in the cerebral cor-

tex. Previous studies have suggested beneficial effects of

maternal DHA intake on brain development and psycho-

pathology in the offspring.

Objective: To examine the effect of fish oil supplementa-

tion in pregnancy on offspring risk of attention deficit/

hyperactivity disorder (ADHD) and depression.

Methods: We used data from 397 and 654 singleton off-

spring of mothers who were randomized to fish oil (pro-

viding 1 g/day of DHA) or olive oil during pregnancy as

participants in: the RCT90, a single center trial enrolling

normal pregnancies in 1990, and FOTIP, a multicenter

trial enrolling high-risk pregnancies during 1990–1996.
We used definitions of ADHD and depression based

on ICD-10 codes and drug dispensary data, using infor-

mation on first prescription/hospital contact as a proxy

for ADHD and depression, respectively. We performed

intention-to-treat analysis and report odds ratios (ORs)

and 95% CI comparing the two intervention groups.

Results: There were 17 and 35 cases of ADHD among off-

spring to participants in RCT90 and FOTIP, respectively;

for depression corresponding numbers were 46 and 31. In

both trials there was a reduced risk of ADHD in the fish

oil groups, but this was not statistically significant

[OR = 0.73(95% CI: 0.27;1.97), OR = 0.75(95% CI:

0.38;1.50), respectively]. For depression, in the RCT90

there was a non-significant reduced risk in the fish oil

group, [OR = 0.71(95% CI: 0.38;1.33)]; whereas the OR

in the FOTIP was approaching unity [OR = 1.09 (95%CI

0.53;2.25)].

Conclusions: We found no statistically significant effects

of fish oil supplementation during pregnancy on ADHD

or depression in the offspring up to the age of 14–20.
However, the results regarding ADHD point in the direc-

tion of a beneficial effect. The next step will be to pool

the two trials in a random effects model to test this in a

population with better statistical power.
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PS44 Effects of in utero exposure to PFOA and
PFOS on human semen quality and hormone
profile

A VESTED1, CH RAMLAU-HANSEN1,2, SF OLSEN3,
JP BONDE4, SL KRISTENSEN1, TI HALLDORSSON3,5,
G BECHER6, LS HAUG6, EH ERNST7 & G TOFT1
1Dansk Ramazzini Center, Department of Occupational
Medicine, Aarhus University Hospital, Aarhus, Denmark,
2Department of Public Health, Section of Epidemiology,
University of Aarhus, Aarhus, Denmark, 3Centre for Fetal
Programming, Statens Serum Institut, Copenhagen,
Denmark, 4Department of Occupational and
Environmental Medicine, Bispebjerg Hospital of
Copenhagen University, Copenhagen, Denmark, 5Faculty
of Food Science and Nutrition, University of Iceland,
Reykjav�ık, Iceland, 6Division of Environmental Medicine,
Norwegian Institute of Public Health, Oslo, Norway, and
7Reproductive Laboratory, Institute of Anatomy,
University of Aarhus, Aarhus, Denmark

Background: Perfluorooctanoic acid (PFOA) and perfluo-

rooctane sulfonate (PFOS) are man-made compounds

found globally in humans. They are suspected to act as

endocrine disrupters and since they are able to cross the

placental barrier, in utero exposure is inevitable.

Objective: The aim was to investigate whether in utero

exposure to PFOA and PFOS is inversely associated with

adult semen quality and altered hormone profile.

Methods: We recruited 169 sons (median age 20 years)

who were offspring from a Danish pregnancy cohort in

Aarhus. The sons’ semen samples were analysed for sperm

concentration, total count, motility, volume, and mor-

phology, and blood samples were assessed for reproduc-

tive hormone profile. Maternal blood samples from

pregnancy week 30 were analysed for levels of PFOA and

PFOS as a measure of prenatal exposure. Median (p25;

p75) PFOA was 3.8 (2.8; 4.7) ng/mL and median (p25;

p75) PFOS was 21.2 (17.4; 26.5) ng/mL. Based on tertiles

of exposure, the sons were divided into three groups

according to maternal PFOA and PFOS serum levels, and

multiple regression analysis was used to evaluate possible

associations.

Results: Multiple linear regression analysis suggested that

higher in utero exposure to PFOA was associated with

lower adjusted sperm concentration (p trend =0.01), and
total sperm count (p trend =0.001), and higher adjusted

levels of luteinizing hormone (LH) (p trend =0.03) and

follicle stimulating hormone (FSH) (p trend =0.01). There
were no associations between in utero exposure to PFOS

and any of the semen parameters, testicular size, or any

of the reproductive hormones.

Conclusions: The results suggest that in utero exposure to

PFOA may affect adult human male sperm quality and

reproductive hormone profile.

PS45 Gestational taurine availability and fetal
programming of metabolism in C57BL/6 mice

LKH ØRSTRUP1, LH LARSEN1, KS PEDERSEN1,
N GRUNNET1, B QUISTORFF1 & OH MORTENSEN1

1Department of Biomedical Sciences, Section of Cellular
and Metabolic Research, Faculty of Health and Medical
Sciences, University of Copenhagen, Copenhagen,
Denmark

Background: Gestational protein restriction induces fetal

programming manifested as decreased taurine levels in

plasma and tissue of dams and fetus as well as low birth

weight, insulin resistance and type 2 diabetes in adult-

hood of offspring. Taurine supplementation of dams

protects against these effects.

Objective: We hypothesized that a decrease in taurine by

itself could account for the dramatic effects of a maternal

low protein diet.

Methods: The hypothesis was tested by supplying a tau-

rine uptake inhibitor, guanidine-ethanesulfonic acid

(GES) (2% w/v in the drinking water), during gestation

of C57/BL6 mice, who are already taurine deficient due

to hypertaurinuria of this particular mouse strain.

Furthermore, we examined if gestational GES changed

the response of the adult offspring to a high fat diet.

Results: GES exposure caused a 12% birth weight decrease

(p < 0.001) and this weight decrease was persistent until

3 months of age after which the animals were put on a high

fat diet (HFD) for 3 months. Post HFD, at 6 months, there

was no longer a difference in body weight between GES

and control, but the GES-females had an increased fat pad

weight (p = 0.003). GES-females at 3 months of age had

decreased fasting glucose (p = 0.0002) with no difference

in fasting insulin, and remarkably, showed a deterioration

in glucose tolerance (p = 0.02). GES-males showed no dif-

ference to controls except for an improved glucose toler-

ance at 3 months of age (p = 0.03).

Conclusions: Low taurine availability during gestation

seems to exhibit a gender-specific fetal programming effect

on glucose homeostasis when on a chow diet. However,

the fetal programming effect disappears following a high-

fat diet, with GES-females being seemingly more prone to

gain body fat when challenged with a high fat diet.
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