Journal of Developmental Origins of Health and Disease (2017), Volume 8, Supplement 1, S1-5449.

@ CrossMark

ABSTRACTS

© Cambridge University Press and the International Society for Developmental Origins of Health and Disease 2017

doi:10.1017/S2040174417000848

10th World Congress 15-18 October 2017 Rotterdam, The Netherlands

Monday October 16th Abstracts oral presentations

PL1.01 - Opening session

PL1.01.03

What did we learn from historical cohort studies
T.J. Roseboom

AMC, AMSTERDAM, The Netherlands

Poor nutrition during critical periods of early human develop-
ment has lasting negative consequences for growth, development,
and health. This talk summarizes the evidence from studies
investigating the effects of prenatal exposure to the Dutch famine
on later mental and physical health. The Dutch famine was
remarkable in several ways, and its unique features have con-
tributed to the fact that it has most often been used in studies
examining the long-term consequences of prenatal under-
nutrition. The Dutch famine was an acute period of under-
nutrition that was clearly circumscribed in time and place; it had
an abrupt beginning and end and struck a population that was
previously and subsequently well nourished. Also, the adminis-
tration was well organized and records were kept allowing
researchers to investigate the consequences of starvation in the
decades that followed. All these characteristics make the Dutch
famine uniquely suited for such studies, and allow researchers to
take a quasi-experimental design to address a question that would
otherwise be impossible to answer in a human setting. The effects
of famine depended on its timing during gestation and the organs
and tissues undergoing critical periods of development at that
time. Early gestation appeared to be the most vulnerable period
which may not be surprising considering the fact that all organs
are laid down within 12 weeks after fertilization. The effects of
famine were widespread and affected structure and function of
organs and tissues, resulting in altered behavior and increased
disease risks, which in turn led to reduced participation in the
labor market and increased mortality. The effects of famine were
apparent in the absence of any effects on size at birth. Some
effects of prenatal undernutrition were more pronounced or even
limited to one sex, but generally the effects applied to both men
and women. There is preliminary evidence to suggest that the
effects of famine may not to be limited to those affected pre-
natally, but were passed on to the next generation, both through
the maternal and paternal line.Studies in other settings show
similar effects and suggest that the findings are not uniquely
linked to the characteristics and setting of the Dutch famine, but
reflect biologically fundamental processes that describe human
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plasticity. Adequately feeding women before and during preg-
nancy will allow future generations to reach their full potential
and lead healthier and more productive lives, ultimately leading
to healthier and more equal future.

PL1.01.04

Preconception and embryonic origins of health

E.A.P. Steegers

Erasmus MC, University Medical Center, Rotterdam, the Netherlands

Prenatal growth in the second half of pregnancy and sub-
sequent birth weight have been studied for decades and are
shown to be associated not only with pregnancy outcome, but
also with health and disease throughout life and even in next
generations. The first trimester of pregnancy is highly impor-
tant with regard to cell multiplication, differentiation and epi-
genetic programming of the embryonic and placental tissues.
These early weeks of pregnancy are most vulnerable in human
and therefore it is also not surprising that several pregnancy
complications originate during this period, such as congenital
malformations, low birth weight and preeclampsia. Although
the first trimester represents perhaps the most important period
of prenatal development, so embryonic growth as proxy for
embryonic health has received relatively little attention both in
rescarch and clinical care. New opportunities of three-
dimensional ultrasound techniques in combination with the
virtual reality (VR) technology of the BARCO I-Space and
V-scope visualization software enable depth perception and
therefore have tremendously improved the possibilities of
visualization of the human embryo. Using this technique in
prospectively obtained serial ultrasound scans during the first
trimester of pregnancy now revealed associations between
maternal age, folic acid supplement use, dietary patterns,
smoking and embryonic crown rump length and volume
measurements as outcomes of embryonic health. Moreover,
being small as an embryo appeared to be associated with an
increased risk of being born small for gestational age, but also
with an adverse cardiovascular risk profile in childhood. These
imaging techniques also enable scoring of embryonic develop-
mental morphology according to the external morphological
criteria of the Carnegie stages. Very recently it was shown that a
low level of vitamin B12 and high level of homocysteine, as
biomarkers of one carbon metabolism involved in epigenetic
programming, significantly delay embryonic development.
This new knowledge will also contribute to a shift of prenatal


http://crossmark.crossref.org/dialog/?doi=10.1017/S2040174417000848&domain=pdf
https://doi.org/10.1017/S2040174417000848

S2  Journal of Developmental Origins of Health and Disease, Volume 8, Supplement 1

diagnosis of congenital abnormalities and suboptimal intrau-
terine growth from the second to the first trimester of preg-
nancy, enabling ‘embryonic medicine” in the future.
Moreover, the importance of embryonic health also emphasizes
that risk factors of couples should be handled already before
pregnancy; preconception care. Modifiable risk factors are for
example poor nutrition, smoking and alcohol use. These life-
style behaviors are very difficult to change with respect to
gaining long-term health benefits. Therefore, empowering
women but also their partner adopting a life course approach
from preconception onwards covering the embryonic period
may have important implications for not only fertilicy and
pregnancy complications but also for future prevention of non-
communicable diseases. Nowadays the reproductive popula-
tion can easily be reached by (pre)pregnancy eHealth and
mHealth platforms providing personalized lifestyle programs
integrated in health care. The evidence-based online personal
platform ‘Smarter Pregnancy’ (Dutch version www.slimmerz-
wanger.nl, English version www.smarterpregnancy.co.uk/
research) is an example of mHealth coaching tailored on
nutrition and lifestyle to improve preconceptional health and
care. This platform already shows beneficial effects on the
adoption of adequate intake of folic acid supplements,
vegetables and fruits, and to quit smoking and alcohol use in
women, but in particular in those couples of whom the male
partner is being coached as well. Such technology may offer
excellent opportunities and possible great health and health
care benefits for current and next generations.

PA1.01 - Endocrine programming

PA1.01.01

Stress, glucocorticoids and the developing brain
G. Matthews

University of Toronto, TORONTO, Canada

The developing fetal brain is highly sensitive to its endocrine
environment. Glucocorticoids (GCs) are potent modulators of
development, with the brain being particularly sensitive. GCs are
maintained at low levels in the fetus until late gestation, when
levels increase exponentially. This ‘surge’ in GC is critical for
normal maturation of several organ systems including the brain.
GCs can become elevated in the fetus as a result of stress
(maternal or fetal) or maternal treatment with GCs. The latter
occurs in cases of threatened preterm birth (>10% of all preg-
nancies). Using the guinea pig as a model, we have shown that
premature exposure of the fetal brain to GC can lead to profound
changes in the epigenetic (DNA methylation, acetylation) and
transcriptional landscapes in the fetal prefrontal cortex (PFC),
hippocampus and hypothalamic paraventricular nucleus (PVN).
These effects are associated with modified hypothalamic-
pituitary-adrenal (HPA) function and stress-related behaviours
in offspring, and are maintained in to adulthood. Most recently,
we have shown that the effects of GCs on epigenetic/
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transcriptional landscapes, HPA function and behaviours extend
across multiple generations, and that this can occur via maternal
and paternal transmission. These findings have significant
implications for clinical practice but also our fundamental
understanding of the mechanisms by which the fetal endocrine
environment impacts the developing brain.

PA1.01.03

Fetal thyroid hormone exposure

R.P. Peeters

Erasmus MC, Rotterdam, The Netherlands

Thyroid hormone (TH) is essential for normal development of
virtually all dssues, especially the brain. Untreated maternal
hypothyroidism during pregnancy is associated with an increased
risk of adverse pregnancy and child outcomes. Even mild maternal
thyroid dysfunction adversely affects child cognitive development
resulting in lower IQ scores and an increased risk of autism,
ADHD and schizophrenia. During pregnancy, profound changes
in thyroid physiology occur, resulting in different reference
intervals compared to the nonpregnant state. However, there are
large differences in thyroid function reference intervals between
different populations of pregnant women. These differences can
be explained by variations in assays as well as population-specific
factors, such as ethnicity and body mass index. As a consequence,
the definition of both overt as well as subclinical thyroid dys-
function has changed considerably over the last few years and
varies between populations. In my presentation I will discuss the
negative consequences of gestational thyroid dysfunction for fetal
development and how to interpret these findings in relation to the
changes that occur in thyroid physiology during pregnancy. In
addition, I will show some examples of how epidemiological stu-
dies in this field have helped to better understand physiology and
pathophysiology, thereby enabling strategies to identify high-risk
individuals who might benefit from thyroid hormone treatment.
This has resulted in substantial changes in the new international
clinical guidelines on Thyroid and Pregnancy.

PA1.01.05

Leptin trajectories from birth to mid-childhood and early
adolescence cardio-metabolic outcomes: Findings from
project Viva

L.J. Li', S.L. Rifas-Shiman?, L.M. Aris’, J.G. Young®,
C.M. Mantzoros’, M.F. Hivert’, E. Oken®

!Singapore Eye Research Institute, SINGAPORE, Singapore;
2Harvard Prilgrim Health Care Institute, BOSTON, United
States of America; 3Singpaore A*XSTAR, SINGAPORE,
Singapore; Harvard Pilgrim Health Care Institute, BOSTON,
United States of America; > Massachusetts General Hospital,
BOSTON, United States of America

Background: Leptin is a hormone produced by adipose tissue
that promotes satiety, and some evidence suggests that greater
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early life leptin exposure prevents excessive adiposity gain in
later life. However, few studies have analyzed longitudinal
changes in leptin throughout childhood. In this study, we
aimed to identify distinct leptin trajectories in childhood, and
to examine their predictors and associations with cardio-
metabolic outcomes at early adolescence.

Methods: Among children in the Project Viva cohort born
1999-2002 in Massachusetts, USA, we studied 1360 with
leptin measured at least once at birth, early childhood
(mean 3.3£SD 0.3 years), or mid-childhood (7.9 + 0.8 years)
for leptin trajectory analysis. At in person research visits, we
collected information on maternal characteristics (e.g.
pre-pregnancy body mass index [BMI], smoking history),
paternal BMI, gestational characteristics (e.g. glucose level,
gestational weight gain), and offspring characteristics (e.g. sex,
birth weight, gestational age, anthropometry). We assessed
markers of cardio-metabolic health including anthropometry,
blood pressure (BP), and fasting plasma biomarkers in early
adolescence (13.2% 0.9 years). We determined childhood lep-
tin trajectories in two stages: 1. As we were interested in effects
of child leptin trajectory independent of maternal leptin or
child weight, we first regressed each leptin measure (birth, early
childhood, and mid-childhood) on maternal 2"-trimester
leptin, child sex, race/ethnicity and birth weight for gestational
age z-score (and also child current age and BMI for the early
and mid-childhood measures) to estimate leptin independent
of these factors; 2. We next included the residuals from these
models in latent class growth models to identify trajectories in
leptin over time from birth to mid-childhood. Finally, we used
multiple regression models to examine associations of other
early life exposures with these trajectories and of leptin trajec-
tories with cardio-metabolic outcomes in early adolescence.
Results: The latent class growth models identified three
distinct leptin trajectories, which we characterized as “low stable”
(n=1031, 75.8%), “high-decreasing” (n=219, 16.1%) and
“intermediate-increasing” (n=110, 8.1%) (Figure). After
adjustment for confounders, those with higher paternal BMI
(ratio of relative risk [RRR] 1.03; 95% confidence interval [CI]:
0.95, 1.11) and maternal gestational weight gain (1.05; 0.97,
1.15) were somewhat more likely to be in the “intermediate-
increasing” compared with the “low-stable”. Compared with the
“low-stable”, the “intermediate-increasing” trajectory was asso-
ciated with several markers of adverse cardiometabolic health in
early adolescence, including higher adiposity (e.g. BMI z-score for
age and sex: 0.63 units; 0.29, 0.97), abnormal metabolic
biomarkers (e.g. HOMA-IR: 2.24; 1.26, 3.22), higher metabolic
risk scores (0.41; 0.13, 0.70) and greater odds of obesity (odds
ratio 2.92; 1.20, 7.11), but lower BP (SBP z-score for age, sex,
and height: -0.45; -0.74, -0.17).

Conclusions: In our prospective cohort, we identified three
distinct trajectories of leptin from birth to mid-childhood.
Even after adjustment for early life BMI, the intermediate-
increasing leptin trajectory was associated with higher adiposity
and metabolic risk scores yet lower systolic blood pressure at
early adolescence. Our findings implies a great opportunity for
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cardio-metabolic outcomes especially for obesity intervention
during early childhood, and future studies are warrant a longer
follow-up on the leptin changes in offspring.
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Three leptin trajectories identified by latent class growth models.

PA1.01.06

Prenatal air pollution exposure and newborn thyroid
function

C.G. Howe!, R.H. Habre!, F.W. Lurmann?, G.V. Vahdani®,
F.D. Gilliland', C.V. Breton'

' University of Southern California, LOS ANGELES, United
States of America; “Sonoma Technology, Inc., PETALUMA,
CALIFORNIA, United States of America

Background: Thyroid hormones are critical for normal fetal
growth and development. Previous studies have observed that
prenatal tobacco smoke (PTS) exposure impacts fetal thyroid
function, and recent evidence from a birth cohort in Belgium
suggests that 3™ trimester exposure to particulate matter (PM)
air pollution may alter cord blood thyroid hormones. However,
this has not been investigated in other populations, and addi-
tional air pollutants have not been evaluated. Our objective was
to examine associations between prenatal exposure to both
ambient and traffic-related air pollutants and newborn total
thyroxine (T'T4) concentrations in the Southern California-
based Children’s Health Study (CHS).

Methods: TT4 concentrations in newborn heel stick blood
spots were acquired from the California Department of Public
Health for 2178 singleton-birth CHS participants. Monthly
averages of ambient (PM, s, PMjy, O3, NO,) and traffic-
related air pollutants (Freeway NO,, Non-Freeway NO,, and
Total NO,) were determined based on inverse distance-squared
weighted central monitoring data and the CALINE4 dispersion
model, respectively. Pregnancy and trimester-specific averages
were calculated for each pollutant. Associations between air
pollutants and newborn TT4 concentrations were evaluated
using mixed effects linear regression models, adjusted for baby’s
age at blood spot collection, gestational and maternal age,
maternal parity and education, baby’s sex and race/ethnicity,
PTS exposure, and season of birth (fixed effects), and also the
community of the participant at recruitment (random effect).
We additionally evaluated potential interactions with sex and

birth weight.
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Results: Prenatal exposure to ambient air pollutants was
associated with higher newborn TT4 concentrations. Associa-
tions were statistically significant for PM;, (P <0.01), PM, 5
(P<0.01), and O3 (P=0.03), with a similar trend for NO,
(P=0.13). A 2 SD increase in PM;, (equivalent to 22.3
micrograms/m3 ), PM, 5 (equivalent to 16.5 micrograms/m3 ),
and Oj (equivalent to 24.3 ppb) was associated with a 1.1, 0.9,
and 0.5 micrograms/dl higher newborn TT4 concentration,
respectively. Associations were stronger for late pregnancy PM
and Oj exposures (2" or 3" trimester). PTS exposure was also
positively associated with newborn TT4 concentrations
(P=0.04); on average, TT4 concentrations were 0.7 micro-
grams/dl higher in PTS exposed newborns. In contrast, pre-
natal Freeway, Non-Freeway, and Total NOx exposures were
not significantly associated with newborn TT4, and we did not
observe significant interactions between sex or birth weight and
any of the air pollutants.

Conclusions: In our study population of newborns in South-
ern California, prenatal exposure to ambient air pollution,
particularly in the 2™ or 3™ trimester, was associated with
higher TT4 levels, and the magnitude of association for pre-
natal PM was similar to that for PTS.

PA1.01.07

Maternal thyroid function during pregnancy and offspring
depression and anxiety: A study from Avon Longitudinal
Study of Parents and Children

D.M. Fetene, K.S. Betts, R. Alati
University of Queensland, BRISBANE, Australia

Background: Brain development can be affected by several
factors of which iodine and thyroid hormones contribute the
lion share. Maternal thyroid dysfunction during pregnancy can
affect neurobehavioral disorders in the offspring. We investi-
gated the relationship between maternal thyroid function dur-
ing pregnancy and offspring depression and anxiety.
Methods: Data were sourced from the Avon Longitudinal
Study of Parents and Children (ALSPAC). A total of 4,839
mother-child pairs were included. Thyroid stimulating hor-
mone (TSH) levels, free thyroxine (fI'4) and autoantibodies to
thyroid peroxidase (TPO-Ab) were assessed during the first
trimester of their pregnancy. Child depression and anxiety were
assessed using the Development and Well-Being Assessment at
age 91 months and 15 years old and were coded according to
DSM-1V criteria. The odds of presenting with depression and
anxiety were estimated using generalized estimating
equations model.

Results: The levels of maternal thyroxine hormone during the
first trimester of pregnancy was associated with child depression
[OR=1.21, 95% CI: 1.00-1.14]. An increase of one unit
standard deviation distance from the mean level of fT4 during
pregnancy increases the odds of child depression at age 15 by
30% after adjusted for TPO-Ab, maternal age, body mass
index, gender, birth weight, maternal smoking, maternal
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depression, gestational hypertension, zinc and iodine intake
during pregnancy [OR=1.30, 95% CI: 1.02-1.65]. There was
no relation between maternal levels of TSH, fT4 and TPO-Ab
and childhood anxiety.

Conclusions: An increased level of thyroxine from the mean
value during the first trimester of pregnancy is associated with
increased risk of offspring depression. This finding suggests
that the level of thyroxine in early gestation influences fetal
brain development which determines neurobehavioral changes
later in life.

PA1.01.08

Association between maternal thyroid function in early
pregnancy and offspring autistic traits: meta-analysis of
three prospective birth cohorts

D. Levie!, T. Korevaar®, S.C. Bath®, A. Dalmau-Bueno',

M. Murcia4, M. Espadas, J.M. Ibarluzea®, J. Sunyerl,

H. Tiemeier®, M. Rebagliato4, M.P. Raymana, R.P. Peeters?,
M. Guxens'

! ISGlobal, BARCELONA, Spain; *Erasmus MC,
ROTTERDAM, The Netherlands; 3Unz’1}ersity of Surrey,
GUILDFORD, United Kingdom; YFISABIO-Universitat Jaume
I-Universitat de Valencia, VALENCIA, Spain; > Laboratorio
Normativo de Salud Piiblica, BILBAO, Spain; “Subdireccion de
Salud Piblica de Guipiizcoa, SAN SEBASTIAN, Spain

Background: During the first 18-20 weeks of pregnancy,
optimal fetal brain development depends on the placental
transfer of maternal thyroid hormones. Thyroid hormone
dependent brain development processes, such as neuronal cell
proliferation and migration, have been implicated in the
pathophysiology of autism. Previous studies focusing on the
association between maternal thyroid function and the risk of
autism spectrum disorder in the offspring are scarce and con-
flicting. Therefore, we assessed whether maternal thyroid
function in early pregnancy is associated with offspring autistic
traits.

Methods: We analyzed data from three large European,
population-based birth cohorts: INMA (Spain), Generation R
(The Netherlands) and ALSPAC (United Kingdom). Thyroid
stimulating hormone (TSH), free thyroxine (FT4) and thyroid
peroxidase antibodies (TPOADbs) were measured before the
18th week of pregnancy. Autistic traits were assessed at age 4-7
years using validated parental questionnaires. Adjusted cohort-
specific effect estimates were combined using random-effects
individual data meta-analysis.

Results: A total 7,778 mother-child pairs were included of
which 1.4%, 3.1%, and 7.5% of children were defined as
having autistic traits in the clinical range in INMA, Generation
R and ALSPAC, respectively. Maternal FT4 concentrations
below the 5th percentile were associated with a 1.5-fold higher
risk of offspring autistic traits (95%CI 1.0 to 2.4). Similarly,
maternal hypothyroxinemia was associated with a 1.9-fold
higher risk of autistic traits (95%CI 1.2 to 3.0). Additionally,
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FT4 above the 97.5th percentile also increased the risk on
autistic traits by 1.9-fold (95%CI 1.0 to 3.5). Neither maternal
TSH concentrations continuously, nor subclinical hypothyr-
oidism were associated with offspring autistic traits.

Conclusion: Both low and high maternal FT4 concentrations in
early pregnancy are associated with a higher risk of offspring
autistic traits. This cross-cohort study indicates that suboptimal
FT4 concentrations may have adverse fetal effects and thus that
overtreatment with high dose levothyroxine should be prevented.

PA1.01.09

Role of leptin in M1 programming of monocyte-derived
macrophages from newborns of obese mothers

F. Vega, G. Soto-Carrasco, I. Lefever, C. Letelier, P. Casanello,
B.J. Krause

Ponticia Universidad Catolica de Chile, SANTIAGO, Chile

Offspring from women with pre-gestational obesity (pOB) are
at high risk to develop chronic diseases related to an altered
immune function. We recently reported that monocytes and
macrophages from neonates of mothers with differentially
express pro-inflammatory and and-inflammatory genes
compared with cells from offspring of normal weight mothers
(pNW), suggesting a functional programming of immune cells
by maternal metabolic status. Several studies show that leptin is
substantially increased in cord blood plasma from pOB
offspring compared to pPN'W, without significant changes in the
levels of pro-inflammatory and anti-inflammatory cytokines. In
this context, leptin induces the expression of pro-inflammatory
cytokines in macrophages from lean adults. Considering the
increased levels of leptin in pOB neonates, we hypothesize that
leptin exposure during monocyte-to-macrophage differentia-
tion modifies the expression of pro-inflammatory and anti-
inflammatory mediators in neonatal macrophages obtained
from pNW women enhancing the development of M1-skewed
macrophages. Neonatal purified and
differentiated into macrophages by the addition of M-CSF
(100 ng/mL) in presence or absence of leptin (10 or 100 ng/mlL)
for 7 days. Macrophages were stimulated for additional 24 hours
with E.coli-LPS (100 ng/mL) and recombinant human IFN-y
(20 ng/mL) and the mRNA levels of TNF-a and IL-10 were

assessed by qPCR. Parallel experiments were carried out in the

monocytes were

monocytic cell line THP-1. Exposing neonatal macrophages to
leptin (100 ng/mL) increased the basal levels of TNF-o0 mRNA
(10-fold). Furthermore, when treated with LPS + IFN-y, the
expression of TNF-a showed a 20-fold increase, whilst further
increased when exposed to 10 or 100 ng/mL leptin (161-fold and
138-fold, respectively). Conversely, the expression of IL-10 did
not change significantly after stimulation with LPS + INE-y in
neonatal macrophages when treated with leptin during differ-
entiation. Similarly, the treatment of THP-1 cells with leptin
(10 ng/mL) enhanced the expression of TNF-a in response to
LPS (37-fold) with respect to LPS alone (27-fold), whilst the
expression of IL-10 in THP-1 stimulated with LPS was lower in
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cells pre-treated with leptin (186-fold) compared to LPS alone
(494-fold). These preliminary results show that leptin enhances
the expression of pro-inflammatory cytokines while keeping a low
expression of anti-inflammatory cytokines upon stimulation with
MIl-skewing agents (LPS and IFN-y). This effect may be
involved in the developmental effect of pre-gestational obesity in
the mother, with high levels of neonatal leptin, and the postnatal
risk of developing chronic diseases. The latter could be due to a
leptin-mediated programming of macrophages to a pro-
inflammatory M1-skewed phenotype, leading to the establish-
ment of long-term, low-grade inflammation, thus increasing the
risk of developing chronic diseases during adulthood in pOB.

250+ ke
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TNFa mRNA
2 AACE (relative to untreated)
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Leptin (ng/mL)

LPS (100 ng/mL)

Effects of leptin concentrations on the pro-inflammatory
induction of TNFa in neonatal macrophages. ***p <0.01 vs
cells without leptin.

PA1.02 - Pregnancy interventions
PA1.02.01

Pregnancy interventions, where are we?
L. Poston

King’s College London, LONDON, United Kingdom

Associations between a sub-optimal early life environment and
longer term adverse health outcomes are now recognised by
health care policy makers, but few evidence based preventative
intervention strategies are available. One reason lies in the
limited number of large and rigorously designed intervention
studies designed for long term child/adulthood health out-
comes, in contrast to the many cohort and population studies
reported. A recent individual patient data meta-analysis
(IPDMA) of the numerous lifestyle interventions in pregnant
women designed primarily to improve pregnancy outcome
(Rogozinska et al 2017), concluded that diet and physical
activity recommendations can reduce maternal weight gain and
the risk of caesarean section, but that there is little effect on fetal
outcomes. It is not yet known if these maternal benefits are
sufficient to improve lifelong health in the child, and only a few
of the component studies have reported childhood follow-up.
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UPBEAT, a randomised controlled trial of an intensive diet
and physical activity intervention in obese pregnant women,
which contributed to the IPDMA, has analysed the maternal
metabolic profile and followed the children to 6months of age.
The intervention which improved maternal diet, and reduced
maternal adiposity and gestational weight gain was associated
with a healthier maternal metabolome (unpublished), and with
reduced adiposity in the infants at 6mths of age (Patel et al,
2017). Whether this effect is sustained remains to be deter-
mined, and longer term follow up of the children is underway.
Interventions which target those women most at risk of having
an obese child are likely to have maximal benefit for mother
and child. Strategies for targeted intervention in obese women
will be discussed.

Rogosinska et al, Effects of antenatal diet and physical activity
on maternal and fetal outcomes; individual patient data and
meta-analysis and health economic evaluation. Health technol
Asess 2017; 21: 1-158 doi: 10.3310/hta21410.

Patel N et allnfant adiposity following a randomised
controlled trial of a behavioural intervention in obese preg-
nancy. In J Obes (Lond). 2017;41:1018-1026. doi: 10.1038/
j0.2017.44

PA1.02.03

A little less association, a little more action: a workshop to
develop new approaches to implementing and evaluating
early life interventions

J. Wright', R McEachan'
! Bradford Institute for Health Research, UK

The early years of life are considered to be the most important
period in determining physical, emotional and cognitive
development. Early interventions are recognised as key to
improving the life chances for children and reducing inequal-
ities in health and well-being. There is good research evidence
about the factors that affect health and development such as
parenting practices, diet, physical activity, language and com-
munication skills. However there is a paucity of research into
the effectiveness of programmes to address these factors and
improve outcomes. Ten years after setting up the Born in
Bradford family cohort study we became increasingly frustrated
by the limitations of observational research to change practice:
many of the health problems that they were researching were
getting worse rather than better. In 2015 we were successful in
obtaining Big Lottery funding to set up the World’s first
experimental birth cohort study, Born in Bradford’s Better
Start, with the aim of improving outcomes for children in three
key areas: social and emotional development; communication
and language development; and nutrition.

This presentation will describe

1) How we identified effective early life interventions to
improve child health and wellbeing that can be tested in the
new cohort
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2) How we are developing innovative, efficient and pragmatic
approaches to evaluation of these interventions using routine
data linkage

3) The challenges of integrating large scale, system-wide
research and practice.

PA1.02.05

Effects of an antenatal dietary intervention in overweight
and obese women on 6-month infant outcomes: follow-up
from the LIMIT trial.

M. Dodd!, J. McPhee?, R. Deussen’, J. Louise’, N. Yelland',
A. Owens', S. Robinson'

! The University of Adelaide, NORTH ADELAIDE, Australia;
Women's and Children’s Hospital, NORTH ADELAIDE,

Australia

Background: The immediate impact of providing an antenatal
dietary intervention during pregnancy on health has been exten-
sively studied, but littde is known of the longer-term effects
beyond the neonatal period. Our aim was to evaluate the effects
of an antenatal dietary intervention in overweight or obese
women on early infant outcomes obtained 6-months after birth.
Methods: We conducted follow-up of infants born to women
who participated in the LIMIT randomized trial. Live-born
infants at 6-months of age, and whose mother provided consent
to ongoing follow-up were eligible for inclusion. While preg-
nant, women were randomized to a comprehensive antenatal
dietary intervention or standard antenatal care. The primary
study endpoint for the follow-up study was the incidence of
infant BMI z-score >90™ centile for infant sex and age.
Secondary study outcomes included a range of infant anthro-
pometric measures, neurodevelopment (assessed using the Ages
and Stages Questionnaire), general health, and infant feeding.
Analyses used intention to treat principles according to the
treatment group allocated in pregnancy. Missing data were
imputed and analyses adjusted for maternal early pregnancy
BMI, parity, study centre, socioeconomic status, age, and
smoking status. Outcome assessors were blinded to the allo-
cated treatment group.

Results: 1,754 infants were assessed at age 6 months (Lifestyle
Advice n=869; Standard Care n=885), representing 82.1%
of the eligible sample (n=2,136). There were no statistically
significant differences in the incidence of infant BMI z-score
> 90" centile for infants born to women in the Lifestyle Advice
group, as compared with the Standard Care group (Lifestyle
Advice 233 (21.71%) versus Standard Care 233 (21.90%);
adjusted relative risk aRR 0.99; 95% confidence interval 0.82
to 1.18; p=0.88). There were no other effects on infant
growth, adiposity, or neurodevelopment.

Conclusions & Relevance: Antenatal dietary intervention did
not alter 6-month infant growth and adiposity. Ongoing
follow-up will enable assessment of obesity related outcomes in
later childhood, and exploration of pathways from maternal

obesity to child health.
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ich lifestyle interventions improve gestational wei
Which lifestyle int t p gestational weight
gain for women of varying educational attainment? IPD
meta-analysis from the i-WIP collaboration

E.C. O’Brien!, R. Seguradoz, G. Alberdi!, A.A. Geraghtyl,
On behalf Of I-WIP?, F. McAuliffe!

! University College Dublin, DUBLIN 2, Ireland; >CSTAR,
School of Public Health, Physiotherapy and Sports Science,
UNIVERSITY COLLEGE DUBLIN, Ireland; °I-WIP
(International Weight Management in Pregnancy) Collaborative
Network, LONDON

Background: Pregnancy outcomes, including gestational
weight gain (GWG), are negatively influenced by low socio-
economic status. Lifestyle interventions aim to manage GWG,
but few stratify analyses by socioeconomic status. We aimed to
identify if socioeconomic status is a prognostic factor for
GWG, and to determine the differential effects of lifestyle
interventions (diet-alone, exercise-alone or mixed approach) on
GWG, according to socioeconomic status.

Methods: Data from the International Weight Management in
Pregnancy (i-WIP) Network were used, including 21 rando-
mised control trials and 5,183 participants. The PRISMA-IPD
Statement guidelines and pre-specified protocol were followed.
IPD meta-analyses were performed using one-step generalised
linear mixed models. The outcome GWG/week was analysed
as per the Institute of Medicine 2009 guidelines (inadequate,
adequate, excess) and as kg/week. GWG was analysed accord-
ing to maternal educational attainment (proxy for socio-
economic status) and type of lifestyle intervention.

Results: Regarding GWG, we found that women of lower
educational attainment had an increased risk of both excess
(OR: 1.182, 95% CI: 1.008, 1.385) and inadequate (OR:
1.284, 95% CI: 1.045, 1.577) GWG. Among women with
lower education, diet-alone interventions reduced risk of excess
and inadequate GWG (OR: 0.515, 95% CI: 0.339, 0.785;
OR: 0.504, 95% CI: 0.288, 0.884, respectively), and reduced
GWG/week (kg) (B=-0.055, 95% CI: -0.098, -0.012). Mixed
interventions also reduced risk of excess GWG for women of
low education (OR: 0.735, 95% CI: 0.561, 0.963). Among
women with high education, diet-alone interventions reduced
risk of excess GWG (OR: 0.609, 95% CI: 0.437, 0.849), and
mixed interventions reduced GWG/week (kg) (B=-0.053,
95% CI: -0.069, -0.037). Exercise-alone interventions did not
have an impact on GWG in the total cohort, nor stratified by
educational attainment.

Conclusions: Pregnant women with low education are at an
increased risk of both excess and inadequate GWG, high-
lighting the need for intervention among these women. Diet-
alone interventions seem to be the most appropriate choice for
women with lower education, and additional support through
mixed interventions may also be beneficial. Women with
higher education also benefited from diet-alone interventions.
No impact on GWG was observed with exercise-alone
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interventions. Health care professionals should consider nutri-
tion based interventions as part of baseline maternity care
packages, for all pregnant women.

PA1.02.07

Exercise during pregnancy to prevent gestational diabetes
mellitus and improve outcomes in overweight /obese
pregnant women: A randomized controlled trial

C. Wangl, Y. Weil, X. Zhangl, Y. Zhangl, Q. Xul, Y. Sun?,
S. Su', L. Zhang', C. Liu', Y. Feng', C. Shou®, K. Guelfi’,
J. Newnham®, H. Yang'

IPeking University First Hospital, BEIJING, China; 2 Division of
hospital medicine Hallmark health system, MEDFORD, United
States of America; >School of Sport Science, Exercise and Health,
The University of Western Australi, PERTH, Australia; “School of
Women's and Infants’ Health, The University of Western
Australia, Aust, PERTH, Australia

Background: The portion of overweight/obese women of
reproductive age has increased recently. Being overweight/
obese is a risk factor for gestational diabetes mellitus (GDM),
and increases the risk of adverse outcome for both mothers and
their offspring. Regular exercise has the potential to reduce the
risk of developing GDM, however, its efficacy remain con-
troversial. At present, most exercise interventions are imple-
mented on Caucasian women and in the second trimester, and
there is a paucity of studies focusing on overweight/obese
pregnant women. Thus we aimed to test the efficacy of regular
exercise in early pregnancy to prevent GDM in Chinese over-
weight/obese pregnant women.

Methods: This was a prospective randomized clinical trial in
which non-smoking women over 18 with a singleton preg-
nancy and met the criteria for overweight/obese status
(BMI <28 kg/mz; obese, BMI > 28kg/m2) and an uncompli-
cated pregnancy at less than 12%¢ weeks of gestation were
randomly allocated to either exercise group (EG) or a control
group (CG). Patients allocated to the EG were assigned to
exercise 3 times per week (no less than 30 min/session with a
rating of perceived exertion between 12-14) via a cycling pro-
gram begun within 3 days of randomization until 37 weeks of
gestation. Those in the CG continued their usual daily activ-
ities. Both groups received standard prenatal care. The primary
outcome was incidence of GDM.

Results: From December 2014 to July 2016, 300 singleton
women at 10 gestational age and with a mean pre-pregnancy
BMI of 26.78 +2.75 kg/m” were recruited. They were rando-
mized into an EG (n=150) or a CG (150). (1) Women ran-
domized to the EG had significantly lower incidence of GDM
(22.0% vs. 40.6%, p<0.001).These women also had sig-
nificantly (2) less gestational weight gain (4.08 £3.02kg vs.
5.92£2.58kg, p<0.001) by 25 gestational weeks and at the
end of pregnancy (8.38+3.65kg vs. 10.47+3.33kg,
p<0.001), and (3) reduced insulin resistance levels (2.92%
1.27 vs. 3.38 +2.00, p=0.033) at 25 gestational weeks.
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Other secondary outcomes, including (4) hypertensive
disorders of pregnancy (17.0% vs. 19.3%; OR, 0.854; 95% ClI,
0.434-2.683, P=0.6), (5) cesarean delivery (except for scar
uterus) (29.5% vs. 32.5%;0R, 0.869; 95% ClI, 0.494 -1.529,
P=0.6), (6) mean gestational age at birth (39.02£1.29 vs.
38.89+ 37 weeks gestation; P =0.5); (7) preterm birth (2.7%
vs. 4.4%, OR, 0.600; 95% CI, 0.140-2.573, P=0.5), (8)
macrosomia (defined as birth weight above 4000 g) (6.3% vs.
9.6%; OR, 0.624; 95% CI, 0.233-1.673, P =0.3) and (9) large
for gestational age infants (14.3% vs. 22.8%; OR, 0.564; 95%
Cl, 0.284-1.121, P=0.1) were also lower in the EG compared
to the CG, but without significant difference. However, infants
born to women following the exercise intervention had a
significantly lower birth weight compared with those born to
women allocated to the CG (3345.27+397.07g vs.
3457.46+446.00 g, P =0.049).

Conclusions: Cycling exercise initiated early in pregnancy is
associated with a significant reduction in the frequency of
GDM in overweight/obese pregnant women. Furthermore, it
did not increase the risk of preterm birth or reduce the mean
gestational age at birth.

PA1.02.08

The effect of a lifestyle intervention in obese pregnant
women on change in gestational metabolic profiles:
findings from UPBEAT

H.L. Mills', N. Patel’, S.L. White?, D. Pasupathy?,

A.L. Briley?, D.L. Santos Ferreira', P.T. Seed®, S.M. Nelson?,
N. Sattar’, K. Tillingl, L. Poston?, D.A. Lawlor', On behalf
Of the UPBEAT Consortium®

1 University of Bristol, BRISTOL, United Kingdom; 2King’s
College London, LONDON, United Kingdom; 3Uniu€rsz'ty of
Glasgow, GLASGOW, United Kingdom; “The UK Pregnancies
Better Eating and Activity Trial Consortium, United Kingdom

Background: Obesity in pregnancy is considered to be asso-
ciated with disturbances in metabolic function which can lead
to adverse outcomes for mother and child. Randomised con-
trolled trials (RCTs) in pregnant women have suggested some
beneficial effect of lifestyle interventions on maternal gesta-
tional weight gain and adiposity, but whether this improves
their metabolic profiles is unclear. The UK Pregnancies Better
Eating and Activity Trial (UPBEAT), a RCT of a lifestyle
intervention in obese pregnant women, was previously shown
to improve diet and physical activity, to reduce maternal
gestational weight gain and adiposity, but not to prevent
gestational diabetes. We used UPBEAT to determine (a) the
magnitude of change in metabolic profiles during pregnancy in
obese women and (b) the impact of the lifestyle intervention on
these profiles.

Methods: UPBEAT recruited and randomised 1555 obese
(BMI > 30kg/ m?) pregnant women, aged 16 years or older and
018 weeks gesta-

tion. Detailed targeted metabolic profiling, with quantification

with a singleton pregnancy between 15
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of 158 metabolic traits (129 lipid measures, 9 glycerides and
phospholipids, and 20 low-molecular weight metabolites) was
completed on three occasions (-17-, 28- and 35-weeks of
gestation) in the UPBEAT participants using NMR. Random
intercept and random slope models were used to quantify
metabolite changes in obese women using the control (usual
care) group only. The effect of the intervention was determined
by comparing rates of metabolite change between women
randomised to the intervention or to usual care, using intention
to treat analyses (using N=1158 women with metabolite
data). In all analyses we controlled for the minimising variables
used in randomization (BMI, ethnicity, parity, age and clinic
centre).

Results: There were adverse changes across pregnancy in most
lipoprotein subclasses, lipids, glycerides, phospholipids, several
fatty acids and glucose. All extremely large, very large, large,
medium, small and very small VLDL particles increased by 2 to
3 standard deviation units (SD), with IDL, and large, medium
and small LDL particles increasing by 1 to 2SD, between 16-
and 36-weeks. Triglycerides increased by 3 to 45D, and glucose
increased by 2SD, across the same time period, with more
modest changes in other metabolites. The intervention resulted
in reductions in the rate of change of concentrations of most
lipids, phospholipids and triglycerides in extremely large, very
large, large and medium VLDL particles. Triglyceride to
phosphoglyceride ratio was reduced and there were improve-
ments in fatty acid profiles (increased rates of change in the
degree of saturation of fatty acids, and the ratios of linoleic,
omega-6, and polyunsaturated fatty acids to total fatty acids,
and decreased rates of change in the ratio of saturated to total
fatty acids).

Conclusions: These findings demonstrate systematic meta-
bolic disruption in obese pregnant women as their pregnancy
progresses. Importantly, we have demonstrated that a lifestyle
intervention that effectively improved diet and physical activity
in these women resulted in improvements in most VLDL
particles and VLDL size. With further follow-up of these par-
ticipants we will be able to explore the extent to which these
improvements in metabolic profiles impact maternal and off-
spring adiposity postnatally.

PA1.02.09

Exercise before and during pregnancy in maternal obese
rats has preventative effects on offspring lipid dysregulation
at 650 days age

C. Lomas-Soria', L.A. Reyes-Castro', G.L. Rodriguez-
Gonzélez', C. Tbafiez-Chavez', P.W. Nathanielsz’,

E. Zambrano'

! Instituto Nacional de Ciencias Medicas y Nutricion SZ,
MEXICO DISTRITO FEDERAL, Mexico; 2Unz'versity of
Wyoming, LARAMIE, United States of America

Background: Epidemiological and animal studies demonstrate
that maternal obesity (MO) predisposes offspring to metabolic
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disorders - excessive weight, adiposity, and dysregulation of
lipid metabolism — that increase with age. There is a need for
interventions that slow or even reverse these aging outcomes.
Exercise is well established to have numerous health benefits;
however, the effects of maternal (FO) exercise on the offspring
(F1) aging metabolic phenotype are poorly understood.
We hypothesized that maternal exercise before and during
pregnancy has preventative effects on these outcomes and the
benefit persists into late life in male and female F1.

Methods: FO female Wistar rats ate control (C) or obesogenic
diet (MO) from weaning through lactation. From 90 days
(d) to 120 d (when they were bred) half of each group wheel ran
30 min/day, 5 times/week, providing four groups: control (C),
obese (MO), exercised controls (CEx), and exercised obese
(MOEx). After weaning all male and female F1 groups ate
C diet. We evaluated serum leptin and triglycerides (TG) in males
and females at 110 and 650 d, fat depots excised and weighed.
Data presented as mean £ SEM, n =6-8 rats from different lit-
ters. Analyses were two-way ANOVA with post-hoc Tukey test.
Results: With aging, F1 male and female C group increases in
total fat, leptin, and TG between 110 and 650 d were greater in
MO F1 than in C. However, maternal exercise prevented these
age-related changes in MO F1 at 650 d (Fig 1A-F). Interestingly,
maternal exercise even lowered leptin and TG in CEx males.
Conclusions: Our data indicate maternal voluntary exercise
intervention prior and during pregnancy has beneficial effects
on programming of lipid metabolism in F1 of MO rats.
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PA1.03 — Epigenetics

PA1.03.01 Early nutritional influences on metastable
epialleles associated with human disease
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Epigenetic mechanisms including DNA methylation stably
regulate mitotically heritable alterations in gene expression
potential. Nutritional influences on developmental epigenetics
may be an important mechanism linking early exposures to
adult disease. Testing this in humans is complicated, however,
because 1) epigenetic marks can vary between different cell
types, so measurements in easily obtainable samples (like per-
ipheral blood) may not indicate epigenetic regulation in cell
types most relevant to many diseases, and 2) the disease process
itself can induce epigenetic changes, so many disease-associated
epigenetic aberrations neither caused nor preceded the disease.
Exceptional genomic loci called metastable epialleles (MEs)
offer unprecedented opportunities to circumvent these obsta-
cles. MEs — essentially epigenetic polymorphisms — are stable
interindividual epigenetic variants that are neither tissue-
specific nor genetically mediated. We have pioneered a novel
approach for discovery of human MEs — DNA methylation
profiling across multiple tissues from multiple individuals — and
shown that the loci we identify exhibit all the characteristic of
MEs in inbred mice, including persistent effects of peri-
conceptional nutrition. Several of the MEs we have identified
affect genes implicated in disease. Population studies are
underway to determine whether individual variation in DNA
methylation at MEs predicts risk of diseases including obesity
and specific types of cancer.

PA1.03.03

Epigenetic selection and the DNA methylation signature of
prenatal adversity

B.T. Heijmans', EW Tobi', ] Van den Heuvel®, B] Zwaan®,
LH Lumey’, T Uller”

! Leiden University Medical Center, LEIDEN,

The Netherlands; *Wageningen University, WAGENINGEN,
The Netherlands; > Columbia University, NEW YORK,
United States of America; * University of Lund, LUND,
Sweden

DNA methylation (DNAm) patterns associated with early
prenatal adversity are often interpreted as signatures of
adaptive plasticity. We propose as an alternative explanation
that epigenetic reprogramming after fertilization creates sto-
chastic DNAm differences between embryos that affect embryo
survival, and show that such ‘epigenetic selection’ provides a
more tenable mechanism for DNAm signatures of prenatal
adversity than adaptive plasticity. A model of early embryonic
DNAm dynamics separates the scenarios by demonstrating that
only epigenetic selection will generate a characteristic reduction
in variance in DNAm at selected loci in populations exposed to
prenatal adversity. We found this predicted variance reduction
in DNAm data on a human cohort prenatally exposed to the
Dutch Famine. Our hypothesis has implications for the inter-
pretation of the developmental origins of health and disease,
and for developing intervention strategies.
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Low vitamin B12 in pregnancy is associated with adipose derived
circulating miRNAs targeting PPARy and insulin resistance

A. Antonysunil', M. Vatish?, M.T. Alam', S. Ott', S. Kumar',

1
P. Saravanan

! University of Warwick, WARWICK, United Kingdom;
2 University of Oxford, OXFORD, United Kingdom

Background: Low vitamin B12 (B12) during pregnancy is
associated with higher maternal obesity, insulin resistance (IR),
gestational diabetes (GDM) and type 2 diabetes (T2D)
prevalence at 5 year follow up. However, it is not clear whether
these are causally related. B12 is a key co-factor of the DNA
methylation cycle (1-carbon metabolism). We hypothesize that
B12 plays a role in epigenetic regulation by altering circulating
miRNAs (miRs) during adipocyte differentiation and results in
an adverse metabolic phenotype.

Methods: Maternal venous blood samples (n=91) and sub-
cutaneous adipose tissue (n=42) were collected at delivery.
Human pre-adipocyte cells (Chub-S7) were differentiated in var-
ious B12 concentrations (1) Control (B12=500nM); (2)
LowB12 (B12=0.15nM) (3) NoB12 (B12 =0nM). Serum B12,
folate, lipids and plasma 1-carbon metabolites were determined.
miR profiling, miR expression and gene expression were measured.
Results: We demonstrated that low B12 in human pregnancy was
associated with higher BMI and lipids, and in maternal adipose
tissue, increased gene expression of adipogenesis (PPARy, CEBPa,
RXRa) and lipogenesis (FASN, ACCI, perilipin) (FiglA). Our
in vitro human adipocyte model showed that adipocytes differ-
entiated in BI12 deficient conditions accumulated more lipids
(FiglB-D), had higher triglyceride levels (FiglE,F) and increased
gene expressions of adipogenesis (FiglG) and lipogenesis (Figl H).
MIiR array screening in adipocytes revealed differential expression of
133miRs (adjusted p < 0.05). We then validated 14miRs related to
adipocyte differentiation and functon by q-RT PCR. MiRs tar-
geting PPARY (miR-27b, miR-23a, miR-130b), CEBPa (miR-31),
Zfp423 (miR-195a), adipocyte differentiation (miR-143, miR-145,
miR-146a, miR-221, miR-222, miR-125b) and IR (miR-103a,
miR-107 and miR-29b) were altered in adipocytes and its secretion.
In vivo validation in pregnant women with low B12, identified a
similar pattern of altered miR expression in human adipose tissue
and circulating miR expression in serum. Of the 14 circulating
miRs, regression analysis after adjusting for likely confounders (age,
parity, folate supplement use, smoking, insulin and glucose) in
addition to B12, showed that four miRs (miR-27b, miR-23a,
miR-103a, miR-107) associated with BMI. Further multivariate
analysis showed that the association of B12 with BMI was mediated
by these circulating miRs which targets PPARy (miR-27b, miR-
-23a) and IR (miR-103a, miR-107). Finally, the miR-gene-
pathway network analysis evidenced that these miRs associated
with the genes regulating the signalling pathways such as PPARy,
adipocytokine, insulin, Wnt and T2D.

Conclusions: Our study shows that low B12 levels in preg-
nancy alters adipose derived circulating miRs, which may

https://doi.org/10.1017/52040174417000848 Published online by Cambridge University Press

mediate an adipogenic and insulin resistant phenotype leading
to obesity. This is the first study to identify the changes in miR
secretion due to micronutrient deficiency and provides new
insight that these circulating miRs can act as a novel mode of
cell signalling molecules from dysfunctional adipocytes and
develop obesity associated adipocyte dysfunction in mothers.
This may predispose metabolic disease to both mothers and
offspring in later life. These findings need to be replicated in
early pregnancy cohort and in longitudinal studies involving
offspring data.
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Figure 1: (A) Gene expression of adipogenic regulators and lipogenesis in human
maternal adipose tissue. Control: n=29; LB-Low B12: n=13. Values are mean + SEM. *P
< 0.05; **P < 0.01, ***P £ 0.001, p-value compared to control. Qil red O staining of
adipocytes in (B) Control, (C) Low B12, (D) No B12 (lipid droplets stained as red). B12
deficient conditions increases (E) lipid accumulation and (F) triglycerides in human
adipocytes. Low B12 increases gene expression of (G) adipogenic regulators and (H)
lipogenesis in human adipocyte cell line (Chub-S7). All experiments were performed as
n=6; Control, LB-Low B12, NoB-NoB12. Values are mean + SEM. *P < 0.05; **P <0.01,
**#*p <0.001, p-value compared to control.
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Gene expression of adipogenesis and lipogenesis in human
maternal adipose tissue and human adipocyte cell line

(Chub-S7).


https://doi.org/10.1017/S2040174417000848

PA1.03.06

Prenatal air pollution exposure and genetic and epigenetic
variation in mitochondrial DNA are associated with infant
growth

AY. Songl, F. Lurmann?, H.M. Byuns, A. Baccarelli4,
C.V. Breton’
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States of America; “Sonoma Technologies, PETALUMA, United
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TYNE, United Kingdom; “Mailman School of Public Health,
Columbia University NEW YORK, United States of America;

> University of Southern California, Department of Preventive
Medicine, LOS ANGELES, United States of America

Background: Mitochondria are the cellular organelles that serve
as central regulators of metabolism and oxidative stress.
Dysfunctional mitochondria have been implicated in a variety of
diseases and are important in fetal development. Mitochondria
also contain the machinery required to epigenetically modify
mtDNA and affect its transcription, suggesting that these mod-
ifications may have the ability to affect disease risk.

Methods: We investigated whether prenatal exposure to air pol-
lution caused alterations in mtDNA methylation in cord blood and
whether mtSNPs modified such relationships in 181 newborns in
the Maternal and Child Health Study. We also examined whether
differences in mtDNA methylation level were associated with birth
weight and infant growth trajectories in a subset of infants who
were followed by phone and had medical records abstracted until
6 months old (n=52). Traffic related air polludon (TRP) and
ambient air pollution (AAP) exposures were estimated based on
participants’ residential addresses reported at study entry using
California Line-Source Dispersion Model (CALINE4) or routine
air monitoring data collected daily in California and available from
U.S. Environmental Protection Agency’s Air Quality System,
respectively. DNA was extracted from cord blood and methylation
measured using Pyrosequencing in three mtDNA regions: the
transfer RNA phenylalanine (M7-7F), 128 ribosomal RNA (M7~
RNRI) and D-loop control region. mtDNA methylation was also
measured in a subset of sorted CD4 + and CD14 + cells (N = 89)
to evaluate cell type specific differences. Sixteen mitochondrial
SNPs (mtSNPs) were genotyped using the Sequenom iPLEX Gold
MassArray technique. Multiple linear mixed models were used to
evaluate the associations between prenatal air pollution, percent
mtDNA methylation and infant growth.

Results: A 1 SD (2 ppb) increase in prenatal non-freeway NOx
was associated with 0.16 (95% CI: 0.00, 0.31) higher M7-
RNRI methylation in whole blood but not in CD14 + or
CD4 + cells. Living near major roads during pregnancy was
also associated with higher M7-RNRI methylation in whole
blood, consistent with the CALINE4 modeled non-freeway
NOx findings. In contrast, a 1 SD (1 pg/m3 ) increase in PM, 5
was associated with a 0.13 (95% CI: -0.03, -0.24) lower M7-
RNRI methylation and a 0.45 (95% CI: 0.08, 0.81) higher

https://doi.org/10.1017/52040174417000848 Published online by Cambridge University Press

10th World Congress  S11

D-Loop methylation only in CD14 + cells. A 1 SD (3 ppb)
increase in O3 was also associated with a 0.53 (95% CI: 0.01,
1.05) higher D-Loop methylation in CD14+ cells when
adjusting for PM, s One mtSNP, T16189C, modified the
association between prenatal air pollutants and mtDNA
methylation in M7-RNRI and the D-Loop. This mtSNP also
modified the association between mtDNA methylation levels
and infant birth weight. A one SD increase in M7-TF methy-
lation was associated with a 115 gram (95% CI: -226, -5) lower
birth weight in subjects carrying the C allele and a 42 gram
(95% CI: -29, 113) increase in birth weight in subjects carrying
the T allele (p;,.=0.03).

Conclusion: Prenatal air pollution exposures, either alone or in
combination with mtDNA SNPs, may alter mtDNA methy-
lation and influence child growth.

PA1.03.07

Maternal obesity induces epigenetic changes in baboon
fetal liver that regulate pathways thought to play important
roles in regulating lifespan

S. Puppala’, C. Li%, J.P. Glenn', A. Quinn®, J. Palarczyk’,
E.J. Dick', P.W. Nathanielsz?, L. Cox'

! Texas Biomedical Research Institute, SAN ANTONIO, United
States of America; > University of Wyoming, LARAMIE, United
States of America; > University of Texas Health Science Center,
SAN ANTONIO, United States of America

Introduction: Maternal obesity (MO) increases offspring cardi-
ometabolic disease and shortens lifespan (PMID: 23943697) as a
result of developmental programming, defined as a response to a
specific challenge to the mammalian organism during a critical
developmental time window that alters the trajectory of devel-
opment with persistent effects on offspring phenotype. To
anticipate altered aging trajectories it is of interest to determine
changes in fetal life capable of altering the rate of aging. We have
developed a baboon model of MO in which MO was induced
prior to pregnancy by a diet rich in fat and sucrose. Controls
(CON) ate normal baboon chow. We hypothesized that MO
would alter fetal baboon liver molecular mechanisms considered
key to regulating metabolic pathways that affect longevity.
Methods: Gene array and microRNA (miRNA; small RNA Seq)
abundance analyses were performed on near-term fetal baboon
livers (CON =6, MO = 5) and subjected to pathway analyses to
identify coordinated fetal liver molecular response to MO.
Results: 933 genes were differentially expressed between con-
trol and MO livers: 350 up-regulated and 583 down-regulated.
MO fetal livers showed down-regulation of the proteasome and
oxidative phosphorylation (Table 1), TCA cycle and glycolytic
pathways (not shown), and inversely expressed miRNAs tar-
geting genes in these pathways, supporting MO induction of
epigenetic changes that dysregulate pathways central to cellular
metabolism in MO fetal livers.

Conclusion: MO fetal livers revealed dysregulation of the
proteasome, oxidative phosphorylation, TCA, and glycolysis
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pathways. There was evidence of epigenetic changes in that
miRNAs exhibited inverse expression with genes regulated by
the miRNAs in these pathways. This is the first observation of
fetal nonhuman primate liver miRNA changes that, if they
persist in later life, would result in alteration of mechanisms
such as the proteasome and oxidative phosphorylation, which
are considered potential candidates driving aging processes.
Funding: OD P51 OD011133 to Southwest National Primate
Center; HD 21350.
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Differentially expressed microRNAs inversely expressed with
gene targets in key KEGG pathways.

PA1.03.08

Cadmium-associated differential methylation throughout the
placental epigenome: an EWAS across two US birth cohorts

T.M. Everson', T. Punshon?, B.P. ]acksonz, K. Hao’,
L. Lambertini®, J. Chen®, M.R. Karagasz, C.J. Marsit"

! Emory University, ATLANTA, United States of America;
°Dartmouth College, HANOVER, NH, United States of America;
3Mount Sinai, NEW YORK, NY, United States of America

Background: Maternal cadmium (Cd) exposure during preg-
nancy has been associated with impaired fetal growth, preg-
nancy complications, and cognitive deficits in early childhood,
all of which may set the stage for health and/or cognitive issues
throughout the life-course. The underlying mechanisms
driving this toxicity are unclear. The placenta acts as a partial
barrier, limiting direct fetal exposure to Cd via sequestration
throughout pregnancy. However, given the critical developmental
functions of the placenta and toxic effects of Cd, this sequestration
may not be without consequence to fetal development. We aimed
to investigate Cd-associated variations in placental DNA methy-
lation, their associations with gene expression potential, and their
potential roles in Cd-associated reproductive toxicity.

Methods: We investigated placental whole genome methylation
in relation to placental Cd concentrations with linear models in
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the New Hampshire Birth Cohort Study (NHBCS, n = 343) and
the Rhode Island Child Health Study (RICHS, n=141). We
performed an EWAS analysis adjusted for tissue heterogeneity
using a reference-free method, aggregated cohort-specific results
via inverse variance weighted fixed effects meta-analysis, and
examined whether differendally methylated CpGs were asso-
clated with gene expression. Lastly, we performed functional
enrichment analyses and tested for associations between gene
expression and standardized birth metrics.

Results: We identified 17 Cd-associated differendally methylated
CpG sites with meta-analysis p-values < 1e-05, two of which
were within a 5% false discovery rate (FDR). Methylation levels at
9 of the 17 loci were associated with increased expression of 6 cis
genes (5% FDR): TNFAIP2, EXOC3L4, GAS7, SREBFI,
ACOTY7, and RORA. Furthermore, higher placental expression of
TNFAIP2 and ACOT7, and lower expression of RORA, were
associated with lower birth weight z-scores (p-values < 0.05)
while ACOT7 expression was also associated with decreased birth
length and head circumference (p-values < 0.05). The top 250
hits from the meta-analysis were enriched for KEGG pathways
including cell adhesion molecules and tight junctions, multiple
cancer pathways, G-protein and nitric oxide signaling, and cyto-
toxicity (5% FDR).

Conclusion: We identified novel differentially methylated loci
associated with placental Cd concentrations, and evidence of
DNAM-expression associations at multiple epigenetic loci
involved in inflammatory signaling and cellular outgrowth. The
expression levels of genes involved in inflammatory signaling
(TNFAIP2, ACOT7, and RORA), were also associated with
growth metrics at birth. Furthermore, the biological pathways
identified in our KEGG enrichment analyses are consistent with
many of the Cd-associated mechanisms of toxicity that have been
examined via animal and/or in-vitro models, but have yet to be
thoroughly studied in human pregnancy.

PA1.03.09

Methylome changes associated with prenatal tobacco
smoke exposure in sorted cord blood CD4 + cells

C.G. Howe, M. Zhou, A.D. Smith, C.V. Breton

University of Southern California, LOS ANGELES, United
States of America

Background: Prenatal tobacco smoke (PTS) exposure has been
associated with alterations in newborn DNA methylation
patterns at both the global and gene-specific level. However,
studies evaluating the impacts of PT'S exposure on gene-specific
DNA methylation have largely utilized candidate gene or
methylation array approaches, which cover only a small fraction
of CpG sites within the human genome. Furthermore, the
majority of these studies have evaluated DNA methylation
patterns in cord blood, which consists of a mixture of different
cell types, each of which have distinct DNA methylation pro-
files. Our objective was to evaluate whether PTS exposure alters
whole genome DNA methylation patterns, measured by
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whole-genome bisulfite sequencing (WGBS), in sorted CD4 +
cord blood cells from the Southern California-based Maternal
and Children’s Health Study (MACHS).

Methods: 10 PTS-exposed MACHS Hispanic white newborns
were identified and matched to 10 PTS-unexposed MACHS
Hispanic white newborns, according to gestational age and also
maternal age, BMI, and history of diabetes. Cord blood cells
were sorted for these 20 participants, and high-resolution,
whole genome DNA methylation levels were obtained using
WGBS in sorted CD4 + cells. The average coverage on CpG
sites was 6X. WGBS data was mapped to Human Genome
Build 19, using the Wildcard ALignment Tool (WALT). The
MethPipe package was used to calculate average CpG methy-
lation levels and bisulfite conversion rates, which were close to
99% for all CpGs. Differentially methylated (DM) CpGs and
differentially methylated regions (DMRs) were identified using
the Regression Analysis of Differential Methylation (RAD-
Meth) software, which utilizes beta-binomial regression.
DMRs were filtered for those containing 5 or more significant
DM CpG sites. Regression models were adjusted for baby’s sex
and whether or not the mother worked during pregnancy.
Annotation of genomic regions was conducted using the
“Goldmine” package in R.

Results: After adjusting for multiple comparisons, we identi-
fied 3673 DM CpG sites and 56 DMRs (FDR-adjusted
p-value < 0.01). DMRs spanned from 84 to 491 base pairs,
with an average methylation difference of +18%. The largest
methylation differences for these DMRs were -45% and
+42%. Of the identified DMRs, 26.8%, 30.4%, 30.4%,
7.1%, and 5.3% were found to overlap promoter, intergenic,
intron, 3’ end, and exon regions, respectively. We plan to
conduct pathway analyses to determine if specific gene net-
works are impacted by PTS exposure. We will additionally
evaluate whether any of the DM CpG sites and regions have
been identified in previous studies of PTS exposure.
Conclusions: Using WGBS, we identified 3673 CpG sites and
56 regions that were DM by PTS exposure in sorted cord blood
CD4 + cells.

PA1.04- Kidney outcomes

PA1.04.01

Early kidney development and later life consequences
V. Luyckx

University Hospital Ziirich, Switzerland

The association between stress experienced during fetal and early
post-natal development and an increased risk of later-life high
blood pressure and kidney disease is now well accepted. In part
this association is modulated by impairment of nephrogenesis
leading to a low nephron number and a kidney that over time is
less able to compensate in the setting of injury or increased
metabolic demand. Other factors, including programming of
cardiovascular disease, diabetes and vascular reactivity all
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contribute to the programmed phenotype of premature chronic
kidney disease and even death. Thus far most attention has
focused on low birth weight (defined a s a birth weight < 2.5 Kg)
and preterm birth (birth before 37 weeks of gestation) as the
major clinical markers of intrauterine stress. In humans associa-
tions exist between low birth weight or preterm birth and low
nephron numbers; low nephron numbers and higher blood
pressures; low birth weight or preterm birth and higher blood
pressures; low birth weight or preterm birth and chronic kidney
disease. Evidence is growing sug%esting that being small for
gestational age (birth weight < 10" percentile), being high birth
weight or being born in a pregnancy complicated by pre-
eclampsia, maternal overweight/obesity or maternal diabetes are
also risk factors for fetal programming of blood pressure and
kidney disease. Other maternal exposures such as chronic illness,
infections or medication exposure during pregnancy are risk fac-
tors for low birth weight and preterm birth and may also predict
future risk in the offspring. Given that 15% of babies born
annually are of low birth weight and 11% are born preterm,
millions of babies are at risk of future chronic disease. Awareness
of the programmed risk should begin at birth and simple pre-
ventive measures should be implemented early. The risk for low
birth weight and preterm birth differ between low- and high-
income countries. In low-income countries maternal malnutri-
tion, short stature, poverty, lack of family planning, suboptimal
education for girls, child marriage, teenage pregnancies, anaemia
and poor antenatal care are important. In high-income countries
older maternal age, more maternal chronic illness, lower socio-
economic status and greater use of assisted reproduction tech-
nology predominate. Importantly a mother who herself was born
of low birth weight or preterm has herself an increased risk of
delivering a low birth weight or preterm infant as well as experi-
encing preeclampsia and gestational diabetes. The consequences
of developmental programming therefore can cross generations.
The World Health Organisation has now embraced A “Life
Course Approach” to the prevention of chronic diseases, stressing
the importance of optimizing maternal health before conception
and throughout pregnancy, optimizing early childhood nutrition,
avoiding obesity and promoting healthy life-styles as achievable
strategies to interrupt the programming cycle. Given the many
social/structural factors that impact maternal, fetal and child
health that extend beyond the health system, achievement of the
Sustainable Development Goals will also be important in the
quest to achieve true primary prevention of high blood pressure
and kidney disease in future generations.

PA1.04.03

Early childhood: A critical period for kidney function
throughout life

J. Ingelfinger"?

! Pediatric Nephrology, MassGeneral Hospital for Children at
MGH, Harvard Medical School; “the New England Journal of
Medicine, Boston, MA 02115 USA
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Beyond the critical role of the perinatal period in determining
future cardiorenal health, each person’s growth and development
during early childhood also is crucial in setting individual risk, all
important for future good health or future health challenges.
Much emphasis has been placed on perinatal events in deter-
mining chronic kidney disease, and less on the influence of
childhood events beyond the neonatal period. Nephrogenesis is
completed by term birth in the human; thus, intrauterine events
may affect the final number of nephrons in term infants, while
preterm infants are still forming nephrons when born. Substantial
information suggests that a person who was small- or large-for-
gestational-age at birth will follow a different health trajectory,
depending on the environment in early childhood. For example, a
person born premature or with low birthweight for postmenstrual
age who grows at a rate commensurate with his or her initial
relative size is less likely to develop hypertension, cardiovascular
disease and type 2 diabetes than someone whose trajectory is one
of quicker-than-anticipated growth. However, there is less known
about the rate of childhood growth and kidney function and
structure. We do know that premature babies receive many
potentially nephrotoxic medications while in the newborn
intensive care unit, which makes them more vulnerable than
those born at term without difficulty. We are starting to under-
stand that exposures in early childhood will be particularly
important for future kidney health for persons at risk, owing to
their perinatal history. For example, the presence of an adverse
eatly childhood milieu, related not only to nutrition, but also to
the home environment, socioeconomic status, parental health
and education and the wider economy, may have profound legacy
effects on general health and on kidney health. Further, there is
increasing evidence that still other factors impact future kidney
disease. Humans interact with macro- and micro-organisms of
many types. Indeed, the microbiome is very important in future
health and may influence the level of chronic inflammation,
which can have a profound influence on the kidney and the
vasculature. Experimental data support these contentions, while
strong clinical data are evolving. What seems clear, presently, is
that certain children are at higher risk for suffering kidney injury
as they mature. Given known risks, it will be increasingly
important to institute programs during childhood that may help
to prevent chronic kidney disease, presently affecting (con-
servatively) as much as 10% of the world population.

PA1.04.05

A new approach to chronic kidney disease through the
application of principles of evolutionary biology: tradeoffs
and life history theory

L. Chevalier
University of Virginia, CHARLOTTESVILLE, VA, United

States of America

Background: There is a growing epidemic of progressive
chronic kidney disease (CKD), which now affects 10% of the
global population, resulting in millions of deaths annually.
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Reduction in nephron number leads to early hyperfiltration
and hypertrophy of remaining nephrons, but later nephron loss
through atrophy and fibrosis. Current research in CKD is based
on the concept of “maladaptation” by nephrons following
injurious stimuli. Angiotensin inhibitors remain the only gen-
erally available therapy to slow progression of CKD, and they
do not stop the process. A new paradigm is needed to explain
the changing response of the kidney to injury over the life cycle.
Methods and Results—Literature review: A new discipline
was developed in the 1990s by G.C. Willams and R. Nesse,
now recognized as evolutionary medicine. Williams proposed
that natural selection of deleterious genetic effects is the result
of antagonistic pleiotropy, whereby a gene has survival benefit
through reproductive age, but detrimental effects afterward.
Rather than framing the nephron response to injury as mala-
daptive (physiologic adaptation), viewed in the context of
evolutionary tradeoffs and life history theory, the process can be
considered as molded by selection for reproductive success
(evolutionary adaptation). The physiology of the mammalian
nephron is counterintuitive: high blood flow and filtration of
180 liters of plasma daily is matched by tubular reabsorption of
99% of the filtrate, requiring high energy expenditure. This is a
result of millions of years of evolution, with adaptation from a
marine to freshwater environment. Adaptation to terrestrial life
required subsequent evolution of the distal nephron to provide
urine concentration and sodium conservation. The evolu-
tionary tradeoff for the nephron: a hyperosmolar environment
at the brink of hypoxia, vulnerable to ischemic or toxic injury.
Human mortality is high in embryonic development, during
which the kidney is susceptible to developmental anomalies
driven by genetic and epigenetic factors (Figure); most
CKD in children is caused by congenital anomalies. Mortality
decreases to a nadir, then increases again, driven largely by
environmental factors after reproductive years. Natural selec-
tion operates through the reproductive years, then becomes less
influential. The normal 10-fold variation in nephron number
at birth is the result of developmental plasticity, determined by
natural selection. Mismatch of the renal phenotype to the
environment develops in adulthood in infants of low birth
weight, and subjected to Western diet which also promotes
diabetes, the primary cause of CKD in adults. Before the age of
40, energy is directed to renal maintenance and repair,
enhancing selection for reproductive success and a low inci-
dence of kidney failure. The steep increase in kidney failure
thereafter results from loss of nephrons through senescence
with superimposed environmental factors. These reflect a
reduction in energy commitment to repair/regeneration as
selection pressure decreases.

Conclusions: Future research in CKD would benefit from the
study of tissue ecosystems and diversified animal models in the
context of evolved differences between species (not just their
genetic homologies). Combining genomics across large sample
sizes of life histories, systems biology could reveal evolutionary
insights into maladaptation in CKD, and potential new
interventions.
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PA1.04.06

Early longitudinal kidney growth patterns and glomerular
filtration rate at school-age

H. Bakker, K. Miliku, T. Voortman, E.M. Dorresteijn,
K. Cransberg, E.A.P. Steegers, V.W.V. Jaddoe

Erasmus MC Sophia Children’s Hospital, ROTTERDAM,
The Netherlands

Background: Suboptimal kidney development in early life may
be associated with an increased risk of kidney disease in later
life. We aimed to identify specific kidney growth patterns
during fetal life and infancy associated with impaired kidney
function in childhood.

Methods: In a population-based prospective cohort study
among 614 mothers and their children, combined kidney
volume was measured by ultrasound at the ages of 30 weeks of
gestation, and 6, 24 and 72 months. At the age of 6 years,
estimated glomerular filtration rate (¢GFR) was calculated from
blood creatinine and cystatin C concentrations.

Results: Children with small combined kidney volume during
fetal life which persisted at 6 years had lower eGFR ., compared
to children with persistent large combined kidney volume (dif-
ferences eGFR e, -0.64 SD (95% CI -0.95 to -0.33) and
eGFRy -0.39 SD (95% CI -0.71 to -0.07), respectively).
Longitudinal analyses showed that children in the lowest tertile of
eGFR o and eGFRy had smaller combined kidney volume
from fetal life onwards, compared to children in the highest tertile
(all p values < 0.01). Conditional regression analyses showed that
eatly childhood kidney growth, independent from previous kid-
ney growth, was positively associated with eGFR ., and eGFR-
ose (@l P values <0.05).
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Conclusion: Smaller combined kidney growth during both
fetal life and early childhood is associated with lower eGFR at

school-age.

Figure 2. Associations of fetal and early childhood combined kidney volume with eGFR at school-age (n = 614)
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Deficiency in retinoic acid leads to inborn nephron deficit
in offspring exposed to diabetes in utero

A.S.W. Shum!, S.T.K. Tam', L.M.Y. Lee!, A.S. Woolf,
P.J. McCaffery’

"The Chinese University of Hong Kong, HONG KONG,
Hongkong — China; Institute of Human Development,
University of Manchester, MANCHESTER, United Kingdom;
3 Institute of Medical Sciences, University of Aberdeen,
ABERDEEN, United Kingdom

Background: Diabetes mellitus is a global health crisis. Besides
adversely affecting the individual, maternal diabetes can cause
long-term negative consequence in the offspring. There is
growing evidence that offspring of mothers with type 1 diabetes
are more prone to develop hypertension and chronic kidney
disease in adulthood. Epidemiological and experimental animal
studies show that prenatal programming of hypertension and
chronic kidney disease is related to low nephron mass. It is
therefore important to understand the mechanism by which
nephron generation is perturbed in embryos exposed to
maternal diabetes, so as to develop in utero therapy to restore
nephrogenesis. During mammalian embryogenesis, all-zrans
retinoic acid (RA), synthesized from vitamin A obtained from
maternal circulation, is crucial for nephrogenesis. A positive
correlation between maternal circulatory vitamin A levels and
fetal nephron number has been demonstrated. In studying a
mouse model of type 1 diabetes induced by streptozotocin, we
find that serum vitamin A concentrations are lower in pregnant
diabetic mice than non-diabetic mice. We therefore hypothe-
size that there is RA deficiency in the kidneys of embryos
exposed to maternal diabetes, which leads to reduced nephron
number.

Methods: Streptozotocin-induced diabetic or non-diabetic
female ICR mice were mated with non-diabetic male ICR
mice. At gestational day 12, the embryonic kidneys, at early
stage of development, were collected for various measurements,
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including RA synthesis and RA concentrations using a highly
sensitive RA reporter cell line, and the mRNA expression levels of
RA target genes by real-ime qRT-PCR. Nephron number at
birth was counted by physical disector/fractionator combination
of peanut agglutinin-stained glomeruli. To determine whether
hyperglycemia is the critical factor in the maternal diabetic milieu
that perturbs RA homeostasis in the embryonic kidney, an
in vitro model was established by culturing kidney explants
in vitro in high glucose conditions. Varying concentrations of RA
were added to the culture to test whether high glucose-induced
impairment of nephrogenesis could be corrected.

Results: In the developing kidneys of embryos of diabetic
mice, there was a significant decrease in RA synthesis and RA
concentrations. The expressions of several RA target genes
including Rez, which is important for modulation of nephron
number via regulating ureteric branching morphogenesis, were
significantly downregulated. At birth, neonates of diabetic mice
exhibited 30% deficit in nephrons in comparison to neonates
of non-diabetic mice. Perturbation of RA homeostasis and
signalling with reduced ureteric branching and nephrogenesis
were similarly found in kidney explants cultured in a high
glucose medium. Notably, co-addition of RA could stimulate
ureteric branching and restore nephrogenesis.

Conclusions: Together, our findings show that maternal dia-
betes inhibits RA synthesis and causes a deficiency of RA in the
embryonic kidney, which perturbs RA signalling in the control
of the expression of key genes, including Rer, for nephrogenesis.
This mechanism contributes, at least in part, to reduced
nephron endowment in the offspring. These findings will pave
the way for the design of in utero therapeutic intervention to
promote nephrogenesis and prevent inborn nephron deficit in
the offspring exposed to diabetes in utero.

PA1.04.08

Birth weight and postnatal weight influence glomerular
podocyte number and renal pathophysiology

L. Cullen-McEwen', V. Puelles, J. van der Wolde',
J. Armitage’, J. Black', J. Dowling4, R. de Matteo', J. Bertram'

' Monash University, CLAYTON, VICTORIA, Australia;
°RWTH Aachen University, AACHEN, Germany; * Deakin
University, WAURN PONDS, Australia; *Monash Medical
Centre, CLAYTON, VICTORIA, Australia

Background: Low birthweight (LBW) is associated with
chronic kidney disease (CKD) in later life. While many studies
have linked LBW with low nephron endowment, no study to
date has examined the effects of LBW on specific nephron cell
populations. Podocytes are components of the glomerular fil-
tration barrier and incapable of mitosis. Podocyte depletion,
either podocyte loss or reduced podocyte density, is a key step
in the development of CKD. We hypothesised that LBW off-
spring are born with a low podocyte endowment that increases
their risk of developing renal pathophysiology, particularly in
the setting of excess postnatal weight gain.
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Methods: Kidneys were collected at postnatal day 21 (PN21)
from male Sprague-Dawley rats exposed to a maternal low
(LPD; 8%) or normal (NPD; 20%) protein diet from 3 weeks
before pregnancy until weaning. At PN21, a cohort of rats
exposed to maternal LPD or NPD, were then fed either a
normal (NFD, 6% fart) or high (HFD, 21% fat) fat diet until
6 months, at which time body composition (dual energy x-ray
absorptiometry), proteinuria (albumin to creatinine ratio),
podocyte number per glomerulus (immunofluorescence, opti-
cal clearing and confocal microscopy - WT'1 + nuclei indicated
podocytes) and renal pathology were assessed.

Results: At PN21, LPD offspring had significantly lower body
(40%) and kidney (50%) weight, nephron number (30%) and
podocyte number per glomerulus (13%; NPD 152+7, LPD
133+£7, (mean*SD), P<0.001) than NPD offspring. At
6 months, LPD offspring fed a NFD (LPD/NFD) had undergone
significant catch-up growth, weighing just 15% less than NPD/
NED offspring. Podocyte number did not change between PN21
and 6 months in either NPD/NFD or LPD/NFD offspring.
Despite lower nephron and podocyte number in LPD/NFD off-
spring, the podocyte deficit was in proportion to bodyweight and
there was no evidence of proteinuria or renal pathology at 6 months.
At 6 months, NPD/HFD offspring weighed 13% more and had
a35% greater fat mass than LPD/HFD offspring. Surprisingly, at
6 months, NPD/HFD offspring had lost 13% of their podocytes
compared with NPD/NFD offspring. In contrast, there was no
podocyte loss in LPD/HED offspring compared to LPD/NFD
offspring. At 6 months, both NPD and LPD offspring fed HFD
exhibited proteinuria and focal and segmental glomerulosclerosis
(FSGS), glomerular pathology indicative of podocyte depletion
and CKD. Both NPD and LPD offspring fed a HFD had sig-
nificandy fewer podocytes per glomerulus per kg bodyweight
(26% in NPD/HED offspring and 14% in LPD/HFD offspring)
than offspring fed a NFD for 6 months.

Conclusions: This study shows for the first time that podocyte
number can be developmentally programmed. Both birth weight
and postnatal weight influenced podocyte number. Postnatal
body weight gain plays a significant role in podocyte loss and
development of renal pathophysiology. Whether podocyte
number per glomerulus/kg bodyweight can indicate risk for renal
pathophysiology in humans should be investigated.

PA1.04.09

Cardiorenal and metabolic pregnancy adaptations in
females born small on a high fat diet and benefits of
endurance exercise training

M.E. Wlodek', D. Mahizir', G.D. Wadley?, K. Anevska',
K. Moritz®

" The University of Melbourne, MELBOURNE, Australia;
Deakin University, MELBOURNE, Australia; > University of
Queensland, ST. LUCIA, Australia

Intrauterine growth restriction programs adult cardiorenal and
metabolic diseases, which are exacerbated with “second hits”
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such as pregnancy and obesity in females born small. Impor-
tantly, exercise is reported to have a positive effect in those born
small. This study determined if a high fat diet (HFD) exacerbates
the known adverse cardiorenal and metabolic adaptations to
pregnancy in rats born small and whether exercise before and
during pregnancy is more beneficial in preventing these compli-
cations than exercise during pregnancy alone. Uteroplacental
insufficiency resulting in growth restriction was induced by
bilateral uterine vessel ligation (Restricted) or sham (Control)
surgery on embryonic day 18 (E18) in Wistar-Kyoto rats. Female
offspring consumed a Chow or HFD (23% fat) from 5 weeks and
were mated at 20 weeks. Female rats were exercised on treadmills
for 4 weeks before pregnancy and throughout pregnancy or
during the last two thirds of pregnancy only. Systolic blood
pressure was measured by tail cuff and non-fasted glucose toler-
ance test was performed at E18. At E19, rats were individually
placed in a metabolic cage to collect urine and plasma was taken
by tail vein to calculate estimated glomerular filtration rate
(eGFR). At E20, rats were anaesthethised with intraperitoneal
injection of Ketamine (100mg/kg) and Ilium Xylazil-20 (30mg/
kg) and plasma, pancreas and skeletal muscle were collected.
Control and Restricted rats consuming a HFD were significantly
heavier with higher plasma leptin concentrations compared to
Chow-fed rats irrespective of exercise interventions. No changes
in pre-pregnancy systolic blood pressure were observed in all
groups. Restricted Chow-fed rats, and both Control and
Restricted females on a HFD had an adverse cardiovascular
adaptation to pregnancy with a greater reduction in systolic blood
pressure during late gestation (p<0.05). Importantly, both
exercise interventions prevented the adverse cardiovascular adap-
tation (p<0.05). Sedentary Control females on a HFD had
adverse renal function (+50% eGFR; p < 0.05) and this was not
affected by exercise. Compared to Control, Restricted females
that remained Sedentary had adverse renal function (+56%
eGFR; p <0.05), which was not exacerbated by HFD, but was
prevented by exercise. HFD exacerbated the pregnancy induced
glucose intolerance in Restricted females (+18%; p < 0.05) and
importantly exercise before and during pregnancy prevented this
development and exacerbation of glucose intolerance (p < 0.05).
Control and Restricted females on a HFD who exercised before
and during pregnancy had increased pancreatic P-cell mass
(+36%; p < 0.05). No differences in skeletal muscle mitochon-
drial biogenesis markers (peroxisome proliferator-activated
receptor gamma coactivator 1-o and citrate synthase activity)
were detected across the groups. Metabolic dysfunction was not
impacted by exercise in pregnancy alone. In summary, pregnant
females born small are at a greater risk of cardiorenal adaptations
during pregnancy. Females born small also have exacerbated
glucose intolerance when consuming a HED; this was prevented
by the lifestyle intervention of exercise, potentially due to
improved f-cell mass. Although cardiorenal dysfunction was
prevented by exercise both prior to and during pregnancy as well
as during pregnancy alone, only exercise initiated before con-
ception and continued during pregnancy prevented metabolic
dysfunction.
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PA1.05 - Dynahealth Consortium
PA1.05.01

Lifecourse origins of healthy ageing - The DynaHEALTH
project

S. Sebert', On behalf of The DynaHEALTH consortium”
! University of Oulu, OULU, Finland: * European Consortium, Eurgpe

The relationships between glycaemic health, psychosocial factors
and healthy aging, including freedom from non-communicable
diseases, may be conceptualised in several different ways. It is an
integral part of DynaHEALTH to develop these concepts and
operationalize them into corresponding analytical study designs
compatible with the available data in the consortium. A very large
body of evidence, gathered from multiple complementary fields
spanning from genetic epidemiology to social sciences has estab-
lished the hypothesis of causal pathways linking the develop-
mental period to the risk of unhealthy and inactive ageing.
Multiple knowledge gaps remain in order to understand and
integrate the factors contributing to the mediation of poor cardio-
metabolic health from the fetal period onwards. Critically, the
entanglement between the healthy ageing and the psychosocial
gradient imposes challenges to researchers and the social and
healthcare systems by eliciting important vicious circles compli-
cated by trans-generational factors. The DynaHEALTH project
consortium is harnessing part of the wealth of prospective data
collected in Europe from 1934 onward and empowering scien-
tific skills in Data science to i) operate life-course models for bio-
psychosocial health affecting the path from early adiposity to co-
morbid patterns of non communicable disease; ii) design econo-
metric equations; iii) analyse the metabolic, epigenetic and brain
markers and their predictive power and iv) provide ways to
exploit the scientific research into tools and recommendations
targeted to healthcare providers and their clients.

After two years of inspiring work in the project, the consortium is
reaching a stage of primary discovery to pilot new biostatistical
tools and molecular markers on the backbone of a robust life-
course model to explore the lifecourse origins of healthy aging.
This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant

agreement No 633595.

PA1.05.03

Prenatal depressive symptoms and offspring brain
morphology: a pediatric neuroimaging study

H. El Marroun'??

" The Generation R Study Group, Erasmus MC, Rotterdam, The
Netherlands; Zdept. Child and Adolescent Psychiatry, Erasmus
MC, Rotterdam, The Netherlands; 3dept. Pediatrics, Erasmus
MC, Rotterdam, The Netherlands

During the reproductive years, a significant proportion of women
experience depressive and anxiety disorders. Approximately,
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8-15% of women suffer from clinically relevant depressive or
anxiety symptoms during pregnancy. There is a large number of
studies demonstrating that untreated depression and anxiety have
a negative impact on the offspring. For example, untreated
depression during pregnancy has been repeatedly associated with
low birth weight, preterm birth, and a broad range of physiological
and psychological problems later in life. These include problems
involving affect, cognition, interpersonal relationships, and neu-
roendocrine functioning; and these suggest that prenatal maternal
depression influences neurodevelopment. However, the under-
lying neurobiological mechanisms have remained unclear. To
better understand the possible underlying neurobiological effects
of prenatal maternal depression on offspring, structural and
functional neuroimaging could be used. Nevertheless, very limited
information is available about the potential association of maternal
depression during pregnancy and offspring brain morphology and
connectivity. Further, litdle information is present on whether the
course of maternal depressive symptoms is important, or whether
there is a specific period of vulnerability. In this presentation, we
will provide an overview of the current literature on maternal
depressive symptoms and child development with a focus on
neurodevelopmental outcomes. Furthermore, recent results of
analyses on prenatal depressive symptoms and childhood brain
development will be presented. Finally, trajectories of maternal
depressive symptoms from pregnancy untl childhood will be
presented to explore how the course of maternal depressive
symptoms influence child brain development.

This project was performed as part of the DynaHEALTH
project and has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant

agreement No 633595.

PA1.05.05

DNA hypomethylation of placental growth factor and
decreased SAM:SAH ratio in placental tissue of
preeclampsia-complicated pregnancies

S. Heil, E.M. Herzog, P.H. Griffioen, B.D. van Zelst,
S.P. Willemsen, R.P.M. Steegers-Theunissen, E.A.P. Steegers

Erasmus MC, ROTTERDAM, The Netherlands

Background: The pathophysiology of preeclampsia is largely
unknown. Aberrant DNA methylation might be involved in
the etiology of preeclampsia (PE). Serum placental induced
growth factor (PIGF) levels are decreased during second tri-
mester pregnancy. We hypothesize that placental levels of PIGF
DNA methylation are lower in PE pregnancies. In addition, we
measured global methylation by long-interspersed nuclear
element-1 (LINE-1) and S-adenosylmethionine (SAM) and
S-adenosylhomocysteine (SAH) levels in placental tissue.

Methods: Placental tissue of 22 PE pregnancies (11 early onset
PE (EOPE) and 11 late onset PE (LOPE)) and 60 controls
(25 uncomplicated controls and 35 complicated controls
including 20 fetal growth restriction and 15 preterm births) was
collected from a nested case-control study in The Rotterdam
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Periconceptional Cohort. DNA was isolated from placental
tissue and was treated with sodium bisulfite. Methylation of
LINE-1 and PIGF genes was analyzed by Sequenom Epityper
and SAM and SAH were measured by LC-ESI-MS/MS.
Results: Placental SAM levels and SAM:SAH ratio were sig-
nificantly lower in placental tissue of PE pregnancies compared
to uncomplicated and complicated controls (Beta = -0.30 and
Beta = -0.29 respectively, P <0.05). P/IGF DNA hypo-
methylation was observed in PE casus versus controls (Beta =
-0.30, P=0.005). Stratification according to onset of PE
showed that these effects were more pronounced in EOPE
(Beta = -0.42, Beta = -0.46 and Beta = -0.47 respectively for
SAM, SAM:SAH ratio and P/IGF DNA methylation, P < 0.05).
No significant differences were observed for SAH and LINE-1
DNA methylation.

Conclusions: Placental PIGF gene is hypomethylated in pre-
eclampsia. Together with disturbed SAM:SAH ratio this
underlines the possible role of aberrant placental DNA
methylation in the pathophysiology of PE, which needs to be
further addressed.

PA1.05.06

Metabolomics in Gestational Diabetes mellitus:
transgenerational correlations and impact of maternal
phenotypes on offspring metabolites

A.S.D. Kindt', J. Krumsiek', D. Much?, S. Hivner?,
A. Hofelich?, G. Kastenmiiller!, W. Rémich—Margll,
C. Prehn’, J. Adamski’, A.G. Ziegler’, S. Hummel®

! Helmboltz Zentrum Miinchen, NEUHERBERG, Germany;
?Helmboltz Zentrum, Klinikum rechts der Isar, MUNCHEN,
Germany; 3 Helmboltz Zentrum Miinchen, Genome Analysis
Center, MUNCHEN, Germany

Background: Children, who were exposed to either gestational
diabetes mellitus (GDM) or obesity while 7 wutero, are at
increased risk for obesity later in life. Additionally, other
maternal phenotypes, such as current BMI or gestational
weight gain, could affect the metabolism of their offspring. In
order to identify offspring metabolite changes correlating with
maternal phenotypes or metabolites we correlated the meta-
bolic profiles of healthy offspring several years postpartum with
the metabolic profiles of their mothers with GDM and other
maternal phenotypes.

Methods: Targeted metabolomics (137 metabolites) was per-
formed in 75 mothers with GDM and their offspring, partici-
pating at the Postpartum Outcomes in Women with
Gestational Diabetes and their Offspring (POGO)-study.
Mean age at time of analysis was 40.6 + 5.0 years in mothers
and 6.7 + 2.2 years in offspring. Plasma samples were collected
from mother-offspring pairs at 0, 30 and 120 min during a 75g
oral glucose tolerance test. Transgenerational correlations of
metabolites were calculated, adjusting for gender, BMI and age
of the children, and BMI and age of the mothers. A correlation
network was built for visualization (Figure). Correlations
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between phenotypes and offspring metabolites were significant
if their p-value was less than 0.05 after correcting for multiple
testing using the Bonferroni method.

Results: Transgenerational correlation networks revealed a
clear separation between maternal and offspring fasting meta-
bolites, with few connections across generations. Of these,
three identical metabolites correlated significantly between
mothers and offspring within the network (H1, p=1.03 x 107;
taurine, p=2.68x 10°% acetyl-ornithine, p=3.83x 107%).
Furthermore, we identified significant correlations of offspring
fasing SM C20:2 with maternal gestational weight gain
(p=7.40 x 10”) and of offspring fasting PC aa C36:3 and PC aa
C38:3 with maternal BMI (p =3.04 x 10 and p=3.09 x 10,
respectively). Maternal smoking during pregnancy was not cor-
related with offspring metabolites. The offspring AUCs of
metabolites over the glucose challenge were not significanty
correlated with gestational weight gain, maternal BMI or mater-
nal smoking during pregnancy.

Conclusions: We conclude that maternal phenotypes have an
impact on the metabolic profiles of their offspring and that
these changes can be seen up to several years postpartum.
Furthermore, the metabolites affected by gestational weight
gain or current BMI suggest pathways which could lead to later
obesity in the currently lean and healthy offspring.

Maternal Metabolite
) Offspring Metabolite

Same Metabolite
Correlation

Metabolite Correlation

Acatyl-Omnithine

Transgenerational correlation network of fasting metabolites of

mothers with GDM and their offspring.

PA1.05.07

The association between duration of breastfeeding and
type 2 diabetes in adulthood: influence from potential
confounders

G. Bjerregaard', L. Mortensen®, L.M. Pedersen’,
LA. Serensen!, L. Baker!

IFrederi/e‘sberg Hospital, FREDERIKSBERG, Denmark;
ZUniversity of Copenhagen, COPENHAGEN, Denmark

Background: Although a number of observational studies
suggest that breastfeeding protects against the development of
type 2 diabetes later in life, there are inconsistencies across
studies, potentially due to differences in study size and adjust-
ment for potential confounders. Moreover, most studies are
limited to comparison of breast-fed versus bottle-fed infants.
Therefore, the aim of this study was to examine the association
between duration of breastfeeding and type 2 diabetes in
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adulthood in a cohort with a wide range of potentially con-
founding variables.

Methods: We included 4,786 individuals from the Copenha-
gen Perinatal Cohort born 1959-61 in Denmark. The duration
of any breastfeeding as assessed by a physician interviewing the
mothers at the infant’s 1-year examination was divided into
quartiles (< 1, >1-2, >2-4, >4 months). Type 2 diabetes
status (age >30 years) was obtained from the National Patient
Register (n=171). Hazard ratios (HR) and 95% confidence
intervals for the association between duration of breastfeeding
and type 2 diabetes were estimated by Cox proportional
hazards regressions without and with adjustment for sex, birth
weight, maternal body mass index, maternal diabetes during
pregnancy, maternal smoking during the third trimester and
parental social status and education.

Results: In the unadjusted analysis, there was a significant and
inverse trend between quartiles of duration of breastfeeding and
risk of type 2 diabetes in adulthood (P=0.01). In unadjusted
analyses, compared with infants breastfed for 1 month or less,
among infants breastfed for >2-4 months there was a non-
statistically significant, albeit inverse, association with type 2
diabetes (HR=0.84 [0.56-1.26]). In unadjusted analyses,
compared with infants breastfed for 1 month or less, infants
breastfed for > 4 months had a 40% reduced risk of type 2
diabetes (HR =0.60 [0.38-0.96]). However, after adjustment
for potential confounders this was attenuated to a 29% reduced
risk (HR=0.76 [0.47-1.23]) and was no longer statistically
significant.

Conclusion: When a range of type 2 diabetes risk factors are
considered, breastfeeding is not associated with adult type 2
diabetes. Although breastfeeding has a modest but non-
significant protective effect against this disease, the results
suggest that it is likely an indirect indicator of diabetes risk
factors, highlighting the potential effects of unknown or poorly
measured confounders. In addition, mediation by later life risk
factors should be considered.

PA1.05.08

Life-course accumulation of socioeconomic adversities and
obesity: a 46-year follow-up of the Northern Finland Birth
Cohort

E.L. Lowry', N.R. Rautio?, L. Ala-Mursula®, J. Miettunen®,
S. Sebert’, M.R. Jirvelin®

! University of Oulu, OULU, Finland; 2Center for Life Course
Health Research, Unit of Primary Health Care, OULU, Finland;
3 Center for Life Course Health Research, OULU, Finland;
?Center for Life Course Health Research, Medical Research Center,
OULU, Finland: > Center for Life Course Health Research,
Biocenter Oulu, OULU, Finland: °Center for Life Course Health
Research, Depr of Epidemiology and Biostatistics, LONDON,
United Kingdom

Background: Social inequalities in morbidity and mortality
continue to be a public health concern. Whilst the association
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between adulthood socioeconomic position (SEP) and obesity
is well-established, the extent to which adverse social circum-
stances during childhood influences risk of later obesity is less
clear. Recent research has focused on the accumulation
hypothesis in which the cumulative effects of socioeconomic
disadvantage across the life-course impacts upon adult health
status. Additionally, the pathway to a particular adult SEP may
be associated with differential risk of obesity.

Aim: We are using life-course modelling to investigate the
influence of socioeconomic factors in childhood and adulthood
on the later onset of obesity. In addition, we aim to identify life-
course SEP trajectories, and compare those reaching the same
final SEP to ascertain importance of pathways.

Methods: We used longitudinal data from the Northern
Finland Birth Cohort 1966 (n=3,763). Those with missing
data at any of the time points were excluded. SEP was assessed
using latent factors at three time points; peri-natal, 31 and
46 years. Material and psychosocial measures relating to family,
working life and education at each time point were combined
using factor analysis in order to reflect a more comprehensive
measure of SEP. At the peri-natal stage, parental information
was used to represent SEP of the offspring. Total factor scores
were divided into tertiles representing low (0), intermediate
(1) and high (2) SEP at each time point in the life-course.
A cumulative score was derived as a sum of SEP at each time
point ranging from 0 to 6 (lowest to highest SEP score at all
three time points).

The next step in modelling life-course SEP is to apply
group-based trajectory modelling. We will use the PROC
TRAJ macro in SAS to test for latent SEP trajectories. SEP
factor scores will be used as a continuous variable within a
censored normal model. We will follow the general recom-
mendations of selecting the model with smallest absolute
Bayesian Information Criterion value that also meets the stan-
dards of additional diagnostics. Multivariate regression will
determine associations between SEP trajectories and BMI at
age 40 years.

Results and Conclusion: At all time points, we observed
significantly higher mean BMI at age 46 years in those
categorised as low SEP. Furthermore, there was a graded linear
relationship between accumulation of socioeconomic exposure
and BMLI. Participants with a score of 0 had significantly higher
BMI at age 46 years than those with a score of 6 (Table 1).
Additionally, peri-natal SEP was significantly related to
BMI at age 46 years, independently of SEP at ages 31 and
46 years. These results emphasise the adverse long-term
impact of accumulated socioeconomic disadvantage from
childhood to adulthood. We have derived a comprehensive
life-course measure of SEP representing a combination of
material and psychosocial adversities. The independent asso-
ciation with SEP in childhood supports the need for interven-
tions to reduce inequalities in early life. Further research is
needed to understanding the underlying mechanisms by which
social circumstances, particularly in early life, influence adult
obesity.
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MEAN (SD) BMI AT AGE 46 YEARS (KG/M?)

SEP Prenatal 31years 46 years Life-course
oLow 26.93 (4.72) 27.07 (5.17) 27.32(5.30) 27.49 (5.15)
1 26.70 (4.93) 26.63 (4.47) 26.60 (4.40) 27.23(5.36)
2 26.28 (4.54)* 26.19 (4.51)* 26.02 (4.39)* 27.21 (4.88)
3 = = = 26.17 (4.27)
4 = = - 26.47 (4.56)
5 = = = 26.09 (4.47)
6 HIGH = = = 25.79 (4.20)*

* Significant at P<0.05

- Scores 3-6 refer only to the life-course SEP

Mean BMI at age 46 years by SEP tertile at each stage of the
life-course. ANOVA was used to assess differences between
mean BMI at age 46 years.

PA1.05.09

Genetically determined later puberty impacts lowered bone
mineral density in childhood and adulthood

L. Cousminer

Childrens Hospital of Philadephia, PHILADELPHIA, United
States of America

Background: Later puberty is associated with lower areal bone
mineral density (aBMD), and both are known risk factors for
osteoporosis later in life. However, the relationship between
puberty-associated genetic variants and aBMD during devel-
opment, and the potential causal relationship between puberty
and aBMD, remain uncharacterized.

Methods: We constructed sex-specific polygenic risk scores
(GRS) consisting of genetic variants associated with later pub-
erty (Female GRS, n=333 age at menarche-associated var-
iants; Male GRS, n =49 age at voice break-associated variants).
The sample consisted of European-descent children in the
Bone Mineral Density in Childhood Study, a longitudinal
cohort with up to seven assessments (n=1419) between the
ages of 5-20 years. These GRS were tested for associations with
age- and sex-specific aBBMD Z-scores at the lumbar spine (LS),
femoral neck (FN), total hip, and distal one-third radius,
accounting for clinical covariates using sex-stratified linear
mixed models. Two-sample Mendelian randomization (MR)
was used to test for a causal relationship between pubertal
timing and aBMD in the BMDCS and in adults using pub-
lically available data from the GEFOS consortium.

Results: The sex-specific puberty-delaying GRS were asso-
ciated with lower pediatric LS-aBMD in girls and boys, even
after adjusting for height and pubertal stage (beta (SE) =-0.088
(0.034); P=0.0097 and beta (SE)=-0.068 (0.033),
P=0.039, for girls and boys, respectively). In the MR frame-
work, the puberty-delaying genetic instruments supported a
causal association with lower LS-aBMD in adolescent girls
(beta (SE)=-0.18 (0.063), P=0.0046) and in adults of both
sexes (women: beta (SE)=-0.072 (0.016), P=9.21x 10,
men: beta (SE)=-0.12 (0.033), P=0.0003) as well as lower
FN-aBMD in adults (women: beta (SE)=-0.074 (0.014),
P=9.44%10"% men: bea (SE)=-0.11  (0.028),
P=7.04x107).
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Conclusions: Pubertal timing and bone density during skeletal
development share a genetic basis, and the genetic determinants
of pubertal timing impact bone in a site-specific manner with
potential implications for later life skeletal health. A clearer
understanding of the complex interactions between sexual
maturation and BMD is important for developing personalized
recommendations for optimizing bone health over the lifespan,
but further studies are needed to assess the impact of puberty loci
on fracture risk and to identify causal genes at key loci.

LM1.1 - Trainee lunch workshop
LM1.01.01

How to write a successful grant
g
B. Koletzko >34

Iludwzg—Maximiliﬂm—Unz'zzersz'tiit of Munich; °Dr. von Hauner
Children’s Hospital; 3Unz'versz'ly of Munich Medical Center,
Munich, Germany; *EU-FP7 Early Nutrition Project

Writing grant applications is an essential part of research and a
skill in itself. Every scientific researcher faces the challenge of
putting research ideas to paper and presenting them in the most
optimal way, targeted at the funding agency and the specific
funding call text. In this workshop, Professor Berthold
Koletzko will try to give insights in how to approach writing a
successful grant application and will discuss tips and tricks,
based on his extensive experience. Professor Koletzko is Pro-
fessor of Paediatrics at the Ludwig-Maximillians-Universitit in
Munich, Germany. His research is funded by the European
Commission, the European Research Council, the German
Research Council, and other public funding bodies. He is
coordinator of the EU FP7 project Early Nutrition. He also
serves as member of the Grant Review Board Medicine and as
Chair of the Clinical Trial Grant Review Board of the German
Research Council.

LM1.02 - Oral slam session: Maternal and fetal health
LM1.02.01

Assessment of adaptive cerebrovascular changes in fetuses
of diabetic mothers on two-dimensional obstetrics
ultrasound

N. Mohammed!, R. Nuruddin?, M. Yakoob?, S.I. Azam?,
S. Khan?, S. Burt®

" Aga Khan University Hospital, KARACHI, Pakistan;
ZDepartment of Community Health Sciences, Aga Khan
University Hospital, KARACHI, Pakistan; 3Dep¢rtmmt of
Obstetrics and Gynaecology, Aga Khan University Hospital,
KARACHI, Pakistan

Background: Hyperglycemia in pregnancy (HIP) exposes
fetuses to high glucose levels. The subsequent fetal hypergly-
cemia and hyperinsulinemia may lead to the possible

https://doi.org/10.1017/52040174417000848 Published online by Cambridge University Press

10th World Congress  S21

consequences of hyperglycemia-induced-insulin-resistance
in the fetal brain. We hypothesize that this pathophysiological
phenomenon could be associated with increased resistance
in middle cerebral artery (MCA) blood flow velocity waveform
and therefore, a proxy of fetal brain insulin-resistance.
Objective: To assess the difference in middle cerebral artery
(MCA) pulsatility index (PI) between HIP and euglycemic
pregnancies (EP).

Methods: For this cross-sectional study, we identified
86 HIP and 80 EP carrying appropriate-for-gestational-age
singleton fetus. HIP group consisted of 55 subjects with
gestational-diabetes-mellitus  (GDM) and 31 with pre-
pregnancy-diabetes-mellitus (PPDM). We excluded fetuses
with congenital abnormalities and mothers with conditions
such as Rh-iso-immunization and hypertensive-disorders-of-
pregnancy. All fetuses had serial ultrasound-scan for growth
and MCA, umbilical artery (UA) and uterine artery (UtA)
blood flow velocity studies performed during the third-
trimester. Doppler studies performed within 2 weeks of deliv-
ery were chosen for analysis. Groups were compared by two-
tailed independent sample t-test or Mann-Whitney U test,
where appropriate.

Results: Compared to EP mothers, mothers with HIP were
older (years) [Mean 30.4 (SD 5.0) versus 32.3 (SD 4.8)
P=0.01]. Gestational age (GA) at registration for antenatal
check-up and at delivery (weeks) were similar for both
the groups [Mean 14.1 (SD 4.3 vs 14.8 (SD 4.9) P=0.3]
and [Mean 37.2 (SD 1.41) vs 37.2 (SD 1.44) P=0.8],
respectively. The GA (weeks) at the performance of the last
third-trimester ultrasound scan was also not significantly dif-
ferent between the two groups [Mean 35.3 (SD 1.0) vs 35.7
(1.1) P=0.06]. The birthweight centile of neonates born to
HIP mother were significantly higher [52.1 (SD 25.6) vs 43.1
(SD 26.3) P=0.03]. MCA PI was found to be significantly
higher in fetuses of HIP as compared to EP [1.84 (SD 0.2) vs
1.74 (SD 0.3) P =0.02]. Median MCA Peak Systolic Velocity
was also significantly elevated in HIP [52.7 (SD 2.7) vs 51.7
(SD 2.3 P=0.02]. Umbilical artery (UA)/Uterine artery (UtA)
ratio and MCA/UtA ratio was found to be higher in HIP as
compared to EP group [1.08 (SD 0.20) vs 0.97 (SD 0.19)
P=0.02] and [2.34 (SD 0.47) vs 2.01 (SD 0.65 P =0.02],
respectively. Those subjects who were on insulin therapy were
found to have a significantly elevated MCA PI [1.90 (SD 0.19)]
as compared to those on oral hypoglycemic agent [1.78 (SD
0.24) P= 0.02].

Conclusion: HIP is associated with elevated fetal MCA PI,
MCA/UtA and UA/UtA ratio. Those subjects who are on
insulin treatment have demonstrated significantly elevated
MCA blood flow velocity waveform as compared to those on
oral medication. High resistance in MCA blood flow could be
suggestive of chronic-hypoxia and an adaptive fetal cere-
brovascular reorganization in response to compromised intra-
uterine environment. Association between MCA vascular-
remodeling and neuro-cognitive impairment in early childhood
needs further evaluation.
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LM1.02.02

Associations of gestational diabetes and glucose levels with
ultrasound scan assessed fetal growth in South Asian and
White European women.

J.S. Brand', J. West®, R. McEachan?, J. Wright?, K. Tilling',
D.A. Lawlor’

! University of Bristol, BRISTOL, United Kingdom; ° Bradford
Institute for Health Research, Bradford Royal Infirmary,
BRADFORD, United Kingdom

Background: Intrauterine exposure to gestational diabetes
(GDM) is associated with perinatal complications, including
excess fetal growth and macrosomia. Diagnostic oral glucose
tolerance testing (OGTT) for clinical detection of GDM is
performed at 24-28 weeks’ gestation (wkGA) because there are
detectable increases in insulin resistance at this time. However,
results from a study of predominandy White European
women, has shown that fetal growth acceleration occurs
between 20 and 28 wkGA in those subsequently diagnosed
with GDM. Whether this is the same for South Asians who
have greater risk of GDM and greater infant adiposity, is
unknown. Our aim was to determine the associations of GDM
and gestational glucose levels with fetal growth in women of
South Asian and White European origin.

Methods: We used data from 10 105 (4296 South Asian and
5809 White European) women with a singleton pregnancy and
without pre-existing diabetes in the Born in Bradford (BiB)
birth cohort study who completed a 75-g OGTT at 26-28
wkGA. Ultrasound measurements of fetal head circumference
(HO), femur length (FL) abdominal circumference (AC) and
estimated fetal weight (EFW) and corresponding anthropo-
metric measurements at birth were collected as per routine
clinical care and the BiB study protocol. Best fitting growth
curves were identified using second-degree fractional poly-
nomials and associations with GDM and fasting and 2h post-
load glucose levels were analysed using multilevel models,
adjusting for maternal and pregnancy related characteristics.
We evaluated the timing at which differences in fetal size were
first apparent and potential interactions with ethnicity.
Results: 805 (8.0%) of pregnancies were complicated by
GDM and this prevalence was higher among South Asian
(10.3%) than White European (4.8%) women. Diagnosis of
GDM was preceded by an increase in all fetal parameters except
FL. At 26 wkGA, predicted differences (95% CI) in mean HC,
AC and EFW comparing women with and without GDM were
1.2mm (0.6-1.9), 1.8 mm (0.9-2.7) and 14.9g (5.6-24.3),
respectively. In women who were not diagnosed with GDM a
linear relation between fasting glucose levels and fetal size was
observed as early as 20-22 wkGA [predicted differences (95%
CI) in mean HC, AC and EFW per 1 sd higher fasting glucose
= 0.2mm (0.1-0.4), 0.3 mm (0.1-0.5) and 1.1g (0.1-2.2)
respectively]. 2h post-load glucose levels were also linearly and
positively associated with fetal growth parameters, but with
lower magnitude. Stratified analysis by ethnicity revealed that
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glycaemia-associated differences in fetal size were detectable at
slightly earlier gestational ages in South Asian than White
European women, though the overall strength of assocations
were similar in both groups.

Conclusions: Fetal growth acceleration starts prior to routine
GDM diagnostic testing, with gestational glucose levels show-
ing a linear relation with fetal size from 20 wkGA, especially in
South Asian women. These findings highlight the importance
of developing novel diagnostic tools for identifying women at
risk of hyperglycaemia earlier in pregnancy.

LM1.02.03

Association of maternal and cord blood adipokines with
offspring adiposity in project Viva: Is there an interaction

with child age?

LJ. Li', S.L. Rifas-Shiman?, L.M. Aris’, J.G. Young®,
C.M. Mantzoros’, M.E. Hivert’, E. Oken*

! Singapore Eye Research Institute, SINGAPORE, Singapore;
°Harvard Prilgrim Health Care Institute, BOSTON, United
States of America; > Singpaore A*STAR, SINGAPORE,
Singapore; Harvard Pilgrim Health Care Institute, BOSTON,
United States of America; > Massachusetts General Hospital,
BOSTON, United States of America

Background: Higher leptin and lower adiponectin correlate
with adult and childhood adiposity, but it is unclear how
exposure to these adipokines during gestation relates to off-
spring growth. We aimed to investigate the relationship
between maternal and cord adipokines and offspring adiposity
across childhood to early adolescence, as well as interactions
with child age.

Methods: In mother-child pairs in the Project Viva cohort
(Massachusetts, USA), we measured adipokines in mothers at
2™ trimester (n=1106) and in cord blood at birth (n = 657).
We measured offspring adiposity indices at early childhood
(mean 3.3+ SD 0.3 years), mid-childhood (7.9£0.8 years)
and early adolescence (13.2+0.9 years). To assess our main
hypothesis that maternal and cord blood adipokines were
associated with offspring adiposity measures and such effects
were age-dependent, we fit mixed linear models as a function of
child age at outcome measurement. This method accounts for
the correlation between repeated measures on the same indi-
vidual at different ages. We further adjusted models for
maternal pre-pregnancy body mass index (BMI), age at
enrollment, smoking history, college degree (yes or no), and
gestational weight gain (GWG) at exposure; paternal BMI;
child sex and race/ethnicity; and the other adipokine at
exposure.

Results: Leptin levels in 2™ trimester were higher among
mothers who were overweight or obese before pregnancy (30.0
vs. 15.6 ng/dl normal/underweight), had excessive GWG (24.5
vs. 15.0 ng/dl adequate GWG), and smoked during pregnancy
(24.4 vs. 19.7 ng/dl nonsmokers). Offspring born to mothers
with the highest (vs. lowest) quartile of leptin had lower BMI
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z-score (-0.49 units, 95% CI: -0.72, -0.26), waist circumference
(2.6 cm, 95% CI: -3.7,-1.5) and sum of subscapular and triceps
skinfolds (SS + TR) (-2.8 mm, 95% CI: -4.1,-1.4) in early life.
Children of mothers in the lowest (vs. highest) adiponectin
quartile had lower early life BMI z-score (-0.27 units, 95%
CI: -0.48, -0.05), waist circumference (-1.7 cm, 95% CI: -2.7,
-0.6), hip circumference (-1.4 cm, 95% CI: -2.6, -0.2) and sums
of SS+TR (-1.8 mm, 95% CI: -3.1, -0.5) after adjusting for
covariates. The association between maternal adipokines and
offspring adiposity growth was not constant as the children age, as
effect estimates for higher leptin and lower adiponectin became
less negative with increasing offspring age. Results were similar for
cord blood leptin but largely null for cord blood adiponectin.
Furthermore, maternal and cord blood highest (vs. lowest)
quartile of leptin was associated with lower offspring early ado-
lescent total lean mass index (-0.9 kg/ m2, 95% CI: -1.4, -0.4) and
(-0.7 kg/m?, 95% CI: -1.3, -0.03), respectively.

Conclusions: Our findings showed that higher maternal and
cord leptin, and lower maternal adiponectin, were associated with
lower offspring adiposity from childhood to early adolescence,
independent of maternal BMI and GWG. However, the strength
of the associations were not constant over time, which suggests a
weakening of the programming effect of adipokine exposure
during gestation on offspring adiposity as children age.

LM1.02.04

Association of fetal fractional limb volume at 20 and
30 weeks gestation with newborn body composition

S. Ikenoue', F. Waffarn?, K. Sumiyoshiz, M. Ohashi?,
C. Tkenoue®, C. Buss®, D. Gillen®, S. Hyagriv’, S. Entringer?,
P. Wadhwa®

! Saitama City Hospital, SAITTAMA, Japan; *University of California,
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Background: Fetal fractional limb volume has recently been
proposed as a useful measure for predicting fetal and newborn
size and growth. However, the association of fractional limb
volume measures with newborn body composition is poorly
understood. The aim of this study was to determine whether
fetal fractional limb volume is prospectively associated with
newborn body composition.

Method: In a prospective, longitudinal study of 93 low-risk
pregnancies, fetal ultrasonography was performed at approxi-
mately 20 and 30 weeks gestation. Fractional arm volume and
fractional thigh volume were measured as cylindrical limb volume
based on 50% of total diaphysis length (to eliminate the proximal
or distal end of the diaphysis, where the soft tissue boundaries are
poorly visualized) using 4D View software. The acquired partial
limb volume was divided into 5 subsections of equal length, and
the contour in each subsection was traced manually in an axial
view. Birth weight percentile was determined using the 2000
United States Natality dataset. Newborn body composition
(body fat percentage) was quantified by whole body Dual Energy
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X-Ray Absorptiometry (DXA) imaging. The associations of
fractional limb volume with birth weight percentile and with
newborn body fat percentage were determined by multiple linear
regression, controlling for key covariates (maternal age, parity,
socioeconomic status, race/ethnicity, pre-pregnancy BMI,
maternal gestational weight gain, gestational diabetes, gestational
age at birth, infant sex, postnatal age at DXA scan, and mode of
infant feeding). Partial correlational analysis was used to deter-
mine the relative contribution of fractional limb volume measures
in explaining variation in newborn body fat percentage.
Results: Fractional arm volume was 2.51+0.45cm’ and
12.842.02 cm® at 20 weeks and 30 weeks gestation, respec-
tively. Fractional thigh volume was 4.99+1.19cm’ and
29.1+4.92 cm® at 20 weeks and 30 weeks gestation, respec-
tively. Fractional limb volume at 20 weeks gestation was not
associated with birth weight percentile or newborn body fat
percentage. Fractional arm volume and fractional thigh volume
at 30 weeks gestation were moderately correlated with birth
weight percentile and they explained 6.5% and 4.1% of varia-
tion in newborn body fat percentage (table 1).
Conclusion:Fetal fractional arm volume and fractional thigh
volume at 30 weeks gestation explained a modest portion of the
variation in newborn body fat percentage. Because fractional
limb volume is an indicator of soft tissues that contain not only
fat mass but also lean mass and bone, the additional con-
sideration of other fetal measures that can better differentiate
these compartments may be warranted.

Table 1. Partial correlations coefficients of the associations of fractional limb volume with

birth weight percentile and newborn body fat percentage

Birth weight percentile Newborn body fat percentage

Proportion of

Correlation Correlation

coefficient Pyalue cocfficient Frvalug v:r’:::x?:icn?gf)
20 weeks gestation
Fractional arm volume 0.164 0.219 0.021 0.886 ns
Fractional thigh volume 0.097 0.443 0.038 0.782 ns.
30 weeks gestation
Fractional arm volume 0.506 <0.001 0.273 0.024 6.5%
Fractional thigh volume 0.394 <0.001 0.203 0.042 4.1%

n.s., non significant.

Partial correlations coefficients are adjusted for maternal age, parity, pre-pregnancy BMI,
maternal gestational weight gain, gestational diabetes, gestational age at birth, and postnatal age.

at DXA scan.
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Feasibility of three-dimensional power Doppler ultrasound and
Virtual Reality measurements of (utero)placental vascularization

as non-invasive biomarkers of (utero)placental health
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Background: Worldwide, every year millions of women suffer
from subfertility and/or placenta-related pregnancy complica-
tions, such as preeclampsia, low birth weight and preterm birth.
These adverse outcomes are also associated with the health of
mothers and offspring later in life. We hypothesize that pre-
conceptional uterine vascularization and early first trimester
utero(placental) vascularization are determinants of endo-
metrial receptivity and placental health respectively. If it is
feasible to reliably and noninvasively measure indices of the
utero(placental) vascularization 7 vivo, new opportunities will
be provided for early prediction, prevention and treatment of
subfertility and placenta-related adverse outcomes. The current
state-of-the-art technology for the evaluation of utero(pla-
cental) vascular morphology is three-dimensional power Dop-
pler ultrasound (3D PD US). To enable use of the third
dimension, i.e. depth, we have developed an in-house novel,
innovative technology that displays volumetric ultrasound
datasets as holograms, using the Barco I-Space CAVE™-like
virtual reality (VR) system (Barco NV, Belgium). Recently, a
VR desktop system based on the technical principles of the
I-space has been implemented to enable clinical application of
VR. Therefore, this study aims to develop a feasible and reliable
method to assess preconceptional and early first-trimester utero
(placental) vascular volumes using three-dimensional power
Doppler ultrasound (3D PD US) on two Virtual Reality (VR)
systems.

Methods: In 35 women, either preconceptional (z=5) or in
pregnancy at 7 (z=10), 9 (n=10) or 11 (z=10) weeks of
gestation, 3D PD US images of the utero(placental) vascular-
ization were obtained. Preconceptional uterine vascular volume
(UVV) and first-trimester placental vascular volume (PVV) and
embryonic vascular volume (EVV) were measured by two
observers on two different VR systems i.e., the I-Space and the
VR desktop. Intra- and inter-observer agreement and
intersystem agreement were assessed by intra-class correlation
coefficients (ICC) and absolute and relative differences.
Results: Median UVV preconceptional was 1.8 cm® [range:
1.0;5.5]. Throughout the first trimester of pregnancy, median
PVV increased being 0.4 cm’ [range: 0.1;1.0] at 7 weeks of
gestation, 4.5 cm?’ [range: 1.6;9.2] at 9 weeks of gestation and
7.0 cm® [range: 1.9;16.2] at 11 weeks of gestation. Overall,
utero(placental) vascular measurements were feasible and
accurate with good to excellent intra- and inter-observer
agreement as well as VR inter-system agreement with most
ICC >0.8 and relative differences <20% throughout the entire
gestational age range. Inter-observer agreement of PVV at
11 weeks gestation was suboptimal (ICC 0.7, relative difference
50%).

Conclusions: Preconceptional and early first-trimester 3D PD
US utero(placental) vascular volume measurements are feasible
and accurate using VR. Future cohort studies are needed to
further validate these measurements and assess their eligibility
as potential biomarkers for endometrial receptivity and
placental health. Ultimately, utero(placental) vascular volumes
could be part of a strategy towards more accurate and
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personalized prediction, prevention and treatment of sub-
fertility and placenta-related complications from the earliest
moments in pregnancies onwards.

Figure 1: Three-dimensional power Doppler ultrasound images of utero(placental)
vascular volumes preconceptional and in pregnancy at 9 weeks of gestation visualized by
Virtual Reality (VR)

a. Slice view preconceptional uterine vasculature b. Volume view preconceptional uterine vascular volume

d. Volume view uteroplacental vascular volume in pregnancy

£. Volume view marked uteroplacental vascular volume in pregnancy

a, b: Preconceptional uterine vascular volume (UVV, orange)

¢, d: Total obtained utero(placental) vascular volume in pregnancy

e, f: Uterine vascular volume (blue); placental vascular volume (PVV, red); embryonic vascular
volume (EVV, green) in pregnancy

3D power Doppler ultrasound images of utero(placental) vas-
cular volumes preconceptional and in pregnancy at 9 weeks of
gestation visualized by VR.
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Role of placental, amniotic and cord blood microbiome in
the colonisation of the infant gut: a systematic review
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Background: There is increasing evidence for the potential role
of the gut microbiome in human health with decreased diver-
sity recognised as a key characteristic of a range of diseases. It is
important to understand how the microbiome develops and
possible strategies to stimulate a health promoting microbiota.
The bacterial colonisation of the infant gastrointestinal tract is a
key stage in the process, and maternal and infant events may be
important determinants of the diversity and composition of the
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microbiome. In addition to maternal faecal and vaginal transfer
at birth, it has been suggested that there is a placental micro-
biome which provides the first bacterial exposure to the devel-
oping infant prior to parturition. However, it is unclear how
robust the evidence is for colonisation of the placenta and
transfer to the infant gut, e.g. possible contamination during
sample collection/analysis and pathological infection.

A systematic review of the evidence for the placental micro-
biome in healthy mothers and possible transfer to the infant
was carried out.

Methods: Searches using PUBMED, OVID, LILACS and
PROQUEST included: (“Microbiota”[Mesh] OR “Metagen-
ome”’[Mesh] OR “Dysbiosis’[Mesh]) AND “Anti-Bacterial
Agents”[Mesh]) AND (“Infant’[Mesh] OR “Infant, Extremely
Premature”[Mesh] OR “Infant, Extremely Low Birth Weight”[-
Mesh] OR “Infant, Low Birth Weight”[Mesh] OR “Infant, Very
Low Birth Weight’[Mesh] OR “Infant, Small for Gestational
Age”[Mesh] OR “Infant, Premature”[Mesh] OR “Infant, Post-
mature”’[Mesh] OR “Infant, Newborn”’[Mesh] OR “Infant,
Premature, Diseases”’[Mesh]) ((Microbiota OR Microbiome OR
Bacteria OR Microflora OR (Gut Flora)) AND (Meconium OR
Amnion OR (Amniotic Fluid) OR (Gestational Sac) OR
(Amniotic Sac) OR Placenta OR (Cord Blood)) AND ((In utero)
OR Uterus OR Fetus OR Foetus)) AND (Umbilical cord) OR
(Blood transfer) OR (Placental circulation) OR (placental trans-
fer) OR (placental transmission) OR (Maternal-fetal exchange).
Papers were checked for duplicates and relevance by three authors
and then assessed for details of where bacteria were detected (cord
blood, amniotic fluid or placental tissue), when infant faeces were
assessed, number of samples and mothers, delivery methods,
maternal health status, pregnancy history, contamination pre-
vention during collection, sample storage and kits/processes used
for DNA/RNA extraction and bacterial identification.

Results: Twenty two papers were fully assessed and included
placental tissue, cord blood or amniotic fluid with 2-165
samples each. Methods used to extract DNA/RNA varied and
were not always stated. Characterisation of the microbiome
differed from PCR to whole shotgun sequencing. Details of
sample storage were not always clear. Few studies considered
bacterial transfer to the infant.

Conclusion: Current data are limited and more research is
needed to confirm the role and importance of the placental
microbiome.
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Objective: Maternal anxiety during pregnancy can negatively
affect fetal neurodevelopment, predisposing the offspring
to a higher risk of behavioral and emotional problems
later in life. The current study investigates the association
between maternal anxiety during pregnancy and child
affective picture processing using event-related brain potentials
(ERPs).

Method: Mothers reported anxiety during the second
trimester using the anxiety subscale of the Symptom Checklist
(SCL-90). At age 4 years, child affective picture processing
(N =86; 44 girls) was measured by recording ERPs during
passive viewing of neutral, pleasant, and unpleasant pictures
selected from the International Affective Pictures System. The
late positive potential (LPP) — an ERP component reflecting
individual differences in affective processing — was used as child
outcome.

Results: We found a positive association between maternal
anxiety during pregnancy and LPP amplitudes for neutral pic-
tures in the middle (-.243, p=.025) and late time window
(r=-.272, p=.011) at the anterior electrode location, indi-
cating that children prenatally exposed to higher levels of
maternal anxiety show a stronger neural response to neutral
pictures. These associations remained significant after adjusting
for maternal postnatal anxiety and gestational age at birth. No
significant results were observed for pleasant or unpleasant
pictures.

Conclusions: Our study provides neurophysiological evidence
that children prenatally exposed to higher maternal anxiety
devote more attentional resources to neutral pictures, but not
to unpleasant or pleasant pictures. Possibly, these children
show enhanced vigilance, resulting in a lower threshold for
appraising threat in seemingly neutral stimuli. Although useful
in dangerous environments, this enhanced vigilance may pre-
dispose children prenatally exposed to higher maternal anxiety
to developing behavioral and/or emotional problems later
in life.

Group-average (N =86) LPP amplitudes to the neutral pic-
tures of children exposed to low (blue line; N =69) and high
(orange line; N = 17) anxiety, for the
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associated with specific forms of adaptive development
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Background: The quality of prenatal maternal mental health,
from psychological stress, depressive symptoms, to anxiety and
other non-psychotic mental disorders profoundly affects fetal neu-
rodevelopment. Despite the compelling evidence for the broad
influence of maternal emotional well-being, the existing literature
focuses almost exclusively on the effects of stress or symptoms of
depression or anxiety, and does therefore not capture the full range
of mental well-being. Health is a continuum that is not defined by
merely an absence of illness or disability. Positive mental health has
been shown to be a distinct construct from absence of symptoms of
mental illnesses which predicts future mental and physical health.
Despite the evidence for the influence of positive mental well-being
on health there is, to our knowledge, no research examining the
possible effects of positive antenatal mental health on the develop-
ment of the offspring. While large-scale birth-cohort studies
emphasize the importance of maternal mental health problems,
measures of positive mental health in the study design are rarely
considered. While such measures are used to screen for symptoms
of mental disorders, it may nevertheless be possible to detect aspects
of positive mental health through latent variable modelling.
Methods: This study was part of a prospective birth cohort study,
Growing Up in Singapore Towards Healthy Outcomes (GUSTO).
The sample (7 =1066) included women who conceived naturally,
did not have any medical conditions before or during pregnancy,
and gave birth to full-term babies with normal birth weight.
Three mental health measures (i.e., Beck Depression Inventory 11
[BDI-II], State-Trait Anxiety Inventory [STAI] & Edinburgh
Postnatal Depression Scale [EPDS]) were administered during 26-
week pregnancy during the participants’ clinic visit. The responses
to the measures” items were used in bifactor latent modelling,
Mothers rated their child on the Infant Toddler Socio-Emotional
Assessment (ITESA) questionnaire at 12-months-old and the
Quantitative Checklist for Autism in Toddlers (QChat) at
18-months-old. At 24-month, and the Bayley Scales of Infant
and Toddler Development third edition (Bayley) was used to
assess the child’s development in the domains of cognition, lan-
guage, motor skills, socio-emotional behaviors and adaptability.
Results: A seven-factor bi-factor model best fitted the data. This
included a general factor and six sub-factors. Two of the sub-
factors were related to positive mental health — Positive Mood
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(FD = 0.94; oy = .51; H=0.87) and Positive Self (FD =
0.89; oy = .43; H=0.65). The reliability indices suggest that
positive mental health construct can be reliably extracted from
screening tools for depression and anxiety. A heatmap illustrates
the significant association of positive antenatal mental health with
some behaviors in children, specifically those associated with
sociability, communication and parentally-rated competence.
Conclusion: In conclusion, this study demonstrates the feasi-
bility of using common psychiatric disorders screening tools to
examine the effect of positive mental health. Moreover, the
effects of positive mental health are likely to be specific and
different from the lack of mental disorders. A deeper under-
standing of positive mental health will allow for more com-
prehensive understanding of fetal and child development.

Color Key
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interventions during pregnancy? A systematic review of the
literature.

V. Dalrymple, J. Martyni-Orenowicz, M. O’Keeffe, J. Poston
King’s College London, LONDON, United Kingdom

Background: Childhood obesity is rapidly becoming a global
pandemic, in 2015 more than 41 million children <5 years
were affected by overweight or obesity. In the UK, over a fifth
of children aged 4-5 years are classified as overweight or obese.
There is an increasingly convincing body of evidence that
obesity in children may have its origins in early life, specifically
adverse exposures during in-utero development. Cohort studies
have highlighted the association between childhood obesity
and increased maternal body mass index (BMI) and excessive
gestational weight gain. Furthermore, observational studies
suggest that manipulation of maternal diet and/or physical
activity in the antenatal period has the potential to influence
offspring growth and development and this has been shown in
experimental animals and their offspring. The maternal popu-
lation is therefore a target for prevention of childhood obesity,
and this has led to a number of randomised controlled trials
focusing on lifestyle in pregnancy. However, any lasting causal
effect on childhood obesity from these trials is currently
unknown. The objective of this systematic review was to
determine whether antenatal lifestyle interventions in pregnant
women, aimed at modifying diet and/or physical activity, lead
to a reduction in measures of offspring obesity in early
childhood.

Methods: A systematic review of the literature was completed
from 1% January 1990-31% March 2017 in MEDLINE,
Embase, and CENTRAL for antenatal interventions with
subsequent offspring follow-up publications. A hand search of
reference lists and cited articles of relevant reports and review
articles was also completed. Electronic searches identified 3361
titles and a further three trials were identified through hand
searches. Of these 145 duplicates were removed, 32 abstracts
were eligible for full-text review, KD and JMO independently
screened the relevant articles, extracted the data and assessed
risk of bias.

Results: Seven antenatal lifestyle interventions with offspring
follow-up data were identified. Four trials included women
from all BMI categories and three trials included obese women
only. The antenatal interventions were heterogeneous in terms
of intervention design, intensity and outcome measures. For
the seven offspring follow-up publications children aged
6 months—7 years, measures of obesity in the offspring
(n=1689) included, weight, BMI, weight-for-length z-scores,
skinfold thicknesses and circumferences. Two studies, focusing
on obese women only, reported reduced measures of adiposity
from 6-12 months (n=787). The remaining five studies, two
from infancy (n=500) and three (n =402) from early child-
hood found no effect on measures of obesity.
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Conclusion: For the offspring follow-up studies, there was
heterogeneity in methods and variations in reported outcomes
and studies were limited due to high rates of attrition. Measures
of obesity up to 12 months of age have been shown to be
reduced by lifestyle interventions during pregnancy in obese
women, however we are unable to draw a conclusion on the
influence antenatal interventions have on measures of obesity

in early childhood.
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Introduction: Cotinine is an objective biomarker widely
used to quantify exposure levels to active tobacco smoking
and environmental tobacco smoke (ETS). Whilst there is
good evidence that maternal self-reported smoking during
pregnancy is associated with decreased birthweight, there is
now increasing evidence for an associated increased risk of
overweight in childhood. This study aimed to examine the
relationship between maternal cotinine concentrations in
pregnancy and child weight and BMI changes from birth to
36 months of age.

Methods: There were 970 mother-child pairs identified from
the GUSTO birth cohort. Cotinine levels in maternal plasma
collected at 26-28 weeks of gestation were measured by LC/
MS/MS with a detection limit (LOD) of 0.17 ng/mL. Off-
spring weight and length were obtained at birth and at age 3, 6,
9,12, 15, 18, 24 and 36months. All subjects were categorized
into 4 groups by cotinine levels and history of ETS exposure;
Group 1: cotinine below LOD and no exposure to ETS
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(n=511); Group 2: cotinine below LOD but self-reported
ETS (n=284); Group 3: cotinine concentration 0.17-
13.99 ng/mL (n =139); Group 4: cotinine concentration equal
to or above 14 ng/mL (n=36), which is consistent with active
smoking. Age- and sex-specific z-scores for weight and BMI
were calculated using the WHO 2006 reference. The associa-
tions of maternal circulating cotinine with 1) offspring weight
(Fig. A) and BMI (Fig. B) at each time point were estimated
using multivariable regression and 2) weight (Fig. C) and BMI
(Fig. D) changes from birth to 36 months was analyzed using
linear mixed effect models.

Results: Compared with Group 1, maternal circulating coti-
nine > 14ng/mL (Group 4) was associated with a reduction of
180.8 (95% CI -309.87, -51.68) grams in birthweight and
0.44 (95% CI -0.86, -0.01) kg/m2 in BMI at birth, after
adjusting for infant sex, gestational age at birth, ethnicity,
maternal age, education level, parity and maternal BMI in the
1°* trimester. However, across 3 to 36 months, there were no
statistically significant differences in z-scores for weight and
BMI between Group 1 and Group 4. In contrast, offspring in
Group 3 had a higher z-score for BMI at 6 months [ 0.25
(95%CI10.01, 0.49)], 15 months [B 0.36 (95%CI 0.13, 0.59)],
18 months [ 0.33 (95%CI 0.33 (0.07, 0.59)], 24 months [p
0.34 (95%CI 0.08, 0.59)] and 36 months [ 0.40 (95%CI
0.15, 0.66)] compared with Group 1, amounting to an average
increase of 0.16 (95%CI 0.0002, 0.32) kg/m2 from birth to age
36 months. Over the 36 months, there was significantly faster
weight gain in Group 4 offspring and an increasingly higher
BMI in Groups 3 and 4, compared to Group 1.
Conclusions: These findings suggest that increased prenatal
cotinine exposure is associated with faster weight gain and
greater BMI in offspring during early childhood, even at rela-
tively low cotinine levels consistent with mere ETS exposure
without active smoking. Whether in utero programming is a
contributory factor to this phenomena in addition to post-natal
confounding lifestyle factors remains to be elucidated.
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Background: The prevalence of obesity amongst women of
childbearing age has increased dramatically over the past few
decades. Recent studies in the UK suggest that over half of
women are now overweight or obese during pregnancy. This is
of concern as obesity during pregnancy is associated with short
and long term consequences for both mother and child. Studies
in humans have suggested that individuals born to obese
mothers are at increased risk of cardio-metabolic disease and
death from cardiovascular disease. Studies in animal models
provide strong evidence that these effects are mediated by non-
genetic programmed mechanisms. It is critical that suitable
interventions are identified to prevent this epigenetic propa-
gation of obesity and cardio-metabolic dysfunction from
mother to child. Exercise is one potential intervention strategy.
This study therefore aimed to investigate the effect of exercise
during obese pregnancy on the cardiovascular health of the
offspring,.

Methods: A diet-induced obesity mouse model was used where
female dams are maintained on an obesogenic diet (high fat and
sugar) for approximately six weeks prior to pregnancy. For the
exercise intervention, daily treadmill exercise (5 days/week) was
started one week before mating and continued until gestational day
17 of pregnancy in obesogenic diet fed mice. Offspring of these
dams were compared to the offspring of control-fed dams. Both
groups of offspring were weaned onto standard laboratory chow fed
ad libitum. Male offspring were studied at 8 weeks of age. Cardi-
omyocyte area was assessed by manually circumscribing cell borders
of mid-cardiac sections stained by wheat germ agglutinin. Expres-
sion of genes implicated in pathological cardiac hypertrophy were
measured by RT-PCR. Blood pressure was measured non-
invasively through tail-cuff photoplethysmography.

Results: Offspring born to obese dams (ObeseOff) displayed
pathological cardiac hypertrophy, demonstrated by increased
heart weight (p <0.001) and cardiomyocyte area (p <0.05)
alongside re-expression of fetal genes including atrial natriuretic
peptide (Nppa) (p <0.001) and B-myosin heavy chain (myh7)
(p<0.05). Maternal exercise prevented all measured markers
of cardiac hypertrophy in the offspring. ObeseOff had
increased systolic blood pressure compared to control offspring
(101+2.2 versus 131£6.2 mmHg) (p<0.01). This was not
corrected by maternal exercise intervention.

Conclusions: Maternal exercise prevented the development of
cardiac hypertrophy in offspring exposed to maternal obesity.
However, offspring blood pressure remained elevated suggest-
ing that pressure overload did not drive the structural changes
in the heart. These findings demonstrate that maternal exercise
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during an obese pregnancy has therapeutic effects on the car-
diovascular health of the offspring; however further work is
needed to understand the underlying mechanisms.

LM1.03 - DOHaD Australia and New Zealand symposium
LM1.03.11

The Importance of Birth Cohorts in DOHaD Research (an
Australian and New Zealand Perspective)

B.S. Muhlhausler!, G. Singh2

" The University of Adelaide, ADELAIDE, Australia; °Menzies
School of Health Research, DARWIN, Australia

This Symposium, hosted by the DOHaD Society of Australia
and New Zealand, will highlight the critical role that long-
itudinal, and in some cases, transgenerational, birth cohorts
have played (and continue to play) in DOHaD Research in
Australia and New Zealand. The Symposium will feature pre-
sentations on several of the prominent birth cohorts from the
region, including;

The Raine cohort and the intergenerational cycle of obesity
The role of long-term cohort studies for evaluating the impacts
of ART/IVF

The Adelaide Women’s Health Study

The Aboriginal Birth Cohort

the PETS (twin cohort study)

Growing Up in New Zealand Study

The symposium will comprise of short presentations by each of
the speakers, with a focus on the role that each cohort/study has
played in supporting the DOHaD concept, and providing
evidence regarding critical windows/potential interventions.
This will be followed by a panel discussion with all speakers,
encouraging audience participation/discussion.

We look forward to welcoming you to the Symposium.

LM1.03.01

Aboriginal Birth Cohort Study

G. Singh

Menzies School of Health Research, DARWIN, Australia

Background: Aboriginal Australians fare worse than other
Australians on almost every measure of physical and mental
health. A greater burden of disease is evident at both ends of the
life course, with higher rates of preterm birth and low birth
weight babies at the start of life and higher rates of chronic
diseases such as diabetes, cardiovascular and renal disease at the
end of life. The core objective of the Australian Aboriginal
Birth Cohort (ABC) is to examine the effect of early life events
and conditions on later health in this high risk population.

Methods: The ABC is recognised as the largest and longest
running prospective birth cohort of Indigenous Australians. A
total of 686 babies born to Aboriginal mothers (a representative
sample of the 1238 eligible babies) recruited at Royal Darwin
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Hospital (RDH), between January 1987 and March 1990.
Subsequent follow-up has occurred at Wave-2 (mean age 11.4
years: 85% of living participants), Wave-3 (mean age 18.2 years:
71% of living participants) and Wave-4 (mean age 25.4 years:
71% of living participants). To date there have been 39 deaths,
therefore 647 people are available for future follow-up. Core data
obtained at each follow-up includes anthropometry (weight,
height, head, mid upper arm, waist circumferences, fat percen-
tage), socioeconomic measures, renal (size and function), meta-
bolic, cardiovascular and haematological biomarkers. Additional
markers were included. At Wave-2, puberty stage and respiratory
function were collected. Wave-3 saw expansion to include oral
health, lifestyle and emotional status, iodine status with thyroid
ultrasound, long term immunity to Hepatitis B vaccination at
birth, cognitive and novel cardiovascular markers. In Wave-4, in
addition to the above, nutritional intake, stress and inflammatory
markers were added.

Results: Fetal Growth Restriction (FGR) rates were high
(25%) and major risk factors were maternal smoking, under-
nutrition and age <20 years. At 11, 18 and 25 years partici-
pants who had been FGR at birth were still shorter and lighter
than non-FGR babies. Although undernutrition is still present
at 25 years in this population, the rates of overweight are rising.
The high risk combination for chronic disease, of FGR with
later obesity, was rare in this cohort. The prevalence of chronic
disease markers at adolescence and young adulthood was low.
In cross-sectional analyses, current weight and not birth weight
has been the predominant determinant of early biomarkers of
chronic disease. Predictors of chronic disease risk factors, par-
ticularly as they relate to chronic kidney disease will be dis-
cussed in greater detail.

Conclusions: Although the prevalence of chronic disease
markers at adolescence and young adulthood was low, these are
increasing with age. Current weight continues to be the pre-
dominant determinant of biomarkers of chronic disease. The
major strengths of the study are the availability of reliable
gestational age, the direct standardised collection of compre-
hensive health data obtained via face-to-face health checks by a
core group of trained researchers and excellent retention rates

despite logistical challenges.

LM1.03.03

Growing up In New Zealand Study
S. Morton
The University of Auckland, AUCKLAND, New Zealand

Background: New Zealand is regarded as a “great place
to raise kids”, but international rankings of child health tell a
different story. New Zealand children rank bottom of 24 OECD
countries for non-intentional injury, infant mortality and
immunisation rates. Hospitalization rates for respiratory and skin
infections are twice those of Australian children. Overall popu-
lation statistics hide large health inequalities, with Maori and
Pacific children most vulnerable to a poor start to life.
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Method: Growing Up in New Zealand is the contemporary
longitudinal cohort study that tracks the health and develop-
ment of 6853 NZ children from born in 2009 and 2010, in the
context of their diverse families and their wider social envir-
onments. The longitudinal study was explicitly established to
provide population relevant evidence to inform new cross-
sectorial policies that could improve population wellbeing and
reduce inequalities in health and development from birth.
Information is currently available from children, families and
routine record linkage over their first five years of life. Factor
analysis and stepwise multivariable regression were used to
examine the capacity of twelve routinely available antenatal
maternal factors to define population sub-groups of NZ
children most vulnerable to poor health and development from
before they were born. Risk factors included teenage mother-
hood, lower socioeconomic status, partnership status for
mothers, antenatal maternal depression and maternal smoking.
Results: Risk factors for vulnerability clustered with no single
risk factor being sufficient alone to efficienty identify
vulnerable population sub-groups of pregnant mothers. Three
common clusters occurred however which together explained
just less than 50% of the population distribution of all factors.
Using longitudinal exposure data over the first 1000 days of life
we noted that cumulative exposure identified vulnerability
more efficiently than any single time point, and also that Maori
and Pacific mothers and children experienced the greatest
cumulative burden of adversity. Exposure to a greater cumu-
lative exposure in the perinatal period in particular was asso-
ciated with lower birth weight, reduced breastfeeding duration
more childhood infections and admissions to hospital as well as
with more likelihood of abnormal behaviours in the pre-school
period.

Conclusions: Identifying vulnerable children effectively from
before their birth using clusters of routinely available maternal
risk factors offers an opportunity to optimise life course well-
being and give all NZ children the best start in life. Using
multi-disciplinary population relevant evidence on a cohort of
almost 7000 NZ pre-school children it is clear that cumulative
exposure to disadvantaged environments from before birth
leads to some population subgroups in New Zealand falling
behind before they can even begin life’s race. Additionally the
information from the cohort about “what works” for children
who are resilient in the face of this cumulative adversity can
provide us with novel ways to support all NZ children and
families better right from the start.

LM1.03.05

Studies of the role of epigenetics in the early life origins of
disease using a twin cohort

J.M. Craig
Murdoch Childrens Research Institute, MELBOURNE, Australia

Background: The Peri/postnatal Epigenetic Twins Study
(PETY) is a unique cohort of 250 mothers and their twins.
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Women were recruited from three Melbourne hospitals mid-
way through their second trimester, which enabled measure-
ment of maternal shared and fetal nonshared factors at multiple
time points. We collected multiple biospecimens at birth (cord
blood, cords, placenta and buccal tissue) and repeat samples
when twins were 18 months of age (blood and buccal swabs)
and 6 years of age (blood, buccal swabs, saliva, tooth plaque,
stools). Our aim is to use the power of twins to shed light on the
early life origins of chronic diseases, for example, using a
within-monozygotic-twin pair design to study the role of
nonshared environment - the largest component of variation of
NCDs —in DOHaD. Specifically we are investigating the effect
of environment in the first 1000 days of life on epigenome and
microbiome complexity and on specific outcomes including
oral health, BMI, blood pressure, and neurodevelopmental
disorders in children.

Methods: We performed both gene-specific and genome-wide
analysis of the epigenetic mark of DNA methylation in multi-
ple cell types using Sequenom MassArray EpiTyper and Illu-
mina Infinium arrays. Data were regressed against multiple
shared maternal factors (e.g. IVF, folate intake, gestational
diabetes) and placenta weights, specific to each twin. We ana-
lysed microbiomes using 16S rRNA sequencing.

Results: Twin pairs exhibited a wide range of within-pair epi-
genetic discordance at birth, which overlapped with that observed
between unrelated individuals. Using gene-specific analysis we
found that that certain gene ontologies are consistently variably
methylated within pairs in all tissues, and that genetic and
intrauterine environmental influence on DNA methylation var-
ied throughout the genome. Using regression analysis, we iden-
tified genes whose expression and methylation levels correlated
with birth weight in MZ pairs. These were enriched in functions
related to nutrient metabolism and response to environmental
agents. We also found an associations between placental weight
and gestational diabetes and DNA methylation at birth and
tissue-specific association with other factors. Similarly to the
epigenome, the largest component of variation in the plaque
microbiome, was nonshared environment.

Conclusions: Our data support the idea that genetic, shared
(maternal) and nonshared (placental) environmental factors
impact on the developing epigenome and microbiome, with the
largest component being nonshared environment. They also
suggest that multiple early environments may be epigenetically
reprogramming genes involved in metabolism, which may pro-
vide a mechanism for the early origins of cardiometabolic disease.

LM1.03.07

Fertility in the fast lane: 21st Century technologies and
reproductive outcomes

M. Davies
Robinson Research Institute, ADELAIDE, Australia

Technological innovation has transformed patterns of fertility
globally, with improved perinatal outcomes. However, the
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same period has seen older age at birth, increased use of assisted
reproductive technologies, and epidemics of adverse lifestyle
factors such as obesity.

Research on the impact of these factors on the reproductive
health of contemporary women and the future health of their
children is fragmented, giving rise to poorly focussed and
inefficient interventions. This presentation integrates a series
overlapping cohort studies drawn from the same population
base to develop a synthetic lifecourse cohort to identify envir-
onmental factors that contribute to impaired infertility, adverse
pregnancy outcomes after infertlity treatment, and the
consequences of treatment for the enduring health of the
offspring,.

We have identified the impact of work-place conditions,
specifically night shift, on female reproductive health and need
for infertility treatment; the contribution of maternal factors,
such as obesity to growth trajectories and child obesity and
subsequent PCOS; and the contribution of assisted reproduc-
tive technologies such as IVF to adverse outcomes for mother
and child including low birth weight, low gestational age,
neonatal death, cerebral palsy, and birth defects.

LM1.03.09

The Western Australia Pregnancy Cohort (Raine Study)
and the Intergenerational Cycle of Obesity

R.C. Huang

Telethon Kids Institute, University of Western Australia, PERTH,
Australia

Background and Methods: Between 1989 and 1991, 2900
pregnant women volunteered to be part of the study and were
randomized to receive a single prenatal ultrasound scan at
18 weeks pregnancy or 4 scans at 18, 24, 28 and 38 wecks
gestation. 2868 babies were born within the study and were
examined on the first or second day after birth by a child health
nurse. The families then continued with follow-up assessments
of their babies. Follow-ups have occurred with these children at
2,5,8,10, 13, 17, 18, 20 and 22 years-old including anthro-
pometry and blood pressure each time. Ultrasound, DXA and
MRI measures of adiposity were undertaken at 17, 20 and 22
years-old respectively. Illumina Infinjum HumanMethyla-
tion450 BeadChip analysis was undertaken on 1192 indivi-
duals at 17 years-old. Between 2014-2017, generation 1
(parents of the Raine Study participants) were invited for
assessments including a DXA scan, blood pressure, anthropo-
metric testing, and accelerometry. Currently, generation 3
(children of the Raine Study participants) are being invited for
assessment.

Results: Investigations from the Raine Study showed for the
first time in a western population that both extremes (low and
high) birth weight were risk factors for cardio-metabolic disease
(U-shaped relationship), confirming that fetal programming
occurs in a modern, Western human population. The effects of
early life environmental risk factors (such as pre-pregnancy
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maternal obesity, gestational weight gain, hypertension/pre-
eclampsia, and duration of breast feeding) have been demon-
strated in the Raine Study. A further critical window for
potential intervention that has been heavily investigated in the
Raine Study is that of adolescence. In adolescence, the role of
smoking, passive exposure to smoking, physical activity levels,
alcohol, dietary fructose, depressive and aggressive behaviors,
and oral contraception have been demonstrated to affect
cardio-metabolic risk. Gender was frequently shown to affect
response to these environmental influences. For example
females, but not males, who were exposed to passive smoke or
smoked themselves had lower HDL-cholesterol at 17 years-old.
Genetic and epigenetic influences on fetal programming have
also been explored, with contribution to identification of new
SNPs and CpGs associated with obesity, and further under-
standing that preeclampsia and cardiovascular risk share genetic
risk factors. Current focus is on dissecting out the interplay
between fixed genetic influences, epigenetics and the early life
environment on subsequent obesity, using higher order —
omics data.

Conclusions and Discussion: These data from the Raine
Study have contributed to providing evidence for critical win-
dows and potential interventions. The data provides detail
pertaining to stratification (for example, by sex) of responses of
environment upon obesity-related disease. This generates
hypotheses for optimizing and targeting interventions. An
important future direction for the Raine and other cohort
studies is in contribution to individual participant data (IPD)
meta-analyses. The Raine Study is a partner of the LIFE-
CYCLE project (EU Horizon2020) (2017-2021), which
includes European, UK and Australian pregnancy and child
cohort studies combining data on over 250,000 children and
their parents. It aims to provide robust evidence on the early life
stresses which may affect health trajectories throughout life.

LM1.04 — DOHaD Africa symposium
LM1.04.01

International Society of Developmental Origins of Health
and Disease: Launch of the DOHaD Africa Chapter

S.A. Norris'

'MRC Developmental Pathways for Health Research Unit,
Department of Paediatrics, University of the Witwatersrand,
Johannesburg, South Africa

Africa faces muldple burdens (infectious and non-
communicable diseases). From substantial evidence linking
maternal and nutrition exposures that occur during pregnancy
and infancy to adult health and disease, the aim of the DOHaD
Africa Chapter is to: (i) increase the exposure of DOHaD sci-
ence across the continent; (i) see more African researchers
contributing to DOHaD; and (iii), applying a DOHaD fra-
mework to aid the achievement of the Sustainable Develop-

ment Goals, and assist in improving health across generations.
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To increase DOHaD research and its application in Africa, we
need to mobilise multisectoral partners, utilise existing data and
expertise on the continent, and foster a new generation of
young African scientists engrossed in DOHaD. This session
marks the launch of the Chapter with information around the
Chapter, and invited presentations addressing the value of
DOHaD science for Africa, and the importance of integrating
maternal mental health into the DOHaD scientific agenda.

LM1.04.08

Association between maternal and household
socioeconomic status with birth and infant growth
outcomes in sub Saharan Africa: a systematic review and
meta-analysis

N.B.C. Bwangandu, D.M. Douglas, L.C. Lumbwe,
S.N. Shane, R.S.M. Rihlat

University of Witwatersrand, JOHANESBURG, South Africa

Background: Preterm birth (PTB) and infant malnutrition
remain the leading cause of death of children under five years of
age in sub-Saharan Africa (SSA), with almost half (49%) of
these deaths occurring within the first year of life. If the critical
period of growth and development is identified in the first
1000 days of life (from the conception to two years of life), the
critical period of life where a majority of deaths appears still
between the birth to one year of life. Maternal undernutrition
has an impact to the nutritional status of fetus, newborns and
infants. Socioeconomic status (SES) has been shown as a
determinant of overall health status (maternal and child);
however, little is known on the relationship between maternal
and household SES and both birth outcomes and infant growth
during the first two years. There is no consensus about how to
evaluate the SES in different context and, any study has focused
on both these outcomes regarding the particular first year of
life. This systematic review (SR) and meta-analysis assesses the
association between maternal socio-demographic character-
istics and household SES under two years of life in sub Saharan
Africa, and the following outcomes: Preterm Birth (PTB), low
birth weight (LBW), small for gestational age (SGA), stunting,
wasting and underweight. Socioeconomic factors will include:
maternal education, employment, marital status, household
assets, household size and income.

Methods: A SR protocol was developed apriority, and regis-
tered on Prospero. Three electronic databases (Pub med, Sco-
pus and Science direct) were used for looking for published
citations. The combination of keywords was identified at the
same time the SES (maternal education, maternal occupation,
income, marital status, household wealth), the form of out-
comes (low birth weight, small for gestational age, preterm
birth, stunting, wasting, underweight) and Africa. All identified
citations were imported into Endnote reference manager and
assessed by two independent reviewers (NBC, MD). Eligibility
criteria include all studies published from 1990, dealing with
association between pre-specified maternal or household SES
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and outcomes and, leading in sub Saharan African countries.
Then, full texts of included relevant studies were retrieved. The
quality of their body evidence is systematically assessing by the
Agency for Healthcare Research and Quality (AHRC)
approach. Pre-defined relevant SES and outcome data were
extracted by NBC and MD, and are being summarized, syn-
thesized and statistically combined using a meta-analysis. This
SR will be reported according to the (PRISMA) guideline.
Results: The search identified 1969 citations, [Scopus =1051
(53.4%), Pub med = 816 (41, 4%), Science direct = 102
(5,2%)], of which 1141(58%) duplicate references where
excluded, 828(42%) citations were screened for final inclusion
into the review.

Conclusion: The results of the review are to follow.

LM1.04.10

Proposal to investigate the iodine status and thyroid
function of South African pregnant women and the impact
on their offspring

J. Osei', C.M. Walsh', J. Baumgartner

! University of the Free State, BLOEMFONTEIN, South Africa;
2 North-West University, POTCHEFSTROOM, South Africa

Background: During pregnancy requirements for iodine is
increased due to increased maternal thyroid hormone produc-
tion and several other factors. In South Africa pregnant women
are not routinely screened and monitored for iodine status,
possibly because iodization of household salt is mandatory.
Therefore data on iodine status among pregnant women are
scarce. Throughout pregnancy, iodine is crucial for the synth-
esis of maternal thyroxine, which is transferred to the foetus in
early gestation and is essential for foetal growth and brain
development. Deficiency during this crucial period may lead to
irreversible brain damage, and also low birth weight in infants.
We will assess iodine status including thyroid hormone func-
tion throughout gestation, and further determine associations
with offspring growth and development from birth until late
adolescence. This study will be nested within a larger birth
cohort study (Future Impact Today), aimed at investigating the
impact of early environment on the short and long-term out-
comes of health and wellbeing.

Methods: The proposed research will be designed as a long-
itudinal observational cohort. Pregnant women (before
14 weeks gestation) and later their new born infants
(n=3000), will be recruited from two areas in the Free State
Province, South Africa. These areas will allow for urban and
rural comparisons. Data on iodine intake and thyroid func-
tioning will be collected and analysed in seven stages:
(1) Antenatal (during each trimester); (2) Birth; (3) Follow up
after delivery; (4) Early childhood— 2 to 6 years; (5) Late
childhood- 7 to 10 years; (6) Early adolescence— 11 to 15 years;
and (7) Late adolescence— 16 to 20 years. Spot urine samples
will be collected from pregnant women and offspring for
assessment of urinary iodine concentration (UIC). For thyroid
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hormone analysis, blood will be collected from mothers during
each trimester and at 3 and 6 months postpartum. In the off-
spring, thyroid stimulating hormone, thyroglobulin and thyr-
oxine will be measured in cord blood samples obtained at birth.
From 3 months and older, whole blood will be obtained.
Anthropometric indices will be measured to determine growth
and development.

Results: Although our previous research in 100 lactating South
African women showed general adequate iodine status, 39% of
the studied mothers were iodine deficient. The median UIC in
these mothers was 118pg/L, and iodine-to-creatinine ratio
126pg/g. Research in the UK found associations between low
iodine status in early pregnancy (<150pg/g urinary iodine-to-
creatinine ratio) and lower verbal 1Q reading scores in the off-
spring. For this proposed study, we expect to find poor iodine
status throughout pregnancy as a result of increased iodine
needs. We hypothesize poor maternal iodine status to be asso-
ciated with a higher risk of adverse obstetrical outcomes such as
preeclampsia, stillbirth, and reduced foetal growth leading to
low birth weight and possibly poor postnatal linear growth.
Conclusions: It is crucial to determine iodine status in preg-
nancy to avoid potential detrimental effects of deficiency on the
offspring. This research will generate data that will subse-
quently inform health policy makers about the effectiveness of
the mandatory salt iodization program for pregnant women in

South Africa.

LM1.05 - DOHaD Japan symposium
LM1.05.01

Nutritional Perspectives on maternal and child health in
Japan for strategic transforming lifestyle and dining

H. Fukuoka', H. Hamano', M. Nakanishi?, K. Yasuda?,
S. Minoura?, T. Ozaki®

"Waseda University, TOKYO, Japan; °National Center for
Global Health and Medicine, TOKYO, Japan; > Mitoyo and
Kanonji City Medical Association, KAGAWA, Japan

NCDs (Non communicative diseases) are the leading causes of
death and disability, and show an increasing tendency. The
number of NCDs patients are predicted to increase 1.7 to 1.8
times in 20 years, especially in the developmental countries.
Without prevention of these diseases, the economic and social
progression cannot be expected in each country. The fetal
exposure in utero to undesirable environment, including
nutrients, chemicals, or psychologic stress would cause epige-
netic modification, and post-delivery interaction between
environments and the epigenetic change would induce diseases.
In Japan the incidence of low birth weight infant (LBWI) has
been staying high around 9.6%. One factor determining the
birthweight is the maternal BMI at conception. Rate of 20’s
slim female, BMI under 18.5, is 21.5% in 2013. Analysis of the
huge physical examination for life-style-related-diseases in
children in Kagawa disclosed that the optimal maternal BMI
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should be over 21.3 for reducing LBWI from 9.6% to under
5.0%. In addition, there appeared undesirable circumstances,
namely slightly increasing incidence of spina bifida (SB) and
rickets. We worked to elucidate the real causes through the
nutrition survey of maternal and fetal nutritional state in the
peri-conceptional and perinatal stage including cord blood.
The following nutrients were studied through the ques-
tionnaire of nutrient intake and blood analysis, such as nutri-
ents controlling one carbon metabolism (OCM), carbohydrate,
vitamin A, vitamin D, and lipids. Intake of folic acid and
vitamin B12 is reported to be preventive of SB or autism for the
children with specific gene polymorphisms. Compared with a
decade ago the level of folic acid in early gestational age was
higher and that of homocysteine was lower, without any change
of Vitamin B12. These results would be imagined to lower the
incidence of this anomaly. By contraries, that has been still
increasing slightly. We should study other mechanism than
OCM as causing SB. The glucose is an important nutrient as
histone cord. The average intake of carbohydrate and total
energy was lower and did not changed during pregnancy. and
10% pregnant mothers were disclosed to be in the state of
ketosis. Average 25(OH)D level was lower than the criterion
value of vitamin D deficiency under 20 ng/mL and all mothers
were in the VDD. And even the cord 25(OH)D level was in
VDD. For prevention of these diseases and reducing LBMI,
repeatedly nutritional education should be done for the female
young generation and pregnant mothers.

LM1.05.03

Fetal exposure to PCBs and alteration of DNA methylation
in umbilical cord found in birth cohort in Japan

C. Mori
Chiba University, CHIBA CITY, Japan

Background: In the previous studies, we have reported that
environmental contaminants such as polychlorinated biphenyls
(PCBs) were detected in maternal blood, umbilical cord and
cord blood (Fukata et al., 2005). PCBs are concerned to affect
human reproductive and developmental health because of their
endocrine-disrupting effects (Mori & Todaka, 2011). A birth
cohort study, Chiba Study of Mother and Children’s Health
(C-MACH), focusing on environmental health effects on
fetuses and involving multiomics analysis has been conducted
since 2014 (Sakurai et al, 2016). As European birth cohorts
using a meta-analysis indicated a negative relationship between
PCB exposures with birth weight (Govarts et al. 2012), in
C-MACH also, it was revealed that the maternal PCB exposure
caused low birth weight of newborns (Eguchi et al, 2017).
It is possible that the fetal PCB exposure might inhibit the
healthy growth of fetuses through epigenetic alteration (Fukata
and Mori 2004). However, the association between maternal
PCB levels and fetal DNA methylation tendency has not
been studied well. In this study, we investigated the relation-
ship between PCB levels in maternal serum and DNA
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methylation tendency in cord tissue (a part of fetus) using
450K-methylation array analysis.

Methods: In this study, cohorts from C-MACH participants
were used for investigating PCB levels in maternal serum and
DNA methylation tendency of cord tissue. Human serum
samples (23 maternal sera: sampling at a gestational age of
32 week) and paired cord tissue (n=23) were collected from
participants (Sakurai et al. 2016). Informed consent was
obtained from the participants. DNA methylation analysis was
performed as previously described (Tachibana etal. 2017). The
DNA methylation profiles of the umbilical cords were deter-
mined using the Infinium Human Methylation450 BeadChip
(Illumina). The methylation levels at each CpG quantified with
average B values were calculated using GenomeStudio 2011.1
(Module M Version 1.9.0; Illumina). This study was approved
by the Biomedical Research Ethics Committee of the Graduate
School of Medicine, Chiba University (ID 451, 462 and
ID 502).

Results: The average age, pre-pregnancy body mass index
(BMI), parity, and serum PCB concentrations in mothers of
the participants were 32.4 years old (standard deviation [SD]:
3.58),20.6 (SD: 2.54), 1.09 (SD: 1.35) and 0.36 ng g-1 wet wt
(SD: 0.18), respectively. In this prediction model, DNA
methylation levels of six CpG sites in cord tissue (cg20778915,
cg10967430, cg04072301, cgl2564102, cg04444959, and
cg08695418) were related with PCB levels in the maternal
serum. Methylation tendency of ¢g20778915, cgl2564102,
cg04444959 and cg08695418 were positively and cg10967430
and cg04072301 were negatively related with maternal PCB
levels.

Discussion and conclusions: These methylated sites might
affect angiogenesis, glycolysis, and myoblast differentiation,
indicating maternal PCB levels might be related to their off-
spring’s DNA methylation tendency. It is possible that these six
sites might be biomarker of negative health effects on the next
generation.

LM1.05.05

Understanding of DOHaD concepts in Japanese pregnant
women studied using a standardised questionnaire for
international comparison

O. Masahito’, A. Lim?, R. Dixon?, C. Wall?, J. Bay”

IFujz' Women’s University, ISHIKARISHI, Japan; ZUﬂivem'Zy 0f
Auckland, AUCKLAND, New Zealand

Background: Evidence to support the DOHaD theory
accumulates, and preemptive medicine for prevention of non-
communicable diseases (NCDs) is needed. In Japan, there is
growing concern that high proportions of thin women in their
twenties and thirties, and of low birth weight infants may lead
to an increase in NCDs in the future. This research is part of a
collaborative research: International Comparative Project on
Understanding of DOHaD, between University of Auckland
and Fuji Women’s University. The purpose of this study is to
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obtain basic data on understanding of DOHaD concepts in
pregnant women in Japan.

Methods: The targets are all pregnant women (about 300/year)
in Ishikari-shi (population approximately 59,000), Hokkaido,
Japan. When they notified the municipal office of their preg-
nancy and received maternal and child health handbooks, they
were asked to answer a questionnaire. The questionnaire con-
sists of ten statements utilizing Likert attitude scales and con-
tains the statements that the food a mother eats during
pregnancy affects the health of the baby during the pregnancy,
the first two years of their life, throughout childhood, or
adulthood. The response choices were Strongly Agree, Some-
what Agree, Don’t know, Disagree, and Strongly Disagree. The
survey using the questionnaire started from June 2016 and is
still in progress.

Results: From June 2016 to March 2017, thirty-four pregnant
women answered the questionnaire and the response rate was
17.4% (the total number of pregnant women was 195). The
pregnant women recognized that a mother’s nutrition during
pregnancy impacts the health of her fetus. However, they have
limited awareness of the association between early-life nutrition
and later-life NCD risk. Furthermore, they perceived that
nutrition until two years of life has less impact on life-long
health than on childhood health.

Conclusion: Japanese pregnant women in this study consider a
mother’s nutrition during pregnancy to be a much less
important influence on lifelong health than on health during
fetal period. Dissemination of DOHaD concepts to the Japa-
nese society and introduction of DOHaD education to a wide
range of health professionals may be warranted.

LM1.05.07

A maternal diet with moderately high-fat modulates
adipose gene expression of glucose, lipid metabolism in the

offspring

T. Sugiyamal, T. Umekawa?, K. Tsuiji3 , Y. Uchikura®,
K. Takagil, Y. Matsubara!, K.M. Matsubara’

! Ehime University Graduate School of Medicine, TOON, Japan;
°Mie University Graduate School of Medicine, TSU, Japan;
3 Tohoku University Graduate School of Medicine, SENDAL

Japan

Background: Maternal dietary modifications determine the
susceptibility to metabolic diseases in adult life. We investi-
gated the effect of maternal moderately high-fat diet on gene
expression of adipose tissue in her offspring. Methods: Female
6-weeks-old mice were fed either normal chow diet (ND:
10 kcal% fat) or high-fat diet (HFD: 45 kcal% fat) for 4 weeks
before mating and throughout pregnancy. Gene array experi-
ments were performed in the visceral fat tissue of the male
offspring mice.

Results: At 10-week-old, the weight was not different between
the ND and HED offspring. However, systolic blood pressure
was significantly higher in the HFD offspring than in the ND
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offspring. Although glucose tolerance was significantly lower in
the HFD offspring than in the ND offspring, insulin tolerant
test did not show significant difference among two groups. Re-
feeding test for offspring from the HFD group showed more
insulin resistant in lipid metabolism compared with that in the
ND group. Database for Annotation, Visualization and Inte-
grated Discovery analyses indicated that all differentially
expressed genes of the offspring between the two groups were
mapped to some pathways. Not only lipid pathways including
free fatty acid and cholesterol, but also carbohydrate pathways
including glycolysis and gluconeogenesis were modified by
high-fat diet pregnancy mice model.

Conclusions: A maternal high-fat diet before and during
pregnancy can modulate adipose glucose, lipid homeostasis,
and gene expression in lipid signaling pathway.

LM1.05.09

Undernourishment in utero as well as endoplasmic
reticulum stress alleviation affects lipid profile of the mice
fatty liver

H. Itoh', N. Masaki', J.F. Urmi', K. Muramatsu-Kato',
Y. Kohmura—Kobayashil, K. Mochizuki?, K. Kubota®,
N. Kanayama'

! Hamamatsu University School of Medicine, HAMAMATSU,
Japan; ° University of Yamanashi, KOFU, Japan; > Seitoku
University, MATSUDO, Japan

Background: Recently we reported that the undernourishment
in utero primes hepatic steatosis under obesogenic diet and
alleviation of Endoplasmic Reticulum (ER) stress by a chemical
chaperon improved the adversity in mouse model (Scie
Reports; 16867,2015). Hepatic steatosis was reported to be
related to the defects in metabolic pathways that involve
hepatic accumulation of Lipid Droplets (LD) however the
underlying pathophysiology is unknown. To evaluate the
mechanism underlying we aimed to study the cell size and ratio
of lipid deposition in the hepatocytes of undernourishment 77
utero and performed Liquid Chromatography Mass Spectro-
metry (LCMS) to identify defect in metabolic pathways.

Method: The study included sampling of blood and liver of
CNS57Bl mice (n=16) aged 22 weeks, pups (group A; n=38)
obtained from dams with free access to food with normal
nutrition (NN) and pups (group B; n=8) from dams with
40% caloric restriction with undernutrition (UN). After
weaning (upto 8 weeks) pups were fed high fat diet (HFD)
through 22weeks and from 17weeks onward we have sub-
divided both group to vehicle (Veh) and Tauroursodeoxycholic
acid (TUDCA, a chemical chaperon of ER stress) admini-
strated group. Then we randomly selected 4 pups per each
group and measured liver weight (gm), liver weight-
bodyweight ratio (%), Triglyceride content (mg/gm tissue),
total Triglyceride (mg) were measured. Slides were stained with
Hematoxylin and Eosin (HE) and Oil Red O stain and using
WinRoof software we have calculated (in 3.88mm? field per
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slides) the mean size (Um?) of the hepatocyte, percentage of the
area of lipid deposition per cell size (%) and area of lipid
deposition per cell numbers (um?/cell number). LCMS was
done by Q Exactive Benchtop Orbitrap LC-MS/MS System
(Thermo fisher).

Result: In UN in wutero pups Liver weight, liver weight-
bodyweight ratio, Triglyceride content and total Triglyceride
amount (P < 0.0001) was significantly elevated. Moreover UN
in utero induced enlargement of hepatocyte size (group A [NN]
vs group B [UN]; mean size=1745%187(SD) um?
2250+ 147um?, p<0.01, respectively) and increase lipid
deposition by 63.7% (group A [NN] vs group B [UN]
35.4+12.8%, 46.4+7.8%, p<0.01). Intriguingly adminis-
tration of TUDCA improved the condition by reduction of
cell size by 19.33% (P> 0.05) and lipid deposition by 82.2%
(P <0.001) (group B[UN-Veh] vs group B[UN-TUDCA]).
LCMS analysis showed that UN in utero increased 9 lipid
metabolites, 7 of them were significantly reduced by TUDCA
treatment; however 2 of them further increased with all the
improvement of total triglyceride deposit. On the other hand
UN in utero also caused reduction of 14 lipid metabolites all of
which were increased by TUDCA administration. Their
direction of changes was totally opposite to the changes of tri-
glyceride deposit, suggesting the dynamic changes of lipid
composition during the deterioration as well as improvement of
hepatic fat deposit induced by undernourishment i utero or
ER stress alleviation. Conclusion: Undernourishment iz utero
significantly enlarged hepatocyte and aggravated intercellular
lipid deposition in later life, concomitant with dynamic chan-
ges of lipid composition, presumably via integration or alle-
viation of local ER stress.

LM1.05.11

Japan Environment and Children’s Study (JECS) - Study
design and present status

M. Kamijima', S.N. Nakayama®, T.K. Kawamoto®

INag@/ﬂ City University Graduate School of Medical Sciences,
NAGOYA, Japan; ?National Institute for Environmental Studies,
TSUKUBA, Japan; > University of Occupational and
Environmental Health, KITAKYUSHU, Japan

Background: With increasing public concern over environ-
mental effects on children’s health and development, recent
political initiatives have encouraged research on children’s
environmental health. Especially a series of the G7/8 Envir-
onment Ministers’ Meetings have emphasized the importance
of international cooperation on securing safe environment for
children and future generations. The G7 Environment Minis-
ters’ Meeting held in Toyama, Japan in May 2016 reaffirmed
their commitment to the better understanding of chemical risks
on children’s health and development. Taking this movement
into consideration, many children’s studies have been con-
ducted worldwide. In Japan, the Ministry of the Environment
started a nationwide 100,000-scale birth cohort study named
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Japan Environment and Children’s Study (JECS) in 2011.
JECS is designed to evaluate the effect of the environment on
children’s health and development. This presentation aims to
report the study design and the present status of JECS.
Methods and Results: Expecting mothers were recruited for
JECS in 15 Regional Centers located nationwide. The Main
Study involves all the 100,000 participants. The Sub-Cohort
Study are formed with 5,000 children extracted from the Main
Study. The health outcomes are measured primarily through
questionnaires and medical record transcriptions, while medical
examination and clinical blood testing are also performed. JECS
priority health outcomes are: Reproduction and pregnancy
complications; congenital anomalies; neuropsychiatric/develop-
mental disorders; allergy and immune system disorders; and
metabolic and endocrine system dysfunctions. In JECS, the
environment is defined broadly such as global/ambient environ-
ment including chemical substances and physical conditions,
built environment, behaviours/habits, socio-economic factors,
family/community support and genetic factors. The exposure
assessment is conducted through chemical analyses of biospeci-
mens collected from the participants (pregnant women, their
children and the children’s fathers), questionnaires, environ-
mental monitoring and modelling/computer simulations. The
biospecimens include blood, urine, umbilical cord blood, breast
milk and hair. For the Sub-Cohort Study, more extensive
methods of measurement for both environmental factors and
health outcomes are employed, such as ambient air monitoring, a
neurodevelopmental test, pediatricians’ examinations and blood
tests. Maternal whole blood samples of the mid-late trimester
period from all participants were analyzed for mercury, lead,
cadmium, manganese and selenium. Nicotine metabolite, i.e.
cotinine, was measured in maternal urine samples from all par-
ticipants as well. Completed was the collection of outcomes
related to pregnancy, birth and congenital anomalies. In March
2014, the three-year recruitment was completed, achieving the
target of 100,000 registration of pregnant women. As of July
2017, children have become 3-6 years old, and more than 90% of
the participants are being followed.

Conclusions: JECS is successfully in progress, and expected to
identify environmental factors that affect children’s health and
development. The mission of JECS is to provide scientific basis
to decision makers who design better chemical risk manage-
ment strategies.

PA1.06 — Genetics of DOHaD
PA1.06.01

Mendelian Randomisation in a DoHaD context: what does
this mean?

N. Timpson
Integrative Epidemiology Unit at the University of Bristol, UK

Mendelian randomisation (MR) has become increasingly
popular as an analytical technique in epidemiology given the
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relative efficiency of the method and the chance of asserting
causality in otherwise complex epidemiological problems. In
simple form, a genetic proxy for a risk factor of interest is used
to re-estimate observational associations between that risk fac-
tor and a health outcome. Despite the relative lack of analytical
power and the complexities of genetic effects, the potential
benefits of a randomly assigned well measured risk factor proxy
are substantial and can lead to causal estimates where other
approaches cannot. In a developmental origins model, MR can
play a role and be a tool for unpicking the importance of early
life factors in shaping later life outcomes. I will describe three
scenarios where this is pertinent, but also where there are
complications to the application of MR that need to be con-
sidered. The three scenarios follow: (i) using genetic predictors
of environmental risk factors for the foetus in utero, (ii) using
genetic predictors for birthweight on applied genetic epide-
miology (and potentially MR) and (iii) analysis of the impact of
adult derived genetic predictors or cardiovascular risk in early
life. These examples each have the ability to comment on the
importance of early life events. In utero exposures can be
modelled causally in light of later life outcomes, though have
the complications of parental genotype correlation; birthweight
predictors from genomewide association study analyses exit,
but have complex meaning when considering developmental
trajectory; adult genetic predictors are manifest in early life, but
note the lack of temporal consistency in genetic effects. Toge-
ther these will give an illustration of what MR means in a
DoHaD context and advance the potential, but also the com-
plications of MR application.

PA1.06.03

Assessing causality in associations between maternal
adiposity and perinatal birth outcomes in mothers and
offspring: A Mendelian randomization approach

M. Taylor', M.C. Borges', R.C. Richmond', J. West?,
R. McEachan?, J. Wright®, D.A. Lawlor'

! University of Bristol, BRISTOL, United Kingdom;
°Bradford Institute for Health Research, BRADFORD,
United Kingdom

Background: Observational studies consistently suggest that
maternal obesity is related to a number of adverse perinatal
outcomes. However, which of these are causal and which are
due to confounding is unclear. We aimed to carry out
Mendelian randomization (MR), which uses genetic variants
robustly associated with the exposure of interest as instrumental
variables (IV), to determine the causal effect of maternal BMI
on a number of obstetric and perinatal outcomes.

Methods: Data from the Avon Longitudinal Study of Parents
and Children and the Born in Bradford cohort (White Eur-
opean individuals only) were used (N=3,554 to 9,480 for
different outcomes). First, multivariable regression associations
between maternal BMI and each outcome was examined
adjusting for a range of potential confounders. Second, we used
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97 established genetic variants that have been shown to be
robustly associated with BMI in a weighted allele score in inverse
variance IV analyses to obtain causal estimates of maternal BMI
on each of the outcomes. We used MR-Egger and weighted
median IV analysis in sensitivity analyses to explore potential bias
due to horizontal pleiotropy. For outcomes where offspring
genetic predisposition for BMI was likely to play a role, MR
analyses were adjusted for offspring genotype.

Results: In standard multivariable analysis, a 1 standard
deviation (SD, -4.95kg/m2) increase in maternal BMI was
associated with a 0.12 SD (95% CI 0.10-0.14) increase in
offspring birthweight, 1.64 (95% CI 1.57-1.75) greater odds of
gestational hypertension, 1.34 (95% CI 1.25-1.43) greater
odds of induced labour and 1.36 (95% CI 1.28-1.46) greater
odds of macrosomia. In MR analyses using the 97 variant
genetic risk score, a 1 standard deviation increase in maternal
BMI was associated with a 0.16 SD (95% CI 0.04-0.28)
increase in offspring birthweight, 1.84 (95% CI 1.12-3.03)
greater odds of gestational hypertension, 1.55 (95% CI 1.07-
2.23) greater odds of induced labour and 2.05 (95% CI 1.12-
3.82) greater odds of macrosomia. Results from MR Egger
regression and weighted median were generally consistent and
did not suggest strong bias by pleiotropy. We also found mul-
tivariable regression evidence for positive associations of
maternal BMI with birth ponderal index, caesarean delivery,
combined pre-eclampsia and gestational hypertension, and
membrane rupture before onset of contractions, and inverse
associations with Apgar score and breastfeeding. MR estimates
for these were all statistically consistent, but the 95% con-
fidence intervals were wide and included the null. In muldi-
variable analyses, maternal greater BMI was associated with
shorter gestation age and greater risk of preterm birth, whereas
the opposite was true for MR analyses. In these two studies we
had insufficient data on gestational diabetes to explore asso-
ciations with it.

Conclusions: Our findings support a causal effect of increased
maternal BMI on several important adverse obstetric and
perinatal outcomes with greater BMI generally resulting in
poor perinatal health. Our MR analyses are underestimated and
we are currently working with more studies in a large consortia
to better address this research question.

PA1.06.04

Genome-wide association study identifies three novel
Y
genetic determinants of dental maturation

0. Grgicl, O. Grgicl, S. Vucic!, C. Medina-Gomez',
B. Dhamo', K. Trajanoskal, E.M. Ongkosuwitol,
V.W.V. Jaddoe', A.G. Uitterlinden', M.R. Jarvelin?,
N.J. Timpson®, D.E. Evans’, E.B. Wolvius',

F.R. Rivadeneira’

! Erasmus MC, ROTTERDAM, The Netherlands; °NFBC1966/
Lifecourse Epidemiology, Imperial College London/U.K.,
LONDON, United Kingdom; 3ALSPAC/MRC Integrative
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Epidemiology Unit, Bristol University/U.K., BRISTOL, United
Kingdom

Background: Advanced or delayed physiological age may
influence significantly health and disease processes. Physiolo-
gical age can be estimated using several parameters including
dental age (DA). Previous meta-analyses studying “Number of
Teeth at 15 Months (NT15M) and “Age ar First Teeth Erup-
tion” (AFTE) have identified 15 loci. We performed a genome-
wide association study (GWAS) meta-analysis to identify genetic
determinants in children of school age.

Methods: Discovery GWAS of DA was performed in the
Generation R study, a multiethnic pregnancy cohort in Rot-
terdam, The Netherlands. We included 2,793 children with
mean age 9.82 (SD=0.34) years. DA was determined from
dental panoramic radiographs using the Demirjian method.
Participants were genotyped with the HumanHap 610K plat-
form, imputed to the 1000GP reference panel. Analysis was
adjusted for age, sex, height, BMI and 20 genomic principal
components; genome-wide significance (GWS) was set at
P<5x10®. Replication of signals associated with DA was
pursued using summary level results from the published
GWAS meta-analysis of the ALSPAC and NFBC1966 studies
(n=12,012) studying NT15M and AFTE. Fisher’s combined
probability test weighted by sample size, implemented in
METAL, was used for the combined meta-analysis.

Results: Top signals mapped to 16q12.2(IRX5; P=1.1 x 107)
and 17pl1.2(SREBFI; P=9.1x 10®) loci associated with
advanced DA. Significant evidence for replication of both
GWAS signals was observed in the previous NT15M meta-
analysis (IRX5:P=2.7 x 10” and SREBF1:P=0.001). In the
combined meta-analysis, the top-associated marker in the
IRX5-region reached GWS (P=2.1x 107). Also, alleles of
these markers associated with higher DA were nominally
associated with earlier teeth eruption in the AFTE meta-
(IRX5:P=1.5x10" and SREBFI:P=0.002).
Furthermore, after genome-wide meta-analysis we identified
variants in three novel loci: 16q12.2 (JRX5; P=3.4 X 10‘9),
7p15.3 (IGF2BP3; P=2.87x10®) and 14q13.3 (PAXY;
P=3x10"%);

Conclusion: We describe here three novel loci associated with
dental development. These findings provide further under-
standing into the process of dental maturation in children from
early infancy to late school age. Further, these novel loci implicate
diverse pathways related to BMI, lipid metabolism, growth hor-

analysis

mone/insulin-like growth factors and craniofacial development.

PA1.06.05

Transgenerational programming of methylation and gene
expression in the prefrontal cortex (PFC) by
glucocorticoids

A. Constantinof, V.G. Moisiadis, S.G. Matthews
University of Toronto, TORONTO, Canada
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Introduction: Prenatal exposure to excess glucocorticoids
increases risk for neurodevelopmental disorders. Previous
rescarch has shown that prenatal glucocorticoid exposure
results in offspring that are hyperactive in a stressful
environment, and that this behavioral phenotype that is
transmitted over multiple generations. The PFC is implicated
in programming stress responsivity and behavior, and has
previously been shown to be affected by prenatal glucocorti-
coids. We hypothesized that prenatal synthetic glucocorticoid
(sGC) exposure programs gene transcription and methylation
in the PFC across three generations following paternal
transmission.

Methods: Pregnant guinea pigs received 3 courses of beta-
methasone (Beta; 1mg/kg) or saline in late gestation. F; and F,
male offspring were mated with non-experimental females to
generate F, and Fj3 offspring. Animals were sacrificed at post-
natal day 40, and the PFC was micro-punched from F;(C;
n=4, Beta; n=4), F,(C; n=4, Beta; n=4), and F5(C; n=4,
Beta; n = 4) and RNA/DNA extracted. RNA was submitted for
RNA-seq and data analyzed using standard bioinformatics.
Methylation analyses were performed using bisulfite converted
DNA paired with pyrosequencing of proximal transcription
start site regions of target genes. [n silico transcription factor
binding analyses were undertaken using SABiosciences’
DECODE tool.

Results: In F;, 1148 genes were significantly (P <0.001,
FDR <0.05) differentially expressed following prenatal Beta.
Of these, 442 genes were significantly up-regulated, and 706
genes down-regulated. In F, offspring, 432 genes were sig-
nificantly (P <0.001, FDR <0.05) differendally expressed
between Veh and Beta, with 255 genes up-regulated, and 177
genes down-regulated. In F;, 438 genes were significantly
(P<0.001, FDR<0.05) differentially expressed following
prenatal Beta. Of these, 258 genes were significantly up-regu-
lated, and 180 genes down-regulated. 22 genes were sig-
nificantly differentially expressed across all three generations.
16 out of the 22 significantly differentially expressed genes
contained MEF2C binding site within 30kb of transcription
start site. Mef2c expression was significantly (P <0.001,
FDR<0.05) upregulated in F; offspring, significantly
(P <0.001, FDR < 0.05) down regulated in F, offspring, and
trending towards significantly (P=0.009, FDR=0.15)
increased in F3 animals. Methylation analyses revealed sig-
nificant (p <0.05) changes in methylation that significantly
(p<0.05) correlated in gene expression changes across the
generations.

Conclusions: This is the first evidence of transgenerational
programming of gene expression and methylation in the PFC
via antenatal sGC. Further, we identified 22 genes that are
differentially expressed across all 3 generations, the majority of
which contain a MEF2C binding site within cis-regulatory
distance of the transcription start site. Mef2c expression and
function can be regulated by glucocorticoids. These findings
provide insight into the heritable changes in gene expression
affected by prenatal sGC exposure. Further, these data have
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identified key genes for future investigation as drug and inter-
vention targets.

PA1.06.06

Associations of genetic variants for birth weight with fetal
growth measures in the Generation R Study.

M.]. Vermeulen', K. Miliku®, E.A.P. Steegers’,
V.W.V. Jaddoe', J. Felix?

! Erasmus MC Sophia Children’s Hospital, ROTTERDAM,
The Netherlands; 2 Erasmus MC, ROTTERDAM,
The Netherlands

Background: Recent large genome-wide association studies
(GWAS) have identified 60 common genetic variants
(SNPs) associated with birth weight. A number of these genetic
variants are also associated with adult height, blood pressure
and type 2 diabetes. Birth weight is the result of fetal growth,
but a particular birth weight can be the result of different pre-
natal growth patterns. To further disentangle the effects of the
known birth weight variants on fetal growth at different time
points, we studied whether a combination of these genetic
variants is associated with fetal growth measures throughout
pregnancy.

Methods: In a population-based prospective cohort study,
GWAS data and fetal growth measures were collected among
5374 singleton live-born children. Information on 59 out of
the 60 SNPs were available in our population. A weighted
genetic risk score was calculated for each child, based on the
number of birth weight increasing alleles for each of the 59
SNPs, weighted by their reported effect sizes. Fetal ultrasound
data (gestational age adjusted standard deviation scores (SDS))
were collected in the second and third trimester, and included
estimated fetal weight, femur length and head circumference.
At birth, we measured weight, total body length and head cir-
cumference (SDS). We used multivariable linear regression to
study the association of the risk score with each growth measure
in the second and third trimester and at birth, with adjustment
for sex and ancestry. The association of the genetic risk score
with longitudinal growth patterns will be studied using linear
mixed models.

Results: The weighted genetic risk score was not associated with
any of the fetal growth measures in the second trimester. Each
additional average risk allele in the risk score was associated with
an increase of 0.02 SDS (standard error (SE): 0.003) in estimated
fetal weight, an increase of 0.01 SDS (SE 0.003) in head cir-
cumference and an increase of 0.01 SDS (SE 0.003) in femur
length in the third trimester (all p values < 0.004). Strong asso-
clations were observed at birth, with an increase in weight of 0.04
SDS (SE 0.003), in head circumference of 0.02 SDS (SE 0.005)
and in body length of 0.03 SDS (SE 0.004) per additional average
risk allele (all p-values < 0.0001).

Conclusions: Our data suggest that the known genetic variants
for birth weight exert their effect on fetal growth in late
pregnancy.
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PA1.06.07

Genome-wide analysis of H3K27ac reveals differential
activity of regulatory regions in placentas of pregnancies

affected by fetal growth restriction

N.D. Paauw, A.T. Lely, A. Franx, M. Mokry,
B.B. van Rijn

UMC Utrecht, UTRECHT, The Netherlands

Background: Epigenetic dysregulation in the placenta is sug-
gested to be critical to the disturbed placental development
and functon underlying the majority of pregnancies
affected by fetal growth restriction (FGR). At this moment, no
epigenetic marks other than methylation profiles have been
studied in of FGR placentas. In this study, we explored whether
FGR placentas exhibit specific profiles of histone 3 lysine 27
acetylation (H3K27ac). With this approach, we aimed to
identify previously unstudied alterations in promoter and
enhancer activity and its effect on corresponding gene expres-
sion profiles, to provide novel information on candidate genes
and pathways involved in the development and maintenance
of FGR.

Methods: For this study we collected placentas obtained after
Caesarian sections for severe FGR with an estimated fetal
weight <p3 (FGR, n=5) and controls with uncomplicated
pregnancies (n=4). Using ChIP-seq we catalogued the differ-
ential H3K27ac occupancy of DNA regulatory regions in FGR
compared to controls and used RNA-seq to identify up- and
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downregulated genes. Next, we identified genes in the close
vicinity to the differentially acetylated regions and performed
gene ontology and functional pathway analysis. In addition, we
performed transcription factor binding motifs (TFBM)
enrichment analysis in open chromatin regions overlapping
with differentially acetylated regions.

Results: Analysis of H3K27ac shows 366 hyperacetylated
and 604 hypoacetylated regions in FGR of which the
500 most variable regions clearly segregate the FGR and control
group in the unbiased PCA analysis (Figure). We identified the
hyperacetylated sites to be mostly associated with hypoxia-
dependent and
hypoacetylated sites to be associated with angiogenesis and
immune activation. In the subsequent RNA-seq we found
581 upregulated genes and 528 downregulated genes in
FGR. Within the upregulated genes we found 34 genes to
overlap with genes in close vicinity of hyperacetylated sites

immune system-related pathways and

which included genes known to be involved in placental
pathology (LEP, FLT1, HK2, ENG, FOS). Functional ana-
lyses showed these genes are mainly related to the HIF-1-alpha
transcription factor network. In addition, we found 26 over-
lapping genes within the downregulated transcripts and
hypoacetylated sites which we could group as genes encoding
secreted soluble factors and extracellular matrix protein and
being involved in growth hormone receptor signaling
(examples: CSH family, GH and FRZB). Upregulated TFs
with enriched H3K27ac of their TFBM are SP1, ARNT?2,
HEY2 and VDR.

Conclusion: In this study we show that FGR placentas carry
specific H3K27ac profile in key regions related to the placental
function. Our combined CHIP-seq and RNA-seq analysis
reveals genes, molecular pathways and processes likely involved
in pathogenesis and/or maintenance of FGR.
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The detection and gene annotation of differentially acetylated regions in FGR placenta compared to control
placenta. A. PCA clustering of the 500 most variable acetylated regions based on H3K27ac ChiP-seq signal between control
and FGR placenta samples clearly segregates the severe FGR and control group. B. Flowchart representing the detection
and annotation of differentially acetylated regions in £GR vs controls and identification of enriched pathways in annotated
genes overlapping with differentially regulated transcripts as identified by RNA-seq. C. Manhattan plot depicting the
distribution of differentially H3K27 acetylated regions in control versus FGR placentas.
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PA1.07 - Biological clock
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Developmental Origin of Health and Disease (DOHaD)
and the circadian clock: later life health effects of
gestational circadian rhythm disturbance in mice

L. Chaves', B.C.J. van der Eerden?, Y. Ridwan', R.G. Boers®,
J. Essers'?, J. Gribnau®, M.J. Vermeulen®, LK.M. Reiss’ and
G.T.J. van der Horst'

]Depﬂrtmmtsof Molecular Genetics, Erasmus University Medical
Center, Rotterdam, the Netherlands; ZDepartmem of Internal
Medicine, Erasmus University Medical Center, Rotterdam, the
Netherlands; > Department of Developmental Biology, Erasmus
University Medical Center, Rotterdam, the Netherlands;
?“Department of Vascular Surgery, Erasmus University Medical
Center, Rotterdam, the Netherlands; SDepartment of Pediatrics,
Erasmus University Medical Center, Rotterdam, the Netherlands

Background: The mammalian circadian clock imposes near
24-hour (circa-dies) rhythmicity on physiology, metabolism
and behavior, and allows organisms to anticipate daily recurring
environmental changes (i.e. light-dark cycle). To keep pace
with the day-night cycle, the clock is daily synchronized by
light. Epidemiological and animal studies have associated
chronic circadian rhythm disturbance (CRD) in adults (as
encountered during shift work and jet lag) with a variety of
diseases, including cancer, metabolic syndrome and cardiovas-
cular disease. According to the Developmental Origins of
Health and Disease (DOHaD) theory, fetal programming
permanently shapes the body’s structure, function, and meta-
bolism. In this scenario gestational environmental factors (e.g.
nutritional insults), interacting with the genes, contribute to
later life disease. Using an animal experimental approach, we
have investigated whether gestational CRD leaves epigenetic
marks on the fetal genome that remain present throughout life
and that touch upon circadian performance, physiology and
metabolism, and as a direct consequence, affect the vulner-
ability to later-life disease.

Methods: Pregnant C57BL6 mice were subjected to either a
constant 12hr light:12-hr dark (LD 12:12) cycle (control) or to
repeated (i.e. once every 3 days) 8-hr phase advanced (east-
bound jet lag, EJL) or delayed (westbound jet lag, WJL) LD
12:12 cycles. At the day of delivery, dams and their offspring
were kept again under a constant light-dark cycle. Offspring
was followed in time for the occurrence of health effects.
Results In the first weeks after birth, both EJL and WJL off-
spring showed a reduced weight gain, resulting in a life-long
reduction in body weight. At the age of 3 months, circadian
performance was assessed in male offspring. EJL offspring dis-
played a faster circadian clock. Furthermore, EJL offspring
adjusted more rapidly to an 8 hr phase advance, while, oppositely,
WIJL offspring took less time to overcome an 8 hr phase delay.
Strikingly, analysis of the bones (i.e. femur) of 6-month-old male
offspring by microcomputed tomography revealed reduced
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trabecular and cortical bone mass in EJL offspring. Especially in
the diaphysis, endocortical volume, perimeter and moment of
inertia (a proxy for bone strength), were significantly reduced,
whereas cortical thickness was elevated. Analysis of the cardio-
vascular system of 9-month-old female offspring revealed left
ventricle hypertrophy in the EJL offspring. Epigenetic analysis of
the livers of control, EJL and WJL offspring revealed markedly
differentially DNA methylation patterns in the livers of EJL and
WBL offspring, as compared to control offspring,.

Conclusions We have shown that circadian rhythm dis-
turbance in pregnant female mice by a chronic jet lag affects the
development of the circadian system and predisposes to health
effects in adult life.

PA1.07.05

Impact of postnatal light conditions on development and
later life health

I. Chaves, B.C.]. van der Eerden, Y. Ridwan, R.G. Boers,
J. Essers, J. Gribnau, M.]. Vermeulen, .LK.M. Reiss,
G.T.J. van der Horst

Erasmus MC, ROTTERDAM, The Netherlands

Background: The circadian clock significantly impacts health
during the life course. Human and animal studies showed that
genetic defects in clock genes and circadian disruption by
chronic jet lag or long-term shiftwork increase the risk of dis-
ease, e.g. metabolic syndrome, cardiovascular disease and can-
cer. Importantly, studies on preterm infants have shown that
light conditions in the Neonatal Intensive Care Unit (NICU)
exert short-term (e.g. recovery and weight gain) and long-term
(i.e. sleep alterations) effects, with cycling light favorable over
constant light or (near) dark conditions. Yet, the impact of
(abnormal) postnatal light conditions on development and on
later-life health remain largely unexplored. As a consequence,
predictive markers for health risk in relation to the early life
light environment are currently missing.

Animal studies have shown that postnatal light conditions
permanently modulate circadian clock performance, pointing
to a programming effect on the developing circadian system. In
line with this is the observation that otherwise arrhythmic
Cry1/Cry2 double KO mice develop a normal circadian rhythm
when exposed to continuous light during the first weeks after
birth. This finding lead us to hypothesize that light conditions
during early development leave epigenetic marks on circadian
performance that remain present throughout life and touch
upon physiology and metabolism. As a direct consequence, this
may affect the vulnerability to later-life disease.

Methods: In the present study, we investigated whether aber-
rant postnatal light conditions contribute to later life adverse
health effects. During the first four weeks of life, newborn
C57BL6 mice were subjected to either a constant 12h light:12h
dark cycle (control), constant darkness (dark) or constant light
(light). The animals were monitored from three weeks of age.
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Mice from the light group showed a reduced weight gain,
resulting in a reduced body weight throughout life.

Results: Circadian performance was assessed at the age of three
months. We observed that the animals housed under constant
light during the first four weeks of life have a longer circadian
period, indicative of a later chronotype, and display an
altered response to changes in the light-dark cycle. We are
currently analyzing heart function and pathology, as well as
bone structure.

Conclusions: This study shows that exposure to aberrant light
conditions early in life affects the development of the circadian
system. This finding is in line with the Developmental Origins
of Health and Disease (DOHaD) theory, which proposes that
early-life programming by (adverse) environmental factors
predisposes to non-communicable disease in adult life.

PA1.07.04

Developmental Origin of Health and Disease (DOHaD)
and the circadian clock: epigenetics pre- and early postnatal
circadian rhythm disturbance in mice

I. Chaves, B.C.]. van der Eerden, R.Y. Ridwan, R.G. Boers,
J. Essers, J. Gribnau, M.]. Vermeulen, .LK.M. Reiss,
G.T.J. van der Horst

Erasmus MC, ROTTERDAM, The Netherlands

Background: The mammalian circadian clock imposes near
24-hour (circa-dies) rhythmicity on physiology, metabolism
and behavior, and allows organisms to anticipate daily recurring
environmental changes (i.e. light-dark cycle). To keep pace
with the day-night cycle, the clock is daily synchronized by
light. Epidemiological and animal studies have associated
chronic circadian rhythm disturbance (CRD) in adults (as
encountered during shift work and jet lag) with a variety of
diseases, including cancer, metabolic syndrome and cardiovas-
cular disease. According to the Developmental Origins of
Health and Disease (DOHaD) theory, fetal programming
permanently shapes the body’s structure, function, and meta-
bolism. In this scenario gestational environmental factors (e.g.
nutritional insults), interacting with the genes, contribute to
later life disease. Using an animal experimental approach, we
have investigated whether gestational CRD leaves epigenetic
marks on the fetal genome that remain present throughout life
and that touch upon circadian performance, physiology and
metabolism, and as a direct consequence, affect the vulner-
ability to later-life disease.

Methods: Pregnant C57BL6 mice were subjected to either a
constant 12hr light:12-hr dark (LD 12:12) cycle (control) or to
repeated (i.e. once every 3 days) 8-hr phase advanced (east-
bound jet lag, EJL) or delayed (westbound jet lag, WJL) LD
12:12 cycles. At the day of delivery, dams and their offspring
were kept again under a constant light-dark cycle. Offspring
was followed in time for the occurrence of health effects.
Results: In the first weeks after birth, both EJL and WJL off-

spring showed a reduced weight gain, resulting in a life-long
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reduction in body weight. At the age of 3 months, circadian
performance was assessed in male offspring. EJL offspring dis-
played an faster circadian clock. Furthermore, EJL offspring
adjusted more rapidly to an 8 hr phase advance, while, oppositely,
WIJL offspring took less time to overcome an 8 hr phase delay.
Strikingly, analysis of the bones (i.e. femur) of 6-month-old male
offspring by microcomputed tomography revealed reduced tra-
becular and cortical bone mass in EJL offspring. Especially in the
diaphysis, endocortical volume, perimeter and moment of inertia
(a proxy for bone strength), were significantly reduced, whereas
cortical thickness was elevated. Analysis of the cardiovascular
system of 9-month-old female offspring revealed left ventricle
hypertrophy in the EJL offspring. Epigenetic analysis of the livers
of control, EJL and WJL offspring revealed markedly differen-
tially DNA methylation patterns in the livers of EJL and WBL
offspring, as compared to control offspring.

Conclusions: We have shown that circadian rhythm dis-
turbance in pregnant female mice by a chronic jet lag affects the
development of the circadian system and predisposes to health
effects in adult life.

PA1.07.06

Maternal melatonin or agomelatine therapy prevents
programmed hypertension in male offspring of mother
exposed to continuous light

Y. Tain, C. Hsu, J. Chan

Kaohsiung Chang Gung Memorial Hospital, KAOHSIUNG,
Taiwan

Background: Environmental disturbance of the circadian
thythm is associated with the development of hypertension.
Hypertension can originate from early-life insults, whereas
maternal melatonin therapy can be protective in a variety of
models of programmed hypertension. Because melatonin con-
trols circadian clock and melatonin deficiency causes hyper-
tension, we hypothesize that melatonin or melatonin receptor
agonist agomelatine can prevent programmed hypertension in
adult offspring induced by maternal exposure to continuous
light. We further employed the whole-genome RNA next-
generation sequencing (NGS) to quantify the abundance of
RNA transcripts in the offspring kidney from maternal expo-
sure to continuous light, melatonin, or agomelatine.
Methods: Female Sprague-Dawley pregnant rats randomly
divided into four groups: controls, rats exposed to continuous
light, exposed to continuous light plus treated with agomelatine
(50mg/day i.p.), and exposed to continuous light plus treated
with 0.01% melatonin in drinking water throughout preg-
nancy and lactation period. Three of each group were sacrificed
at birth for NGS study. Blood pressure (BP) was measured in
conscious rats by an indirect tail-cuff method (BP-2000;
Visitech Systems, Inc., Apex, NC). Male offspring (n=10/
group) were sacrificed at 12 weeks of age.

Results: The major findings can be summarized as follows:
(1) exposure of the mother to continuous light induced
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programmed hypertension in adult offspring, which maternal
agomelatine or melatonin therapy prevented; (2) continuous light
exposure in pregnancy caused 718 renal transcripts to be mod-
ified in the developing offspring kidney; (3) continuous light
exposure impaired melatonin synthesis and signaling in the
developing kidney, but not persisted into adulthood; (4) genes
that belong to the RAS, sodium transporters, AMPK pathway,
and circadian rhythm were potentially involved in the continuous
light exposure induced programmed hypertension; (5) maternal
agomelatine therapy decreased Ace expression but increased Agrr2
and Masl; (6) maternal melatonin therapy prevented the
increases of Skc943, Slc1243, and Atplal expression induced by
maternal continuous light exposure; and (7) in continuous light
exposure-induced programmed hypertension, the components of
RAS, sodium transporters, and AMPK pathway were differen-
tially regulated by agomelatine and melatonin therapy, to repro-
gram the development of hypertension.

Conclusions: In conclusion, early agomelatine or melatonin
therapy provides protection in male offspring of mothers
exposed to continuous light against programmed hypertension.
Maternal agomelatine and melatonin therapy reprogram the
RAS and sodium transporters differentially to prevent maternal
exposure to continuous light-induced programmed hyperten-
sion. By providing new information of candidate pathways on
BP regulation whose effects can be modified by agomelatine or
melatonin, our NGS results are of significance to the develop-
ment of novel interventions in the prevention of programmed
hypertension in children exposed to maternal night shift work
and circadian disruption.

PA1.07.07

Premature birth and circadian preference in young
adulthood: evidence from two birth cohorts

J. Bjorkquist', A.K. Pesonen?, L. Kuula®, H.M. Matinolli',
A. Lano®, M. Sipola-Leppinen’, M. Tikanmiki', D. Wolke?,
M.R. Jirvelin®, J.G. Eriksson®, M. Viirismiki’, K.
Heinonen®, K. Riikkénen?, P. Hovi', E. Kajantie'

! National Institute for Health and Welfare, HELSINKI, Finland;
Department of Psychology and Logopedics, University of Helsinki,
HELSINKI, Finland: > Children’s Hospital, University of Helsinki
and Helsinki University Hospital, HELSINKI, Finland;
4Department of Psychology, University of Warwick, WARWICK,
United Kingdom; 5]mperz'ﬂl College, LONDON, United Kingdom;
GUniversiz_)/ of Helsinki and Helsinki University Hospital,
HELSINKI, Finland: "PEDEGO Research Unit, MRC Oulu,
Oulu University Hospital and University of Oulu, OULU, Finland

Background: A later circadian preference (being a “night owl”)
and preterm birth (<37 weeks of gestation) are associated with
many similar risk factors and adverse outcomes, such as ele-
vated blood pressure, impaired glucose regulation, poorer
physical fitness and lower mood. This raises the question
whether circadian preference could be a mediating mechanism
for the association observed between preterm birth and these
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adverse health outcomes. Interestingly, the limited research in
the area suggests that prematurity, instead of being associated
with eveningness, in fact seems to be associated with an earlier
chronotype. We set out to objectively measure whether this is
observed across the whole gestation range.

Methods: We studied the circadian rhythm among 594 young
adults (mean age 24.3 years, SD 1.3) from two cohorts; the Arvo
Ylpp6 Longitudinal Study and the ESTER [Preterm Birth and
Early-Life Programming of Adult Health and Disease] study. We
compared participants born early preterm (<34 weeks, n = 83) and
late preterm (34 - < 37 weeks, n=165) with those born at term
(n=2346). We also compared very low birth weight (VLBW,
<1500g) participants with term controls. We obtained objective
sleep data with actigraphs. The participants wore the actigraphs for
a mean period of 6.8 (SD 1.4) nights. Our primary outcome was
mid sleep point during weekdays and weekend. Mid sleep point is
the half-way time between falling asleep and waking up, and is
considered to represent circadian preference. We also investigated
subjective circadian preference with the Morningness-Eveningness
Questionnaire (MEQ) in 688 (n=138/221/329) ESTER parti-
cipants. The MEQ consists of 19 questions, which estimates the
respondent to be of a “morningness”, “eveningness” or “inter-
mediate” chronotype, based on the Morningness-Eveningness
Score (MES). We analyzed the data from the actigraphs and the
MES with three incremental linear regression models, and analyzed
distribution of chronotype class with Pearson x2.

Results: There were no consistent differences across the study
groups in mid sleep point. Mean differences and 95% confidence
intervals for mid sleep: early preterm weekdays 0:11:47 (-0:08:34
to 0:32:08), carly preterm weekend 0:04:14 (-0:19:45 to
0:28:13), late preterm weekdays -0:10:28 (-0:26:16 to 0:05:21)
and late preterm weekend -0:01:29 (-0:20:36 to 0:17:37). There
was no difference in circadian preference between VLBW-
participants and controls either.

The distribution of chronotype in the MEQ among all partici-
pants was 12.4% morningness, 65.4% intermediate and 22.2%
eveningness. The distribution of subjective chronotype class did
not differ between the three gestational age groups (p=0.975).
The linear regression models did not show any influence of
gestational age group or VLBW status on the MES (all p>0.5).
Conclusions: We found no consistent differences between adults
born early or late preterm and those born at term in circadian
thythm or preference. The earlier chronotype observed in those born
smallest is unlikely to extend across the whole range of preterm birth.

PA1.07.08

Association of sleep quality in pregnancy with obesity and
cardiometabolic traits in childhood
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Background: Sleep disorders in pregnancy may be associated
with increased weight gain and complications such as hyperten-
sion, pre-eclamsia and gestational diabetes mellitus, as well as
adverse perinatal outcomes including intrauterine growth
restriction and low birth weight. In adults and children, sleep
deprivation has been linked to obesity and adiposity, however to
our knowledge there are no studies assessing associations of sleep
disorders in pregnancy with adiposity and cardiometabolic risk
factors in childhood. The precise molecular mechanisms linking
sleep disorders with these outcomes are complex and proposed
mechanisms involve intermittent hypoxia-induced oxidative
stress and inflammation (also affecting the placenta), activation of
the sympathetic nervous system with up-regulation of counter-
regulatory hormones, and high circulating concentrations of
leptin. Our aim was to evaluate the impact of sleep quality during
pregnancy in offspring obesity and cardiometabolic traits at 4 and
7 years in 649 mother-child pairs from the RHEA pregnancy
cohort in Crete, Greece.

Methods: Information on sleeping habits (sleep duration; snor-
ing; daytime sleepiness) was collected through a computer-assisted
interview at the third trimester of pregnancy. Furthermore, we
created a sleep quality score based on the sum of 3 sleep-related
responses: a) sleep duration (>8 hrs =0, 6-7 hrs=1, <5 hrs=2),
b) snoring (non-snorers (never/rarely)=0, occasional snorers
(sometimes/often) =1, severe snorers (frequently/always) =2),
and ¢) excessive daytime sleepiness (Epworth Sleepiness Scale
score: < 10=0, 11-14 =1 and >15 =2). This score ranges from
0-6 with higher values indicating worse sleep quality. We mea-
sured child weight, height, body mass index (BMI), waist cir-
cumference, skinfold thicknesses, percent body fat (%BF), serum
lipids and blood pressure levels at age 4 and 7 years. Adjusted
associations were obtained via multivariable regression analyses.
Results: Short sleep duration (<5 hours per day) was associated
with higher cholesterol, LDL and triglyceride levels at age 7 [%
change (95%CI): 9% (3, 15); 13% (4, 24) and 30% (10, 55)
respectively]. Severe snoring and daytime sleepiness in late preg-
nancy were associated with reduced sum of skinfolds and %BF
[-25% (-39, -8) and -21% (-34, -4) respectively] at age 4. A per
unit increase in the sleep quality score was associated with lower
child weight [ =-0.30 kg (-0.57, -0.03)] and BMI [-0.21 kg/m®
(-0.38, -0.03)] but higher LDL and triglyceride levels [2.95%
(0.15, 5.83) and 5.41% (-0.14, 11.27) respectively] at age 7.
Conclusions: These findings suggest that sleep disorders in late
pregnancy may influence child weight, adiposity and serum lipids
in childhood. Further prospective studies are needed to examine
these associations and explore the underlying mechanisms.

PA1.08 — Environmental stressors
PA1.08.01

DOHaD and the early life exposome
M. Vrijheid
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Major environmental hazards may lead to serious, chronic
pathologies, especially when exposure occurs during critical
early-life periods of development, but work has almost
uniquely focused on single exposure-health effect relationships.
The “exposome” concept was proposed to encompass the
totality of exposures from conception onwards, complementing
the genome. New analytical frameworks are required to inter-
pret multi-dimensional exposome data. HELIX, the Human
Early Life Exposome, is a collaborative research project com-
missioned in the EU exposome programme. HELIX uses six
existing, prospective birth cohort studies to measure a range of
chemical and physical environmental hazards in food, con-
sumer products, water, air, noise, and the built environment, in
pre and postnatal periods, and link these with molecular omics
profiles and child health outcomes. We will present first results
of the HELIX project, including a description of the correlation
structure of multiple exposure data, as a first step in developing
analytical tools appropriate to exposome data. The exposome
concept provides an important new framework to improve
knowledge on the environmental component of disease actiol-
ogy, with early life as a crucial developmental period. Chal-
lenges in the measurement, analysis, and interpretation of
complex longitudinal exposome-health associations require
efficient collaboration between the environmental health and
life-course epidemiology fields.

PA1.08.03

Effects of prenatal exposure to particule matter air
pollution on lateral ventricles, corpus callosum and
behavioral problems in children

M.M. Mortamais', JP Pujolz, DM Macia®, GMV Martinez-
Vilavella®, RE Fenoll?, CR ReynesS, RS Sabatier®, IR Rivas',
MAP Alvarez-Pedrerol’, JS Sunyer'

! ISGlobal, BARCELONA, Spain; °MRI Research Unit, Hospital
del Mar, BARCELONA, Spain; > University of Monspellier,
MONTPELLIER, France

Background: Exposure to particulate air pollution matter have
been proposed as environmental risk factors for autism in
children. The effects of these pollutants on brain structures
potentially involved in the pathophysiology of autism are
unknown. The aim of this study was to investigate the effects of
prenatal exposure to particulate air pollution on cerebral grey
matter, white matter, amygdala, lateral ventricles and corpus
callosum volumes and behavioral problems in primary school
age children.

Methods: We conducted an imaging study in 187 children
aged 8-12 years from the general population in the city of
Barcelona, Spain. Exposure at home to fine particule matter
whose median acrodynamic diameters is less than 2.5 mm
(PM, 5) during the prenatal period was estimated at the geo-
coded postal address of each participant’s mother at the time of
pregnancy using land use regression models. Brain volumes
were derived from structural MRI scans using automated tissue
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segmentation. Children’s behavior was assessed using the
Strengths and Difficulties Questionnaire (SDQ) completed by
the parents and using the Attention Deficit Hyperactivity
Disorders (ADHD)/ symptoms Scales, (American Psychiatric
Association 2002) completed by teachers.

Results: Prenatal exposure to PM,s was associated with
corpus callosum and lateral ventricles volumes (i.e., an inter-
quartile range increase in PM2.5 level during the prenatal
period (5.4 ug/m?) was significantly linked to a decrease in the
corpus callosum body volume (mm?) and an increase in the
lateral ventricles volume (mm?) (f=-33.0, 95% CI [-63.7,
-2.2], p=0.036, and P=2880.0, 95% CI [311.1, 1449],
p=0.003 independently  of
volume, age, sex, maternal education and socioeconomic vul-
nerability index at home). Furthermore, a 1000mm? increase
in the lateral ventricles volume was significantly associated with
higher SDQ and hyperactivity scores. Finally, SDQ and

hyperactivity scores increased in children with higher prenatal

respectively) intracranial

exposure to PM, s, but these associations were not statistically
significant.

Conclusions: Prenatal exposure to PM, 5 is associated with
changes on the lateral ventricles and corpus callosum
volumes in children. The consequences of these induced brain
changes might be an increase in behavioral problems.
This neuroimaging study, by providing biological plausibility
in the relationship between particulate matter air pollution
exposure and higher risk of behavioral problems in children
observed in many epidemiological studies, highlights the
urgent necessity to reduce anthropogenic emissions of air
pollutants.
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Maternal circulating cotinine concentration in pregnancy
and persistent short stature in children from a multi-ethnic
Asian cohort
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Introduction: Several studies have reported an association
between maternal smoking during pregnancy and persistent
short stature in the offspring. However, most of these studies
used self-reported parental smoking instead of an objective
quantification of a specific biomarker such as cotinine. This
study aims to examine the relationship between maternal
cotinine levels in pregnancy and child length/height trajectory
from birth to 60 months of age.

Methods: 968 mother-child pairs were identified from the
GUSTO birth cohort, comprising Chinese, Malay and Indian
subjects. Cotinine levels in maternal plasma collected at 26-28
weeks of gestation were measured by LC/MS/MS with a
detection limit (LOD) of 0.17 ng/mL. Offspring length was
measured at birth and at age 3, 6, 9, 12, 15, 18, 24, 36, 48, 54
and 60 months. All subjects were categorized into 4 groups
by cotinine levels and history of environmental tobacco
smoke exposure (ETS); Group 1: cotinine below LOD and no
ETS (n=510); Group 2: cotinine below LOD but self-
reported ETS (n=283); Group 3: cotinine concentration
between 0.17-13.99 ng/mL (n=139); Group 4: cotinine
concentration °14 ng/mL (n=36), consistent with active
smoking. Age- and sex-specific z-scores for offspring length/
height were calculated using the WHO 2006 reference. Asso-
ciations of maternal circulating cotinine with offspring stature
at each time point were estimated using general linear models,
while length/height trajectory was analyzed using linear mixed-
effect models.

Results: Compared with Group 1, maternal circulating coti-
nine 314ng/mL (Group 4) was associated with a reduction of
0.77cm in birth length [P -0.77 (95% CI -1.44, -0.11)] and a
z-score P of -0.43 (95% CI -0.79, -0.07), after adjusting for
infant sex, gestational age at birth, ethnicity, maternal age,
education level, parity, maternal BMI in the 1** trimester, and
maternal height. Offspring in Group 4 continued to be shorter
than those in Group 1 from 3 to 60 months, with statistically
significant z-score differences at 3 months [ -0.58 (95%CI
-0.95, -0.20)], 36 months [ -0.54 (95% CI -0.92,-0.15)],
48 months [p -0.43 (95% CI -0.81,-0.04)], and 60 months [
-0.57 (95% CI -0.96,-0.17)]. The association was stronger in
boys [B -0.52 (95% CI -0.92, -0.12)] than in girls [} -0.16
(95% CI -0.58, 0.25)] for the overall trajectory. No significant
differences in offspring stature were observed in Groups 2 and
3 compared with Group 1.

Conclusions: To our knowledge, this is the first longitudinal
study reporting the association between maternal smoking
during pregnancy and persistent short stature from birth and
into early childhood in an Asian population. Further research is
needed to define the possible mechanisms.
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Parental smoking and risks of birth complications,
childhood overweight and obesity: individual participant
data meta-analysis of 200,000 singleton births

E.M. Philips', On behalf Of the MOCO Collaboration®

! Evasmus MC, ROTTERDAM, The Netherlands; >Maternal
Obesity and Childhood Outcomes

Background: Prenatal exposure to smoking is considered a key
avoidable risk factor for adverse birth outcomes and is asso-
ciated with overweight and obesity in later life.

Objective: To determine whether patterns of parental smoking
during pregnancy are associated with birth outcomes and body
mass index (BMI) throughout childhood using individual partici-
pant data from 195,009 singleton births from 27 Western cohorts.
Methods: We used multilevel mixed effects models to deter-
mine the associations of patterns of parental smoking during
pregnancy (maternal smoking (nonsmoking, smoking only in
early pregnancy, continued smoking), paternal smoking, and
change in maternal dosage) with adverse birth outcomes (pre-
term birth and small for gestational age (SGA)) and childhood
BMI outcomes (BMI SDS, overweight/obesity).

Results: Children born to mothers who continued smoking
during pregnancy (3.6-21.1%) were more likely to be born
preterm, to be SGA and to be overweight or obese than chil-
dren born to nonsmoking mothers (respective odds ratios were
1.16 [95% CI 1.09-1.24], 2.06 [1.98-2.15], 1.32 [1.25-1.39],
and 1.79 [1.65-1.94]). We observed a dose-response relation-
ship for third trimester smoking only. Smoking only in early
pregnancy (first trimester) was not associated with these adverse
birth outcomes or childhood BMI outcomes. In nonsmoking
mothers, heavy paternal smoking was associated with preterm
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birth, childhood overweight and childhood obesity (respective
odds ratios were 1.13 [1.01-1.26], 1.25 [1.13-1.37], and
1.42 [1.22-1.65]), but not with SGA.

Conclusion: Our findings confirm that continued smoking
during pregnancy leads to a higher risk of being SGA through a
direct intrauterine effect. For preterm birth and childhood BMI
outcomes, the overlap in maternal and paternal smoking esti-
mates may reflect an adverse influence of passive smoking or
unmeasured environmental exposures. The benefits to child
health of early smoking cessation emphasize the importance of
improved smoking cessation strategies.

PA1.08.06

Early-life environmental exposure determinants of child
behavior and mental health: an exposome-wide approach in
the HELIX project

L. Maitre', J. ]ulvezl, M. Lépez—Vicentel, C. Hernandez-
Ferrer', C. Philippat?, K. Gutzkow’, M. Guxens', I. Tamayo',
C. Thomsen®, M. Nieuwenhuijsen', R. Slama?, L. Chatzi’,
J. WrightG, R. GraZuleviciene’, J. Ramon Gonzalez',

X. Basagafia', M. Vrijheid'

'ISGlobal, BARCELONA, Spain; 2 Inserm, Univ. Grenoble
Alpes, CNRS, IAB (Institute of Advanced Biosciences), Tea,
GRENOBLE, France; > Division of Molecular Biology,
Department of Chemicals and Radiation, Norwegian, OSLO,
Norway; 4Depﬂrtment of Environmental Exposure and
Epidemiology, Norwegian Institute of Pu, OSLO, Norway;

s Department of Social Medicine, Faculty of Medicine, University
of Crete, HERAKLION, Greece; °Bradford Institute for Health
Research, Bradford Teaching Hospitals NHS Foundati,
BRADFORD, United Kingdom; 7V)/taut0 Didziojo Universitetas
(VDU), KAUNUS, Lithuania

Background: Child behaviour is driven by complex multistage
developmental processes that take place prenatally and during
the first years of post-natal life. The exposome concept recog-
nizes that individuals are exposed simultaneously to a multi-
tude of different factors. European population is typically
exposed to a long list of industrial chemicals that are potentially
neurotoxic. However, at the same time, many other environ-
mental factors are expected to be beneficial for the brain
development, such as spending longer periods surrounded by
green and blue spaces.

Method: The HELIX study consists of 1,300 children from 6
European cohorts (BIB in UK, EDEN in France, KANC in
Lithuania, INMA in Spain, MOBA in Norway, and RHEA in
Greece) which were followed using the same harmonized pro-
tocols. In this study, we investigated the impact of the prenatal
and postnatal exposome (>200 exposures) at 7-10 years old
when parents completed the Child Behaviour Checklist
(CBCL). We measured a wide range of exposures including the
outdoor exposome (air pollution, build environment, noise),
the individual exposome assessed using biomarkers (cotinine,
metals, persistent organic pollutants (POPs), PFAS, phthalates,
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phenols, and organophosphates) as well as lifestyle factors (diet
and physical activity). Initial agnostic analysis was conducted
using negative binomial regressions with adjustment for cohort,
maternal age, child gender, parity and maternal education.
Results coefficient estimates with p-values under 0.05, are
reported as the percent of change in the incidence of behavior
problems for one quartile increase in the “exposure” level.
Results: Initial analyses for externalizing scales - behavioral pro-
blems identified 6 out of 92 prenatal exposures significantly
associated and 24 out of 139 post-natal exposures. It included an
increase in symptom incidence with pregnancy intake of meat
(+9%), bisphenol A urinary concentrations (+7.4%) and traffic
density on nearest road at home (+5.1%). Postnatal exposures at
7-10 years old included a decrease in symptom incidence with
sleep (-7.3%), vegetable intake (-6.3%) and adherence to Medi-
terranean diet (-11.3%). An increase in symptom incidence was
found with postnatal individual chemical exposure to lead
(+9.9%) and phthalates (MECPP, MEHHP and DEHP; 8.6%,
7.1% and 6.9% respectively), PM indoor air pollution at home
(+8.8%), urban environments such as the road connectivity near
school (+7.9%), lifestyle with sedentary behavior (+8%) and
consumption of sweets and bakery products. Unexpected
decreases in symptom incidence were found with both pre- and
postnatal PCBs and POPs.

Similar results were found for internalizing scales - emotional
problems associations. Unique findings for this outcome include
a protective effect of breastfeeding duration with a -5.9% reduc-
tion in problem incidence and increase incidence with postnatal
urban environments such as the density of public transport bus
lines near school (+20%) and car traffic near home. Associations
with postnatal lead exposure, sweet/bakery product intake and
indoor air were only found for externalizing problems.
Conclusion: External outdoor and some individual exposures
(including BPA, lead, phthalates) were associated with child
internalizing and externalizing problems. Further analyses are
needed to unravel the effects of nutrient and lifestyle interplay
during and after pregnancy on child behavioral and emotional
development with neuro-toxicants.

PA1.08.07

Consequences of maternal overweight and obesity in
pregnancy on offspring diabetes risk: a record linkage study
in Aberdeen, Scotland

R.M. Reynolds', M. Lahti’, S. Bhattacharya’, S.H. Wild',
R.S. Lindsay”, K Raikkonen’, J.E. Norman', S. Bhattacharya®

! University of Edinburgh, EDINBURGH, United Kingdom;
ZDepartment of Psychology and Logopedics, HELSINKI, Finland;
3Univ€m’ty of Aberdeen, ABERDEEN, United Kingdom;
4Universit)/ of Glasgow, GLASGOW, United Kingdom;

> University of Helsinki, HELSINKI, Finland

Background: Maternal obesity in pregnancy is associated with
cardiovascular disease and mortality in the offspring. With the
rising prevalence of obesity in pregnancy it is vital to
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understand the underlying mechanisms in order to design
appropriate interventions to prevent adverse offspring out-
comes. We aimed to determine whether maternal obesity is also
associated with increased risk of offspring type 2 and type 1
diabetes as a candidate mechanistic pathway.

Methods: Birth records of 118,201 children from 1950-2011
from the Aberdeen Maternity and Neonatal Databank were
linked to Scottish Care Information-Diabetes, the national
register for diagnosed diabetes in Scotland, to identify incident
and prevalent type 1 and type 2 diabetes up to 01/01/2012.
Maternal body mass index (BMI) was calculated from height
and weight measured at the first antenatal visit. The effect of
maternal obesity on offspring outcomes was tested using time-
to-event analysis using Cox-proportional hazard regression to
compare outcomes in offspring of mothers in underweight,
overweight or obese categories of BMI, compared to offspring
of women with normal BMI.

Results: Offspring of obese (BMI > 30 kg/m?) and overweight
(BMI > 25-29-9 kg/mz) mothers had increased risk of type 2
diabetes compared to normal BMI mothers after adjustment
for gestation when weight was measured, maternal history of
diabetes before pregnancy, age at delivery, parity, socio-
economic status, and offspring sex (Hazard ratio (95% con-
fidence interval) 3-48 (2:39, 5-06) and 1.39 (1-06, 1-83),
respectively. There were no significant associations of maternal
BMI with offspring Type 1 diabetes.

Conclusions: Maternal obesity is associated with increased risk
of type 2 diabetes in the offspring. Evidence-based strategies to
reduce obesity among women of reproductive age are urgently
required.

Hazard
ratio
per kg/m’ 3
increase in
mother’s
BMI 2
(95% Cl)

U N Ov Ob U N Ov Ob U N Ov Ob

Any diabetes Type 1 diabetes Type 2 diabetes

Offspring diabetes according to maternal BML

PA1.09 — Early origins of cancer and rare disease
PA1.09.01

Early-life factors and cancer development

S. Mahabir

Epidemiology and Genomics Research Program, National Cancer
Institute, National Institutes of Health (NIH)
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Most cancer research in human populations has focused on a
range of exposures in the middle to later years of the lifespan.
While this narrow age range yields the highest number of
cancer cases, it is a phase of life in which cancer prevention
efforts are more difficult and perhaps less effective. The emer-
ging evidence that early life exposures affect cancer develop-
ment later in life calls for a refocusing of efforts targeting the
early life spectrum. This paradigm shift in cancer research has
the potential to translate into substantial gains in cancer pre-
vention and control. Emerging epidemiological evidence and
research efforts focused on early life factors and cancer devel-
opment will be presented. Advancement of cancer research
efforts focused on early life factors and the links to cancer have
been slow due to methodological issues related to human study
designs and research resources.

PA1.09.03

Environment, DNA methylation and risk of childhood
acute lymphoblastic leukaemia: a novel Mendelian
randomization study

J.A. Timms', J.A. McKay', G. Strathdee', J. Rankin',
C.L. Relton?

! Newcastle University, NEWCASTLE, United Kingdom; “MRC
Integrative Epidemiology Unit, University of Bristol, BRISTOL,
United Kingdom

Previous literature has identified multiple environmental
exposures to be associated with an increased risk of acute lym-
phoblastic leukaemia (ALL). DNA methylation is modifiable
by the environment and is therefore a plausible mediating
mechanism of environmental exposures on ALL risk. An
altered methylation has also been found in ALL patients.
Therefore two sample Mendelian randomization (MR) will be
used to strengthen evidence about the causal pathway for
childhood ALL, and determine whether DNA methylation acts
as a mediator between early life environmental exposures and
ALL development. MR s a relatively new approach to causal
inference. It addresses limitations of observational epidemiol-
ogy study designs (i.e. bias, confounding and reverse causation)
in assessing the causal role of modifiable exposures/risk factors,
and can be used to examine causality when randomized con-
trolled trials (RCT's) are not feasible. The approach uses genetic
variation (such as single nucleotide polymorphisms (SNP)) as
an instrumental variable (proxy) for an exposure of interest; the
alleles of this exposure—associated genetic variant are randomly
distributed amongst the study population (thus analogous to a
RCT). The advantage of using the genetic proxy is that the
direction of causation is always from the genetic polymorphism
to the outcome. The underlying principle of the approach is
that, if a genetic variant alters or emulates the biological effect
of an environmentally-modifiable exposure then, if that expo-
sure is truly causally-related to the disease, the genetic variant
should also be related to disease risk. An epigenome-wide
association study (EWAS) previously carried out identified
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altered methylation at individual CpG sites associated with an
ALL-risk exposure (e.g. maternal smoking, alcohol consump-
tion, and folic acid supplementation). It has been shown that
cis-SNPs are associated with methylation status of nearby CpG
sites. Therefore the methylation quantitative loci database
(mQTLdb; http://www.mqtldb.org/) will be used to select
specific cis-SNPs to represent the identified CpG sites of
interest; these will act as genetic proxies for the methylation
sites of interest (i.e. they will be the instrumental variables). To
validate each cis-SNP, the instrumental variable assumptions
(see Figure) will be tested. Further statistical tests to check these
assumptions will be undertaken once the MR analysis has been
run (see Supplementary and sensitivity analyses). To estimate
the causal effect genome-wide association study (GWAS) data
for 2487 childhood ALL cases and 1014 cancer-free control
children will be used to investigate whether the cis-SNPs
representing each CpG site are associated with childhood ALL.
Analysis will be carried out in R using packages designed at the
University of Bristol (MRInstruments and TwoSampleMR).
These enable: extraction of user-specified SNP effects; linkage
disequilibrium pruning of exposure SNPs; and harmonisation
of direction of effects between exposure and outcome associa-
tion. Supplementary and sensitivity analyses will be carried out
to further enhance the causal inference from the initial MR
analysis, and to establish the robustness of the findings. These
include exclusion of nonspecific SNPs; pleiotropy analyses; and
weighted median estimator, gene-environment interaction,
multiple independent instrument, multi-SNP instrument, and
MR-Egger regression analyses.

Basic principles of Mendelian Randomization
i
G—E—O

~a"

Exposure (E) is causally linked to outcome () if the following
conditions/assumptions are held:

1) G isassociated with E.

2) No association between G and O, except through E.

3) G isindependentof nmeasured c

These three assumptions form the definition of an
instrumentalvariable (V).

Figure 1. Mendelian Randomization: basic principles and assumptions which need to be met to identify if
exposureis truly casually linked to outcome. c-confounding factors; O-outcome; G=genetic variant; E-exposre.

PA1.09.04

DNA methylation as a potential mediator of early life

exposures on risk of childhood acute lymphoblastic
leukaemia

J.A. Timms', J.A. McKay', G. Strathdee', J. Rankin',
C.L. Relton?

! Newcastle University, NEWCASTLE, United Kingdom; °MRC
Integrative Epidemiology Unit, University of Bristol, BRISTOL,
United Kingdom

Childhood acute lymphoblastic leukaemia (ALL) arises from
genetic abnormalities that can occur iz wutero. Reported
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frequencies of certain genetic ALL-related abnormalities at
birth are significantly higher than the number of associated
ALL cases arising, suggesting secondary hits are required for
disease development. Childhood ALL incidence is currently
increasing in westernised populations and evidence suggests
several environmental exposures influence childhood ALL risk.
With peak incidence of diagnosis between 2-5 years of age,
early life exposures are likely to be key. DNA methylation, a
mechanism of gene regulation, is modifiable by environment
and altered in childhood ALL. Therefore DNA methylation
may be involved in the causal pathway towards disease by act-
ing as a mediator between 77 utero and early life environmental
factors and childhood ALL development. A meet in the middle
approach was used to investigate the potential role of DNA
methylation in ALL disease development. The Avon Long-
itudinal Study of Parents and Children cohort (ALSPAC) hold
environmental data on mothers throughout pregnancy.
Genome-wide DNA methylation data previously generated
using the Illumina Infinium HumanMethylation450K plat-
form, at birth using cord blood (n=2861) and age seven using
blood (n=927) from a subset of children from the ALSPAC
cohort were assessed in relation to environmental factors asso-
ciated with childhood ALL. The effect of environmental
exposures associated with childhood ALL risk on DNA
methylation at individual CpG sites were analysed using linear
regression. DNA methylation was modelled as a continuous
variable, in a multivariate regression model accounting for
potential confounders (sex, parity, gestation, and batch). The
resultant data were integrated with a compiled list of gene loci
with methylation changes associated with overt ALL disease
(identified using published literature). DNA methylation
changes were found at birth in association with maternal
exposure to smoking, alcohol, radiation exposure, folic acid,
sugary caffeinated drinks, iron, caffeine, and household paints.
At age seven, DNA methylation changes were observed with
day care attendance. Hypergeometric tests suggested that the
overlap between the number of genes found to have altered
methylation in ALL and in response to the majority of ALL-risk
exposures was not due to chance. This supports the hypothesis
that DNA methylation may mediate the effect of environ-
mental risks factors associated with disease development. If
alterations in DNA methylation underlie disease susceptibility,
then the altered DNA methylation should be present in both
disease and normal cells and thus should be at least partially
retained in ALL patients in remission. Therefore, DNA
methylation was measured using pyrosequencing for several
identified environmentally responsive gene loci (AHRR,
CYPI1AI, BHMT, and LCK) in ALL patient remission samples
(as proxy for pre-disease methylation measurement) and heal-
thy controls. In agreement with our hypothesis, significant
differences were found between the ALL remission samples and
controls for all environmentally responsive genes. Further stu-
dies to understand the importance of these methylation chan-
ges in inducing or contributing to disease development will be
important, as such findings may provide predictive disease
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biomarkers and offer insights into how preventative strategies
may be introduced.
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Epigenetic precursors of childhood cancer and associated
early-life exposure

A.G. Ghantous', S. GONSETH?, R. Saffery’, T. Dwyer?, A.
Novoloaca', S.E. Haberg®, H. Hernandez-Vargas', J.L.
Wiemels®, M.C. Munthe-Kaas®, Z. Herceg'

! International Agency for Research on Cancer, LYON, France;
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United States of America; 3 Murdoch Childrens Research Institute,
MELBOURNE, Australia; *University of Oxford, OXFORD,
United Kingdom; > Norwegian Institute of Public Health, OSLO,
Norway; 5Oslo University Hospital, OSLO, Norway

Background: Childhood cancer remains the first cause of
disease-related death in children, with increasing incidence
worldwide. Its risk factors are largely unidentified and under-
lying biological mechanisms remain pootly understood. Dur-
ing embryogenesis, a global reprogramming of the epigenome
(including DNA methylome) occurs to enable tissue differ-
entiation, and it has been proposed that this profound epi-
genome reconfiguration constitutes susceptibility windows.
Hence, we hypothesize that DNA methylation during in utero
development may act as a sensor of environmental exposures
and mediate risk to childhood cancer later in life.

Methods: We profiled the genome-wide methylation levels in
cord blood samples from the International Childhood Cancer
Cohort Consortium (I4C), the largest prospective investigation
into childhood cancer based on mother-child birth cohorts.
Starting with a major I4C cohort (MoBa, Norway), DNA
methylation levels of more than 450,000 cytosines (CpGs)
were compared (using HM450-BeadChip) between nested
cases (n= 80, representing similar proportions of leukemias,
central nervous system tumors and other tumors) and controls
(n=160, matched to cases by birth year). Findings were then
replicated in two independent cohorts from different con-
tinents using both epigenome-wide and targeted DNA
methylation approaches.

Results: We identified two differentially methylated 200-bp
regions (DMRs) in leukemias relative to controls (FDR <
0.05). A mean difference of 5-10% methylation was con-
sistently found across several CpG sites in each DMR and was
validated using bisulfite sequencing. The observed associations
were not influenced by covariates such as blood cell subtype
distribution and age. These epigenetic signatures of childhood
leukemia were replicated in two independent cohorts and are
currently being analyzed in relevance to early-life exposure
factors in these and in additional I4C cohorts. Preliminary
findings suggest a role for early-life infection and maternal
smoking during pregnancy.

Conclusions: These findings may place DNA methylation in
the causal pathways linking early-life exposures and childhood
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leukemia and may contribute to a leap forward in deciphering
mechanistic precursors of childhood cancer.
Actknowledgement: INSERM/INCA grant and the IARC Post-
doctoral  Fellowship-Marie-Curie-Actions-People-COFUND;
families, children, and collaborators from the International
Childhood Cancer Cohort Consortium, and the EXPOsOMICS
and Pregnancy And Childhood Epigenetics consortia.
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Associations between early-life body size factors and
pubertal onset by breast cancer family history in the
LEGACY Girls Study
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Pennsylvania, PHILADELPHIA, United States of America;
“University of Utah School of Medicine, SALT LAKE CITY,
United States of America; °Fox Chase Cancer Center,
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Institute of California, FREMONT, United States of America

Background: Earlier onset of breast development, which has
been observed globally, is a known risk factor for breast cancer.
Growing evidence suggests that age at onset of breast devel-
opment as well as other markers of puberty may be influenced
by maternal pre-pregnancy body mass index (BMI), maternal
gestational weight gain (GWG) and infant body size. To date,
all of the epidemiologic evidence, however, has come from
cohorts of girls not enriched with a breast cancer family history
(BCFH). As maternal BMI and GWG may be modifiable, we
investigated whether maternal BMI, GWG and size at birth
were associated with earlier pubertal onset, and whether these
associations varied by BCFH, using a prospective cohort of gitls
in which approximately half have a history of breast cancer in a
first or second degree relative.

Methods: Using longitudinal Weibull models and data from
gitls ages 5-7 years at baseline (n=240), we assessed whether
maternal pre-pregnancy BMI, GWG, and daughter’s weight
and length at birth, reported by the mother at baseline, were
associated with breast (thelarche) and pubic hair (pubarche)
development, defined as maternal report of Tanner stage 2 + .
We examined modification by BCFH and mediation by
daughter’s childhood BMI in adjusted models.

Results: The median ages of thelarche and pubarche were 10.1
(95% confidence interval (CI)=9.9, 10.4) and 10.9 (95%
CI=10.5, 11.3) years, respectively. Higher maternal pre-
pregnancy BMI was associated with earlier thelarche in their
daughters (Hazard ratio (HR) adjusted for age and race/ethni-
city =1.05, 95% CI=1.01, 1.08 per kg/m*). However, the
association between maternal BMI and onset of thelarche was

modified by GWG. Compared to daughters whose mothers
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had a pre-pregnancy BMI of <25kg/m” and gained <30
pounds, girls whose mothers had a pre-pregnancy BMI <25 kg/
m” and gained >30 pounds (HR =1.96, 95% CI 1.13, 3.39)
and girls whose mothers had a pre-pregnancy BMI of >25 kg/
m? had an approximately twofold increased risk of earlier the-
larche regardless of the mother's GWG (HR=2.11, 95% CI
1.17, 3.80 for GWG <30 Ibs and HR=2.19, 95% CI 1.07,
4.47 for GWG >30 lbs). Associations were similar after
adjustment for childhood BMI at baseline. Associations
between maternal pre-pregnancy BMI and GWG were stron-
ger for girls without a BCFH, although the interactions were
not statistically significant. There were no consistent patterns
between maternal pre-pregnancy BMI or GWG and pubarche.
Daughter’s weight and length at birth were not associated with
the timing of thelarche or pubarche.

Conclusion: In a prospective cohort enriched for breast cancer
family history, we found that earlier onset of breast develop-
ment in girls was associated with two potentially modifiable risk
factors — maternal pre-pregnancy BMI and gestational weight
gain — and that the effect of these risk factors on timing of
breast development were independent of childhood body size.

PA1.09.07

Exposure to chemotherapy induces epigenetic damage in
normal cells in childhood cancer patients

J.A. McKay, LS Sharp, JC Casement, G. Strathdee

Newcastle University, NEWCASTLE UPON TYNE, United
Kingdom

Survival rates for childhood cancers have improved dramati-
cally in recent years, leading to an increase childhood cancer
survivors. Long term follow up has shown that survivors of
childhood cancer are at very significantly increased risk of
developing many common chronic diseases and early death
compared to the general population. Recently the British
Childhood Cancer Survivor Study found a - nine-fold
increased death rate in cancer survivors, with secondary
malignancies, circulatory conditions and respiratory conditions
accounting for the majority of excess deaths not related to
disease re-occurrence. Recent reductions in therapy, particu-
larly reduction in the use of radiotherapy and anthracyclines,
may have had some effect in reducing premature deaths in
cancer survivors, but rates remain highly elevated (Fidler
et al, 2016).

The mechanisms underlying the high rates of chronic illness
and premature deaths in survivors of childhood cancer are not
fully understood. One potential mechanism could involve
epigenetic damage induced by anti-cancer therapies. Epigenetic
changes, such as altered DNA methylation, are an attractive
potential mechanism as these changes, once induced, can be
stable over many years and thus could underlie later health
problems. To begin to explore this, we assessed the impact of
chemotherapy on DNA methylation at six candidate genes in
normal cells from ALL patients in early and late remission.
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Five of the six candidates exhibited no increase in methylation
between early and late remission samples. However HOXA4
was found to exhibit dramatically increased methylation in late
remission compared with early remission. Furthermore the
extent of the increase in methylation was associated with the
duration of the treatment, implying that increased exposure to
chemotherapy was associated with an increased level of aberrant
DNA methylation.

Based on this initial evidence, we expanded these studies to
assess genome wide DNA methylation changes in response to
therapy. We performed genome wide methylation analysis
using Illumina MethylationEpic arrays, which
> 850,000 CpG sites across the genome in 32 sets of paired
DNA samples (derived from peripheral blood) taken from
initial remission (or diagnosis in solid tumours) and late
remission (up to 2 years) in childhood cancer patients. This

cover

analysis confirmed that the highly significant increase in methy-
lation at the HOXA4 locus. In addition a further 153 differen-
tially methylated regions (DMRs) were found to exhibit altered
DNA methylation in normal, non-cancer cells, in later remission
compared with early remission after correction for FDR. This
demonstrates that exposure to chemotherapy induces large and
wide spread changes in DNA methylation across the genome in
healthy cells from childhood cancer patients. Furthermore, the
induced methylation changes were highly similar in solid tumour
patients (primarily neuroblastoma patients) and in leukaemia
patients, suggesting that altered DNA methylation occurs largely
independently of the specific chemotherapeutic regimes used.
Further studies will be required to determine if the altered DNA
methylation induced in childhood cancer patients is sustained
into later life and if it plays a mediating and/or predictive role in
the development of long term health effects associated with the
treatment of childhood cancer.

Fidler et al (2016) BM]J 354:i4351

PA1.10 - Early Nutrition
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Paternal obesity modifies the effect of an antenatal lifestyle
intervention in women who are overweight or obese on
newborn anthropometry.

M. Dodd', J. McPhee?, R. Deussen', J. Louise', N. Yelland',
A. Owens', S. Robinson!

" The University of Adelaide, NORTH ADELAIDE, Australia;
*Women’s and Children’s Hospital, NORTH ADELAIDE,
Australia

Background: The contribution of paternal obesity to preg-
nancy outcomes has been little described. Our aims were to
evaluate the effect of paternal BMI on infant birth weight and
adiposity; and determine whether the effect of a randomized
antenatal maternal dietary and lifestyle intervention among
women who are overweight or obese on newborn adiposity, is

modified by paternal obesity.
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Methods: Secondary analysis of a multicenter randomized
controlled trial, in which pregnant women with BMI
> 25kg/ m? received either Lifestyle Advice or Standard Care.
Paternal anthropometric measures included height, weight,
BMI; waist, hip, calf and mid-upper arm circumferences;
biceps and calf skinfold thickness measurements (SFTM); and
percentage body fat. Newborn anthropometric outcomes
included length; weight; head, arm, abdominal, and chest cir-
cumferences; biceps, triceps, subscapular, suprailiac, thigh, and
lateral abdominal wall SFTM; and percentage body fat.
Results: Increasing paternal BMI was associated with a sig-
nificant increase in infant suprailiac (p=0.05) and thigh
SFTM (p = 0.04), particularly in men with BMI >35.0kg/m”.
The effect of an antenatal maternal dietary and lifestyle inter-
vention among women who were overweight or obese on
neonatal anthropometric measures, was significantly modified
in infants whose fathers’ BMI >35.0kg/m?, with a significant
reduction in infant triceps, suprailiac, and thigh SFTM, and
percent fat mass, to below that observed in offspring of lean
fathers.

Conclusion: Further research is required to determine whether
our observed associations are causal, and, if so, whether paternal
weight loss prior to conception would affect infant adiposity, as
a potential strategy to reduce the adverse intergenerational

effects of obesity.

PA1.10.02

Effect of maternal cafeteria diet and taurine
supplementation on body and organ weights of the

offspring
A. Kabasakal Cetin', A. Giile¢?, A. Akyol Mutlu®

IHacettepe University, ANKARA, Tur/eey,‘ 2Hacettepe University
Department of Nutrition and Dietetics, ANKARA, Turkey

Background: Maternal over-nutrition may disrupt the devel-
opmental process of the fetus during gestation and lactation.
Several studies demonstrate that taurine amino acid exerts
antioxidant, anti-inflammartory, antitumorigenic and hepator-
enal protective effects. The possible protective influence of
maternal taurine supplementation in the setting of maternal
over-nutrition is not well documented. This study aimed to
examine the effect of maternal cafeteria diet and/or taurine
supplementation on body and organ weights of the offspring.

Methods: Female Wistar rats were fed a control (CON) diet,
CON supplemented with 1.5% taurine in drinking water
(CONT), cafeteria diet (CAF) or CAF supplemented with
taurine (CAFT) from weaning. After 8 weeks all animals were
mated and maintained on the same diets during pregnancy and
lactation. Birth weights were recorded and bodyweights of
offspring were measured during lactation. At the end of lacta-
tion, two offspring from every dam were weaned onto a control
diet and the rest were culled. Blood and tissue samples were
taken. Major organ weights (liver, brain, kidneys and heart)
were recorded. The effect of gestational diet on maternal and
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fetal outcomes was assessed using a general linear model ana-
lysis of variance (ANOVA) (fixed factors, maternal diet and
sex). Where longitudinal data were available (for example,
weekly body weights or energy intake), the week of study was
used in a repeated-measures analysis.

Results: Birth weights of pups did not differ between groups
(p=0.532), but male offspring’s birth weights were higher
than female offspring (CON male: 5.87£0.13¢g, female:
5.40£0.10g; CONT male:5.70£0.11 g, female:5.36+0.11
g; CAF male:5.64+0.11g, female:5.30+£0.12g and CAFT
male:5.64+0.12 g, female: 5.37+0.11 g) (p <0.001). Mater-
nal cafeteria diet and taurine supplementation affected body
weights during lactation and both CAF and CAFT pups were
leaner than CON and CONT pups (CON: 19.02£0.25¢,
CONT: 20.30+0.26g, CAF: 16.93£0.24g and CAFT:
16.45+£0.23g) (p<0.001). An effect of maternal diet was
observed on offspring’s liver weights (relative to body weights
%) which indicated a significant reduction in CAF and CAFT
compared to CON and CONT (CON: 4.28£0.07, CONT:
3.93+£0.07, CAF:3.45+0.07 and CAFT:3.47+0.06)
(p<0.001). The relative weight of brain was significantly
heavier in CAFT than CON and CONT (CON: 3.58+0.08,
CONT: 3.54%+0.08, CAF: 3.75£0.08 and CAFT:3.97+
0.07) (p<0.001). The heart was heavier in CAF offspring
compared to CON, CONT and CAFT offspring (CON:
0.51+0.01, CONT: 0.52+0.01, CAF: 0.56+£0.01 and
CAFT: 0.52£0.01) (p=0.002).

Conclusions: Maternal cafeteria diet and/or taurine supple-
mentation induced alterations in body and organ weights of off-
spring. Despite these differences, cafeteria diet supplemented
with taurine did not exert a profound protective effect on body
and organ weights. Future studies will continue to examine the
influence of maternal cafeteria diet and taurine supplementation
on physiological and metabolic changes in the offspring.
Funding: The present study was funded by the Scientific and
Technological Research Council of Turkey (TUBITAK),
Number 1155538.

PA1.10.03

DNA-methylation and body composition in pre-school
children of the CHOP study- Are methylation variants
associated with further body composition development?

P. Rzehak', M. Covic?, R. Saffery®, E. Reischl?, S. Wahl®, V.
Grote?, M. Weber?, A. Xhonneux’, J.P. Lzmghendries5 , N.
Ferre®, R. Closa-Monasterolo®, J. Escribano®, E. Verduci’, E.
Riva’, P. Socha®, D. Gruszfeld®, B. Koletzko?, On behalf Of
the CHOP Trial Study Group’

ILudwzg—Maximiliﬂm Universitit Miinchen (LMU),
MUNICH, Germany; ZLudwzg—Maximilz'am Universitiit
Miinchen (LMU) /Dr. von Hauner Children’s Hospital,
MUNICH, Germany; > Murdoch Childrens Research Institute /
Royal Children’s Hospital, MELBOURNE, Australia;
Helmboltz Zentrum Muenchen | Institute of Epidemiology 11,
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MUNICH, Germany; > CHC St Vincent, LIEGE-ROCOURT,
Belgium; “Universitat Rovira i Virgili, IISPV, REUS, Spain;
7Uni1/ersily of Milano / Department of Pediatrics, MILANO,
Traly; 8Children’s Memorial Health Institute, WARSAW, Poland:
?European Childhood Obesity Trial Study Group, X, Germany

Background: In a recent cross-sectional epigenome-wide-
association-study (EWAS) conducted by our group in 374
pre-school children of four European countries (BE,DE, IT,
ES) 13 DNA-methylation (DNAm)-variants were found sig-
nificantly associated with body size (BMI(kg/m?), ZBMI
(WHO-z-score)) and body composition measures (fat-mass
(EM (kg)), fat-free-mass (FFM (kg)) and its height related
indices (FMI (kg/m?), FFMI (kg/m?)) at age 5.5 years. These
DNAm-variants were located in genes related to lipid and
glucose metabolism, obesity or diabetes. This study aims to
investigate whether these epigenetic marks are associated with
further growth until age 11 years.

Methods: The European Childhood Obesity Project (CHOP)
study is an ongoing prospective study with multiple anthro-
pometric measurements from birth and body composition
measures derived from bio-impedance analysis collected at age
5.5, 6, 7, 8 and 11 years. Genome wide DNAm data were
determined in whole blood for these children using the
[lumina-HumanMethylation450K BeadChip array at the age
of 5.5 years. Latent growth curve modelling (LGCM) was
applied to construct BMI, ZBMI, FM, FMI, FFM and FEMI
trajectories. We analyzed whether any of the 13 DNAm-
variants previously identified were associated with body com-
position at age 5.5 years or with respective trajectories. Analyses
were adjusted for all covariates as in the detection EWAS (6-
WBC-celltypes, 30 control probe principal components, sex,
age at blood draw, country, education). Further adjustments
were child’s birth weight, gestational age, maternal age at
delivery, pre-pregnancy BMI and smoking during pregnancy.
In the LGCM a cubic shaped trajectory with random intercept
and slope and fixed quadratic and cubic terms was specified.
The intercept and latent linear slope of each of the 6 body-size
and composition trajectories were regressed on each of the 13
DNAm-variants previously identified adjusted for the covari-
ates listed above.

Results: Except for CpG 2, 6 and 10 all DNAm-variants were
significantly associated with at least one linear slope (= velocity
of development) of some body composition trajectory. BMI
development (linear slope) was associated with CpG: 8, 9, 12
(P-values: 1.10E-04, 8.66E-07, 4.67E-02, respectively). ZBMI
slope was associated with CpG: 1, 3, 4, 5, 7, 11, 13 (P-values:
5.63E-07, 1.07E-04, 1.15E-02, 1.66E-03, 1.68E-05, 4.04E-
-02, 3.55E-02). EM slope was associated with CpG: 1, 3, 5, 8,
9, 12 (P-values: 3.12E-02, 2.74E-02, 3.93E-02, 3.44E-07,
3.36E-10, 6.67E-03). FMI slope was associated with CpG: 8,
9, 12 (P-values: 5.71E-07, 4.19E-10, 4.73E-02). FFM slope
was associated with CpG: 8, 9, 12 (P-values: 2.24E-02,
4.52E-03, 1.83E-02). FFMI slope was associated with CpG: 1,
9 (P-values: 3.49E-02, 1.79E-02).
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Conclusions: Most of the previous identified DNAm-variants
associated with body composition at age 5.5 y in our study have
long-term effects on body composition. Provided replication they
may be considered as early markers for further development of
body composition. The finding that some DNAm-variants affect
development of BMI, FM and FEM whereas others are specific
for FM may be of future interest. Assessment of epigenetic sta-
bility of these identified DNAm-variants is also required.

Funding: Commission of the European Communities, the 7th
Framework  Programme, contract ~ FP7-289346-EARLY
NUTRITION and the European Research Council Advanced
Grant ERC-2012-AdG-n0.322605 META-GROWTH.

PA1.10.04

Maternal diabetes impairs fetal brown adipose tissue
development

K.N. Lin, C.C. Wang, A.S.W. Shum

The Chinese University of Hong Kong, HONG KONG,
Hongkong - China

Background: Intrauterine growth restriction is a common clin-
ical complication in babies born to women with pregestational
type 1 diabetes. Epidemiological studies show that these babies
are more prone to develop obesity and related metabolic disorders
later in life, but the mechanism remains unclear. There are
emerging evidences that brown adipose tissue (BAT) is important
not only for thermoregulation in the neonatal period, but also
plays a key role in controlling body weight and preventing obesity
in adulthood via dissipating stored chemical energy in the form of
heat. This study aims to use a mouse model to determine whether
BAT development is impaired in fetuses exposed to intrauterine
type 1 diabetes, which increases their propensity to develop
obesity and metabolic disorders in postnatal life.

Methods: Pregnancies were obtained by mating non-diabetic
male ICR mice with streptozotocin-induced diabetic or non-
diabetic female ICR mice. The interscapular BAT (iBAT)
weight and body weight of near-term fetuses at gestational day
18 (GD18), and neonates on the day of birth (postnatal day 1:
PD1) were measured. Differentiation of fetal iBAT was asses-
sed by oil Red O staining of lipids and measurement of trigly-
cerides content. As a critical component for BAT functions,
mitochondrial number and mass were determined by trans-
mission electron microscopy, MitoTracker Red staining, and
mRNA expressions of mitochondrial DNA-encoded genes
cytochrome ¢ oxidase I (CoxI) and NADH dehydrogenase 5
(VND5). The mRNA and protein levels of the BAT-specific gene
uncoupling protein 1 (Ucpl), which sets the thermogenic
process, were measured by real-time gqRT-PCR and Western
blot. Thermogenic capacity of PD1 neonates was assessed.
Offspring of diabetic dams were fostered by non-diabetic dams.
After weaning, they were challenged with a high-fat diet. The
body weight of offspring was monitored at regular intervals.
Insulin tolerance test and glucose tolerance test were conducted
at 4 months of age.
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Results: The birthweight of PD1 neonates of diabetic dams
was 30% lower than that of non-diabetic dams. At GD18,
concomitant with a lower iBAT-to-body weight ratio, there
were prominently less lipid droplets and lower concentrations
of triglycerides in the iBAT of fetuses of diabetic mice. More-
over, mitochondrial number and mass were markedly reduced.
The upregulation of mRNA and protein levels of Ucp1 prior to
birth was dramatically suppressed by over 90%. In line with
these findings, the P1 neonates had significantly lower body
temperature at the interscapular region and showed reduced
capacity to maintain their body temperature. Despite having a
lower birthweight, offspring of diabetic dams that were fostered
by non-diabetic dams showed rapid catch-up growth. When
challenged with a high-fat diet, they gained more weight, and
were more insulin resistant and glucose intolerant than off-
spring of non-diabetic dams.

Conclusions: Our results show that in growth-restricted fetu-
ses of mice with streptozotocin-induced diabetes, development
of BAT is impaired. Further studies are required to determine
whether there is a link between defective BAT development
during gestation and predisposition to adiposity and metabolic
disorders in postnatal life in offspring exposed to type 1 dia-
betes in utero.

PA1.10.05

Effect of dietary lipid structure in early life improves
metabolic function of adult adipose tissue in mice

AM.C. Baars', L. Schipper', M. Mischke', M. Klein
Hazebroek?, E. van Schothorst?, E.M. van der Beek!, A.
Oosting1

! Nutricia Research, UTRECHT, The Netherlands; > Human and
Animal Physiology, Wageningen University, WAGENINGEN,
The Netherlands

Background: The incidence of childhood obesity is increasing
worldwide and is associated with adult obesity and metabolic
disease. Environmental factors in early life, including nutrition,
have shown to impact lifelong health. For instance, breast-
feeding is associated with a reduced risk of childhood obesity
and adult metabolic disease. We developed an infant milk
formula with a complex lipid matrix (Nuturis®) more closely
resembling the lipid structure of human milk. Early life expo-
sure to Nuturis® has consistently resulted in a beneficial effect
on adult fat mass accumulation in mice. In this study we
investigated the potential underlying mechanism in adipose
tissue in more detail.

Methods: A diet containing either Nuturis® or a standard
infant milk formula (CTRL) was provided to mice from post-
natal day (PN) 15 to 42, a time period corresponding to
infancy and childhood. Subsequently, mice were challenged
with a moderate Western style diet (WSD; 40 En%) or fed a
standard rodent chow during adolescence and adulthood until
dissection at PN112. Body composition (BC) was monitored
by EchoMRI bi-weekly from PN42 to PN98. Adipocyte cell
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size and macrophage content were determined by epididymal
white adipose tissue (epiWAT) staining and epiWAT gene
expression analysis by means of microarrays at PN112.

Results: BC analysis confirmed reduced adiposity in the
Nuturis® mice after a WSD challenge, whereas no differences
were found between Nuturis® and CTRL mice after the standard
chow. Adipocyte cell size was smaller in Nuturis® compared to
CTRL mice independent of the adult diet. Nuturis® mice
showed a trend towards reduced crown-like structures and indi-
vidual macrophages infiltration in WAT after the WSD chal-
lenge, suggesting a reduced inflammatdon risk. In addidon,
expression of genes related to metabolic function and energy
metabolism were beneficially affected in Nuturis® mice.

Conclusion: Our study showed that the reduced fat accumula-
tion in mice after a WSD in adult life was associated with selective
changes in adipocyte size, inflammatory markers and markers
related to metabolic function and energy metabolism. These
changes indicate that early modulation of epiWAT function may
contribute to the protective effects of Nuturis® on later life health.

PA1.10.06

Adult glucose dysregulation after severe prenatal food
restriction in the Dutch Hunger Winter: only partial
mediation by current body size.

L.H. Lumey', L.C. Li', A.D.S. Stein®, E.T. Tobi’, B.T.H.
Hc:ijmams3

! Columbia University, NEW YORK, United States of America;
ZEmmj/ University, Rollins School of Public Health, ATLANTA,

United States of America; 3Leiden University Medical Center,
LEIDEN, The Netherlands

Background: Previous studies show that fetal exposure to the
Dutch famine of 1944-45 is associated with increased body size
and impaired glucose dysregulation in later life. The interrela-
tion of these outcomes has not yet been examined taking time
order into account.

Methods: We recruited 342 men and women in three birth
clinics in the western Netherlands whose mothers were exposed
to famine during or immediately preceding pregnancy (births
between January 1945 and March 1946); 291 men and women
born in 1943 or 1947 in the same clinics as time-controls; and
302 prenatally unexposed same-sex siblings of individuals above
as family controls. Study participants were administered a 75-g
oral glucose tolerance test after overnight fasting. We examined
baseline glucose and insulin, HOMA-IR as a measure of insulin
resistance and 2-hr post-challenge glucose. Type 2 diabetes mel-
litus (DM) was defined by a positive medical history prior to
examination or a fasting glucose concentration (>7.0mmol/L) or
2-hr glucose concentration >11.1 mmol/L. We asked particpants
to recall their weight at age 20. Current body size was defined by
weight, body mass index (BMI), waist circumference (WC), or
sagittal abdominal diameter (SAD) at the age of examination
(~59 years). Weight gain was defined as current minus recalled
weight at age 20. We used multi-level linear and logistic
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regression models to estimate the degree of glucose dysregulation
associated with famine exposure relative to controls. We used
methods proposed by Baron and Kenny to examine the relation
between weight gain, current body size and glucose dysregulation
after prenatal famine exposure.

Results: Prenatal famine exposure was not related to recalled
weight at age 20. In agreement with previous studies, famine
exposed subjects had higher levels of fasting glucose (0.19 mmol/
L; 95% CI: 0.05 to 0.33), 2-hr glucose (0.37 mmol/L; 95% CI:
0.03 t0 0.71), and insulin resistance (log HOMA-IR units) (0.09;
95% CI: 0.00 to 0.18); they also had an increased odds for DM
(OR=2.20; 95% CI: 1.34 to 3.60). After adjustment for BMI
(or WC or SAD) these estimates reduced to 0.13 mmol/L (95%
CI: -0.01 to 0.27), 0.27 mmol/L (95% CI: -0.06 to 0.61), and
0.01 log HOMA-IR units (95% CI: -0.07 to 0.09) respectively.
The odds for DM remained elevated (OR=1.86; 95% CI: 1.13
to 3.06) after adjustment for BMI. DM prevalence among the
exposed was 18.7%. Adjustment for recalled weight had no
impact on glucose outcomes.

By contrast, adult weight gain and current body size mediated a
significant proportion of the famine effects on fasting and 2hr
glucose (20-50%), HOMA-IR (60-90%), and DM (15-25%)
(Figure). We confirmed our results in sibling pairs.
Interpretation: The increase in body size after age 20 as
expressed by weight gain or current body size is an important
mediator of glucose dysregulation after prenatal famine but
provides only a partial explanation of long-term health effects.
Further studies should therefore also include glucose handling
and pancreas functions in famine-exposed individuals that are
independent of body size.
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Mediation of famine effects on current glucose by past weight
gain and current body size.

PA1.10.07

Prenatal exposure to phthalates in relation to epigenetic and
metabolomic markers in a birth cohort with high risk of obesity

N. Holland, G.T. Tindula, K. Huen, K. Harley, B. Eskenazi
University of California, Berkeley, BERKELEY, United States of

America
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Background: The prospective nature of birth cohort studies and
wealth of epidemiological data and biological samples provide
unique opportunities to address effects of early life exposures on
health outcomes later in life in light of the DOHaD paradigm.
Several lines of evidence highlight phthalates as potential key
obesogens. Epigenetic mechanisms attract increasing attention as
a potential link between the genetic and environmental deter-
minants of health. We aimed to study the relationship of prenatal
exposure to phthalates with epigenetic modifications and obesity
in children from birth through adolescence.

Methods: Urinary phthalate metabolites were measured during
pregnancy in 400 women from the CHAMACOS study, an
ongoing longitudinal birth cohort of low-income Mexican-
Americans from California. We characterized DNA methyla-
tion using 450K Infinifum BeadChips, pyrosequencing of
imprinted genes as well as LINE-1 and Alu repeats in blood
collected from children at several time-points. Expression of
human miRNAs was measured by Next Generation Sequen-
cing using the novel HT'G platform. Health outcomes included
length of gestation, birth weight, and obesity and metabolic
health parameters through age 14 years.

Results: Maternal phthalate concentrations in CHAMACOS
women were similar to other US and European cohorts, and were
correlated with several markers identified by targeted metabo-
lomics. More than 55% of CHAMACOS children aged 9-14
years were overweight or obese. Phthalate metabolites were asso-
ciated with child BMI Z-score, waist circumference, isoprostane
and adipokine levels. miRNA expression and DNA methylation
differed by sex and were also associated with phthalate exposure
and prenatal factors after adjusting for blood cell composition.
Conclusions: Our findings provide evidence that in utero expo-
sure to phthalates may contribute to obesity development in
children. Furthermore, the relationship of prenatal phthalate
exposure with altered DNA methylation and miRNA profiles
suggest epigenetics as a potential molecular pathway through
which prenatal exposure can affect obesity in children at older
ages. Unlike genetics, epigenetic mechanisms could be reversible
and understanding their role may lead to better protection of
pregnant women and children, and improved public health.

PL1.02 — Mechanistic studies in DOHaD
PL1.02.01

Exploring mechanisms and examples of paternal epigenetic
inheritance

S. Kimmins'?, K. Siklenka?, A. Lismer?, R. Lambrot!

IMcGill University, Department of Animal Science, Montreal,
Quebec, Canada; MeGill University, Department of
Pharmacology and T/Jempeuticsz, Montreal, Quebec, Canada

Muldple reports, some more convincing than others, describe how
paternal and even grandparental exposures can impact the pheno-
types of un-exposed offspring. This intergenerational or transge-
through non-DNA  based

nerational inheritance  occurs
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mechanisms and has been termed epigenetic inheritance. Despite
the now numerous studies demonstrating the phenomena of
transgenerational inheritance, following dietary, toxicant and even
stress exposures, there remain significant questions about the nat-
ure of the mechanism(s) responsible for the transmission of these
environment- induced defects between generations. We do know
that for such transmission to occur, it must involve mechanisms
that operate in the germline. To date, histones, DNA methylation
and non-coding RNA have been implicated in transgenerational
inheritance. The sperm epigenome is highly unique in comparison
to the oocyte; the majority of histones are replaced with sperm-
specific nucleoproteins, the protamines. In mice and men about
1% and 10% of histones are retained respectively primarily at CpG
rich regions. Sperm is also highly enriched in noncoding RNA and
has a unique DNA methylome where in general regions that are
enriched for histones tend to be hypomethylated. We will discuss
how alterations in the epigenome (epimutations) might resist
extensive epigenetic reprogramming that takes place during the
normal development of the germ line between generations. In the
workshop we will explore examples of epigenetic inheritance, the
mechanisms involved, the technological limitations and how we
can best study epigenetic inheritance in the future.

Paternal epigenetic
transmission
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PL1.02.02

Programming by maternal over-nutrition: a developing
obesity crisis

S. E. Ozanne
University of Cambridge, CAMBRIDGE, United Kingdom

Obesity prevalence is increasing in both the developed and
developing world in all age groups within the population


https://doi.org/10.1017/S2040174417000848

including women of childbearing age. In many countries, such as
the UK, over half of women are now overweight or obese during
pregnancy. This is of concern as growing evidence suggests that
developing 7 utero in an obesogenic environment not only has
short term detrimental effects for both mother and baby but also
has long-term effects on the metabolic and cardiovascular health
of the child later in life. This evidence has been gained from
studies in both humans and in a range of animal models. The
strongest evidence from humans to suggest that development 7z
utero in an obesogenic environment “programmes” increased risk
of obesity and cardio-metabolic disease has come from the study
of siblings born before and after maternal bariatric surgery. These
revealed that the sibling born post-surgery when the mother was
leaner had reduced adiposity, lower blood pressure and increased
insulin sensitivity compared to their sibling born prior to maternal
weight-reducing surgery. Studies in animal models have been key
in showing that these relationships are causal and in defining
underlying mechanisms. We have used a mouse model of maternal
diet-induced obesity to define the mechanisms by which obesity
during pregnancy impacts on the long-term cardio-metabolic
health of the offspring. These studies have demonstrated that the
offspring of obese dams develop insulin resistance, cardiac dys-
function, hypertension and fatty liver when weaned onto a healthy
low fat diet and have a normal body weight. Offspring of obese
dams are also more susceptible to diet-induced obesity which can
exaggerate the programmed phenotype. Studies in animal models
have also helped in the identification of key factors associated with
obesity during pregnancy that mediate programmed effects in the
offspring. Our studies have identified maternal insulin as a key
“programming” factor and highlight it as an important target of
intervention studies such as those involving increased maternal
physical activity. These studies therefore provide important insight
in strategies for prevention of transmission of obesity from mother
to child and thus reduce the burden of some of the most common
non-communicable diseases of the 21 century.

PL1.02.03

Genetics of birth weight and later life diseases
R.M. Freathy

University of Exeter, EXETER, United Kingdom

Individuals with birth weights approaching the lower and
upper ends of the population distribution are more at risk of
adverse neonatal and later-life health outcomes than those of
average weight. The factors influencing birth weight are com-
plex and involve both maternal and fetal genetic contributions
in addition to the environment. Genome-wide association
studies have identified more than 60 regions of the genome in
which common genetic variants are robustly associated with
birth weight. This presentation will describe the most recent
genome-wide association studies of birth weight. These include
analyses of both fetal and maternal genetics, which have pro-
vided biological insights into important intrauterine factors and
relevant pathways, in addition to estimates of the genetic

https://doi.org/10.1017/52040174417000848 Published online by Cambridge University Press

10th World Congress  S55

contribution to the inverse observational associations between
birth weight and later life diseases. The findings, their limita-
tions, and future directions will be discussed.

PA1.11 — Experimental fetal and neonatal methods
PA1.11.01

Consequences of fetal hypoxia: Does it all come down to
timing, duration and severity?

o1
J. Morrison

' University of South Australia, Adelaide, Australia

The complex developmental trajectory of fetal growth and devel-
opment requires adequate oxygen delivery throughout gestation.
Interruption of that oxygen supply may be brief, repetitive or
sustained, and may occur at any time, thus producing a spectrum
of pathophysiological responses that have implications for the
fetus’ immediate and long-term wellbeing. Detailed animal studies
allow dissection of how timing, duration and severity of a
hypoxemic insult modifies fetal and postnatal health. This insight
may lead to different interventional approaches in babies or chil-
dren that were exposed to different types of hypoxemia. This talk
will include examples of cardiopulmonary adaptation to fetal
hypoxemia and suggest potential therapeutic strategies.

PA1.11.03

Consequences of fetal and neonatal adaptation to a hypoxic
environment

I.LK.M. Reiss
ErasmusMC-Sophia, ROTTERDAM, The Netherlands

Reduced oxygenation of the placenta is linked to severe compli-
cations including intra-uterine growth retardation and pre-
eclampsia. Despite reductions in systemic oxygen supply, the
fetus is able to cope with physiologic hypoxic conditions. A
similar reduction in systemic oxygen supply occurs at high alti-
tude, making high altitude a good model for hypoxia research.
While many studies have addressed the hypoxic placenta’s vas-
cular remodeling and metabolic changes, data on the mature fetal
adaptation to a hypoxic environment are scarce. We will present
data on microvascular density in healthy term neonates born to
mothers living at high altitude during pregnancy. We were able to
demonstrate that microvascular density was 14% higher than in
neonates born at sea level, pointing towards a possible adaptive
fetal strategy to cope with reduced oxygenation. In preterm
infants born too small for gestational age, most often caused by
more extreme hypoxic conditions, total vessel density is also sig-
nificantly higher soon after birth. We can speculate that enhanced
microvascularization is a general adaptive mechanism that might
be induced by hypoxia driven stabilization of hypoxia inducible
factors (HIF) 1 and 2. Physiological adaptive processes (maternal,
fetal and neonatal) to a hypoxic environment as well as their short
and long-term consequences will be discussed.
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Sex-specific programming of cardiac bioenergetics by
chronic hypoxic pregnancy and mitochondria-targeted
antioxidant therapy

A.M. Spiroski', M.P. Murphy?, A.J. Murray’, D.A. Giussani’

' University of Cambridge, CAMBRIDGE, United Kingdom;
°MRC Mitochondyial Biology Unit, CAMBRIDGE, United
Kingdom; > Department of Physiology, Development &
Neurosciece, CAMBRIDGE, United Kingdom

Background: Fetal cardiac mitochondria are exquisitely sensitive
to oxygen availability, and adapt to prenatal hypoxia predominantly
via Complex I (CI) to maintain ATP production throughout
gestation (Neary, er al. | Mol Cell Cardiol. 74:340-52, 2014).
However, chronic fetal hypoxia induces oxidative stress, increasing
the risk of cardiovascular pathology in adulthood (Giussani &
Davidge. / Dev Orig Health Dis. 4:328-37, 2013). The
mitochondria-targeted antioxidant MitoQ is protective against
oxidative stress in the adult (Smith, ez 2/ Ann NY Acad Sci 1201
(1):96-103, 2010), but its applicability as a prenatal intervention
has not been investigated. Thus, the aims of this study were to
determine sex-specific cardiac bioenergetics in adult offspring of
hypoxic pregnancy, and the effects of prenatal MitoQQ intervention.
Methods: Pregnant Wistar dams were exposed to normoxia (N;
21% O,) or (hypoxia (H; 13% O,) from 6-20 days gestation +
MitoQ (NM and HM, respectively) provided at 200pM in
drinking water. Offspring were maintained in normoxia until
4 months of age. Mitochondrial respiration was assessed in per-
meabilised cardiac muscle fibres of female (N, »=12-18; H,
n=9-12; HM, n=5-8; NM, n=28-13) and male (N, »=5-8;
H, n=06-7; HM, n=5-7; NM, n=6-8) offspring with a Clark-
type oxygen electrode. Mitochondrial oxygen consumption
(nmol O, - min™ - mg wet weight ') was measured by the addi-
tion of CI (pyruvate; PY) and -oxidation (palmitoylcarnitine;
PC) substrates, with malate (PY-M and PC-M, respectively), in
the absence (State 2; S2) and presence (State 3; S3) of ADP;
respiratory control ratios (RCRs) were calculated. Following CI
and CIII inhibition (rotenone + antimycin a), CIV was mea-
sured in S3 with the electron donor N, N, N, N-tetramethyl-
p-phenylenediamine and ascorbate (TMPD-A).

Results: Cardiac mitochondria of male, but not female adult
hypoxic offspring, showed an increase in pyruvate-mediated CI
oxygen consumption and decreased RCR, with the latter
improved by prenatal MitoQ treatment (Fig. 1A). Hypoxia
increased CI palmitoylcarnitine-mediated B-oxidation RCR in
males, which was restored by MitoQ treatment (Fig. 1B).
Prenatal MitoQ treatment also reduced p-oxidative coupling
and S3 CIV oxygen consumption in both sexes of treated and
untreated pregnancy (Fig. 1B and C).

Conclusions: Prenatal hypoxia programmes sex-specific altera-
tions in cardiac mitochondrial respiration in adult offspring. Whilst
female offspring of hypoxic pregnancy appear protected, males have
poorer CI and fB-oxidative coupling. Prenatal MitoQ treatment in
hypoxic pregnancy may improve pyruvate-mediated CI coupling
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and -oxidative uncoupling in hearts of male offspring. Prenatal
MitoQ treatment in any pregnancy may also reduce CIV oxygen
consumption in adult offspring of both sexes. Therefore, prenatal
MitoQ treatment in pregnancy may reduce cardiac oxygen demand
in adult offspring, shifting mitochondrial bioenergetic flux through
anaerobic pathways. Figure (A) Pyruvate (PY), PY with malate
RCR (PY-M RCR), (B) palmitoylcarnitine (PC), with malate RCR
(PC-M RCR), and (C) S3 TMPD with ascorbate (TMPD-A).
Data are means + SEM for female and male offspring (N, white;
H, black; HM, grey; NM, hashed). Statistical differences are
(»<0.05): * main effect of hypoxia; T main effect of MitoQ;
hypoxia x MitoQ interaction indicated by brackets (Two-Way
ANOVA with Tukey’s post-hoc comparison).
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Low level arsenic exposure during pregnancy in 3xG cohort
in Flanders: increased maternal oxidative stress and reduced
birth weight

N.RJ. Lambrechts!, E. Govarts', B. Morrens?, E. Den Hond?,
A. Colles!, M. De Soomer!, V. Nelen?, I. Loots2, D. Stappers3,
E. Van de Mieroop®, G. Schoeters'

"VITO, MOL, Belgivm; > University of Antwerp, ANTWERP,
Belgium; 3 Provinciaal Instituut voor H; hygiéne, ANTWERP, Belgium

Increasing epidemiologic evidence indicates that even low level
arsenic (As) exposure affects adverse pregnancy outcomes. The
adverse outcome pathways from As exposure during pregnancy
need further clarification.

This study investigates whether urinary As species and As
methylation efficiency are associated with oxidative stress dur-
ing pregnancy and birth weight in 151 mother-child pairs of
the 3xG cohort in Flanders, Belgium (2012-2015).

Urine samples were collected between 25 and 35 weeks of gestation
and different As species (inorganic As (iAs; As(I1I), As(V)), mono-
methylAs acid (MMA) and dimethylAs acid (DMA)) were mea-
sured using HPLC-IC-MS. Multiple linear regression analyses were
performed to evaluate the associations between As exposure and
oxidative stress, measured by the amount of 8-hydroxy-2'-deox-
yguanosine (8-OHdG, In-transformed) in the same urine samples
(ELISA), as well as birth weight. The associations for 8-OHdG
were adjusted for age and smoking before sample collection, and
those for birth weight for age and BMI of the mother, gender of the
baby, gestational age, and smoking during pregnancy.

With increasing levels of MMA levels, urinary 8-OHdG
concentrations increased with 24% (ug/l) (95% CI=0.5-
51.7%), while the birth weight decreased with -176,71¢g


https://doi.org/10.1017/S2040174417000848

(-337.84; -15.59). Further, a decreasing trend between the sec-
ondary methylation index (=DMA/MMA) and 8-OHdG was
found ($=0,998 (95% CI=0.996-1.000)). No significant
associations were observed for SMI and birth weight, and for iAs,
DMA and the primary methylation index (=MMA/iAS) with 8-
OHGJG as well as birth weight. Together, these data indicate that
in a region with a relatively low environmental As burden, oxi-
dative stress during pregnancy is associated to the toxic metabolite
MMA and with less efficient As detoxification efficiency. Fur-
thermore, this same monomethylated As-species seems to affect
the birth weight of these women’s children. This underscores the
risks of low level As exposure to vulnerable populations. The 3xG
study is part of the cAT project, funded by NIRAS and the local
partnerships MONA and STORA.

PA1.11.07

Effect of maternal antioxidant MitoQ treatment on aged
offspring cardiovascular function in a rat model of
intrauterine growth restriction (IUGR)

M. Aljunaidy', J.S. Morton', R. Kirschenman', P. Case®,
C.L.M. Cooke', S.T. Davidge'

! University of Alberta, EDMONTON, Canada; ZUniversily of
Bristol, BRISTOL, United Kingdom

Introduction: A suboptimal environment in fetal life is linked to
cardiovascular disease in adult life. One of the central factors
which impacts development of the fetus is a hypoxic environ-
ment. Maternal hypoxia can lead to placental oxidative stress and
abnormal cardiovascular function in the offspring. Mitochondria
are a major source of oxidative stress in the placenta. We propose
to target placental oxidative stress using the mitochondrial anti-
oxidant MitoQ. MitoQ will be loaded into nanoparticles to
restrict treatment to the placenta and prevent MitoQ from
crossing the placental barrier to the fetus. Our preliminary data
have shown that nanoparticles can reach the labyrinth zone of the
placenta but do not cross to the fetus (due to the size and charge
of the nanoparticles). We have also shown that maternal treat-
ment with MitoQ loaded into nanoparticles can prevent the
placental oxidative stress caused by hypoxia. However, the long
term effect of this treatment on preventing fetal programming of
cardiovascular disease awaits investigation. We hypothesize that
placental targeted MitoQ treatment may prevent the develop-
ment of cardiovascular disease in aged offspring.

Methods: Pregnant rats were injected with either MitoQ loa-
ded nanoparticles (nMitoQ; 125 pM) or saline via tail vein on
gestational day (GD) 15. Rats then were subdivided into two
groups exposed to either hypoxia (11% O5) or normoxia (21%
0O,) from GD 15-21 (term; 22 days). At 13 months of age,
blood pressure (tail-cuff plethysmography), in wvivo cardiac
function (echocardiography) and vascular function (wire
myography) were assessed in both male and female offspring. A
2-way ANOVA was used for analyses.

Results: Assessment of cardiac function demonstrated that
hypoxia led to diastolic dysfunction in male and female
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offspring. Treatment with nMitoQ did not improve diastolic
function in male offspring but did improve diastolic function in
both normoxic and hypoxic female offspring by increasing the
E wave velocity (MV E: normoxia/saline: 847 =60 mm/s vs.
normoxia/nMitoQ: 1204+ 162 mm/s and hypoxia/saline:
844+75mm/s vs. hypoxia/nMitoQ: 929+88mm/s; P=
0.02). Hypoxia had no effect on ex vivo mesenteric artery
sensitivity to phenylephrine (PE) in either male or female off-
spring. nMitoQ, however, increased sensitivity to PE in male
offspring from normoxic and hypoxic pregnancies (pECsq PE:
normoxia/saline: ~ 5.54+0.05 vs.  normoxia/nMitoQ:
5.66£0.03 and hypoxia/saline: 5.69+0.08 vs. hypoxia/nMi-
toQ: 5.88+0.03; P=0.0001). This effect was not seen in
female offspring. While hypoxia did not alter ex vivo mesenteric
artery sensitivity to the vasorelaxant methacholine (MCh) in
male offspring, sensitivity to MCh was increased by treatment
with nMitoQ. In female offspring, hypoxia reduced mesenteric
artery sensitivity to MCh and nMitoQ increased it in both
normoxic and hypoxic female offspring. Neither hypoxia nor
nMitoQ altered blood pressure.

Conclusion: Using nanoparticles to target the antioxidant
treatment (MitoQ) to the placenta in mid gestation can alter
cardiovascular function in offspring later in life. This was illu-
strated by reversal of an aging effect on vascular function in
male offspring. MitoQ was shown to increase mesenteric artery
sensitivity to vasoconstriction, increase the sensitivity to
vasorelaxation in male and female offspring and improve dia-
stolic function in female offspring.

PA1.11.08

How safe is ART? Effect of in vitro fertilisation (IVF) and
prolonged embryo culture on mouse development and

postnatal health

A.R. Aljahdali', I.R. Khalif®, B. Sheth!, M. Velazquez’,
K. Wallen', C. Osmond', N. Smyth', T.P. Fleming', J. Eckert'

! University of Southampton, SOUTHAMPTON, United
Kingdom; > University Malaya, MALAYSIA, Malaysia; ° Newcastle
University, NEWCASTLE, United Kingdom

Since the advent of IVF (in vitro fertilisation), several million
babies have been born worldwide. However, reports link
in vitro techniques with adverse short and long-term health
outcomes. Using a mouse model, we investigated the effect of
IVF and duration of culture on blastocyst development and cell
number and the postnatal health of offspring. Experimental
groups (8-13 litters each): NM (natural mating, non-super-
ovulated); IV-ET-2Cell (2-cell embryos derived i vivo from
superovulated mothers (SOM) and immediately transferred
(ET) to recipients; IV-ET-BL (blastocysts derived 77 vivo from
SOM and immediate ET); IVE-ET-2cell (2-cell embryos gen-
erated by IVF from SOM, short culture and ET); IVF-ET-BL
(blastocysts generated by IVF from SOM, long culture and
ET). IVF blastocysts after prolonged culture developed slower


https://doi.org/10.1017/S2040174417000848

S58  Journal of Developmental Origins of Health and Disease, Volume 8, Supplement 1

and comprised reduced trophectoderm and ICM cell numbers
compared with in vivo generated blastocysts (P < 0.05; n=50-
87 per treatment). IV-ET-2Cell (n=57), IV-ET-BL (n=47),
IVE-ET-2Cell (n=75) and IVF-ET-BL (n=42) groups
compared with NM controls (n = 80), showed increased body
weight, increased Systolic blood pressure SBP, impaired GTT
and abnormal organ:body weight ratios in both genders
(P <0.05), independent of litter size. SBP and Angiotensin
Converting Enzyme (ACE) for IVF-ET-BL males was
increased compared to IV-ET-BL males. SBP for IVF-ET-BL
males was increased compared to IVF-ET-2Cell males. SBP for
IVF-ET-BL males at week 21 was positively correlated with
lung (ACE). However, glucose concentration 2 hours after
glucose injection and AUC (area under curve) in male IVF-ET-
BL was reduced compared with IVE-ET-2Cell males. Serum
insulin for IVE-ET-BL males was significantly reduced compared
with IVF-ET-2Cell, but serum glucose and G:I ratio did not
show any significant differences. No differences were evident
between the four treatments groups for females. We conclude
that reproductive treatments affect the development and potential
of preimplantation embryos, influencing postnatal development
and physiology compared with undisturbed reproduction. In
particular, prolonged embryo culture, with normalised SO, IVF
and ET, may adversely affect male offspring cardiovascular but
improve the metabolic profile compared with short culture,
However, female health is less sensitive.

PA1.12 - Folate and other nutrients
PA1.12.01

Life course evolution of vitamin B12 deficiency in young
rural Indian adults

C.S. Yajnik', D.S. Bhat', SJ. Joshi', T.L. Limaye',
S. Bandyopadhyay?, G. Chandak®, S. Nongmaithem?, C.H.D. Fall*

! King Edward Memorial Hospital Research Centre, PUNE,
India; *Indian Institute of Public Health, HYDERABAD, India;
3C€ntr2for Cellular and Molecular Biology, HYDERABAD,
India; "MRC LEU, SOUTHAMPTON, United Kingdom

Background:Vitamin B12 (B12) is an important regulator of
1-C metabolism and therefore, crucial for fetal growth and
development. Maternal vitamin B12 deficiency has been
shown to increase risk of fetal neural tube defects, impaired
brain development, and programming of adiposity and insulin
resistance. B12 deficiency is common in Indians. There are few
studies addressing the ‘lifecourse’ evolution of B12 status. Pune
Maternal Nutrition Study (PMNS) offers a unique opportunity
to study these factors.

Methods: PMNS is a preconceptional birth cohort set in 6 vil-
lages around Pune. Mothers were investigated before and during
pregnancy, babies at birth, and both parents and the child serially
at 6, 12 and 18 years after delivery. Measurements included
socio-economic status (SES), body size and composition, nutri-
tion, and hematological and biochemical-metabolilc parameters
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(B12, folate and homocysteine). A genetic risk score (GRS) was
calculated for B12 deficiency based on 8 significantly associated
SNPs in a GWAS. We used Generalised Estimating Equations
(GEE) to investigate the associations of B12 deficiency (plasma
B12 <150 pmol/L) in 18 year old children.

Results: In Children, mean plasma B12 concentrations progres-
sively decreased (224, 188 and 139 pmol/L at 6, 12 and 18 years
of age, respectively) and B12 deficiency correspondingly increased
(16%, 24% and 58% respectively). Children had higher rates of
B12 deficiency at 18 years (58%) compared to their parents
(mothers: 34%, fathers: 51%). Folate status was normal and
remained stable. Plasma homocysteine concentration progressively
increased from 12 to 18 years (mean 11.7 and 26.3 umol/L) and
27% and 89% were hyperhomocysteinemic, respectively.
During pregnancy, - 65% of the mothers of these children
were B12 deficient, a third were hypehomocysteinemic and
90% had elevated methyl malonic acid (MMA) concentration.
Folate status was adequate.

B12 deficiency in the child was related to genetic risk score
(based on CUBN, FUT?2, FUT6, MMAA, TCN1 and TCN2
genotypes), lower maternal B12 at 28 weeks gestation, lower
parental B12 status during post-partum period, increasing age
of the child, and with larger body size, lower milk consump-
tion, and lower WBC count.

Conclusion: This is the world’s first lifecourse description of
the evolution of vitamin B12 deficiency in a very deficient
population. Genetic factors contributed significantly but there
is a clear evidence for environmental contribution. Lower
maternal transfer during pregnancy, rapid childhood and
pubertal growth, post-natal family environment including low
dietary intake of milk and better hygiene seem to be important
contributory factors. These factors should be considered in the
public health policy to improve B12 status of Indians to reduce
incidence of NTDs, and fetal programming of diabetes and
related disorders.
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The impact of periconceptional folic acid on reproduction,

care and health
R.P.M. Steegers-Theunissen
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Division of Neonatology; Erasmus MC, University Medical
Centre, The Netherlands

Reproduction is associated with health and non-communicable
disease risks in later life. A multitude of genetic and environmental
factors, including the B vitamin folic acid (here synthetic and nat-
ural form), are involved and influence the pathways and underlying
molecular biological mechanisms. The WHO recommendation of
the periconceptional maternal use of folic acid supplements to
prevent neural tube defects, stimulated the research on the impact
of folic acid on other reproductive failures, such as subfertility, fetal
growth restriction, preeclampsia, and diseases occurring in post-
natal life, such as asthma, cancer, cardiovascular and psychiatric
diseases. Folic acid is essential for the provision of one-carbon
moieties for the synthesis of proteins, lipids, DNA and RNA, and
the methylation of chromatin. Vegetables and fruits are rich sources
of folic acid of which the intake is adequate in less than 20% of
couples in reproductive ages. In addition to the increased folic acid
requirements during the periconception period as a consequence of
rapid growth and numerous cell divisions, the prevalence of folic
acid shortage is also very high in the reproductive population. In
the first part of this presentation an overview will be given of the
latest evidence of the impact of periconceptional folic acid on fer-
tility and embryonic- and fetal health. As researchers we have the
responsibility to implement our research findings in patient care
and society. Because of the overwhelming evidence of the impact of
the inadequate intake of folic acid supplements, vegetables and
fruits on reproduction as well as disease risks later in life, we laun-
ched in 2011 the mHealth coaching programme ‘Smarter-
Pregnancy’ (www.smarterpregnancy.ac.uk, www.slimmerzwanger.
nl). This personalized and individual programme empowers cou-
ples to increase the intake of folic acid (woman only), vegetables
and fruits during the preconception and pregnancy period. Fol-
lowing the significant results of the survey using ‘Smarter Preg-
nancy’ as intervention, first data will be presented of the
randomized controlled trial conducted in the general population
and IVF/ICSI population, in the second part of this presentation.
Since mHealth has the potental to reach and educate a large
population, the great opportunities of a life course approach of
adopting healthy nutrition and lifestyle from the preconceptional
period onwards will be addressed.

PA1.12.05

Advanced glycation end products-rich diet during
pregnancy affects early somatic and motoric development
and metabolic status of offspring in mice

K. Sebekova', R. Gurecka', I. Koborova', M. Csongova',
K. Jansakova', L. Tothova', V. Somoza®, P. Celec'
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Background: In thermally processed foods, advanced glycation
end products (AGEs) are formed by non-enzymatic reaction
between proteins and reducing sugars. Ingested AGEs are par-
tially absorbed into circulation. Current evidence support that
AGEs are maternally transferred to fetus. Consumption of
AGE-rich diet associates with negative metabolic effects, and
behavioral changes in adult rodents, and age-related changes,
and pathology in humans. Since maternal diet may affect
postnatal development of offspring, and their susceptibility to
metabolic disturbances, we investigated whether consumption
of AGE-rich diet by dams during pregnancy affects early
development of offspring, and their metabolic status later in
young adulthood.

Methods: C57BL mice had during pregnancy ad libitum access
either to a standard rat chow (CTRL), or AGE-rich diet (AGE,
75% standard rat chow/25% bread crusts, wt/wt). After
delivery, both groups of dams received a standard diet. In off-
spring, somatic, motoric, and neurological reflexes develop-
ment (eye opening, ear unfolding, incisor eruption, ear twitch-,
eyelid-, and auditory startle- reflexes, forelimb/hindlimb grasp,
negative geotaxis, air and surface rightning, rope suspension)
were monitored until weaning (day (D)21). After weaning,
offspring (CTRL: n=18; BC: n=13) were placed on a stan-
dard diet. At D80, offspring’s metabolic status was tested.
Results: Both groups of dams consumed similar amounts of
food during pregnancy or lactation. Body weight of newborn
(D3) or weaned (D21) offspring of CTRL and AGE dams did
not differ significantly. At D80, male offspring of AGE dams
were significantly heavier (p <0.02) compared with their
CTRL counterparts. Offspring of AGE dams developed ear
twitch (11.5+1.1 day vs. 12.3£0.8 day, p<0.026), eyelid
(15.1£0.8 day vs. 15.8£0.9 day, p<0.042), and auditory
startle (13.6+1.1 day vs. 14.8+1.3 day, p<0.012) reflexes
earlier comparing with their counterparts from CTRL dams.
They also performed surface rightning within 1 second earlier
(11.4£2.2 day vs. 13.7£ 1.8 day, p < 0.004). In young adult
mice, blood pressure, renal function, and measures of oxidative
status did not differ significantly between the groups. Offspring
of AGE dams maintained similar glycemia to that of their
CTRL counterparts with significantly higher insulin levels,
resulting in lower insulin sensitivity (HOMA: 8.8£7.2 vs
3.6£1.8, p<0.026). At sacrifice, both groups of offspring
presented similar AGEs-associated fluorescence of plasma. A
trend towards lower levels of soluble receptor for AGEs -
sRAGE - was observed in AGE offspring (648 £ 156 pg/ml vs.
553+ 131 pg/ml, p=0.07). No significant between-group
difference in heart-, liver-, and kidney-to-body weight ratio;
liver cholesterol or triacylglycerols content was revealed.
Conclusions: In mice, a maternal AGE-rich diet (even if con-
sumed solely during pregnancy) may affect early somatic and
motoric development of offspring; and their insulin sensitivity
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in later life, even if offspring consume a standard diet after
weaning. Further work is needed to determine the under-
pinning mechanisms by which a maternal AGE-rich diet
adversely affects neurobehavioral and metabolic pathways in
offspring.

PA1.12.06

Maternal genetic polymorphisms affect plasma vitamin B12
levels during pregnancy and impact the neonatal
epigenome
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Colombia, VANCOUVER, Canada; “KK Women's and
Children’s Hospital, SINGAPORE, Singapore; ° Nestlé Research
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Background: Vitamin B12 status during gestation can affect
health outcomes for both mother and the offspring. Investi-
gating genetic polymorphisms that affect vitamin B12 level
during pregnancy can help understand the link between
nutrition, genetics and pregnancy outcomes. Here we present
the first Genome Wide Association Study (GWAS) of vitamin
B12 concentrations during pregnancy and its influence on the
neonatal methylome.

Methods: In a prospective mother-offspring multi-ethnic
cohort study, Growing Up in Singapore Towards healthy
Outcomes (GUSTO), we performed a Genome-Wide
Association Study (GWAS) to identify the genetic risk var-
fants associated with B12 insufficiency during pregnancy. All
mothers (N=938) were genotyped using the Illumina
omniexpress + exome array. Relevant covariates/confounders
were adjusted for in the statistical models. Pyrosequencing was
used to analyze additional SNPs in the gene locus of interest.
Replication of the top gene variants was performed in an
independent cohort, the Southampton Women’s Survey
(SWS) (N=1755). Downstream effects of genotype depen-
dent maternal B12 insufficiency on neonatal methylome
(n=2883) were interrogated by methylation profiling of cord
tissue by using Infinium HumanMethylation 450 arrays.
Results: We found 4 genetic risk variants within/near the
Fucosyltransferase (FUT) genes associated with maternal
plasma B12 levels at genome-wide significance (P < 5.00E-8).
Two of these variants, located in the FUT2 coding region and
FUT6 promoter (4bp from Transcription Start Site (TSS)),
have been previously linked to B12 deficiency in Chinese
populations, while the remaining two variants located in coding
sequence of FUT3 and FUT6 promoter (1614bp from TSS)
were novel findings. We also found FUT3 and FUT6 variants
to be in strong linkage disequilibrium with each other. Similar
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to FUT2 mutations, vitamin B12 levels increased with the
increase in minor allele dosage for FUT3 and FUT6 poly-
morphisms. The significance of FUT genes on maternal B12
concentrations replicated in the SWS independent cohort. A
more intricate analysis of the FUT polymorphisms identified
ethnic diversity in the vitamin B12 linked genetic risk variants
found in Asians vs Caucasians. In the GUSTO cohort we
interrogated the downstream effects of maternal B12 insuffi-
ciency on infant outcomes and found it to impact perinatal
methylation at 6 CpGs (FDR <0.05). Of all the FUT muta-
tions, FUT?2 missense mutation was the most significant factor
explaining the variation in neonatal epigenome, especially in
the biological pathways involved in cardiac development and
neurophysiological function. Segregation analysis of the FUT2
polymorphism identified the secretor genotype (AA and AT) to
be associated with a greater influence of maternal vitamin B12
concentration on perinatal methylation compared to the non-
secretor form (TT).

Conclusion: Our findings indicate that genetic polymorph-
isms in FUT genes are linked with B12 concentrations during
pregnancy. There is ethnic diversity in these genetic poly-
morphisms, and maternal FUT?2 secretor status can play a role
in regulating the sensitivity of the fetal methylome to sub-
optimal plasma B12 levels in utero.

PA1.12.07

Exposure to low-dose vitamin D from fortification in
prenatal life and risk of childhood asthma: Results from the
D-Tect study

F. Thorsteinsdottir', E. Maslova®, P. Frederiksen’,
R. Jacobsen®, B.L. Heitmann®

IBispebjerg and Frederiksberg Hospital, FREDERIKSBERG,
Denmark; ZDepartment of Epidemiology Research, Statens Serum
Institut, COPENHAGEN, Denmark; > The Parker Institute,
Bisbebjerg and Frederiksberg Hospital, FREDERIKSBERG,
Denmark

Background: Prenatal vitamin D insufficiency may influence
immune system and lung development, and cause permanent
changes in these organ systems, thereby contributing to the
later risk of childhood asthma development. Results from epi-
demiological studies on the association of vitamin D intake or
status during pregnancy with childhood asthma risk in the
offspring are, however, conflicting. Furthermore, most studies
have short follow up periods and limited number of partici-
pants. The objective of this study was to examine whether
prenatal exposure to additional vitamin D from margarine
fortification was associated with reduced childhood asthma risk
until age 9 years, especially among those who had the majority
of their prenatal period during the dark months.

Methods: In Denmark a mandatory vitamin D fortification
program was terminated 1° of June 1985. This study compares
the risk of asthma diagnosed during hospitalization in all
children born in Denmark during the two years before the
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termination of the Vitamin D fortification program (i.e.
exposed to fortification during prenatal life), to the risk among
all children born during the two years after the termination (i.e.
unexposed to fortification during prenatal life). The children
were identified in the Danish Civil registration System and
followed up in the Danish National Patient Register from birth
to the age 9 years to identify presence and date of the first
inpatient asthma admission. The data was analyzed using Cox
proportional hazards regression with age as underlying time
scale.

Results: Out of 106,347 children exposed to the fortification
program during prenatal life, 1,427 (1.34%) had at least
one inpatient asthma admission; out of 115,900 children
unexposed to fortification, 1,613 (1.39%) had at least one
inpatient asthma admission. The Hazard Ratio (HR) for the
first inpatient asthma admission among children exposed versus
unexposed to fortification was 0.96 (95% CI: 0.90-1.04).
In analyses stratified by age HR were 0.86 (95% CIL:
0.75-0.98), 0.95 (95 CI% 0.85-1.06), and 1.10 (95 CI% 0.96-
1.26) for the first asthma admission at ages 0-3, 3-6, and
3-9 years, respectively. Adjusting for sex and season of birth
gave essentially similar results. There were no statistically sig-
nificant interactions with season of birth (p=0.74) or sex
(p=0.55).

Conclusion: Prenatal exposure to extra vitamin D from the
Danish mandatory fortification program did not seem to affect
the risk of developing asthma that would require hospitaliza-
tion among children aged 0-9 years. Fortification did not have
additional benefit for those children who had the majority of
their prenatal period during the dark months. The risk varied
according to age at first asthma admission and this minor var-
iation could be explained by age-related asthma phenotypes,
and/or by potential uncertainty of asthma diagnosis in very
young children.
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PA1.12.08

Folic acid supplementation partly mitigates adverse health
outcomes caused by perinatal exposure to Arctic
contaminants in a rat model

J.L. Bailey', M. Lessard", P. Charest’, P. Herst',
M.O. Benoit—Biancamanoz, M. Dalvai'

! Laval University, QUEBEC CITY, Canada; *University of
Montreal Faculty of Veterinary Medicine, ST. HYACINTHE,
Canada

Background: Persistent Organic Pollutants (POPs) are trans-
ported to the north via natural weather currents, contaminating
the Arctic food chain. Inuit populations, therefore, have high
POPs body burdens. Early development is sensitive to toxicants
and maternal consumption of PCB-contaminated food during
pregnancy is associated with negative developmental outcomes.
There is a major health discrepancy between Inuit people in
Arctic regions and non-Aboriginal Canadians, culminating in a
13 years shorter lifespan. A therapeutic strategy to reduce the
impact of POP:s is desirable to improve Inuit health. Folic acid
supplementation iz utero is known to reduce the incidence of
congenital disorders and protect against various other pathol-
ogies. We hypothesize, therefore, that prenatal exposure to
POPs disrupts developmental and reproductive parameters of
males and that dietary folic acid (FA) mitigates the toxicant
effects.

Methods: Four treatment groups of Sprague-Dawley FO
founder females (n = 6) were gavaged with an environmentally-
relevant mixture of Arctic POPs (500pg/kg) or corn oil (Con-
trol) and received either 1X or 3X FA representing normal
Canadian intakes from fortified foods (1X) +a daily muld-
vitamin for periconceptional women (3X). FO females were
treated for 5 weeks to establish a body burden of POPs, and
then mated to untreated males and POPs/FA treatments con-
tinued until weaning of the prenatally-exposed F1 litters. All
rats were then fed control chow. GD19.5 placentas and fetuses
were assessed for congenital pathologies, including macro-
anatomical and histopathologic examination. Reproductive
development and function were assessed in F1 males at
150 days of age (n=12/treatment group) following mating
with untreated females.

Results: At GD19.5, F1 placental, fetal and body weights and
sizes were unaffected by treatment. Prenatal POPs exposure
influences male sexual development for the F1 sons as ano-
genital distance was higher in the POPs 1X and 3X treatment
groups. PND150 F1 males had higher kidney (P=0.01) and
brain (P=0.09) weights due to early-life POPs exposure and
smaller spleens (P=0.04) with FA supplementation. Blood
analysis performed on F1 males at PND150 revealed lower
haematocrit and platelet counts due to POPs, however, an
interaction between POPs and FA supplementation corrected
these counts when simultaneously administered (POPs 3X;
P <0.01). Erythrocyte counts were higher with FA supple-
mentation (P=0.05). Sperm function parameters also
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decreased due to POPs (P =0.05), but were also partly rescued
by FA: sperm motility (Control 78% versus POPs 64%), sperm
viability (Control 48% versus POPs 34% but POPs with 3X
FA 44%). Seminal vesicle weights were higher with 3X FA
irrespective of POPs exposure. Prenatal POPs exposure of the
F1 males altered the sex ratio of their F2 offspring (Control
60% males/litter versus POPs with either 1X or 3X FA 40%
males/litter; P =0.05).

Conclusions: These findings confirm the hypothesis that early-
life exposure to environmentally-relevant Arctic POPs induces
developmental perturbations in male rats that persist through
adulthood. Furthermore, FA supplementation also alters
development and appears to rescue some of the outcomes
induced by POPs exposures. These preliminary results support
the concept that a nutritional intervention can mitigate the
harmful outcomes caused by environmental contaminants.

Financed by CIHR.

PA1.13 - Maternal obesity and gestational disorders
PA1.13.01

Maternal hypertensive disorders of pregnancy and
cardiovascular disease risk factors in offspring at age
40 years

A. Kurbasic!, A. Fraser?, 1. Mogren3 , P.W. Franks!,
J.W. Rich-Edwards®, S. Timpka'

1 Lund University, MALM O, Sweden; ZUniz/ersily of Bristol,
BRISTOL, United Kingdom; 3Umed University, UMEA,
Sweden; 4Brig/mm and Women'’s Hospital and Harvard Medical
School, BOSTON, United States of America

Background: Women with a history of hypertensive disorders
of pregnancy (HDP) have increased risk of cardiovascular dis-
ease (CVD) later in life. In addition, it has been reported that
offspring to mothers with HDP have worse cardiometabolic
risk factor profiles in early adulthood and higher risk of cardi-
ovascular disease (CVD) later in life. Potentially, these asso-
ciations are explained by a shared maternal-fetal preponderance
for adverse CVD risk factor profiles. We aimed to study the
association between maternal HDP and offspring CVD risk
factors in middle age, accounting for familial heredity of CVD.
Methods: We included 13,466 first-born participants (49.9%
women) who attended a population-based structured clinical visit
in primary care (The Visterbotten Intervention Program) at age
40 (£0.5) years in Sweden between 1991 and 2014. Data on
exposure to maternal HDP were collected from population-based
registries on pregnancy and birth outcomes. Using linear regres-
sion, we investigated the association between maternal HDP and
log transformed CVD risk factors in offspring, adjusting for sex
and reported family history of CVD in our main model. In a
subsample (N~4,650) there were data available on maternal
CVD risk factors at age 50 and/or 60 years. In a sensitivity ana-
lysis, we included the maternal measure at 50 or 60 years as an

additional proxy for familial CV health.
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Results: 375 (2.8%) of participants were exposed to maternal
HDP. Offspring exposed to maternal HDP had a 3.2% (95%
confidence interval (CI) 1.6 to 4.7%) higher body mass index
(BMI) at age 40 years, 3.2% (95% confidence interval (CI) 2.1
to 4.2%) higher systolic blood pressure (SBP), and 3.3% (95%
confidence interval (CI) 2.0 to 4.5%) higher diastolic blood
pressure (DBP). We found little support for an association
between maternal HDP and total serum cholesterol (-1.1%,
95% CI -3.2 to 0.8%). Upon further adjustment for maternal
BMI, the association between maternal HDP and offspring
BMI at age 40 years was fully attenuated. Maternal HDP was
still associated with offspring SBP (1.9%, 95% CI 0.1 to 3.6%)
but no longer with offspring DBP (1.5%, 95% CI -0.5 to
3.6%) or total serum cholesterol (-2.1%, 95% CI-5.3 to 1.1%)
after adjusting for the corresponding maternal measure.
Conclusions: Though offspring exposed to maternal HDP had
slightly worse CVD risk factor profile at age 40 years, our study
suggests that this might be explained by a familial preponderance
to worse CVD profile rather than an intra-uterine effect of HDP
exposure per se. Nonetheless, this means that when developing
CVD prevention programs for women with a history of pregnancy
complications, a family-based approach, which also includes pri-
mordial CVD prevention in her child/children, could potendally
increase the public health impact of such interventions.

PA1.13.02
Maternal pre-pregnancy overweight and childhood physi-
cal activity and fitness - the ABCD study

S. Mintjens', R.J.B.J. Gemke', M.N.M. van Poppel?,
T.G.M. Vrijkotte®, T.J. Roseboom?, A.W. van Deutekom®

v University Medical Center, AMSTERDAM, The
Netherlands; 2Unz'zzer:ily of Graz - Institute of Sport Science,
GRAZ, Austria; > Academic Medical Centre, AMSTERDAM,
The Netherlands

Background: Maternal obesity is a risk factor for obesity and
cardiovascular disease in the offspring. Furthermore, childhood
fitness and physical activity are strongly associated with later
health. As the prenatal environment could affect the develop-
ment of childhood fitness, we assessed whether maternal pre-
pregnancy overweight/obesity (ppBMI > 25kg/m?) is an inde-
pendent determinant of cardiorespiratory fitness, muscular
strength, physical activity (PA) and sedentary behaviour (SB) in
8-9 year old children.

Methods: 194 children of Dutch ethnicity aged 8.6 (+0.4)
years participated. These children were randomly selected from
a prospective birth cohort, the Amsterdam Born Children and
their Development study (ABCD). We assessed cardior-
espiratory fitness by 20-m Multistage Shuttle Run test
(20-m MSRT), muscular strength by hand dynamometry and
moderate-to-vigorous PA (MVPA) level and SB by 7-day
accelerometry. The association of pre-pregnancy overweight/
obesity with these outcome measures was assessed by multi-
variate linear regression. Subsequently, we assessed the
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mediating effect of birth weight and fat mass, derived from
bioelectrical impedance, at 5 years of age.

Results: Mean (£SD) attained 20-m MSRT stage was 5.3
(£1.7). Compared to children from normal weight women,
children from women with pre-pregnancy overweight/obesity
attained 2 0.75 (95% CI: -1.42; -0.08) lower stage, adjusted for
child’s sex and BMI. This association was not mediated by
birth weight or child’s fat mass at age 5. Maternal pre-
pregnancy overweight was not associated with child’s muscular
strength, MVPA or SB.

Conclusion: Maternal pre-pregnancy overweight or obesity is
associated with reduced cardiorespiratory fitness in the off-
spring, but not with muscular strength, physical activity or
sedentary behaviour. Birth weight or fat mass at age 5 did not
mediate this association. Reduced cardiorespiratory fitness may
partly explain the increased cardiovascular disease risk in chil-
dren of obese women.

Funding: Dutch heart foundation (grant no. 2013T085).
ZonMw (grant no. 40-00703-98-11627)

PA1.13.03

Achieving late-pregnancy glycemic control is beneficial
for the long-term health of obese mothers and their
children-the PEACHES mother-child cohort

D. Gomes', M. Nast?>, M. Stubert?, L. Langhammerz,
N. Haas?, H. Netz?, L. Holdt?, D. Teupser”, M. Delius?,
U. Hasbargenz, A. Roscher?, R. von Kries®, R. Ensenauer’

! University Children’s Hospiral, Heinrich Heine University,
DUSSELDORF, Germany; ZLudwig-Maximi/iam- Universitiit
Miinchen, MUNICH, Germany

Background: Obese women are at high risk of developing
gestational diabetes (GDM), an important cause of adverse
pregnancy outcomes including increased risks of type 2 dia-
betes (T2DM) in the mother and overweight in the offspring.
However, it has remained unclear whether achieving adequate
glycemic control reduces the risk of later T2DM or prediabetes,
particularly in obese women, and if it is beneficial for the long-
term health of their children. We therefore aimed to assess the
impact of late-pregnancy dysglycemia, as indicated by a high
glycated hemoglobin (HbA;.) at delivery, in obese mothers
with or without GDM on both maternal and offspring long-
term outcomes.

Methods: The Programming of Enhanced Adiposity Risk in
CHildhood-Early Screening (PEACHES) mother-child cohort
(n=1,683) investigates the long-term effect of pre-pregnancy
maternal obesity on the development of overweight and asso-
ciated metabolic diseases in the offspring and comprises obese
mothers with longitudinal information on gestational glucose
metabolism (n = 749). Explanatory variables were GDM status
according to the criteria of the International Association of
Diabetes and Pregnancy Study Groups and maternal HbA, at
delivery. Outcomes comprised offspring birth weight, body
mass index (BMI) z-scores at 4 years, and maternal glucose
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metabolism 3 years postpartum (glucose concentrations of an
oral glucose tolerance test, HbA;)). Obese GDM-negative
mothers with a low HbA;. at delivery (< 5.7%) served as
controls. Increments (A) were assessed in multivariate regres-
sion models with adjustment for maternal pre-pregnancy BMI,
gestational weight gain, sex of the offspring, and maternal body
fat percentage measured at the postpartum visit.

Results: Obese GDM-negative mothers with high HbA,. at
delivery had dysglycemia 3 years postpartum, including higher
mean fasting glucose concentrations (A: 0.29 mmol/L, 95%
CI: 0.12-0.47) and HbA, values (A: 0.40%, 95% CI: 0.28—
0.53) than controls. Their offspring had a higher mean birth
weight (A: 196.3g, 95% CI: 95.8-296.8) and 4-year BMI
z-score (A: 0.63, 95% CI: 0.16-1.10). In contrast, obese
GDM-positive mothers achieving a low HbA;. at delivery
yielded child outcomes that were similar to control offspring
(4-year BMI z-score: A: 0.07, 95% CI: -0.33-0.47). These
mother’s own long-term glucose metabolism was less severely
affected than in obese GDM-positive mothers with a high
HbA, . at delivery, who had a 2.2 (95% CI: 1.16-4.20)-fold
increased risk of developing T2DM or prediabetes.
Conclusions: Achieving late-pregnancy glycemic control in
obese pregnant women, irrespective of their GDM status,
reduces the risk of childhood overweight and long-term
maternal dysglycemia. Obese mothers need intensified mon-
itoring throughout pregnancy until delivery.

PA1.13.04

Excess maternal gestational weight gain is associated with
early timing of pubertal onset in daughters

A. Kubo!, C.A. Laurent?, E. Kurtovich?, L.H. Kushi?,
L.C. Greenspan?’, C.P. Quesenberry, ]r.z, A. Ferrara®

! Kaiser Permanente, OAKLAND, United States of America;
?Kaiser Permanente Division of Research, OAKLAND, United
States of America; > Kaiser Permanente San Francisco Medical
Center, SAN FRANCISCO, United States of America

Background: To investigate whether 7 wutero exposure to
maternal excess or inadequate gestational weight gain (GWG)
is associated with the timing of pubertal onset in girls, and
whether the association is mediated by pre-pubertal BMI. Early
puberty is associated with a variety of negative health con-
sequences, including adolescent mental health and adulthood
chronic conditions, such as cancer. The average age of pubertal
onset among girls has declined dramatically over the past few
decades.

Methods: Prospective cohort study including 2,161 diverse
mother-daughter pairs of Kaiser Permanente Northern Cali-
fornia (KPNC), where daughters were age 6-11 y. Pubertal
onset was assessed using pediatrician-recorded pubertal
maturation (Tanner) staging in the KPNC electronic health
record (EHR). Maternal total GWG was calculated by sub-
tracting pre-pregnancy weight from the weight immediately
prior to birth. All the weights measured before or during
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pregnancy were obtained from the KPNC EHR and total
GWG was categorized according to the 2009 Institute of
Medicine (IOM) recommendations as met (referent), inade-
quate (below recommended GWGQG), or exceed. We used pro-
portional hazards model with interval censoring, with the
outcomes as age of transition from breast stage 1 to 2+
(BR2 +) or pubic hair stage 1 to 2+ (PH2 +). Associations
were examined without adjustment (Model 1), adjusted for
maternal age, girl’s race/ethnicity, and gestational age (Model
2), and with girls’ pre-pubertal body mass index (Model 3).

Results: There was a significant association between excess GWG
and earlier timing of pubertal onset (Table 1). Girls whose mother
exceeded the IOM recommendation were over 1.5 times more
likely to experience earlier onset of breast and pubic hair than those
whose mother met the recommendation [adjusted hazard ratio
(HR)=1.61, 95% confidence interval (CI) 1.29-2.01; HR=
1.55, 95%CI 1.17-2.06, respectively]. The associations remained
statistically significant after adjusting for girl’s pre-pubertal BMI
[HR=1.45, 95% CI 1.16-1.82; HR=1.38, 95%CI 1.04-1.84,
respectively. Inadequate GWG was also associated with earlier
pubertal onset, though the associations were attenuated and
became non-significant after adjusting for girl’s pre-pubertal BMI.
Conclusions: We observed independent associations between
maternal excess GWG and earlier timing of pubertal onset in
gitls. The results suggest the importance of monitoring the
weight gain among pregnant women to prevent ever-
accelerating pubertal maturation in girls as an upstream pre-
vention for a variety of adolescent and adult health conditions.

Table 1.
Model 1 Model 2 Model 3

HR (95% Cl) HR (95% Cl) HR (95% CI)
Breast
Met 1 (ref) 1 (ref) 1 (ref)
Below 1.37(1.04-1.81) 1.35(1.02-1.78) 1.25(0.94-1.65)
Exceed 1.63(1.30-2.03) 1.61(1.29-2.01) 1.45(1.16-1.82)
Pubic Hair
Met 1 (ref) 1 (ref) 1 (ref)
Below 1.60 (1.14-2.24) 1.41(1.01-1.98) 1.32 (0.94-1.86)
Exceed 1,72 (1.30-2.27) 1.55(1.17-2.06) 1.38(1.04-1.84) ,

Madel 1: Crude
Madel 2: Adjusted for race/ethnicity, maternal age and gestational age
Madel 3: Model 2 + girl's pre-pubertal BMI

Association between maternal gestational weight gain and onset
of breast and pubic hair development: KPNC Puberty Study.

PA1.13.05

Unfolded protein response in developing intestine

inhibited by maternal obesity

K.M. Kennedy, W. Gohir, D.M. Sloboda

McMaster University, HAMILTON, Canada

Background: Although maternal obesity is associated with

offspring intestinal inflammation and reduced gut barrier
function, its impact on fetal gut development remains unclear.
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The unfolded protein response (UPR) is critical to the devel-
opment of secretory tissues such as the intestine due to high
demands on the endoplasmic reticulum, and has previously
been shown to be necessary for differentiation of the intestinal
epithelium. This study set out to investigate the impact of
maternal diet-induced obesity (mDIO) on the unfolded pro-
tein response in the developing fetal intestine.

Methods: Female C57BL/6 mice were fed a control or a high
fat diet (mDIO; 60% kcal from fat) for 6 weeks prior to and
throughout gestation. At E18.5 fetal small and large intestines
were collected from one male and one female per litter and
UPR signaling was analyzed by qPCR (control n=7; mDIO
n=8) and western blot (control n=4; mDIO n=6).
Results: In the fetal small intestine, mDIO was associated with
increased mRNA levels of mucin (MUC)2 (p <0.0001) and
tight junction protein occludin (p < 0.0001), although protein
levels of occludin did not differ by maternal diet. Concurrently,
fetal small intestine mRNA levels of UPR-related signaling
factors including ER-chaperone glucose-regulated protein 78
(grp78; p<0.001) and its transcriptional regulator spliced
X-box binding protein (XBPs; p < 0.05) were decreased, as well
as a modest decrease in activating transcription factor 4 (ATF4;
p=0.065). In the fetal large intestine, mDIO was associated
with decreased levels of ATF4 (p<0.01) and C/EBP homo-
logous protein (CHOP; p=0.01). While mDIO was asso-
ciated with increased mRNA levels of pro-inflammatory toll-
like receptor 4 (TLR4) in fetal small intestines (p <0.05),
mRNA levels of inflammatory cytokines including TNF, IL-
-10, NF-xB, IL-1B, and MCP1 were similar between maternal
diet groups in both small and large intestines.

Conclusion: Occludin and MUC2 are essential components of
the intestinal barrier, but while increases in mRNA levels are
observed with mDIO, protein levels of occludin were not
changed and it is unclear whether fetal barrier function is
altered. We show mDIO decreased fetal gut GRP78, XBPs,
and ATF4, which are markers of the unfolded protein response
(UPR)—a homeostatic response to prevent the accumulation
of misfolded proteins. However, mDIO had no effect on
inflammatory cytokines, indicators of unresolved ER stress.
Our data may indicate inhibition of the normal UPR in the
fetal gut due to maternal obesity, which may result in an
impairment of fetal intestinal epithelial differentiation, poten-
tially predisposing offspring to increased gut permeability and
inflammation postnatally.

PA1.13.06

Cord metabolic profiles in obese pregnant women; insights
into offspring growth and body composition

N. Patel', C. Hellmuth?, O. Uhl>, KM. Godfrey’, A. Briley®,
P. Welsh®, D. Pasupathy4, P.T. Seed®, B. Koletzko?, L. Poston®*

! King’s College London, LONDON, United Kingdom; °Ludwig-
Maximilians-Universitit Miinchen, Dr. von Haunersches

Kinderspital, DIV. METABOLIC AND NUTRITIONAL
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Background: Offspring exposed to maternal obesity and
hyperglycaemia in-utero are at an increased risk of obesity in
childhood and as adults; however the underlying mechanisms
remain unknown. The primary aim was to assess the effect of
an antenatal lifestyle intervention in obese women on the off-
spring cord blood metabolic profile. Associations between the
cord blood metabolic profile and the mother’s clinical and
biochemical characteristics and offspring body composition
(birth and age 6 months) were also explored.

Methods: Data were from the UK Pregnancies Better Eating
and Activity Trial (UPBEAT), a randomised controlled trial in
1555 women assessing an antenatal intervention promoting a
low glycaemic diet and increased physical activity in obese
pregnant women. Maternal anthropometry and BMI were
measured at trial enrolment and in the 3™ trimester. The
women underwent universal screening for the diagnosis of
gestational diabetes. Offspring were followed up at birth
(n=343) and at age 6 months (n=209), when detailed
assessments of growth and body composition were made.
Where reference population data was available, z-scores and
velocities of growth were calculated. The cord blood metabolic
profile included candidate hormones previously implicated in
adverse fetal growth, and targeted metabolome (including
amino acids, non-esterified fatty acids, carboxylic acids, phos-
pholipids, acylcarnitines). To explore associations with infant
adiposity, multivariate regression was undertaken with adjust-
ment for potential in-utero and early-life confounders and false
discovery rate correction for multiple testing.

Results: The UPBEAT intervention was not associated with
change in any measures of the cord blood metabolic profile.
When combining intervention and control arms, higher
maternal glycaemia (fasting glucose at 28 weeks™ gestation)
demonstrated a linear association with cord blood concentra-
tions of lysophosphatidylcholines 16:1 (B =0.65, 95%CI 0.03
t0 0.10) and 18:1 (0.52, 0.02 to 0.80). A principal component
of cord blood phosphatidylcholines and  lysopho-
sphatidylcholines was associated with infant birthweight
z-scores (f=0.04, 0.02 to 0.07); and weight z-scores at age
6 months (§=0.05, 0.00 to 0.10)). Cord blood IGF-1 and
adiponectin concentrations were positively associated with
infant weight z-scores at birth and age 6 months.
Conclusions: We provide novel evidence to suggest that con-
centrations of lysophosphatidylcholines along with IGF-1
measured in cord blood may be determinants of newborn
weight and infant weight at age 6 months. If found causal, these
data support the hypothesis that susceptibility to childhood
obesity may be ‘programmed’ in-utero.
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Funding: This study was funded by NIHR RP-0407-104522
& BRC at GSTT&KCL; CSO Scotland, GSTT Charity
Tommy’s Charity, the European Early Nutrition Project and
Action Medical Research.

PA1.13.07

Maternal body mass index, gestational weight gain and the
risk of childhood overweight: An individual participant
data meta-analysis

E. Voerman!, On behalf Of the MOCO Collaboration?

! Erasmus MC, ROTTERDAM, The Netherlands; Maternal
Obesity and Childhood Outcomes

Background: Maternal obesity and excessive gestational
weight gain may affect the risk of overweight in the offspring.
We aimed to assess the separate and the combined effects of
maternal pre-pregnancy body mass index (BMI) and gesta-
tional weight gain on offspring BMI and the risk of overweight
throughout childhood.

Methods: In this individual participant data meta-analysis,
162,737 mothers and their children from 37 pregnancy and
birth cohorts from Europe, North-America and Oceania were
included. We assessed the separate and combined associations
of maternal pre-pregnancy BMI and gestational weight gain,
both across the full range and in clinical groups, with BMI
standard deviation scores (SDS) and the risks of overweight in
early (2.0-4.9 years), mid (5.0-9.9 years) and late childhood
(10.0-17.9 years) using linear and binary logistic mixed effects
models.

Results: A higher maternal pre-pregnancy BMI was associated
with higher BMI SDS and higher risks of overweight
throughout childhood, with the strongest effect estimates in
late childhood. These associations were present across the full
range of maternal pre-pregnancy BMI. For all maternal BMI
categories, only gestational weight gain in the upper extremes
tended to be associated with an increased risk of offspring
overweight. Combined analyses showed that, as compared to
children of mothers with a normal weight and sufficient
gestational weight gain, those of mothers with overweight or
obesity had a higher risk of overweight, independent of the
gestational weight gain of their mother. Children of mothers
with obesity and excessive gestational weight gain had the
highest risk of overweight in early, mid and late childhood
(Odds Ratios (OR) 2.57 (95% Confidence Interval (CI) 2.26,
2.92), OR 3.69 (95% CI 3.44, 3.97) and OR 5.88 (95% CI
4.68, 7.40), respectively).

Conclusions: Maternal pre-pregnancy BMI is across its full
range associated with the risk of childhood overweight, with the
strongest associations present at later childhood ages. The
additional effect of excessive gestational weight gain in over-
weight and obese mothers on childhood overweight risk seems
to be limited. Promoting a healthy weight in women before
pregnancy, rather than targeting weight gain during pregnancy,
may improve offspring weight status.
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PA1.14 — Obesity and cardiovascular risk
PA1.14.01

Neonatal adiposity: determinants and consequences for

later health
N. Modi

Section of Neonatal Medicine, Department of Medicine, Imperial
College London, London, UK

Adiposity is influenced by genotype, nutrition and health.
Neonatal adiposity is also influenced by intrauterine exposures,
determined by maternal phenotype and health. Altered adip-
osity is implicated in the development of the metabolic syn-
drome. It is unknown if altered adiposity in the neonatal period
tracks into in childhood and adult life. Neonatal adiposity
increases linearly across the normal range of maternal Body
Mass Index. Babies of diabetic and obese mothers, and very
preterm babies, regardless of weight at birth, are at around
twice the risk of developing diabetes, high blood pressure and
heart disease in early adult life, conditions that are related to
adipose tissue content and distribution. We have shown that
when they reach their due date, adipose tissue content and
distribution in babies born very preterm differs from babies
born at full-term, and is characterised by an increase in internal-
abdominal adiposity. We have also identified similar findings in
young adults born very preterm. In a cohort of babies of dia-
betic mothers, we showed that adiposity in early infancy is
amplified in comparison with babies of healthy mothers,
despite good maternal diabetic control and breast-feeding. If
inferences from cross-sectional studies such as these are corro-
borated in longitudinal cohorts adipose tissue content and
distribution may be used as a biomarker of future cardio-
metabolic health and could also be used as an outcome measure
to test nutritional and pharmacological treatments in infancy to
reduce later metabolic health risks.

PA1.14.03

Birth weight and subsequent risk of obesity across two
generations in Chinese females

W.H. Xu', M.L. Chen?, Y. Fang?, H. Fang’, C. Kelleher®,
G.Y. Qin®

School of Public Health, Fudan University, SHANGHAIL, China;
2 Fudan University, SHANGHAL China; 3 Center for Disease
Prevention and Control of Minhang District, SHANGHAL China;
*University College Dublin, DUBLIN, Ireland

Objective: Malnutrition in early life, an important risk factor for
subsequent adverse conditions, has been related with a higher risk
of metabolic abnormalities in offspring. This study was designed
to evaluate a cross-generational association of birth weight with
the risk of subsequent obesity in Chinese females.

Methods: A cross-sectional survey was performed among
10324 female residents with lineal blood relationship from
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3888 families in Minhang district, Shanghai, China, during
Nov 2012 to Jan 2013. In-person interview was conducted
using a structured questionnaire to collected information on
demographic characteristics, birth weight, birth length, gesta-
tional age, tobacco use and alcohol consumption. Body weight,
standing height, waist circumference and blood pressure were
measured for participants aged 20 years or above following a
standard protocol. Path analysis was performed to estimate the
effect of maternal birth weight and body size on their female
offspring’s, and mediation analysis was applied to test whether
daughters’ birth weight mediated the associations between
maternal and daughters’ body size in adulthood.

Results: A positive association was observed between maternal
and daughters’ birth weight, with 1 kg increase of maternal birth
weight linked to an average of 335 g increase in daughters’ birth
weight [95% confidence interval (CI): 307 to 363 g]. The posi-
tive association was more pronounced at both the lower and
upper extreme of daughters’ birth weight. Maternal overall and
central obesity were associated with an average of 67 g (95%Cl:
27 t0 106 g) and 40 g (95%CI: 17 to 62 g) increase in daughters’
birth weight, respectively, and tripled the subsequent risk of
obesity in the offspring. In subjects aged 20 years or above, birth
weight was positively associated with subsequent risk of obesity,
with odds ratios (OR) (95%CI) of overall and central obesity
being 1.93 (1.11 to 3.36) and 1.49 (1.10 to 2.02), respectively,
for women with birth weight >4 kg compared with those with
birth weight of 2.5 ~ 2.9 kg. Path and mediation analyses showed
that offspring’s birth weight, as a mediator of maternal and
daughters’ body mass index, explained 1.8% of the association,
but didn’t mediate the association between maternal and
daughters’ waist circumference.

Conclusions: Maternal birth weight and status of obesity may
influence female offspring’s birth weight and subsequent risk of
obesity. The cross-generational association may contribute to
the increasing obesity and related non-communicable chronic
diseases in China.

PA1.14.04

Body mass index trajectories associated with
resolution of elevated adiposity in youth and incident

adult obesity
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Background: Youth with high body mass index (BMI) who
become non-obese adults have the same burden of cardiovas-
cular risk factors in adulthood as those who were never obese.
However, the early-life BMI trajectories for youth who develop
incident obesity in adulthood, or those overweight or obese
youth who avoid becoming an obese adult, have not been
described. Therefore, we aimed to determine and compare
early life BMI trajectories in 4 groups of participants defined
according to their change in BMI status between youth and
adulthood.

Methods: From 1980 to 2011 up to 8 measures of weight
and height were collected from participants in the population-
based prospective Cardiovascular Risk in Young Finns
Study. Participants were 2717 young adults (1252 males,
1465 females) who had BMI (calculated as weight in kg/(height
in m?)) at baseline in 1980 when aged 3, 6, 9, 12,15, or
18 years, and again at least once in adulthood in 2001, 2007,
or 2011 when aged 34 to 49 years. Elevated youth (those
aged 3-18 years) BMI status was defined as a BMI level
exceeding Cole’s international overweight and obesity cut-
points and adult (21-49 years) obesity was defined as a BMI
>30kg/m”. Participants were stratified into 4 groups based on
their BMI status in 1980 and the latest adult follow-up:
persistently elevated BMI, persistent non-obese, incident
obese, and elevated youth BMI resolvers. Bayesian Hierarchical
Piecewise regression was used to model individual trajectories
of BMI from youth to adulthood and to investigate differences
in trajectories across the four a priori defined groups based on
BMI status.

Results: Compared with those with persistently elevated BMI,
those who resolved their elevated youth BMI by adulthood had
lower average BMI at age 6 years, and slower rates of BMI
change from young childhood. In addition, their BMI levels
started to plateau on average before young adulthood (16 years
for females and 21 years for males), while the BMI of those
whose high-BMI persisted did not level off until 25 years for
males and 27 years for females (Figure A). Compared with
those who resolved elevated youth BMI, those who developed
incident obesity had higher BMI rate of change from age 6
years and their BMI continued to increase linearly until
approximately age 30 years (Figure B).

Conclusions:Efforts to alter BMI trajectories that predict adult
obesity should ideally commence before age 6 years. The nat-
ural resolution of high youth BMI starts in adolescence for
females and early adulthood for males, suggesting a critical
window for secondary prevention.
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Figure. (A) Average age-related BMI trajectories in the elevated-BMI resolving group (pink
lines) and in the persistent elevated BMI group (yellow lines) estimated from the sex-and
group specific Bayesian hierarchical piecewise regression growth model. Solid lines indicate
the average prototypical trajectories for females, and dashed lines indicate the estimated
trajectories for males. (B) Average age-related BMI trajectories in the persistent not elevated
BMI group (purple lines) and the group who became incident obese in adulthood (red lines)
estimated from the sex-and group specific Bayesian hierarchical piecewise regression growth
model. Solid lines indicate the average prototypical trajectories for females, and dashed lines
indicate the estimated trajectories for males.
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BMI change during puberty is a novel risk factor for
adult heart failure
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GOTHENBURG, Sweden; ZUniversily of Gothenburg/
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3 University of Gothenburg/Department of Molecular and Clinical
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Background: Hospitalization for heart failure among younger
men has increased in Sweden. The reason for this trend is
unknown but it coincides with the obesity epidemic. We
recently made the novel observation that the correlation
between childhood BMI and BMI change during puberty was
marginal, indicating that these two distinct developmental
BMI parameters might contribute non-overlapping informa-
tion as risk markers for adult diseases. The aim of the present
study was to evaluate the association between childhood BMI
and BMI change during puberty for risk of adult heart failure
in men.

Methods: Using the BMI Epidemiology Study (BEST), a
population-based study in Gothenburg, Sweden, we collected
information on both childhood BMI at age 8 and BMI change
during puberty (BMI at age 20 - BMI at age 8) for men born
1945-1961, and followed them until December 2013 (n=
37,670). BMI was collected from pediatric growth charts and
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mandatory military conscription tests. Information on heart
failure was retrieved from high quality national registers (342
first hospitalizations for heart failure).

Results: BMI change during puberty (HR per SD increase
1.47; 95% CI 1.36-1.60), but not childhood BMI, indepen-
dently associated with risk of heart failure. Boys developing
overweight during puberty (HR 3.14; 95% CI 2.25-4.38) but
not boys with childhood overweight that normalized during
puberty had increased risk of heart failure compared with boys
without childhood or young adult overweight.

Conclusion: BMI change during puberty is a novel risk factor
for adult heart failure in men.
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Qualitatively distinct child to adult BMI trajectories and
adult cardiometabolic outcomes
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Research in Mathematics, Western Sydney University, SYDNEY,
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Royal Children’s Hospital, PARKVILLE, Australia; ° Department
of Clinical Chemistry, Fimlab Ltd, TAMPERE, Finland;
GDepartment of Pediatrics, University of Tampere, TAMPERE,
Finland: " Research Centre of Applied and Preventive
Cardiovascular Medicine, TURKU, Finland: Menzies Institute
Jfor Medical Research, University fo Tasmania, HOBART,
Australia

Background: The relationship between life course body mass
index (BMI) trajectories and adult risk for cardiovascular dis-
ease is poorly described. In a well-characterized longitudinal
cohort study, we aimed to identify BMI trajectories from early
childhood to adulthood and investigate their association with
adverse cardiometabolic phenotypes (type 2 diabetes (T2DM),
high risk lipid levels, hypertension, and high carotid intima-
media thickness (cIMT)) in middle adulthood.

Methods: We used Latent Class Growth Mixture Modelling to
identify distinct BMI trajectories among 2631 Cardiovascular
Risk in Young Finns Study participants aged 6 to 49 years, and
Poisson regression with a robust error variance to determine
whether trajectory groups predicted each cardiometabolic out-
come measured in adulthood (ages 24-49 years).

Results: Six discrete life course BMI trajectories were identified
(Figure): stable normal (class 1, 55.2%), high BMI resolving
(class 2, 1.6%), progressively overweight stabilizing (class 3,
33.4%), progressively obese increasing (class 4, 4.2%), rapidly
overweight stabilising obese (class 5, 4.3%), and overweight or
obese persisting (class 6, 1.2%). Higher trajectories were gen-
erally associated with increased cardiometabolic risk in middle
age. Participants who progressively became overweight (class 3)
had greater risks in adulthood compared with those in the
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stable normal group (class 1) for all considered cardiometabolic
phenotypes (risk ratios, RR: 1.47- 3.06). Compared with the
progressively overweight stabilizing group (class 3), the high
BMI resolving group (class 2) had smaller risk ratios for adult
T2DM, high-risk lipid levels and hypertension, but increased
risk for high cIMT (RR: 3.37 vs. 1.70).

Conclusions: BMI trajectories from childhood to adulthood
that reach or persist at high levels are associated with increased
cardiometabolic risk in middle age. Stabilizing BMI in obese
adults may limit adverse cardiometabolic risk profiles and
resolution of elevated BMI in young adulthood may result in
substantially reduced cardiometabolic risk. However, to effec-
tively reduce the risk for high adult cIMT, obesity prevention
should be targeted at young children.

BMI (Kg.m2)

10 B 30 E) EY
Age (years)

Figure. Class-specific mean predicted trajectories as a function of age in the best fitting 6-
class body mass index (BMI) growth mixture model (LGCMM) (solid lines) in the
Cardiovascular Risk in Young Finns Study. Dashed lines indicate estimated 95% confidence
intervals, and shaded background areas indicate normal, overweight and obese BMI status
across the lifecourse. Number of participants attributed to each class is shown.
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The development of the obesity epidemic across age, time
and socioeconomic position: evidence from five UK birth
cohort studies
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Institute of Education, LONDON, United Kingdom; >UCL
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Background: There is clear evidence of a rise in overweight and
obesity across all ages and multiple countries, but a lack of
information on secular trends in the age-related process by
which people develop overweight or obesity. Using harmonized
longitudinal data from 5 UK birth cohort studies, we investi-
gated shifts over nearly 70 years in the distribution of body
mass index (BMI) and development of overweight or obesity
across childhood and adulthood and the socioeconomic
inequalities according to father’s social class.

Methods: The sample comprised 56,632 participants with
273,843 BMI observations in 5 studies within the CLOSER
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(Cohorts & Longitudinal Studies Enhancement Resources)
consortium; the MRC National Survey of Health and Develop-
ment (NSHD; born in 1946), National Child Development
Study (NCDS; 1958), British Cohort Study (BCS; 1970), Avon
Longitudinal Study of Parents and Children (ALSPAC; 1991),
and the Millennium Cohort Study (MCS; 2001). Information on
father’s occupational social class was obtained when study mem-
bers were 10/11 years. Standardized procedures were employed to
create harmonized datasets. The Lambda-Mu-Sigma technique
was used to produce growth references, and multinomial mixed-
effects regression was used to model overweight/obesity trajec-
tories and linear mixed-effects models for BML

Results: During childhood, the 50 centiles for all cohorts lay
in the middle of the International Obesity Task Force normal
weight range. However, there was a secular trend towards a
positive skewing of the BMI distribution at younger ages.
Trajectories of overweight or obesity showed that more recently
born cohorts developed greater probabilities of overweight or
obesity at younger ages. By age 10 years the estimated prob-
abilities of overweight or obesity in cohorts born after the
1980s were 2-3 times greater than those born before; for
example 0.23 (95% CI 0.22-0.24) in MCS males compared
with 0.07 (0.06-0.08) in NSHD. Overweight or obesity
became more probable in NCDS than in NSHD in early
adulthood, and more probable in BCS than NCDS and NSHD
in adolescence. On top of this secular trend of increasing BMI
at increasingly younger ages, a more disadvantaged childhood
social class was associated with higher mean BMI and higher
probability of overweight or obesity in adulthood in both men
and women in NSHD, NCDS and BCS70. Differences were of
a similar magnitude in each cohort; for example, the mean
difference in BMI at 42/43 years in women in the lowest
compared with highest childhood social class was 1.7 kg/m?
(95% CI: 0.2, 3.2) in NSHD, 1.5 kg/m2 (0.6, 2.5) in NCDS,
and 2.7 kg/m2 (1.6, 3.9) BCS. Ongoing research is investigat-
ing the social inequalities in childhood BMI across the cohorts.
Conclusions: Our results demonstrate the power of cross-cohort
analyses and the impact of the onset of an obesogenic environ-
ment from the 1980s in the UK which affected all generations.
They show that younger generations are accumulating greater
exposure to obesity across their lives and thus are at increased risk
of chronic health conditions. Given the persisting inequalities,
new and effective policies to both reduce BMI overall and to
reduce inequalities in BMI are urgently required.
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The positive association of infant weight gain with
adulthood body mass index has strengthened over time:
Fels Longitudinal Study
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Background: Infant weight gain is positively associated with
obesity risk, yet average weight gain and peak body mass index
(BMI) are lower for infants born during the obesity epidemic
compared to infants born earlier in the 20™ century. One
explanation for these counterintuitive findings is that the infant
weight gain-adulthood BMI association has strengthened over
time. This study aimed to determine how the association of
infant weight gain with adulthood BMI might have changed
across successive birth year cohorts. Adulthood blood pressure
was tested as a secondary outcome to provide a more direct
measure of cardio-metabolic disease risk.

Methods: The sample comprised 346 participants in the Fels
Longitudinal Study with measures of 1) weight and length at
birth and age two years and 2) BMI, systolic blood pressure
(SBP), and diastolic blood pressure (DBP) in adulthood
(median 19.7, range 18.0-33.8 years of age). General linear
regression was used to investigate the associations of condi-
tional weight-for-length Z-score (WLZ), capturing weight
change between 0-2 years of age, with adulthood BMI, SBP,
and DBP. Birth year cohort (1933-1949, N =137; 1950-
1969, N=108; 1970-1997, N=101) was included as an
interaction with conditional WLZ to test for effect modifica-
tion; post-estimation commands were used to obtain birth
cohort-specific estimates and Wald tests were used to evaluate
the differences between these estimates. Models were adjusted
for sex, WLZ at birth, age of outcome assessment, birth order,
multiple birth, race, and adulthood height (for blood pressure
outcomes).

Results: Adulthood BMI was on average higher in the 1970-
1997 cohort (24.3 kg/m?) compared to the 1933-1949 cohort
(22.0 kg/mz) and 1950-1969 cohort (22.4 kg/mz) (p-values <
0.05). However, infant weight gain was on average lower in the
1970-1997 cohort (8.6 kg) compared to the 1933-1949 cohort
(9.1kg) and 1950-1969 cohort (9.2kg) (p-values < 0.05).
Conditional WLZ was positively related to adulthood BMI,
but there was significant effect modification by birth year
cohort such that the association was over two times stronger in
the 1970-1997 cohort (B 2.31; 95% confidence interval 1.59,
3.03) compared to the 1933-1949 cohort (0.98; 0.31, 1.65) or
1950-1969 cohort (0.87; 0.21, 1.54); Wald tests for these
comparisons were significant at p < 0.05 (see Figure). A similar
pattern was observed for SBP, but with the estimated associa-
tion with conditional WLZ being stronger in both the 1970-
1997 cohort (1.85; 0.10, 3.61) and 1950-1969 cohort (2.26;
0.63, 3.89) compared to the 1933-1949 cohort (-0.33; -2.00,
1.35). Conditional WLZ was not related to DBP in the full
sample and there was no evidence of effect modification by
birth year cohort.
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Conclusions: Our findings provide novel evidence that the
positive infant weight gain-adulthood BMI association is
stronger for infants born during the obesity epidemic compared
to infants born earlier in the 20™ century. Rapid infant weight
gain may, therefore, be implicated in the development of the
obesity epidemic despite average infant weight gain actually
having declined over time.
Figure. Estimated associations (with 95% Cls) of conditional WLZ at age

two years with adulthood BMI, SBP, and DBP for each birth year cohort,
estimated from general linear regression models
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Do low-birth-weight babies have higher central adiposity?
A study on newborn anthropometry and adiposity in
Colombo, Sri Lanka

M.N. Lucas', V.P. Wickramasinghel, P. Lanerolle!, A. Hills?

! University of Colombo, COLOMBO, Sri Lanka; 2Universz'ty of
Tasmania, TASMANIA, Australia

Background: This study was undertaken due to lack of data
regarding neonatal anthropometry and adiposity in Sri Lanka
along with concerns regarding interventions taken to expedite
catch up growth in low birth weight babies. The objectives of
the study are to describe the anthropometry and adiposity of
term newborn babies and determine if there is a difference
between <2.5kg vs >2.5kg and males vs females.

Methods: Ongoing descriptive longitudinal study commenced
in July 2015. All healthy babies born in the University unit, De
Soysa Hospital for Women after 37 weeks gestation of mothers
>18 years old who were able to attend monthly follow up until
1 year was included. Weight, length and circumferences were
measured using SECA instruments and adiposity was assessed
via skinfold thickness using Harpenden skinfold calipers
according to the WHO growth standards within 48 hou