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Work-package 2.4. Genetic studies of fetal growth

Background

In the 1970s, Anders Forsdahl compared cardiovasaubrtality in different areas of

Norway with the infant mortality in the same arelasades before. He found that the areas,
for instance Finnmark county, with increased infawotrtality rates in the beginning of the last
century, later had higher rates of cardiovasculartatity (1). In 1986, Barker and Osmond

(2) reported data from 212 local authority areaBmgland and Wales, and could demonstrate
a strong positive correlation between infant mastah 1921-25 and ischemic heart disease
mortality rates in 1968-78 across these areasjraanfy Forsdahl’s observations. These
observations led to the theory of fetal programmiftys theory suggests that external
influences on the growth of fetal organ systemsehdatrimental biological consequences that
predispose the child for cardiovascular diseassnasdult. It is now established through
cohort studies that there is a fairly strong anascgient relationship between low birth weight
and increased risk of later cardiovascular disé4%3. However, the interpretation of this
relationship is under discussion. According tottieory of fetal programming, it is not birth
weight in itself that causes later disease, bubtiserved low birth weight is a reflection of
the fetal growth restriction that results from eowmental factors, such as lack of nutrition.
These environmental factors also increase theofiglerinatal death. Forsdahl suggested that
it was the combination of poverty in early life dater affluence that had detrimental
consequences (1).

It has, however, been pointed out that the obsesigsdciation between low birth weight and
later risk of cardiovascular disease, can be exgthby other biological mechanisms. The
genetic confounder hypothesis says that the envieo really plays little or no role in
establishing the association between birth weightlater disease. Hattersley and Tooke (6)
suggested that the association between birth waigthtater risk of type 2 diabetes had a
genetic basis. Fetal insulin secretion is one efitty determinants of fetal growth, and this
secretion is influenced by fetal genes, one of themmg the gene that codes for the glycolytic
enzyme glucokinase (7). To explain the associdbarardiovascular disease, Hattersley and
Tooke suggest that a number of fetal polygenestmgyleiotropic; i.e. they influence more
than one trait. Examples can be genes that affsatin resistance. These genes may
influence both fetal growth as well as adult phgpes. Certain alleles may cause restricted
growth in utero, and later also cause insulin tastse and increased risk of hypertension,
atherosclerosis and type 2 diabetes, especiatheipresence of obesity, for the same
individual.

For the genetic confounding hypothesis to be valigk must present evidence that genes are
causing substantial variability, both in birth weigind in the liability to cardiovascular
disease. For birth weight, the effects of environtakfactors appear to be surprisingly small,
as summarized by Leon (8). He points out that thasshardly been any increase in mean
birth weight over the past hundred years, tharwetations to increase birth weight by
nutritional supplementation have had little effestd that the differences in birth weight
between socioeconomic groups are relatively sraalls also found in Norway (9).

Objectives

On this background, our contribution to the EARNES®Tlaboration was decided to be the
study of the genetic influences on fetal growthngshe possibilities inherent in the
Norwegian Mother and Child Cohort Study (MoBa) (1@)addition, we have included
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research question that include effects of nutrélaontake and physical activity on pregnancy
outcomes.

MoBa

MoBa is an ambitious family-structured cohort thems to find causes of diseases and
explain trajectories and variability of health-teld traits over a life course span. In the period
1999-2009, pregnant women have been recruitecetsttidy around the time of the
ultrasound examination in week 16-18. The fathéth® children have also been invited to
participate. Biological material has been colledtedh mothers, fathers and children and has
been stored in a biobank. Data is assembled frastounnaires, analyses of biological
material and linkages to health and exposure irddion. The cohort includes data from more
than 108,000 children, 90,700 women and 71,500 (venw.fhi.no/morogbarn).

Work plan

Originally, EARNEST was planned at the same timeaplied for funding to do serial
ultrasound measures of a subsample of 10,000 womendger to obtain a more detailed
measure of intrauterine growth. However, our gpaoposal to the National Institutes of
Health in the U.S. for this extensive and very lgodata-collection was not supported. We
have therefore concentrated our efforts at extrgdiiNA from blood samples from the child
at birth and from the two parents obtained fromwhele MoBa cohort, in order to be able to
study candidate genes for fetal growth. In addjti@e received funding from The Norwegian
Research Council to study candidate genes fornoneteth. These genes can also be studied
in relation to fetal growth. We have published noelth papers as well as papers that deal with
nutritional factors, genes and physical exercisexa®sures and with fetal growth, preterm
birth and birth weight as outcomes. As more geregypecome available we will continue to
publish on the genetics of fetal growth, after BRERNEST support period ha ended.

Some main results

We analyzed the association to spontaneous préfiettm(11) for 1430 SNPs in 143
candidate genes from 434 mother-child dyads andgeosd the results to those of an
American cohort. A maternal allele in the prostadia E receptor 3 gene showed a
protective effect in both cohorts, whereas a faliale in the paraoxonase 1 gene had a risk
increasing effect (12). We will follow-up thesedings as well as examine associations to
fetal growth in a genome-wide association studgtmfut 1000 case dyads and 1000 control
dyads, where the genotyping has been performdeeisgring of 2010, and cleaned data files
are now becoming ready for analysis.

It has been suggested that a diet with abundaaiterif vegetables and fruits and with olive
oil as a main source of fat (Mediterranean diet) realuce the risk of preterm birth. We tested
that out in parallel papers from the Danish Natidieth Cohort (DNBC) and MoBa. A

certain protective effect was found in DNBC (13)t bot in MoBa (14). Interestingly, we
found that a diet with these ingredients appeavdthtve a protective effect against
preeclampsia (15). These dietary studies were masigible through the validated data set
based on the food frequency questionnaire admieidia@ pregnancy weeks 20-22 (16-18).

In addition to the ordinary ingredients in foods have described the intake of food
supplements, such as folate (19), and also meatuetd concentration in maternal plasma
from pregnancy week 17. Fetal growth was not aasediwith taking folate supplements or
with the folate plasma level in pregnancy (20).t@&other hand, a protective effect of taking
vitamin D supplements was found for preeclampsia. (2 is also of interest that folate
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supplements taken early in pregnancy may havetagiinee influence on language delay
measured when the child is three years (22).

Hyperemesis gravidarum and preeclampsia are twenpiatly very serious diseases of
pregnancy. We find a certain protective effect pfepregnant healthy diet on the risk of
hyperemesis (23), while both low and high body miadex (BMI) is associated with
increased risk when compared to normal BMI (24).greeclampsia, it is well established
that obesity is a risk factor, but it has been uaoe whether the risk can be modified through
regular physical exercise. Our analysis suggesatsatiysical exercise has little effect on
preeclampsia risk (25). Also, it has limited effeatthe mean birth weight in a population
(26), although it reduces the proportion of chitdvéth large birth weights (27).

In summary, the EARNEST collaboration has givemhespossibility to study important
research questions.
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