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ABSTRACT

Objectives. The Pregnancy, Nutrition & Diabetes (PND) studyed to evaluate the
dietary status of urban Black pregnant women aitgnthe Antenatal Clinic at the Charlotte
Maxeke (Johannesburg General) Hospital. In additibe study investigated the effects of
maternal dietary intake and hormonal levels dupregnancy on fetal growth, birth size and
the early postnatal development of risk factorsfimure Type 2 diabetes. The study analysis
precedes a detailed description of the study pdpualaincluding its comparison with other

populations.

Methods. 126 women were enrolled in the study before 2dkseof gestation. Twice
during pregnancy (weeks 20-24 and 30-36, visitsavd V2) and approximately six months
after the delivery (visit V3), volunteers participd in a standard 75 g oral glucose tolerance
test (OGTT). Blood pressure, anthropometric andosdemographic data were taken and a
food frequency questionnaire was administered ah e@sit. The daily maternal intakes of
total energy and macronutrients expressed as at#iadfenergy intake (%E) were calculated
and further evaluated. A comparison with the crodé&ients intakes was also performed.
During both pregnancy visits, an ultrasound exationavas carried out to obtain estimates of
fetal biometry and fetal well-being and the posthanthropometric parameters were also
measured. Blood samples were collected at fas8@igiin, 60min and 120min of the OGTT
for the measurements of maternal glucose (GLCulims(INS), C-peptide (C-PEP) and
proinsulin (PI) and fasting samples for the deteation of placental lactogen (HPL), insulin-

like growth factor 1 (IGF-1), insulin-like growthaétor binding protein 1 (IGF-BP1), free



thyroxin (FT4), cortisol (CORT) and leptin (LEPTIpfant fasting blood samples were used
for the analysis of the GLC, INS, PI, IGF-BP3 ar@AT. The plasma glucose samples were
analysed on the Beckman Glucose Analyser 2, walilshe other analytes were measured by

an immunoassay method on 96-well plates.

Results-DESCRIPTIVE DATA.

Study participants. The majority of the study participants had cortgdehigh school
education, however were unemployed and of low agny poor socio-economic levels. In
comparison with another study from the developimgley the Pune study in India, the women
from the current study were older, heavier withatyee body mass index (BMI) and they were

also taller. They had higher head and arm circuenics.

Birth outcomes. The birth size of African babies in the curretotdy, although smaller
in all parameters, was still relatively closer e size of the Caucasian babies seen within the
SouthamptonGodfrey et al. 19960r Helsinki Forsén et al. 1997%tudies than to the birth
size of the babies from Trivandrurdafa et al. 1995pr Pune Rao et al. 2001Lin India.
These relatively smaller African babies have corablar (or even larger) maternal placental
sizes in relation to the mothers of both Europeadiss. However, in comparison with the
small Indian babies, the major difference noted wasibstantially smaller placental size of
the Pune mothers.

Compared to z-scores from the World Health Orgdimma(WHO) child growth
standardsWHO Anthropo 2010 the PND study babies were born lighter and snokith a

larger head circumference (HC). A growth delay o=@ near the neonatal visit was followed



by catch up growth in weight for age, however nizltaip growth was observed for length for

age by the second postnatal visit.

Dietary intakes. The PND study women had pregnancy energy intgkgistly below
the national level intakegSteyn et al. 2006 except for the energy intake at V3, which
exceeded the national level. The lower energy entdiring pregnancy is attributable to a
lower intake of dietary protein and total carbolatdr The fat intake was substantially higher
in the PND study, with levels almost double at seeond postnatal visit. This discrepancy
may be due to differences between investigated lpbpns or due to increased requirements

of energy during lactation.

In comparison with the Recommended Dietary AllovenqRDA), during the
pregnancy period women in the current study hasklesrude protein and higher carbohydrate
intake. Intake of the crude protein after delivevgs low in comparison to the RDA for
lactating women. Total carbohydrate intake exceeithed RDA. The relation between the

intake of macronutrients expressed as a percenfagél energy (%E) and RDA was similar.

The current study participants had a lower intakesrergy, especially during the
pregnancy period, when compared to populationfiéndeveloped world. They had a lower
intake of protein at all visits in comparison witie national average for women or with that
found in the Southampton study or when comparetthéousual American diet. The energy-
adjusted intake of fat and carbohydrate were coatp@mwith the Southampton and American
data. This population in our study was thereforeeanmomparable to that of Pune than to

American or Southampton populations. However, desgimilar total energy intakes as the

Xi



Pune Study, total protein and fat intakes were drigh the African mothers, which may

explain their higher weights and birthweights dditthabies.

Results — ANALYTICAL DATA
Dietary intakes. Maternal dietary intakes showed significant effeots the fetal

biometrical measurements, mainly involving the Ifdtaad, femur length and the size of
abdomen. The outcomes also show a significantioakttip between maternal protein intake
and baby’s birth weight. Associations were alsonfbdior maternal dietary intakes and the
neonatal length and BMI and the markers of theninfacell function. Intakes of the plant
protein and polyunsaturated fat supported the tigeawth. There was no correlation between
maternal dietary intake and the fetal growth rd&#ects of the total energy intake and
carbohydrate seemed to be direct, while the etiéprotein and fat may be delayed, possibly
involving metabolic adaptation of the mother and partitioning of nutrients between the
mother, placenta and fetus. (See Table: Assoceati@tween the maternal dietary intake and

the neonatal INSF1 levels, Pg. xiv).

Maternal hormones. The data of the current study show significanatiehships
between maternal pregnancy hormones and fetal roate and the postnatal growth rate,
although maternal anthropometry and fetal genddr Bl are also significantly involved.
The maternal thyroid hormones seem to play an itaporole in fetal and postnatal growth
and insulin metabolism (N=76, p=0.002, R=-0.343;>A1R106) in the association with the

neonatal fasting insulin.
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Discussion.The outcomes of the current study show that théeadfr pregnant women
in the study had lower energy intakes attributabla lower intake of dietary protein and total
carbohydrate.

Maternal dietary intakes showed significant effewrighe fetal biometrical parameters.
Protein dietary intake was positively associatethwaby’s birth weight and was shown to be
statistically significant. Associations were alsmurd for maternal dietary intakes and the
infant postnatal BMI and the markers of the infgygtell function. Quality of the protein and
fat has different effects on fetal/infant growth.

Maternal hormones showed correlations with fetalagh rate and the outcomes of the
current study also show that maternal hormonesaffect neonatal and early postnatal infant
glucose levels anfi-cell function. They are also linked to the prognaimg of early obesity.

The maternal thyroid hormones seem to play an itaporole.

The maternal low energy, protein (especially plamtein) and PUFA intakes during
gestation may be the reasons for the lower z-stimty parameters of the infants in
comparison with the World Health Organization (WHD)Id growth standardd\(HO Anthro
2010. The disproportionally larger head of the newbaray be an outcome of the brain
sparing effect. A suggestion for an increased mateatietary intake of energy, protein and

PUFA has been made.
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Table: Associations between the maternal dietary ilake and the neonatal INSF1 levels.

NUTRIENT Intake V1 (N=76) Intake V2 (N=75)
Variable p B 95%Cl(b) AR  Variable p B 95%Cl (b)) AR
TOT PROT1[%E] 0.002 0.231 0.01; 0.06 0.108 PL PROT2[%E] 0.010 -0.298 0.00; 0.00 0.076
Crude amount 0.045 0.231 0.00; 0.03 0.041 Crude amount NSF
AN PROT1[%E] 0.007 0.307 0.00;0.01 0.082 TOT FAT2[%E] 0.004 0.327 0.00; 0.00 0.095
Crude amount 0.020 0.267 0.00; 0.02 0.059 Crude amount 0.004 0.330 0.00;0.01 0.096
TOT FAT1[%E] 0.022 -0.263 0.00; 0.00 0.057 MUFA2[%E] 0.007 0.312 0.00; 0.00 0.085
Crude amount NSF Crude amount 0.008 0.304 0.00; 0.00 0.080
PUFA1[%E] 0.012 -0.287 0.00; -0.02 0.051 PUFA2[%E] 0.003 0.335 0.01;0.03 0.100
Crude amount NSF Crude amount 0.001 0.389 0.01;0.02 0.140
TOT CHO2[%E] 0.005 -0.321 0.00; 0.00 0.091
Crude amount NSF

TOT ENERGY2 0.029 0.253 0.00; 0.03 0.051

* The units for the confidence interval (Cl) of thlepe (b) are expressed in the units of transfoomas stated in Appendix G.

p (probability), 3 (Standardised regression coiffit), N (number of subject); CI (confidence ined); b(slope); NSF (non significant association)
INS F1 (neonatal fasting insulin); TOT (total); ABnimal); PL (plant); PROT (protein); CHO (carbolaiz);

PUFA (polyunsaturated fatty acid); MUFA (monounsated fatty acid);

Xiv
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CHAPTER 1

LITERATURE REVIEW

Conceptual Framework

In this presented Report the “Pregnancy, NutriSoBiabetes (PND)” Study is being
introduced. The research of the PND study overlaps differersieaech fields, namely
nutrition, endocrinology and obstetrics. Due to $hedy complexity, a rather broad literature
review was produced, enabling the reader to gaipeter understanding of the current

research field and the placement of the PND stutlyimthe context of this research.

The Literature Review begins with a historical bgr@und of the fetal programming
hypothesis, introducing the first studies invedtiga associations between fetal environment,
birth size, postnatal growth and later offspringltte Complementary studies on animals and
new epidemiologic studies on humans are also diecusThe knowledge gained from these
studies gave rise to a new hypothesis, the “Thpfignotype hypothesis”, which introduced
the idea of metabolic “programming”. Opposing thiseory is the “Thrifty genotype
hypothesis”, which explains chronic diseases on liases of thrifty genes. The “Thrifty
phenotype hypothesis” was subsequently revised anddened into the “Developmental

origins” hypothesis.



The PND study investigated the relationship of mretkenutrition and hormones with
respect to increased risk for Type 2 diabetes latéife. As this is a prospective study, only
known markers for this disease were explored. Hawnethe second section of Chapter 1
provides information on the pathophysiology anddepiiology of Type 2 diabetes with a

special focus on gestational diabetes and the dewednt of the pancreatic [3-cells.

The third section of Chapterl reviews stages ofdrugevelopment, concentrating on
stages of embryonic and fetal development and tii@ni birth size. A comprehensive
understanding of fetal development and materngbtatians during pregnancy is important in
a search for their determinants, which are crufoalthe interpretation of the outcomes

observed in the current study.

The last section of the Literature Review Chaptepl@es in greater detail the
determinants of fetal growth and birth weight, aanm of them are closely linked to the

current study.

1.1 INTRODUCTION

Epidemiological studies carried out worldwide dgrithe last 20 years have shown
that chronic diseases may have their origin inlfetal early postnatal life by a process of
“programming”. Programming was defined as a "peremanor long-term change in the
structure or function of an organism resulting franstimulus or insult acting at a critical

period of early life” Lucas 1998



The original observation that initiated the fetabgramming hypothesis was that low
birth weight and poor fetal growth were associatgtth coronary heart disease in adulthood
(Barker et al.198% Further studies observed similar associatiomsdsn different patterns of
early growth and increased risk of future metabafid cardiovascular diseas@&afker et al.
1993a; Barker et al.1993b; Eriksson 2001; Halesakt2001; Barker et al. 2002Maternal
health and nutritional status were implicated iogpamming the development and function of
pancreatigi-cells, kidney nephrons, or other organs, leadnfuture health problemsig@les
et al.1992; Barker et al. 1993b; Yajnik et al. 19%%&velli et al. 1998; Robinson 200&all

2003a; De Boo et al. 2006

The first studies were carried out on populatiohslder people, retrospectively. The
existing birth records were compared with currectusrence of illness or death and risk
factors were thus identified. A few studies inigestied children and young adults. In parallel,
a growing number of animal research studies anditio experiments investigated how
nutritional manipulation in early stages of groveihd development could program birth and

adult size and their relation to future dised®arker et al. 1992; Lucas 1998; Ozane 2001

The outcomes from animal studies, in vitro experitaBon and epidemiological
surveys were the basis on which the present “Dewvedmtal origins” of health and disease
hypothesis was developed. Thus Barker's “Fetajins” theory gave rise to a whole new

discipline in biomedical science.



The research activities and directions since ting fiest pioneering studies can be
chronologically illustrated in following categories
1) Establishment of the relationship between birtrapaaters and later disease
2) Investigation of patterns of early postnatal groatil later disease
3) Focusing on fetal growth in relation to the birtit@mes (with known links to future
disease)
4) Nutrition and other determinants of fetal growth
5) Molecular mechanism behind the programming effectigly animal and in vitro
experiments)

6) Early detection, treatment and prevention

Although the knowledge in each category progressedresearch is not closed, as new links
may be discovered and different conditions andeckffit populations can still be compared.
Early disease detection and the possibility ofyet¢atment in combination could prevent

many debilitating, life shortening and costly chmdiseases.

1.1.1 Fetal origins of adult disease (FOAD) — hwrical background

Observations that adverse events in childhood nwe Hong term effects on the
individual's health existed already early in thé"2fentury Barker 1998; Barker 2002; Fall
20033. Explanations were attributed to different liviegnditions during childhood. It was
the study of DJP Barker and his colleagu&arker et al.198% who retrospectively

investigated neonatal and post-neonatal death eates1g babies ifEngland and Wales



from which a novel concept of “Fetal origins of #dahronic diseases” evolved. This
hypothesis states that poor nutrition during fétalcauses disproportionate fetal growth and
results in coronary heart disease (CHD) in adulth@@®arker199). Results of this study
showed that the geographical pattern in rates ahatal mortality early in the 1900s
coincided with the adult mortality rate distributiof coronary heart disease in the 1960s and
1970s. As the most commonly reported reason fomtflaamt’'s death at that time was low birth
weight, a suggestion was made that low growth lbafere birth may be linked to coronary
heart disease later in life. A similar pattern veiscovered between mortality rates among
mothers with a poor maternal health and later desttts from stroke among their offspring

(Barker et al. 198y

Barker’s original observation was followed by aisgrof epidemiological studies
carried out on groups of men and women from Hedtfbire, Preston and Sheffield in the UK,
for whom birth and early infancy growth records svawailable.

The Hertfordshire study Hales et al. 1991; Barker et al 1993a; Barker 1995
investigated present cardiovascular mortality ohroerrently in their 60s’ in connection with
birth weight and measurements of growth in infandjhose who were born small and who
were small at one year of age showed the highslstofi death from ischaemic heart disease
(IHD) and stroke as adults (Figure 1.1).

Also in Hertfordshire, babies with slowest prenatadl early postnatal growth had the
highest incidence of impaired glucose tolerancdjlénd Type 2 diabetes in later life (Figure
1.2). This was the first indication of a link besveType 2 diabetes, pregnancy outcome and

infant development. Low birthweight was also asst@tl with an increased risk for the
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metabolic syndronte elevated concentrations of fibrinogen and markér8-cell function -
proinsulin, 32 — 33 split proinsulin and insulibwas suggested that metabolic syndrome and
insulin resistance might all be linked and deteedirby factors reducing fetal and infant
growth. A possible influence of maternal nutritiom pancreatic [3-cell development was
considered as an alternative to the “thrifty gepetytheory (see Chapter 1.1.3.Bjafes at al.

1991; Barker 1992; Barker et al 1992; Barker etl@93a; Barker 199b

In the Preston studytwo high-risk categories of babies leading to higresion later
in life were identified according to their birthvgéit and placental weighBérker et al. 1990
Hales et al. 1992Barker et al.1993a)The first group of babies, who also developedlinsu
resistance and/or impaired glucose tolerance ittlamhd, were babies born small at term with
low ponderal index, small head circumference (symoaly growth restricted) and with
disproportionately large placentas.

The second group, who developed high blood pressuadulthood, were babies with
above-average birthweight, large placentas and bieagimference but of a short birth length

(asymmetrically growth retarded). These babiesndilddevelop metabolic syndrome but they

! The Metabolic Syndrome (originally named SyndromerXnsulin Resistance Syndrome) was
proposed by GM Reavei4898. It referred to metabolic and vascular abnortiealii.e. hypertension, glucose
intolerance and dyslipidaemia (elevated plasmdytrggides and low high-density lipoprotein cholestéevels)
occurring together in individuals more commonlyriltauld be explained by pure chance. The origiaetiors
were extended to visceral obesity, hypercoagutgtalhd microalbuminuria/HO 1999; Zimmet et al. 2001)
These abnormalities represent a high risk of psging to Type 2 diabetes, coronary heart diseateter
diseases associated with insulin resistaicener et al.1993; Reaven 1998ogardus 1995; Johnson et al.
2006. The above metabolic and physiological disordeay have a common aetiology in insulin resistance
(WHO 1999.



were predisposed to development of other abnore®ldguch as raised plasma fibrinogen
levels later in life(Barker et al. 1990; Barker 1992; Barker et al. 29Barker et al.1993a;
Phillips et al. 1994; Barker 1995).

Individuals who were found with the lowest blooggsures as adults were born large
with small placentas. These effeutsre irrespective of the social class at the tirnbirth or
social class in adult liféBarker et al. 1990Q)Similarly, as in the Hertfordshire study, it has
been postulated that the blood pressure in adudti®eelated to the intrauterine environment
and factors constraining fetal growth. As the siystBP in adults rose with the increasing
placental size at birth, a suggestion was madetttgatarge placenta might be an adaptive

response to a poor maternal nutrition during pragndé_eon 1999%.

A study in Sheffield (Barker et al. 1993b; Barker 1995; Barker199®vestigated
how fetal growth and size at birth were relatedater disorders in cholesterol metabolism,
blood coagulation and subsequent death rates framiovascular disease. Research was
based on detailed obstetric and delivery recordsnbf men born in one maternity hospital
between the years 1907 and 19B#hdings were consistent with the earlier Herttride and
Preston studies (see abovgarker et al. 1993p Reduced fetal growth associated with
changes in blood vessels and pancrepteells was implicated in programming of blood
pressure, glucose and insulin metabolism and caadaular disease. Again, as in the previous
studies of Hertfordshire and Preston, the matasndernutrition during mid- or late gestation
was suggested as the factor causing dispropordofedtl growth. Changes in length of

gestation or social class had no influence on osedicular mortality.



As the hospital records on the birth, placental iaf@ht size showed consistent trends
with development of later disease among the oldgufation, the interest of some studies
focussed on younger population groups. Two studiesSalisbury and Southampton
investigated a population of 4-year old childrerd &0-year old men respectively. Also
outcomes for these age groups were found in agmemih the above studies on older

people.

The Salisbury study (Law et al. 1991; Barker 1992; Barker et al. 1993bJnd
relationships between fetal growth, birth weighirthb size, placental weight and blood

pressure and insulin response similar to thoseritbestcpreviously

The Southampton prospective observational studgddfrey et al. 1996investigated
the effect of maternal nutrition on placental amrdaf growth. The results showed that
placental and birth size correlated with materméhke of carbohydrate and protein. High
carbohydrate intake in early pregnancy suppreskeemal growth, having a greater effect in
combination with low dairy protein intake in lateegnancy, whilst the birth weight was found
inversely related to the meat protein intake atskaie pregnancy. Not only the protein source,

but also protein density appeared to be impor@mplacental and fetal growth.



1.1.2 Worldwide epidemiological studies in developed anddeveloping

countries.

Similar trends have been reported from epidemicklgstudies carried out in different
populations and ethnic groups in Europe (UppsaldystHelsinki study; Dutch famine study),
United States (New York Nurses’ Health Study; Pimdians in Arizona), in Chinandia
(Pune studypnd othersHales et al. 200)L The only exception to this is the Leningrad Siege

Study. Some of the most important studies will lseussed below.

The Uppsala studies(Sweden). Two cohorts were retrospectively ingagad for
relation between the birth size and a future dseagcome. The Uppsala Longitudinal Study
of Adult Men (ULSAM) found an inverse correlatioetiveen birth weight and hypertension,
and with some other components of the metabolideyne (insulin resistance, truncal
obesity and high plasminogen activator inhibitoietels) in later life(Byberg, et al. 2000
However, contrary to the Preston study, where thle for future hypertension rose with
increasing placental weight, in the ULSAM cohoristtrend was opposite. The men with
lowest blood pressures had higher placental weightgelivery, irrespective of their birth
weight (Leon 1999%.

In the ULSAM cohort, it also has been establishiedt tthe indirect relationship
between size at birth (as low ponderal index) atdridevelopment of Type 2 diabetes was
mediated through insulin resistance rather thaautin impaired3-cell function. Obesity in

adulthood added to the riskithell et al. 1996.

10



The second cohort (Uppsala Birth Cohort Study — 0U8Cstudy based on detailed
obstetric records of Swedish men and women retobisiedy studied a relation between size at
birth and mortality from cardiovascular diseaseberé was found an inverse correlation
between fetal growth rate and current mortalityrfriHD (Leon et al.1998; Leon 1999This
finding shows that the fetal growth rate may benem®re important predictor of the future

disease risk than are the birth parameters.

In the Helsinki study (Finland) first a cohort of men born in HelsinkniJersity
Hospital between 1924-33 was investigated. Lates, ¢ohort was extended by a group of
men and women born between 1934-1944.

The first study aimed to evaluate the relation leemvbirth size and death rates from
coronary heart disease (CHD). Further follow-updrto establish if the childhood growth
could alter links between impaired fetal growth g&hé later death from CHDFOrsén et
al.1997; Eriksson et al. 1999

Low birth weight and body size at birth (i.e. lowngeral index), as well as low
height, weight and BMI at 1 year of age were asdedi with increased risk of later CHD.
Rapid catch-up growth after 1 year of age in mem huith ponderal index below 26 kglm
contributed to a further risk increadeo(sén et al.1997Eriksson 2001; Eriksson et al. 2001
However, gaining weight during the first year delwas associated with decreased risk for
developing CHD later in life, especially for thosdo were born with an above average
ponderal index and had an above average heighBMidat 1year of aggEriksson et al.

2001)

11



Further investigation showed that the early adiyostbound was connected to the
development of both obesity and Type 2 diabetegufei 1.3, 1.4). Two different pathways
leading to these diseases were identified. Lowhbiveight, thinness at birth and infancy
followed by an accelerated growth during early dindod were associated with type 2
diabetes, whilst high birth weight and high neohatanderal index were linked to obesity
later in life. However, some people born with ghar birthweight also developed Type 2
diabetes, if they experienced slow linear growthrdpearly infancy and had a high childhood
BMI. Therefore the association between the birtigheand Type 2 diabetes was actually U-
shaped Eriksson 2001; Eriksson et al. 2002; 2003a; 200Bhrker et al. 200R This pattern

has previously been reported in other populatioougs, e.g. Pima Indians (see further;

McCance et al. 1994

2 During period of childhood, a child passes throagdtage, when its body mass index (BMI) decreases
to a minimum (after age of 2 years) before incrggasigain after 6 years of age, the so caldigosity rebound

period. Age at adiposity rebound corresponds to the &gleedlowest BMI between one and 12 yedtsKsson
et al. 20033
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Dutch Hunger Winter study. This study analysed the period of famine in Hallan
during November 1944 to May 1945. During this tintee daily energy intakes in this
otherwise adequately nourished population decrelbskxv 1000 calories per daRdvelli et
al. 1998).Due to the relatively short duration of the famitigs study enabled a comparison

between different pregnancy exposures.

Those people who were exposed to the faninetero early in gestation, showed
higher rates of subsequent obesity, measured byald waist circumferenc®&évelli et al.
1999. They also had higher prevalence of CHD laterlifi@ than non-exposed people,
independently of their birth weighRpsenboom et al 2000

Individuals exposed to the famine in mid and laéstgtion had the highest blood
glucose levels at 2 hours of their oral glucosertoice test (OGTT) as adults, especially if
born thin and becoming obese as adults (FigureRagelli et al. 1998).

Undernutrition at this time of gestation led to mmed glucose tolerance and Type 2 diabetes,
while exposure to famine in early gestation wasoeissed with abnormalities in lipid
metabolism. Outcomes also showed that maternaldlighg pregnancy could programme
metabolism without altering size at birth. Onlyelgtiregnancy exposure to famine caused
variations in birth size and body proportiorRagelli et al. 1998; Rosenboom et al 2000;

Hales et al. 2001; Stein et al. 2004

This study has not found any relation between e birthweight or small birth size

and later development of hypertension, as did gihevriously reported studies.

Recent findings for this cohort are also discussedhapter 1.4.2.1.2.
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Figure 1.5 Glucose and insulin levels of offspring born beftamine, exposed to famine
during different times of prenatal life or concedvafter famine (Dutch Hunger Winter study).

Data expressed as geometric means; n=R@2€lli et al. 1998

The Leningrad Siege study Russia;siege of Leningrad during period of 1941 to
1944; Stanner et al. 2001 This study investigated three cohorts. The fashort included
people exposed to starvation uterg with continuationin infancy. The second cohort
involved those who were exposed to the siege ily @dancy only (at least 10 weeks old and
adequately nourished during pregnancy). In theltbahort there were people born out of the
city, therefore not exposed to starvation. No asgsion was found between intrauterine
starvation and glucose intolerance, dyslipidaemypgertension or cardiovascular disease later

in life.
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This outcome differed from the Dutch Hunger Wingéudy, however, the conditions
of both studies were also different. As discusdeal/a, the famine in the otherwise adequately
nourished Dutch population was of a relatively shluration and soon after the liberation of
Netherlands in May 1945 the daily caloric intakerenthan doubledRavelli et al 1998 In
contrast, the children born during or after thegsief Leningrad, continued to be exposed to

poor nutrition and had no catch-up growittales et al. 2001; Stanner et al. 2001

The American Nurses’ Health Study.A cohort of registered nurses with mean age of
42 years was followed between 1976 and 1992. Aoncestson was reported between low
birth weight and the later increased risk of nomfaoronary artery disease and stroRe&k-

Edwards et al. 1997

A study inBeijing, China, followed records of people in their 40s’ born dgrirme of
chronic malnutrition in China. The mothers of sadlioffspring were thin and short (155.6
cm) in average. Low maternal BMI (20.9 + 6.2 k&rat 15 and (24.8 + 2.4 kgfinat 38
gestational weeks, as well as the baby’s birth kateigvere significantly correlated with
increased levels of plasma glucose, insulin amgdlytrerides in adult offspringMi et al. 2000).
The birth weight, but not maternal BMI, was alsodrsely associated with the offspring’s

blood pressure later in life.

Pima Indians in Arizona are a population with the highest répdrprevalence of
Type 2 diabetedollowing their transition from farming to sedengdifestyle (Turner et al.
1993) Birth weight was found to be associated with phevalence of diabetes in a U-shape

manner KicCance et al. 1994 Thus, low birth weight was associated with ahhigk of adult
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diabetes, as was a high birth weight. A high prewed of parental diabetes in the low birth
weight group of infants, suggested possible genaedisposition of these babies to insulin
resistance and Type 2 diabetes. Due to a relativiglly mortality among low birth weight
infants, the authors proposed, that those who lauadi later became diabetic, might represent
a selective survival mechanism. The associatiothefhigh birth weight babies with later

diabetes may be due to gestational diabetes.

The study in Mysore, an urban area itsouth India, investigated the relationship
between data from birth records and current gluemskinsulin metabolism of the 39-60 years
old adults Fall et al. 1998. The high prevalence of Type 2 diabetes (15%jetated with
short stature at birth and high ponderal index gdpe The high ponderal index was

associated with reducgdcell function.

Pune Maternal Nutrition and Fetal Growth Study in India is a large community-
based observational study involving women from Iruageas near the city of Pune,
Maharashtra and their offspring. This was thet fitsidy to follow maternal pre-pregnancy
anthropometric measurements in relation to thepdfig's birth weight and size. Maternal
nutrient intake during pregnancy was also evalugtédjnik et al. 2003a The birth
parameters of Pune babies and maternal size andtiamutwere compared with the
Southampton babie&sodfrey et al. 19960f a relatively well-nourished population in thk
(see the Southampton study).

The mothers in Pune study were lighter (42.0 Kggyter (1.52 m) and had lower BMI
(18.0 kg/m) than mothers in the Southampton study (63.0 k@2 1m, 23.5 kg/m

respectivelyYajnik 2002: Fall 2003
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The full term babies in Pune had lower birth weititen the Caucasian babies (2.7kg
vs. 3.5kg), they were small and thin with low meschass but centrally obese (“thin-fat
phenotype”), preserving fat during their intrauteridevelopmentY(ajnik et al. 2003a; Fall
2003b; Yajnik 2004 Nearly 30 % of the Pune babies were born wighvtleight below 2.5 kg
(Rao et al 2001;Yajnik 2002, which was in accordance with the national dhtdian babies
are known to be among the smallest in the worldis Tis associated with chronic
undernutrition in the Indian populatiorYgjnik 2004. The size of Pune babies reflected
parental size. The nutritional history of the motheas reflected in her anthropometric
measurements, especially in her head circumferembeh in turn was strongly correlated

with the overall fetal growth of her offsprinygjnik et al. 2003a, )b

In Pune, the links between offspring’s birth weigimd future insulin resistance and
Type 2 diabetes were also studied in 8-year olttan (Yajnik 2002).The systolic blood
pressure, plasma LDL cholesterol, fasting and 3@-pfsma insulin, 30-min plasma glucose
and HOMA-IR index of these 8-year old children wexé inversely associated with the
children’s birth weight (see Figure 1.6 A, B, Bavdekar et al. 1999

Taller children of shorter parents were found toabdigher cardiovascular risk. The
strongest predictor was the growth velocity betwdeand 8 years of ag8#&vdekar et al.
1999; Yajnik 2004. Together with rapid childhood growth the “thiaf phenotype
represented increased risk for future obesity-agsmt diseases (insulin resistance and
hypertension) and Type 2 diabetes. Risk was hitjfaer in Caucasian populatiovigjnik et al.

2003; Fall 2003a; Yajnik 2004).
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Figure 1.6 A Figure 1.6 B
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The South African Studies.

There are a limited number of studies investigathregrelationship between birth and
postnatal characteristics in respect to the heatlisease risk within South Africa. Fields of
interest, which have been partly assessed, inchigesity, metabolic syndrome, bone
metabolism and osteoporosieyitt et al. 2005p Some examples of these studies include the

following.

The Birth-To-Ten (BTT) study is a longitudinal, prospective study of urban ctald
and their families. It included all births during7aweek period from April to June 1990 in
Soweto-Johannesburg, enrolling over 4000 caReshier et al. 1995)The original 10-year
follow-up period was extended by further 10 yeauts ithe Birth-To-Twenty study. Systolic
blood pressure in 5-year-old children of this faltap inversely correlated with their birth
weight. This observation was independent of condign variables such as current weight,

height, gestational age or socio-economic stdtesiff, et al. 1999p

Low birth weight and rapid weight gain in childhobedi to poor glucose tolerance in
7-year-old BTT children, using the oral glucosestahce test for assessme@tdwther et al.
1998. Low birth weight children without catch-up grdwhad diminished glucose tolerance.
Catch-up growth between birth and 7 years in theeate of catch-up growth between birth
and 1 year was characterised by elevated proinamichinsulin levels. The catch-up growth
within the first year of life as well as betweentlhbiand 7 was associated with lower proinsulin

and insulin levelsGrowther et al. 2008
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Other South African cohort studies:

Levitt et al analysed the birth records and traced/iduals born in the Groote Schuur
Hospital Maternity Center in Cape Town 20 years. dgmwse born with low birth weight had
elevated systolic and diastolic blood pressuresedevhted fasting plasma glucose levels at 20
years of age. Low birth weight individuals had higbod pressure and glucose levels without
being obese as adults. The hypothalamic-pituitang@al (HPA) axis has been implicated in
early life programming of future cardiovascular andtabolic disease in humanyitt et al.
20000).

In a cohort of 100 prematurely born or SGA infaimtsthe Johannesburg General
Hospital, glucose tolerance was associated witly’bddirth weight irrespective of gestational
age (Gray et al. 2002 Mothers treated for hypertension had babiesowfel birthweight.
Neonatal catch-up growth rate was negatively cateel with birth weight, and positively

correlated with insulin sensitivity.

In summary, these epidemiological studies, with éReeption of the Dutch Hunger
Winter studyand the Leningrad study, all demonstrate the negatifect of low birth weight.
Low birth weight, thinness at birth (measured bw Iponderal index) and a short stature
reflect reduced intrauterine growth. The publishdata show that these parameters are
associated with a high blood presswetonary heart disease and metabolic diseaseitater
adulthood. Large placental weight (in the Prestonyg, failure of catch-up growth in infancy
and a rapid growth in childhood with subsequentsidpéHelsinki study) further increase the
disease risk. The relation between birth weight futdre disease has a U-shape character,

therefore also babies of above-average birth weigth high ponderal index at birth may
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experienceincreased risk of future disease. Poor maternditiut has been implicated in

programming effects leading to impaired fetal amfdnt growth.

1.1.3 “Thrifty genotype” and “Thrifty phenotype”

Two possible hypotheses have been formulated ttaiexthe mechanism by which
poor fetal growth is linked to adult chrortiealth status. Both hypotheses will be discussed in

the following sections.

1.1.3.1 “Thrifty genotype” hypothesis(JV Neel, 1962).

This hypothesis proposes that the genes selectasjchuman evolution, adjusted the
carbohydrate and lipid metabolism to an optimal asenergy resources between times of
abundancy and times of shortageurner et al.1993; Coughlan et al. 1997; Zimmetakt
2003. These “thrifty” genes represented a survival maeism in the time of irregular nutrient
resources. However, in the environment of contirsuaigh-energy food availability combined
with a sedentary life-style, these genes becantethgenic lleel 1962; Cassell et al. 2003
Pancreati@-cell overstimulation leads to hyperinsulinaemieulin resistance and exhaustion
of pancreatic islets, ultimately resulting in ditdse(Neel 1962 Turner et al. 1993; Mackenzie

et al. 1996; Coughlan et al. 1997).

The application of the “Thrifty genotype” hypothesvas then extended to fetal life.

The relationship between adult diseases and i et@vironment was explained by suggesting

that in times of poor maternal nutrition the baliiest survived were those that carry genetic
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polymorphisms (i.e. the “thrifty genes”) that matkteem less insulin sensitive. This insulin
resistance ensures that glucose levels are maaatédm brain consumption.

The “Thrifty gene” hypothesis also suggests thamne of the mutations neither
presented any survival advantage at the time oltisable food supplies (hunter-gatherer),
nor were pathogenic. However, they possibly accatedl (silent polymorphism), and in an

altered environment became detrimentalrger et al. 1993Figure 1.7).

Mutation Mutation
‘ Environment A v S <
Evolutionary Not pathogenic, 2
advantage Hunter - gatherer not harmful g 2
~ Selection ~ Retention
in population in population
\ Environment B 3 L
DISEASE Sedentary lifestyle DISEASE 8¢
Yol
=

Figure 1.7  “Thrifty genotype” and “Previously neutral polynpdrism” hypotheses
(Adapted fromTurner et al. 1993Fig. 1)
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1.1.3.2 “Thrifty phenotype” hypothesis.

The “Thrifty phenotype” hypothesisiéles et al. 1992proposes that Type 2 diabetes
is possibly an outcome of environmental factorsnely maternal undernutrition, which ant
uteroin the process of metabolic “programming”. The abelic programming is an essential
tool for survival under conditions of inadequatedosupply. The postnatal environment
(nutrient availability) will decide if the predisped individual will eventually progress to the
disease in later life (Figure 1.8). The genetiddexare not considered in this theory or they

may have a minimal effect.

During the periods of rapid cell replication or gitb, the organs and other developing
systems become sensitive to environmental effeBerkér 1997. Inadequate maternal
nutrition during these critical phases of earlye li€fan permanently alter the structure or
function of different organs and tissues, includisigod vessels, during their development
(McCance 1962; Ozane et al. 1999 he timing of the external insult could determithe
kind of future metabolic problem. This processn®wn as the “programming effectfcas
1991, Barker 1997;Hales et al.200L In an optimalin utero environment, the programming

process is part of natural development.

A fetus exposed to low oxygen or low nutrient eamiment has insufficient energy
resources for normal growth. For immediate surviitahdapts to the situation by a selective
down-regulation of the growth and metabolic ratedifferent tissues. The oxygenated blood
flow is diverted to vital organs, such as brainaelung and adrenalsCémpbell 1967

Barker 1997;Barker 1998; Ozanne et al. 1998t the expense of the liver, pancreas, spleen,

24



kidneys, muscle and gubDésai et al.1996Haugen et al.2005 This mechanism is also known

as the “Brain sparing effécBarker 1997; Barker 1998).

Therefore, temporarily, the fetus will benefit. ttme long term, if the low nutritional
environment remains constant, programming wouldgygopriate and aid survival. However,
if there is a poor intrauterine nutritional envineant followed by abundant nutrition, these

changes could have harmful consequences (Figur®zahne et al.1999

Pancreatic islets of Langerhans are highly vass@d(see Chapter 1.2.5.1; Bonner-
Weir 1990. Therefore, changes to the islet vasculaturededuby poor fetal nutrition will
affect the pancreati@-cells and limit their insulin productions¢e Chapter 1.2.5.4)n
combination with insulin resistance caused by pibal nutrition and enhanced by adult
obesity this would lead to impaired glucose tolemrand Type 2 diabetes later in liféales

et al. 1992 Barker et al. 1993a; Ozanne et al. 199les et al. 2001

In a similar way, a low number or size of nephransthe kidney could lead to
increased susceptibility to hypertension later ii@. | Alternatively, changes in hepatic
development could cause an increased risk of ocadoular and metabolic disease in
adulthood Haugen et al. 2005 Experiments with ratsDesai et al. 1996; Lucas 1998
evaluating a low protein diet to mothers duringtgisn, showed an alteration in hepatic
carbohydrate metabolism in these offspring. Theabwic shift was associated with
increased liver PEPCK (phosphoenolpyruvate carbiogge) enzymatic activity and a
decrease in the glucokinase enzymatic activityngtting glucose production rather than

utilization.
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Each of these enzymes originates from the hepascgt different liver zones
(catabolic periportal vs anabolic perivenous —lthke glucokinase), therefore it has been
suggested, that programming affects these zonéretitly. Similarities with this outcome
were observed also with activities of other livazgmes of carbohydrate metabolisbegai

et al. 1995; Byrne et al. 2000)
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Figure 1.8  “Thrifty phenotype” hypothesis. Effect of mateknandernutrition on the
aetiology of Type 2 diabeteadapted from Hales et al.1992
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The risk of future chronic disease can be modibgdadditional (lifestyle) postnatal
factors such as catch-up growth and adult obeBitikgson et al. 20012003a,b). Thus insulin
resistance or metabolic syndrome are more commaulijects with low birth weight who
became obese as adulBh{llips 199§. Low body mass index in adulthood has a protectiv

role Hales et al. 1992; Wilkin 199Barker et al. 1993a).

The Thrifty Phenotype Hypothesis may be furtherpsufed by the follow-up studies
of Danish diabetic twinsRpulsen et al. 1999a,b; Poulsen et al. 2006, Pouéteal. 2009 or
of a large cohort of Swedish twindligdou et al. 2004 In the former study the Type-2
diabetic monozygotic co-sibling had lower birthwaighan the unaffected twin and the non-
diabetic monozygotic twins (usually sharing onecpl#a) were more insulin resistant than
dizygotic twins (developing in separate placentasfrom these outcomes the authors
suggested that the intrauterine environment is maportant determinant of future disease
development, where low birthweight or monozygositggatively influence glucose
homeostasis, irrespective of genetic cauBbere are, however, other studies on twin
gestations that have been published, which wemnitiasive and had variable outcomes. For
example, in the New Zealand twin stud¥ifliams et al 1999)mothers who smoked during
pregnancy when compared to non-smokers had babatower birth weight and of a higher
blood pressure at ages 9 and 18 years, suppohe@gFetal origins hypothesis”. However,
opposing this hypothesis, the twin vs. singletobiés had a lower birth weight associated
with a lower blood pressure at age 9 years. Des@e@al 200]) investigated blood pressure
among participants of the Netherlands Twin Registrtheir adulthood, comparing them with
their singleton siblings. No significant differenae blood pressure was found, despite a

significantly lower birth weight among twins. Siarly, comparing the differences in birth
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weight within twin (monozygotic and dizygotic sarsex) pairs with their blood pressure at
age of 7 years, the authozh@ng et al 200Jafailed to find any significant outcomes linking
thein-utero environment with the blood pressure in the ciildntrary to this, a similar study
in the UK @oulter et al. 199Pinvestigating female twin pairs, found an inveassociation
between the birth weight of a twin and her bloodsgure later in adulthood. Therefore, more
studies on twins or multiple pregnancies, whereféfieses develop in a shared environment,

may be needed to clarify possilieuteroeffectslinked to future adult diseases.

With additional knowledge emerging, the “Thrifty gofotype” hypothesis has further
been revised by Barker and Hal@&ailker 1995, 1998; Hales et al. 2004nd quite recently
broadened into theDevelopmental origins” hypothesis(DOH) by Gluckman and Hanson
(Sharp 2005; Gluckman et al. 2006The Developmental Origins Hypothesis accepts the
concept of gene-environment interaction and expl#ie origins of human disease from the

aspect of human evolution. This hypothesis wilbdiszussed in the following section.

1.1.4 “Developmental origins” hypothesis of futurehealth and disease.

As the early life events involved in programming arot restricted to the prenatal
period only, but also include the neonatal periathncy and childhoodHorsén et al. 1997
Eriksson et al. 1999b, 2001, 2002, 2003a,b; Eriks2601; Barker et al. 2002p broader

terminology of “developmental” instead of “fetaligins” has been used.
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An important natural feature (in many plants, angand humansCrespi et al. 200p

is a “phenotypic plasticity”. In this process, angle genotype can lead to a range of
phenotypes suitable for different environmefBarker 2004; Gluckman et al. 2005b; Denver
et al. 2006; Gluckman. et al. 2008)/hile one phenotype may represent an advantagaen
environment (selects survival/fitness in early)lifethers may be disadvantageous and carry a
disease riskGluckman et al. 2005aThese developmental trajectori@sy be programmed
by an insult acting during “critical windows” of iy development through the mechanism of
“developmental plasticity” or they can be a conssme of the circumstances to which the
parents or grandparents were expodgatgson et al. 2004 Once the organ development is

completed, the plasticity cannot apply.

During fetal or postnatal development an environt@einsult may lead to a so called
biological “trade off(Kuzawa 2005; Crespi et al. 2005yhich produces an immediate short-
term advantage (survival, growth) at the cost dutre long-term disadvantage (e.g. in

reproductive health, longevity, disease).

Contrary to the biological trade-off, the “Predvetiadaptive response” (PAR; term
was introduced by Gluckman and Hansd@luckman et al.20059 does not have any
immediate effect. It is believed that maternal infation (metabolic and endocrine signals)
allows the developing fetus to sense and evaltsatnvironment during the plastic period and
to “predict” and adapt its development to the expeconditions in postnatal lifé&{uck et al.
20050. This is a natural process, in which phenotypiarges may be mediated via

epigenetics (changes in gene expression; see CHapt2.1;Cassell et al. 2003
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The correct assessment of the future environmekpgpfopriate PAR”) brings benefit
to the individual in respect of maximal fithess @dulthood Gluckman et al. 2005a
However, if the selected trajectory is incorrectil(fre in maternal signaling or sudden
changes in future environment; termed “InapproprRARSs”), the individual may be exposed
to an increased risk of future diseaggluckman et al.2005a; 200}. According to this
hypothesis, the fetus is able to sense the avhijalof nutrients in utero and infer the
postnatal nutrient environment. The fetus adaptsirfd critical windows of its development)
to the expected future nutrient supply in a mantmat brings it maximal survival and
reproductive fitness benefit. The programmed changee irreversible and result with
permanently altered responses to the nutrientteratimuli during future lifeQrinivasan et
al. 2003. Therefore, if a mismatch between prediction agdlity occurs, the selected
phenotype will lead to a disease.

An example of a mismatch between prenatal and ptatenvironmental conditions
may be seen in offspring of the Dutch Hunger Wirgardy (See Chapter 1.1.2), when
compared to offspring of the Leningrad Siege studhere the selected developmental
trajectories led to a “survival phenotype”, as pnediction was correcRjckard et al. 2000).

Mismatches between pre- and postnatal environnaetsommon, particularly in the
developing world where the environment is changiggssly with industrialisation,
urbanisation, nutrient availability and climate @gwons. Human life span extends far beyond
the reproductive years, as many previously deadigages are currently treatable. As a
consequence, the manifestation of chronic dise@sem the increase. The mismatch in
prediction is of a little significance when life a&ap was short, as the disease manifestation

could not possibly occuSluckman et al. 2006
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Intergenerational effect

Interaction of genetic and environmental componentshe “Predictive adaptive
response” system includes the intergenerationalcgfihamely the adaptive response of the
fetus will reflect experiences (nutrition, life uterg birthweight, health...) of recent ancestors
(Cassell, et al.; 2003 Kuzawa 2009 he birthweight of the baby was found relatedite
birthweight of both parents, however only to théghe associated with the maternal female
line (height of the maternal grandmother) and te thaternal grandfather's social class
(Emanuel et al. 1992 Thus the growth and developmentutero of female ancestors may

affect the birthweight of the offspring three ormagenerations later.

On the time scale, the intergenerational effecthiniie seen as an intermediate kind of
human adaptive mechanisms similar to plasticKkpyzawa 200h However, as it responds
gradually to environmental changes experiencedsaagenerations (carry-over effect), it acts
more slowly than plasticity (real time responseetvironment), but much faster than the

genetic response (non-inducible, driven by thenaagelection procesdablonka et al. 1995

The intergenerational effect was seen also in theelDHunger Winter study offspring.
Mothers exposed to famine during their first trineesad offspring with normal birthweight.
The birthweights of the first-born child correlateith mother’s birthweight. According to the
research data, babies born in consecutive pregegmmace usually heavier than the first-born
children Billewicz et al. 200b However, in this study, the birthweight of alrther offspring

and the second-generation offspring were decreésedey 1998)
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The possible mechanistic links between poor fetaletbpment and adult diseases,
particularly Type 2 diabetes, have now been desdridhe following section will provide
information on the pathophysiology of Type 2 diasein order to bring it into context with

the fetal programming hypothesis.

1. 2. DIABETES MELLITUS

1.2.1 Aetiology, pathophysiology, complications ahdiagnostic criteria for

Type 2 diabetes mellitus.

1.2.1.1 Aetiology and pathophysiology of Type 2 dietes

Type 2 diabetes mellitus is a metabolic disorderaratterised by chronic
hyperglycaemia. It occurs as a result of a comimnatf insulin deficiency (secretory failure
of pancreati@-cells) and insulin resistance (decreased semgitviresponsiveness) of target
tissues \WHO 1999. Type 2 diabetes is the predominant form, acangrfor 90-95% of all

diabetics ADA 2008).

The aetiology of Type 2 diabetes is still unknoatthough it is believed, that both

environmental and genetic factors contribute todisease.
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Genetic factors.

There are genetic differences in susceptibilityTgpe 2 diabetesZimmet et al. 2003
see also Chapter 1.1.4 Intergenerational effeeyefl studies investigated the first-degree
relatives of patients with Type 2 DM. Despite thermal glucose results during an oral-
glucose tolerance test, they had several metaBbhormalitiesEriksson et al. 1989 such as
hyperinsulinaemia, decreased C-peptide levels apepiide to insulin ratiosHumphriss et
al. 1997). Insulin resistanceand impaired insulin secretion were both necesdarythe

development of impaired glucose tolerance in tisesdgects.

There may be genetic defects®tell function (such defects are known in types of
maturity onset - MODY diabete®¢lonsky 1995; Byrne et al. 1996) mitochondrial DNA
defects ADA 2008))or genetic defects in insulin action, e.g. mutaiof the insulin receptor
(WHO 1999. However, these mutations are rare and explaip arsmall percentage of the

genetic input into Type 2 diabetes.

Recently new loci containing relatively common denevariants, which are
significantly associated with Type 2 diabetes riskre identified by Sladek et &2007). The
genes at these loci have a role in the developrmokthe pancreas; they possibly regulate
insulin secretion and may be involved in many otherctions (insulin sensitivity, cell

proliferation and specialisation).

Age.
Type 2 diabetes mellitus used to be commonly assatiwith elderly people. However,

during the last two decades there has been a derlirage of onset, now being seen in
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adolescents and more commonly in childrarsfanian et al. 1998Rosenbloom et al. 1999)
An association with childhood obesity has been mkde example, in Japanese children Type
2 diabetes is seven times more common than Tydakkets Rosenbloom et al.199@)nd a
high prevalence of Type 2 diabetes in childrenlgo dound in the United States, Pacific
Islands, Hong Kong, Australia and the United Kingu{immet et al. 2001 This creates a
serious problem with respect to earlier onset abdiic complications and reduced quality of

life.

Diseases.
Diseases of the exocrine pancreas (e.g. pancsedtiiuma, infection) or different
endocrinopathies (e.g. acromegaly, hyperthyroidiSoshing syndrome) may also cause Type

2 diabetesADA 2008§.

Lifestyle.

The prevalence of diabetes increases in parall¢h wbesity, hypertension and
cardiovascular disease, the products of the seddiépidemiological transition” - rapid
cultural and social development in a form of “fedhf’ or “energy-dense” diet, urbanisation,
migration, unhealthy sedentary lifestyle and chanigebehavioral pattern&oughlan et al.
1997. The lowest prevalence of diabetes is found weltging non-industrialised countries,
where the traditional lifestyle of hunter-gatherersfarmers still existsHall 2001). Thus
sedentary lifestyle, overeating and obesity aré higk factors for Type 2 diabetes.

According to the National Center for health Statssin the USA and based on The
National Health and Nutrition Examination SurveyQNS), one third of the American adults

were obese in the year 2005 - 2088(://www.cdc.gov/nchs/data/databriefs/db01)pdf
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This means that one in three American adults wdyes®, reaching the prevalence of
approximately 40% among people 40-59 years oldy siinilar rates for men and women. The
highest prevalence of obesity (61%) in the USA &@sn among non-Hispanic black women
aged 60 years and above, compared to 32 % of ngpaHic white womenThe lowest

contribution towards the national average was foamibng men aged 20-39 years, from

whom only 28% were found obedgt://www.cdc.gov/nchs/data/databriefs/db01)pdf

Obesity represents a high risk for Type 2 diab€#w$O 1999. From research
observations it is known, that the abdominal vistadipose tissue correlates with insulin
resistanceBergman et al. 20Qland decreased insulin secreti@ryz et al. 200R Thep-cell
of a person who is obese, insulin resistant androbally overnurished, is trying to
compensate for the high glucose levels by hypeetiecr of insulin to maintain euglycaemia.
Therefore, these subjects’ insulin levels are édxljawhile the glucose levels may appear
normal and person is metabolically healthy. The pensation mechanism involves an
expansion of theB-cell mass (by proliferation and/or neogenesis) amthanced insulin
secretion to various stimuli. However, once thditglto compensate fails, a person progresses
to Type 2 diabetes via progressive impairmeng-okll function. The changes in tlfiecell
most probably occur in very early stages before disease manifestation. It has been
suggested by Prentki et &006, that this situation occurs in people with “sysdde” islets
(e.g. due to programming utero while people with “robustB-cells can maintain the high
insulin output.

A number of epidemiological studies investigatimg trole of low birth weight in
aetiology of Type 2 diabetes have been performedulin resistance especially if

accompanied with obesity in adulthood, was sugdeatethe mediator of Type 2 diabetes
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rather than impairefi-cell function e.g. in Uppsala study, (Chapter 2;.Lithell et al. 1998,

Preston studyRhillips et al. 1994 and Haguenau in Francéafuet et al. 2000

1.2.1.2 Assessment of insulin resistance

Insulin resistance and impaired insulin secretimves as indicators of the development
of Type 2 diabetesDeFronzo et al. 1979 The euglycaemic-hyperinsulinemic clamp is
considered the gold standard technique for thesassnt of insulin sensitivityDeFronzo et
al. 1979 Bergman et al 1985 However, this technique is invasive, and inveh&udy
conditions, which are not completely physiologic@his also applies to the frequently
sampled intravenous glucose tolerance test (FS INGWith minimal model analysis
(Bergman et al. 1979although this method is less invasive than taenp method.

Frequently, only the fasting glucose, insulin op€ptide samples are measured or an
oral glucose tolerance test (OGTT) is performede @pplication of these methods is simpler,
less invasive, and less costly, and therefore npoeetical especially for larger research
studies, when compared to the clamp and FS IVGTihods. From the plasma glucose levels
and the insulin responses measured during the Q@aUlin resistance (or sensitivity) afd
cell secretion can be evaluated by means of varialises(Radziuk 2000; Soonthornpun et al
2003; Muniyappa et al 2008uch as the Insulinogenic indéSeltzer et al. 1967 Insulin
sensitivity index (ISI;Matsuda et al 1999)AUC Insulin/AUC Glucose(Strumvoll et al.

2000b),QUCKI (Katz et al. 200Q)HOMA index (Matthews et al 1985)

The standard OGTT, originally introduced for theaghosis of impaired glucose

tolerance (IGT) and diabetes mellitus by the Watkhlth Organization (WHO), uses 759 of
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glucose load and the sampling times of fasting {(@uies) and 120 minute$MHO Criteria
2006. In many clinical and research studies, the domadf the OGTT is extended beyond 2
hours and/or additional sampling times are includsxtording to the purpose of the test.
Commonly, the blood samples are collected at fggftnmin), 30, 60, (90) and 120 minutes
(Matsuda et al 1999; Strumvoll et al 2000a; Yasuheiral 2003; Pontiroli et al 2004; Keskin

et al 2009.

HOMA INDEX:

The Homeostasis model assessment (HOMA) is a canpenerated model for the
assessment of insulin resistance (HOMA-IR) or ohgueatic R3-cell function (HOMA-R3;
Matthews et al. 1985

The HOMA method has shown that both increased imsatistance and decreased [3-
cell secretory function are associated with Typiabetes Klaffner et al 199Y. However, as
the HOMA-I3 model extrapolates from fasting steatdyesdata to the assessment of dynamic
[3-cell secretary function, the evaluation of insuksistance from HOMA-IR is preferred by
the majority of studiesMuniyappa et al. 2008

The HOMA-IR index (and its logarithmic and recipabdorms) correlate with the
clamp technique in many studieBofiora et al 2000Yokoyama et al 2003Vallace et al
2004 Chen et al 200%and others) and in combination with its simple desk invasive
application and lower costs it is considered advahd effective method for the assessment of
insulin resistance/sensitivity in both Type 2 diaband non-diabetic subjects. The HOMA-IR
index was also previously applied for the assesswieinsulin resistance in pregnant women
(Moses et al 20Q6Parretti et al 2006; Ozcimen et al. 2008; Retnakaran et al 20@8d

children @Arslanian 1998; Arslanian et al 1998An agreement between HOMA-IR and
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glucose clamp derived values was demonstratedSouth African Black urban population
(Ntyintyane et al. 200)(and the HOMA-IR index was also used in other Bftican studies
involving urban Black men and womeRe(ris et al 2005; Crowther et al 200@nd Black

pregnant rural wome(Mamabolo et al 2007).

1.2.1.3. Long-term complications of Type 2 diabetes

Long-term complications of diabetes include micsmdar damage (neuropathy,
nephropathy, retinopathy) and macrovascular comjtios (coronary artery and peripheral
vascular disease, stroke), leading to renal failbtendness, foot ulcers and amputations

associated with diasability and reduced life exgpecy ADA 2008).

1.2.1.4 The diagnosis of diabetes mellitus

In respect to the fundamental feature being hygeegimia, the diagnosis of diabetes
mellitus is based on blood glucose levels.

According to the World Health Organizatiow/HO 2006 Criteria the diagnosis of
diabetes depends on fasting and postprandial gilewsls as follows:
Fasting level of plasma venous glucased mmol/|

or 2h post glucose load* 11.1 mmol/l or both.

*A glucose load represents 75 g of anhydrous gleatissolved in water, which is applied in a stadderal

glucose tolerance test, OGTT, after an 8 hour fast.
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The American Diabetes AssociatiohA 2009 uses three ways to diagnose diabetes
mellitus: fastingor 2-h plasma post glucose load levels as descripgldoWHO criteriaor

symptoms of hyperglycaemia and the causal plasowgé >11.1mmol/l.

1.2.2 Epidemiology of diabetes mellitus and costs society.

Diabetes is a chronic disease and one of the noostnon non-communicable diseases
and is a leading cause of morbidity and prematuvgatity. It has been declared as a world
pandemic, affecting 246 million (6%) people in 200V the developed and developing
countries. The numbers are expected to rise tar8Bi@n (7.3%) in 2025, which means that 1
out of 14 adultwill be affected with diabete®iabetes is among the first five leading causes
of death in most developed countries (3.8 milli@atths per year world-wide), which makes it

comparable to the magnitude of dealthe to HIV/AIDS (http://www.diabetesatlas.or@™

edition). It has been observed that 80% of deaths in TypéaBetic subjects are due to

cardiovascular complicationgilmmet et al. 2003).

The estimated prevalence rates of diabetes amarlg@ebple by region predicted for

the year 2030http://www.diabetesatlas.arg™ edition) are as follows:

1. North America and Caribbean (12.1%)
2. Middle East and North Africa (10.8%)
3. South-East Asia (9.1%)

4. Europe (8.1%)

5. South and Central America (7. 8%)

39



6. Western Pacific (5.7%)

7. Africa (with the lowest prediction of nearly %J

(Presented with the permission of the Internatidiabetes Federation.)

Although at present the non-industrial African Regiaccounts for the lowest
prevalence of diabetes (3.8% assessed for the2gdd)), the highest increase in the number of
people with diabetes in this Region within the n&@ years (98.1%) is expected

(http://www.diabetesatlas.org™ edition, Table No 3)1 Also for other countries undergoing

rapid industrialisation and urbanisation, such lzes Middle East and South America, the
predicted rise in prevalence of Type 2 diabetdsgh. On the other hand, the lowest increase
of 20% for the same time period is forecast for Hueopean Region, where programmes for
the prevention, early identification and treatmeoit diabetes were formulated and
implemented on national and international levelsede strategies are summarised in the Saint

Vincent Declaration, a document formulated by tluiedpean health experts together with the

WHO and the IDF organisations in Italy, 1988ww.ncbi.nlm.nih.gov/pubmed/11918624

www.idf.org;)

Costs to society

Chronic diseases mean a lifetime cost to the idd&i and to the health care system.
More than 80% of present diabetics live in low- amiddle- income countries and the
treatment is either not affordable to many of thenthey receive care below optimal level
(Fall 2001). As a consequence, these people have a higheralpnee of diabetic
complications and face a more rapid progressioanth-stage renal disease than diabetics in

developed countriesn the US the total estimated costs of diabeteewel74 billion in the
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year 2007, which includes medical expenditures sediced national productivitfyADA

2008.

1.2.3 Diabetes in South Africa.

Nearly 80 % of the 40.5-million South African resids are represented by Black
South Africans Klotala et al. 2008 The majority of this population livemm rural areas,
although increasing numbers are migrating to cisesking a better quality of life and job
opportunity (evitt 1996. Historically, in rural areas where the tradigbrlifestyle still

prevails, diabetes mellitus is almost non-exis{8aiurne et al. 2002

Significant disparity still exists in South Africeyith the result that there is an obvious
unequal distribution of wealth and opportunitiesazen developed and developing areas. The
lifestyle in the urban areas has changed drambtieald primarily, because of increasing
obesity, the urban areas have higher prevalenes fat diabetes mellitus than rural areas
(Bradshaw et al. 2007; Motala et al. 2008he highest prevalence of diabetes was found in
Asian Indians, followed by Coloured, urban Blackigdén and White groupdVollentze et al.
2005; Bradshaw et al. 200.7Among the Black African population, the highpstvalence for
diabetes of 8% was found in an urban area near CTap®. Obesity and the pattern of fat
distribution were identified as independent risétéas (evitt et al. 1993 In Durban Omar et
al. 1993 the diabetes prevalence rate in the Zulu ethrdiagwas shown to be 5.3 % (age and

sex adjusted), being twice as more common in wothan men Bradshaw et al. 2007 A
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cross-sectional surveyptala et al. 2008)f a rural northern KwaZulu-Natal revealed a

crude overall prevalence of diabetes of 4.6%, wkiek similar for both men and women.

Diabetes mellitus was responsible on average &%¥422 412 cases) of all deaths in
South Africa in year 2000, which represented thedmmonest cause of death in the country
(Bradshaw et al. 2097 Obesity and the pattern of fat distribution wtre highest risk factors

for Type 2 diabetes, next to age and urbanizatiewrift 1996; Motala et al. 2008

1.2.4 Gestational diabetes mellitus.

Gestational diabetes mellitus (GDM) is a common abelic disorder during
pregnancy. The GDM prevalence varies among diffepppulations (in a range of 1-14%)
and it is in direct proportion to the prevalence ©fpe 2 diabetes in particular
population/ethnic groupsPérucchini et al. 1999 GDM is defined as carbohydrate
intolerance causing hyperglycaemia in pregnant womih onset during pregnancWHO
1999; Ben-Haroush et al. 20p4

Risk factors that may warn to the development es@nce of GDM within the current
pregnancy include history of glucose intoleranceaoge-for-gestational age babies within a
previous pregnancy, an obviously large baby atetiirpregnancy, high-risk ethnic groups or

high glucose levels//HO 1999 and obesityBenHaroush et al. 2004

GDM diagnosed in early pregnancy is associated imitheased number of obstetric

complications, recurrent GDM in next pregnancy dnture development of metabolic
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syndrome and Type 2 diabet&ef-Haroush et al. 2004; Vohr et al. 2008 he offspring of
women with GDM are more likely to develop metabayndrome later in life. This seems to
be related to maternal glycaemia in the third tetag maternal obesity, neonatal macrosomia
and childhood obesity/hr et al. 2008 Pregnant women diagnosed with GDM should be re-
tested 6 weeks after delivery and re-classifiedb@sg diabetic, having impaired glucose

tolerance (IGT) or normal glucose levaPeuccini et al. 1999

Normal pregnancy is associated with progressivelimgesistance that may reach
levels of Type 2 non-pregnant diabetics during e trimester(Dunne 1999; Buchanan
200)). Increasing maternal weight, increased secretiosteroids, secretion of insuliand
increased secretion in growth hormone all makemaegy “diabetogenic”. Insulin resistance
may vary significantly among pregnant women and rbguction in insulin sensitivity is
linked to increasing requirements for placentalcgke transport and supply to the fetus
(Dunne 1999Jansson et al. 2002Women with a history of GDM showed a higher eegof
insulin resistance in comparison to non-pregnamhemwithout a history of GDMBuchanan

2009).

Gestational diabetes mellitus can lead to fetatgresvth and large-for-gestational-age
newborns, more commonly known as macrosomia. Torgliion may be associated with
complications during delivery and with neonatal dgiycaemia. In addition, the mother has

an elevated risk for pregnancy-induced hypertenglansson et al. 2001).

It can therefore be seen that the aetiology of T¥pdiabetes involves both insulin

resistance and 3-cell secretory failure. Many sithiave now shown that low birth weight is
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associated with insulin resistance in adulthoodsome studies have also shown reduced islet

cell mass and poor 3-cell function in low-birthwaigubjects Crowther et al. 2000

The next section of this report will therefore dédse the developmental pathways for

islet 3-cells in the fetal pancreas.

1.2.5 Endocrine pancreas and pancreatfg-cells

Poor early development of the islets of Langerterd{f3-cells has been suggested as

a major factor in the aetiology of Type 2 diabetedlitus(Hales et al. 1992, Swenne 1992).

1.2.5.1 Development of the pancreatic endocrine tl

Human pancreatic endocrine cells can be detecteddyt at about 8 gestational weeks
(Clark et al. 1983; Piper et al. 2004Mature islets of Langerhans consist of four didticell
types with exact topography within the islet andhwi the pancreas. THgcells (producing
insulin) are found in the central core of the isletrounded by-cells (secreting somatostatin)
anda- or PP cells in the peripheryifik et al. 1997. Islets with a high population efcells
(secreting glucagon) are found in the body and déipancreas, while islets with a high
population of PP cells (producing pancreatic popfe) are located in the head of the
pancreasBonner-Weir 1990 Recently discovered glucagon secreting endocrirezlls are
still poorly understoodHrado et al. 2004 Andralojc et al. 200P The islets of Langerhans
represent 2-4% of the total pancreatic mass ah,hilécreasing to 1% in adulthood. TBe

cells account for the largest proportion (60-80%)ab islet cells. The development and
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function of islet cells is regulated by expressiaisspecific genes further controlled by

transcription factorsReusens et al. 20D6

Each islet is highly vascularisg@Bonner-Weir 1990 starting from 14 weeks post-
conception Riper et al. 2004 with greater blood flow directed to the islet®{15 %) than to
the pancreas as a wholeales et al. 1992)The humanp-cell can produce insulin from
between seven and eight weeksutero (Scharfmann et al. 2008however, its secretion in
response to glucose is absent until about 28 gasshtweeks Nlicolaides et al. 1989; see

Chapter 1.2.5.)

1.2.5.2 Regulation of3-cell mass

The B-cell mass can change by increasing or decreasatigvolume and/or cell
number in order to maintain euglycaemioner-Weir 199% The islet mass increases by
neogenesis, enlargement and replication of existials (Bonner-Weir 1990)with cell

atrophy and apoptosis contributing to the isletsyecreaseavinik et al. 1997).

The pancreati@-cell mass increases rapidly from about weekBfugvens et al. 2005)
of fetal life until about the fifth postnatal montWilkin 1993; Khan et al. 1994)lt
approximately doubles from the neonatal to thennfseriod(Rahier et al. 198jlreaching at
least half the adult complement at the age of 1r yekles et al. 1992).The B-cell
proliferation during the fetal period correlatesttwgestational age and from weeks 17-32

decreases until about 6 month postnatally.
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Apoptosis shows a different pattern from proliferaf in the early fetal period and
after 6 months of age it is rare. However, thera fsvave” of B-cell apoptosis in the human
fetus occurring during the perinatal period (2 nhsnibefore and after deliveritassem et al.
2000. In the rat fetus, the wave of islet-cell “deyaieental” apoptosis occurs between day 12
— 17 after birthPetrik et al. 1999 during which many original fetal phenotypegledells are
replaced in the following “wave” of neogenediil( et al. 2000. The mechanism regulating

the apoptosis is still unclear.

In human adults and other mammals, pheell mass has some but limited flexibility,
provided by the balance between cell regeneratmhcall apoptosis or decreased replication
rate. This ensures an appropriate production ofilimsfor maintaining euglycaemia in
conditions such as pregnancy (see below) or obeBitthis balance becomes disturbed,

impairment in glucose homeostasis may foll@erhard et al 1999).

1.2.5.3Maternal islet adaptation during pregnancy

During pregnancy, the matern@tcells undergo changes in order to cope with the
increased metabolic demands of the fegisgnne 1992 These changes include increaed
cell proliferation, increased insulin synthesis ghacose-stimulated insulin release at a lower
threshold. Lowering the threshold for insulin séiore allows the release of larger amounts of
insulin at normal blood glucose concentratiorSorénson et al. 1997 Inadequate

compensation may result in gestational diabéBesifyvens et al. 2005
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1.2.5.4Effect of nutrition .

Nutrition plays the major role in the growth of pasatic B-cells Wilkin 1993.
Prenatal undernutrition causes impairment of f@adell growth and results in glucose
intolerance $eckl 2001 Infants who are small for gestational age shelsaively reduceg-
cell mass in comparison with other types of islelisc(Petrik et al. 1999; Hay Jr 2006a)
Amino acids are the major factors controllifecell growth and development and promote

insulin secretion in fetal pancreas until late féifea (De Gasparo et al. 1978; Cetin et al.

1988.

A low protein diet changes the balance betwgeell replication and apoptosiBétrik
et al 1999. Rats fed a low protein diet during gestation lgaolwth retarded offspring with
reducedB-cell mass (volume) at birth and permanently impairedlingesponse to glucose.
Reduced pancreatic expression of IGF-2 (islet satfactor; see above) was associated with
the lowerp-cell proliferation rate and increased apoptosithim fetus and neonatPdtrik et
al. 1999. Contrary to this, maternal total caloric regtdn during pregnancy affected
neogenesis but preserv@eell proliferation rate Bertin et al. 199). Again in adult rat, pre-
and postnatal low protein diet decreased pancresdéitblood flow and insulin release. Low
blood flow values may reflect an adaptive physiaiabresponse, an impaired pancreatic

vasculogenesis or dysfunction of endothelial qg¢flesias-Barreira et al. 1996

Overnutrition during pregnancy, and also matermabetes, leads to-cell hyperplasia
in the rat fetusArmitage et al. 2006 An increased exposure of pregnant rats to dietary f

irrespective of total calorie intake, resulted ypérglycaemia and hyperinsulinaemia in the
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adult offspring Kartin-Gronert et al. 20086 This condition led top-cell exhaustion,
associated with decreased insulin sensitivity amtrehsed insulin secretory capacity

(Armitage et al. 20056

1.2.5.5Effect of glucose

In experiments with adult non-pregnant rats, glecogusion for 24 h nearly doubled
the3-cell numbers. This effect was reversed later aftecose withdrawal and was associated
with increased beta cell apoptosBo(wens et al. 2005Also in rats, high maternal blood
glucose levels (as in maternal diabetes) in pregnhaause hyperplasia of beta cells in the
neonate \(ilkin 1993; Bonner-Weir et al. 1994nd glucose intolerance in the offspring
(Srinivasan et al. 2003 Further, a high carbohydrate milk formula admimisteto rat pups
during suckling period, which is the critical petiof pancreatic development in rats, leads to
adaptive changes in islet function and results itifea long hyperinsulinaemia in these

offspring(Srinivasan et al. 2003

1.2.5.6Effect of hormones.

The pregnancy upregulation @@-cell mass is possibly directly mediated by the
placental hormones lactogen and proladBre(je et al. 1993; Sorenson et al. 199Placental
lactogen, prolactin, growth hormone and variousmginofactors (see below) stimulate directly
the B-cell proliferation Bouwens et al. 2005n islet cultures in a dose dependent manner
(Billestrup et al. 1991 This includes insulin-like growth factor 1 (IGH; platelet-derived
growth factor, epidermal growth factor and oth&sacental lactogen seems to be the principal

hormone responsible for this regulati@rélje et al. 1993; Bonner-Weir et al. 1994)
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The timing of apoptosis is regulated by insulirelggrowth factor 2 (IGF-2), which acts
as a pancreatic islet survival factor by reduchngapoptosis, as was demonstrated on isolated
islets from 5-day old ratPetrik et al 1998; Petrik et all999; Bouwens et al.20p50n the
other hand, hyperinsulinism during infancy is assecd with constantly elevatefi-cell
proliferation and apoptosikéssem et al. 2000Maternal gestational food restriction caused
fetal growth retardation and a long-lasting deceeiasrat fetalp-cell mass, associated with
development of glucose intolerance in adult rate fieduction in fetgd-cell mass was caused
by an elevation in glucocorticoid concentration aagesponse to maternal undernutrition
(Gesina et al. 2006 Glucocorticoids can inhibit insulin release ghdell replication, acting
through the glucocorticoid receptors in pancre&ilets. Normally, glycaemic stimulation
supersedes this effect. However, steroids in aessige amount may override the limited
compensatory potential (growth and insulin procargtiof thef3-cells, causing development of

diabetes $wennel992, Dodic et al.1999

1.2.5.7 Fetal insulin.

Fetal insulin production starts early in fetal l{f@charfmann et al. 20Q08reaching a
plateau in mid gestationFéwden et al. 2004 Insulin has major fetal growth-promoting
effects, which may be mediated in many ways. Iticanease the rate of transfer of nutrients
including amino acids into cells, promote proteyntiesis and inhibit the effects of catabolic
hormones NMilner1989 and any abnormalities in fetal insulin secretthsturb fetal growth

(Fowden 199p
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Fetal plasma insulin concentrations correlate withaternal hormone level
(Milner1989), although maternal insulin does not cross thegulital membraneK@lhan et al.
1975. Fetus increases insulin production in respdoseaternal hyperglycaemia, stimulating
its growth Murphy et al. 2008 Insulin effects on fetal growth were confirmedgene knock-
out animal models and also in humans with mutatiagenes related to insulin action, such as
the insulin receptor and glucokinase, resultingower birth weight and sizeQng et al.

2004).

Studies have shown th@tcell function in adults is related to birthweiglhd other
birth parameters. Therefore it is important to ustind the basis of human fetal development.

The following section of this report will cover #hiield.

1.3 THE STAGES AND THE “CRITICAL PERIODS” IN THE

HUMAN GROWTH AND DEVELOPMENT.

As described in Chapter 1.1, the process of progmaig occurs at critical periods of
prenatal and early postnatal development. Howegerarious organs and structures develop
during different periods, the timing of programmiegtends over several stages of human
development. In this Chapter, some of the humareldpmental stages with respect to their

critical periods will be reviewed, with major focas the embryonic and fetal periods.
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1.3.1 Maternal adaptations to pregnancy

Pregnancy is associated with adaptive changes itern@ organ systems and
functions in order to accommodate the increasingahels of developing fetus, placenta and
uterus. The metabolic changes are mainly relateédetgoroduction of polypeptide and steroid

hormones by the feto-placental uriRi¢ciano 2003 and begin early in pregnancy.

From about week 6 of gestation there is an expansigplasma volume reaching a
maximum around 32-34 weekSiliberto et al. 1998 The plasma volume expansion has an
influence on uterine blood flowFall 2003g. An insufficient volume expansion may lead to
pre-eclampsia, IUGR, premature labour or oligohguras El-Haddad et al. 2006

Cardiac output increases due to increases in stvokeme and heart rate. The red
blood cell mass rises, but to a lesser extent tthen plasma volume. This leads to
haemodilution and a relative physiological anaewiign normal haemoglobin levels at term
(Ciliberto et al. 1998 Picciano 2003 Haemoglobin concentration below 10g/dl is usuall
associated with iron deficiency\Hoque et al. 2009 although definition of anaemia in
pregnancy is said to be present when haemoglolel ie below 11g/dIRastogi et al 2002

Milman 2008.

1.3.2 Embryonic and fetal development

1.3.2.1 Introduction.
The first eight weeks (56 days) of human life aftertilisation are known as the

embryonic period (See Figure 1.9). The conceptus, placenta and #jerity of organs and

51



body structures undergo a rapid cell growth, cellstbns and differentiations during their
establishmentMoore 1993a; See Figurel.10). During this period the embryo is hyghl
vulnerable. The term embryo is used from the segwslational week, when the bilaminar

embryonic disc is formedoore 1993a

The fetal period extends from the ninth gestational week postligation until birth
(See Figure 1.9). Organs and structures establidhedg the embryonic life develop further,
increase in size and mature. The periods of rapavth are also critical for further

development, as the organs and tissues are sensitexternal insults.

During the third to fifth month post fertilizatiothe fetus is characterized by growth in
length and increasing calcification. Duritige last two months of pregnancy fetus gains
weight rapidly due to fat depositioLuke 1994 Sadler 2000b)At 36 weeks the head
circumference (HC) and the abdominal circumfere(®€) are approximately equal. After
this, the AC may be greater than that the HC. Thé&erfetus is known to grow faster than the

female and weighs more at bitioore 1993Db).

Early fetal growth is rather slow, followed by alsrated growth between 16-17 to 26-
27 weeks (about 85g per week). It reaches maximwawty between 26-27 to 37-38 weeks
(about 200g/week) and finally, at the end of thstggon it decreases, with fetus gaining about
70g per weekNeumann et al. 1984The median growth rate of a singleton pregnascy

about 250g/week at 33 gestational wedkske 1994
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Size: 90 days, size 90 mm 250mm, 1000g
Fertilisation Birth
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First Trimester Second Trimester Third Trimester n—
-2 0 12 24 36 38 40 weeks
266 days
LMP INE
PND - V1 PND - V2 >
0 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 |40 42|weeks
2‘80 da‘ys
Embryonic period Fetal period lILI._,_|>7
0 3] ] 8 26 IR - 38] [40/weeks
56 days Perinatal Period
v Chances of survival when born premature: |
Size: 30mm, 2-3g HEE B Term Post
Poor, lungs immature | Term
May survive with intensive care
Usually survives

Fig. 1.9 Scheme of time periods and events during gestatith incorporated timing for the “Pregnancy, Niign & Diabetes”
(PND) study visits. (Drawing based @nRahilly et al. 2001aFigure 8.1.)
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1.3.2.2 Early development

After fertilisation of the ovum, a rapid cell dives gives rise to the zygote, then the
morula and then the blastocy$tis period is often referred as to the pre-im@#oh stages
of the embryo. Already at the 2-8 -cell stage, harabryonic gene transcription is activated

(O’Rahilly 2001).

The blastocyst stage represents a spherical steucfiapproximately 16-32 cells (day
4 post fertilisation) with a cavity insid®©{Rahilly 2001b)and differentiated outer and inner

cell layers(Lewis et al. 1990dhttp://embryology.med.unsw.edu)aurhe inner cell mass

consists of two layers forming together the embiyalisc — bilaminar embryo (Week?2). The
placenta and the placental membranes originate fh@router layer, termed the trophoblast

(Kliman 1998; http://embryology.med.unsw.edu)aurhe cavity within the blastocyst later

develops into the extraembryonic cavities — chadoamniotic and yolk sacLéwis et al.
19909.

At approximately 3 to 4 weeks (p.f.) the bilamieanbryonic disc becomes trilaminar.
From the three germ layers, ectoderm, mesodermeaddderm, organs begin to form (See

Fig. 1.10;Sadler 2000a).

The development of placenta.
The early placentation is stimulated by the blagbdmplantation process. The
blastocyst attaches through the outer trophopablastlls to the uterine lininguterine

endometrial epithelium) at approximately day 6 (Moore 1993a)

54



14 21 28] 35 42) 49 56| Days (p.fert)
MORPHOGENESIS |and ORGANOGENESIS

EMBRYONIC PERIOD

2 3 4 5 6 7 8| Weeks (p.fert.)
|Chorionic villi, amn. cavity IC—> Pfncreas (dorsal) ]
(Stage 6) (Stage 12)
[Formation of CNS (neural folds) |]|]|:'> [Rounding of head [[||:>
(Stage 8, 10, ...) (peak 10-18 weeks - 250000cell/min produced) (Stage 23)
facial form completed
[Somites _mIC—> Rapid development of brain > (nose ,ears, eye lids; fingers, toes)
(Stage 9) (Stage 15)
[Primitive heart and CVS />
(Stage 8)
| Circulatory system
| Angiogenesis [||:> (Stage 12)
(Angioblasts)
[Upper Timb buds [ — Trunk elongation ——>
(Stage 12, ...18) (Stage 19)

Growth in length

[Liver (hepatic plate) II]I:>

(Stage 10)
[Blood formation in embryo |]:>

[Basics for the bone formation IC_ > Ofsification >

By 5 weeks (Stage 18)
[Development of kidney (mesonephrones, ...) I]]:'>
(Stage 11) Nephrogenesisis completed before birth.

Fig. 1.10 Embryonic period and the Carnegie developmetages.
(Diagram based on that bfoore 1993cand O’Rahilly et al. 2001a)
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The trophoblastapidly differentiatiates into two cell layers —etsyncitiotrophoblast
(outer layer) and the cytotrophoblast (inner laysuyrounding the implanted blastocyst (9-10

days p.f.XO’Rahilly et al. 2001k

The maternal endometrium contains active glands sgmehl arteries Sadler 2000a
see Figure 1.11). The endometrium is transforméd decidua. Maternal decidual cells
contain nutrients(glycogen and lipids see Chapter 1.3.2.4) and start secreting various
hormones and factors, such as prolactin, insut@-growth factor binding protein-1, tissue
factor, interleukin-15, and vascular endotheliabvgh factor Gadler 2000a; Gude et al.
20049.

The process of decidualisation is regulated byhitrenones progesterone (secreted by
the corpus Iluteum), human chorionic gonadotrophirlC&; secreted by the
syncitiotrophoblast), human chorionic somatomamaopidtn, human placental lactogen
(HPL; promoting growth) and steroid hormones. Thésmemones are involved in the
nourishment of endometrium and preservation otthrpus luteum, until the placenta is ready
to maintain the secretory function O’'Rahilly et al. 2001c;

http://www.embryology.ch/indexen.html  Within the syncytiotrophoblast layer special

cavities known as lacunae are created, which fas®into intervillous spaces and fill with

maternal bloodhttp://www.embryology.ch/indexen.htmlDuring the first trimester, before

the blood flow is established, the intervillous &g most likely contain acellular fluid

(O’Rahilly 2001d; Burton et al. 2002

The chorionic villi develop from the trophoblassprouts (“finger-like” projections),

which are created when the trophoblast invadesrtaeernal decidua. There are three basic
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stages of villi development, being repeated in e€yaintil delivery The primary villi are the
trophoblastic sprouts composed of the sincitiotodpastin the outer and cytotrophoblast in
the inner layer. In the next development, the pnimalli are invaded by the extra-embryonic
mesenchyme (as the villous core), and further leyfétal capillaries (vascularisation of the
villi). These developmental stages are known as#oendary and tertiary villQastelluci et
al. 2000).The villi further branch, increasing thus the massl the surface of the placenta

and specialis€Castelluci et al. 1990

In mature placenta, the chorionic villi represdrg essential functional unit, wheaa
exchange of nutrients, gases and waste productseeetthe mother and the fetus takes place
(see Figure 1.11). The layers of sincitiotrophoblegtotrophoblast, connective tissue and the
fetal capillary endothelium create the placentakefmbrane”, also known as the placental
“barrier”, preventing maternal and fetal blood framixing. The sincitiotrophoblast (outer)
layer is directly in contact with maternal bloodimervillous space¢Castelluci et al. 2000
Poor vascularisation and other abnormalities il fakmation or function are associated with
reversed end-of diastolic flow in umbilical arterglocity waveform(Divon et al. 2002 see

Chapter 2.5.2.2).

The composition of the placental membrane changestone. At the end of the first
trimester the villous cytotrophoblastic layer slgwdisappears and the membrane becomes

thinner, providing a shorter diffusional distantewWis et al. 1990d
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Endgmetrial
arternes

Fig. 1.11The structure of mature placenta.

(Source:Sood et al. 2006; freely obtainable via PNAS opasess)

1.3.2.3 Trophoblast invasion and establishment ohé utero-placental circulation.

At the beginning (5-10 gestational weeks), theaaslious trophoblast invades into the
decidua and forms temporary plugs in the materriatias. This causes an obstruction to the
blood flow into the intervillous spacereating a low-oxygen environmerKiggdom et al.
1999; James et al 2006The trophoblast plugs are released at about deksvof gestation,
when narrow uteroplacental spiral arteries aresftamed into “funnel-shaped delta@’ewis
et al. 1990d; Jaffe et al. 1997As a consequence, the continuous utero- placemtailation
is established and expands to the rest of the plag&uniaux et al. 2003

Oxygenated maternal blood carrying nutrients padsm® the endometrial spiral

arteries into intervillous spaces, where it pastiahixes with deoxygenated (venous) blood.
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Nutrients, oxygen and other substances cross #wemplal membrane into the chorionic villi
capillaries and through the umbilical vein are dsied to the fetusqude et al. 2004
Deoxygenated fetal blood is carried from the fetiwough umbilical arteries into
capillaries of the chorionic villi branches whetegacheplacental membrane and fetal waste
products are passed to the maternal side. Matbloatl leaves the intervillous spaces by the

uterine (endometrial) veingéwis et al. 1990dattp://www.embryology.ch/indexen.htiml

The trophoblast invasion is regulated by specidictdrs. These include the vascular
endothelial growth factompptentstimulator of sproutingangiogenesisand its receptors and
insulin-like growth-factor 2 (IGF-2Myatt et al. 200b Also the insulin-like growth factor
binding protein 1 (IGF-BP1), which is produced byaternal decidua, may inhibit the
trophoblast invasion, if present in excessive catre¢gion Krampl et al 2002

As mentioned earlier, the first trimester develept occurs in a low oxygen
environment. This arrangement is important for ooggenesis Nlyatt et al. 2008 as it
protects embryo/fetus from oxygen free radicals aislo stimulates the extravillous
trophoblast outgrowthBurton et al. 2002 James et al. 2006 Hypoxia also promotes
angiogenesis and up-regulates vascular endothadi@wth factor expression and
downregulates placental growth factor (PIGKh&liq et al. 1999; Kingdom et al. 1999 and
2000. The release of trophoblastic pluggs associated witta sudden increase in oxygen
tension, meaning an oxidative stredauniaux et al. 2000 and 2002; Burton et al 2001
may have a role in the stimulation of normal pldaakdifferentiation. However, where the

antioxidant defence is poor, it may represent hglagical condition Jauniaux et al. 2000
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1.3.2.4 Early nutriton.

During the first trimester, due to a low oxygen ieonment, the early metabolism is
anaerobic and histotrophi8y(rton et al. 2001; Jauniaux et al. 2003) is based on uterine
glandular secretions containing maternal plasmé&eprs, glycogen and other molecules that
are delivered to the intervillous spadgufton et al. 200 These nutrients (proteins in the
form of amino acids) are transported by diffusiaroas the placental membrane to the
exocoelomic cavity and the yolk saw/i{d et al. 1999; Jauniaux et al. 2003 ome proteins

are synthesized by the yolk sa¥ild et al. 1999).

The embryo prefers pyruvate and lactate duringctbéavage stage, and glucose during
blastocyst formation and the early post-implantastages for energy substratesdse et al.
1999; Burton et al. 2002 Amino acids are also utilised for energy product and they
stimulate blastocyst formation and are involvea ivariety of other functions, such as control

of pH and signal transduction, besides their mal@ in protein synthesig-(eming 2008§.

With establishment of thglacental circulation (9-12 weeks p.f.), the nigritbecomes

haemotrophic, delivered from the mother acrosgptaeental barrierBurton et al. 2001

1.3.2.5 Growth factors and blastocyst development

Based on animal models ama vitro experiments, it was concluded that the pre-
implantation embryo may be regulated by insulin #@&-1 supplied from the mother and
IGF-2 originating from the embryo itself. IGF-1 khown to have a stimulatory effect on

development of human pre-implantation embryogitro (Wild et al. 1999,
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1.4 DETERMINANTS OF FETAL GROWTH AND FETAL

PROGRAMMING .

With the establishment of the relationship betwéath outcomes and diseases in
adulthood (See Chapter 1.1), the research intemegtentrated on fetal development/growth
and factordeading to programming effects. However, especiadlyiuman trials, it may be
complicated or even impossible to directly investilg such factors and their role in fetal
programming. Therefore many pioneering studies ws®dhal orin vitro experiments. The

simplest indirect approach to evaluate efféttsterowas to monitor birth outcomes.

1.4.1 Assessment of birth outcomes.

The size at birth reflects the length of gestatiod the fetal growth ratd lame et al.
2004; Kramer 2003)and they serve as indicators of future diseade m epidemiological
studies of the assessment of pregnancy outcomntd, Weight was the commonest measure
used, as it was routinely recorded in many hospdald health centers (see Chapter 1.1). It is
considered to be the single most important deteantiof neonatal morbidity and mortality
(Kramer 1987. However, the birth weight only approximatelyleets the environment and
growthin utero,due to a number of other factors influencing fe@telopmentQunsted et al.
1985. A better assessment of fetal growth is provitdgdthe ultrasound technique, which
enables a direct evaluation of the size from fdét@metric measurements (see Chapter
2.5.2.2). Growth charts have also been construct@sdsess and monitor fetal growRegce

1993; Mar§él et al. 1996; van Bogaert 1999; Mameiial. 200}.
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According to birth weight neonates can be allocatéul following categories:
LBW (low birth weight) — weight below 25009 irrespiwe of gestational age (term or pre-

term babies)WHO Criteria; http://www.who.int/whosis/indicators/2007 LBW/en/pithtml)

VLBW (very low birth weight) — below 15009

Extremely low BW — below 1000g.

Low birth weight is a consequence of a shorter whumaof gestation or it is due to a
slow rate of fetal growthKramer 2003, therefore such babies can be both, born preterat
term. The preterm (premature) babies are born &e3@r completed gestational weeks (see
Fig. 1.9). About one third of premature babies vathirth weight of 2500 g or less are in fact

small for gestational age babidéésumann et al. 1984

According to the birth size, neonates can be ap@iEp(AGA), large (LGA) or small
(SGA) for gestational age:

AGA is a baby of a size within 2 standard deviatid®B®)(of the mean populational
weight for a particular gestational agee¢sson 1989 In practice a range between™and

90" percentiles is used instead.

LGA indicates a baby of a birthweight exceeding theenfporder of the range for the
AGA infant. Conventionally, for obstetric reasoh$GA baby is one whose birthweight is
equal or greater than 4000g. High maternal BMI,esso/e pregnancy weight gain and

maternal diabetes are the main reasons for fetatasamia Brudenell 1989).
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SGA indicates size below a defined reference rangaherAGA infant. Commonly
babies born below 2 500 g are considered as S@igglesworth 1989 An expert committee
in Manchester 2006CJayton et al 200y set up recommendations for definition of SGA
neonates, that uses a cut-off level at 2 standavthtdons (SD) below the mean for the weight
and/or length. Identification of the SGA baby cae Hone only after excluding the
involvement of any pathological process (see IUBRIeg et al. 1998 SGA neonates have
low lean mass and often central adiposity. Rapigjtegain in infancy leads to later obesity.
According to research studies, the infants withmatth-up growth in height or HC show the

worst outcomelayton et al. 200)/

IUGR (intrauterine growth retardation/restriction). Bua baby is small due to
pathological restriction of its existing growth patial Campbell 1989)Growth retardation
can be classified as symmetrical or asymmetrici@rdation. Thesymmetrically retarded
fetus/neonate is proportionally smaRgleg et al. 1998 This retardation originates in early
pregnancy, before the T4veek, and reasons are mainly infections (e.g.nogtgalovirus,
rubella, toxoplasmosis), or genetic malformatioas Trisomies 13, 18, 2Mitchell 2001) or
severe malnutritiorBecause the insult occurs early in development;liren-sparing effect”
(see Chapter 1.1.3.2 ) cannot apply and numberainf lcells is reduced with possible impact
on intellect (see Fig. 1.1®inchliffe et al. 1992 These infants will stay small, as there is a

poor chance for catch-up growtRgumann et al. 1984

Assymetrical growth retardation is more common. The fetus isalbnin a
disproportionate way (small abdomen, lack of sudmebus fat, normal body length and

head), due to the “brain sparing effect” (see Céraptl.3.2Neumann et al. 1984; Hinchliffe
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et al. 1992; Peleg et al. 199&lacental abnormalities and insufficiency, pooradglacental
blood flow, general malnutrition, maternal smoking multiple pregnancies may be the
reasons Nleumann et al. 1984; Hinchliffet al. 1992; Mitchell 200 This type of growth
retardation is related tate pregnancy (after 28 to 32 weeks), when grgwtteeds mainly

via cellular hypertrophyNeumann et al. 1984, Hinchliffe et al. 1992

As the genetic growth potential is not known and tut-off limit for IUGR fetuses
may still include some normally nourished babibs, definition of growth restriction is rather
complicated. IUGR babies have significantly incezhgerinatal and infant morbidity and
mortality, as well as a higher prevalence of dewelental and physical growth handicaps
(Villar 1986; Hinchliffe et al.1992; Peleg et al. 48. IUGR accounts for about 10% of all
pregnancies, ranging from 3% to 25% according ¢éontlaternal health and also varies among
populations Dogra et al. 2006 Frequently, but not always, the IUGR fetuses &f@A
(Campbell 1989 In developed countries IUGR is strongly relateanaternal smoking, while
in developing countries the major cause seems tmdternal malnutritionBergmann et al.

2009.

1.4.2 Determinants of fetal growth.

As it was explained in Chapters 1.1.3 and 1.1.4, fétus responds to the adverse
effects of the environment during the critical pes of development by downregulating its
growth rate, in order to preserve its energy f@& biain and key organs. Depending on the
magnitude and timing of the adverse effects, abath weight and disproportionate size are

the likely birth outcomeFor this reason, the fetal growth rate and alsoeidudy postnatal
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growth patterns became important indicators of fitere disease risk. A great research
interest has thus been directed towards the ideatidn and monitoring of the potential
determinants of the fetal and postnatal growth gmedmechanisms of their involvement in

fetal programming.

The control of fetal growth is quite complex, asintvolves gene-environment
interaction (see Chapter 1.1.4). One has to redhse in fact it is the combination of various
effects that leads to the fetal adaptation, althoume of these effects may dominate. If this
dominant effect is also modifiable, an opporturidy a timely intervention in preventing the
adverse programming outcome is present. Thus, rbettelerstanding of the growth
determinants and their effects is important forlyeaetection, treatment or prevention of

chronic diseases of adult life.

Already two decades ago, Krame987 reviewed 895 publications and found 43
potential determinants of low birth weight (Seeufeg1.12A). As birth weight is an outcome
of fetal development, the determinants of birthgheihave to be common for fetal growth as
well. The differences in outcome are then attriblgdo the different timing of the exposure
(“critical window” periods) of the fetus to thesetdrminants. Some of them may also be pre-
determined (as genetic background) or act indiyeeth maternal exposure during her

childhood.
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Figure 1.12A Potential determinants of fetal growth and bwikight (Based oiramer 1987.
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The following factors were found to have a reldgveell-established independent
causal effect on fetal growth in populations woriildev However, the extent of this causality
for each of these factors may differ with respecthte developmental status of the country
(Kramer 1987 See further Chapters 1.4).

Fetal gender

Racial/ethnic origin

Paternal height and weight

Maternal height

Maternal weight (her own birth weight, pre-pregnameeight and pregnancy weight

gain)

Maternal nutrition (calorie intake)

Maternal health (malaria, general morbidity andgpency-related illness)

Maternal habits (alcohol drinking, cigarette smakior tobacco chewing) Pregnancy

history (parity, previous low birth weight infants)

Figure 1.12B suggests a possible simplified medmnifor fetal growth and
development in the programming of future risk fyp& 2 diabetes. Well-known categories of
determinants of fetal growth/birth weight are ir#d and the effects of individual

determinants will be discussed in the following ueas.
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Figure 1.12B Regulation of fetal development and programming.

(Based orfall 20033 Fig 6 andGodfrey 2006Fig 2.4)
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1.4.2.1 Fetal genome.

1.4.2.1.1 Epigenetic regulation.

The term epigenetics refers to changes in geneessjon, which do not result from the
DNA sequenceWhitelaw et al. 2006 These changes include DNA methylation (enzymatic
attachment of methyl groups at certain positiongenomic DNA) and histone modifications
(histone proteins are responsible for packaging DN#& chromosomes)Whitelaw et al.
2006) These epigenetic changes are responsible fortaaimg correct gene expression for
any particular cell. They are inherited and they ba influenced by environmeriR¢ik et al
2001a; Whitelaw et al. 200&uch as maternal nutrition and health staivsl et al. 2004

Junien et al. 2007).

1.4.2.1.2 Imprinted genes.

The majority of genes in the fetal genome are esgg@ from both maternal and
paternal alleles, although some genes are inhezikeldisively from one allele only. These are
known as imprinted geneSteinhoff et al. 20Q%nd can be influenced by epigenetic changes

(Fall 2003a)

Imprinted genes control normal fetal developmeldcgntal growth and structure and
possibly influence the expression of placental iaotrtransporters. In this way they are
involved in the control of fetal nutrient demanddasupply Murphy et al. 2006 There are

about 60 imprinted genes known in humans. Impriggees of paternal origin were found to
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enhance fetal growth, while maternally-imprintechgge are associated with reduced fetal

growth Reik et al.2001b).

A recent study by Heijmans et @008 provided the first evidence that environmental
events occurring during early human development pragluce permanent epigenetic changes
with health consequences in future life. People wiewe conceived during the famine in
Holland were investigated (see Chapter 1.1.2). dffigpring exposed to famine during the
first 10 postconceptional weeks showed less DNAhgiation of the imprinted IGF2 gene
than their non-exposed siblings of the same sers@hwho were exposed to famine during

late pregnancy did not differ in methylation patter

Epigenetic changes may not alter DNA sequencethayt can select which genes are
expressed by silencing otherwise activated gendsvare versa. This may predispose the

individual to future diseaséigijmans et al. 2008

1.4.2.2 Maternal factors influencing fetal growth.

Besides the genetic component, the maternal fadioas may affect the fetal
development include the age of the mother, her mwosyposition, health, number of children
she delivered before and the spacing between suésepgregnancies, her social class and her
habits such as smoking or drinking alcohol, andtrimaportantly, the quantity and quality of
nutrients she ate before and during pregnancy.mdjerity of these factors will be discussed
in the following sections. However, as alreadyestatlthough a direct effect of a single factor

may have been studied and identified, in realisgirtieffects add up or combine. Also it is
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important to realise, that the final outcome depeod the equilibrium between fetal demand

and maternal supply.

1.4.2.2.1 Maternal age and body composition

Maternal age.

Adolescent pregnancies and higher maternal agesseciated witha high risk for
adverse pregnancy outcomes (low birth weight, gnowtardationstillbirth, premature birth,
congenital anomalies, pregnancy induced hypertanaizaemial.uke 1994; King 2003
An inadequate supply of nutrients in young motherkp are still experiencing their own
growth will lead to competition for nutrients withe fetus King 2003. Pregnancy in older
mothers may be complicated by pre-existing metabb&alth problems, such as chronic
hypertension, diabetes, hypothyroidism and duriestaion by fetal karyotype abnormalities,
gestational diabetes, pregnancy induced hypertersi pre-eclampsia, which may affect

fetal development and deliveri{dy et al 1996.

Maternal birth size.

Although infant’s birth weight shows correlationtlviboth parental birth weights, the
maternal effects are strongétafl 20039. Mother’s own birthweight strongly correlates hwit
her infant’'s birth weight and placental weight,espective of parity and dietary intake

(Godfrey et al. 1996
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Maternal weight.

Maternal pre-pregnancy weight (adjusted for heghtBMI) and pregnancy weight
gain reflect maternal nutritional statuseggers et al. 2003; Thame et al. 2p04part from
the gestational age these are the major deternsireintetal weight and birthweight.(ke
1994, which may be further modified by environmentattbrs Neggers et al 2003 Low
weight gain is a strong predictor of preterm delyvand LBW babies, especially in women
who are underweight before pregnan8gliieve et al. 200MNeggers et al. 20030verweight
women and women over 35 years of age experienkerrimw pregnancy weight gaitfauss

et al. 1999.

High maternal body mass in pregnancy leads to lebdd obesity and development of
insulin resistance and CHD in her offspring later life, irrespective of its birthweight

(Godfrey et al. 2000; Eriksson et al. 2003b

Maternal height.

Short stature appears to predispose to lower dizbirtn. In the Pune Maternal
Nutrition Study, the Indian mothers were shortaddbw weight and BMI and also their babies
were short and underweight, although centrally eb@se Ch 1.1.2). Placental and birth
weights do not correlate with maternal age andasatass, if corrected for maternal height

(Godfrey et al. 1996

Maternal constraint.
The uterus itself has growth limiting capacity fime fetus, which is important in

controlling fetal overgrowthMurphy et al. 2006 From animal experiments (embryo transfer/
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manipulation studies) it is known that the intrawte environment (uterine size) can override
the growth potential set up by the fetal geno@edfrey et al. 1998 A larger placenta

enables the fetus to reach larger sZedfrey et al. 2000

1.4.2.2.2 Pregnancy spacing

Some studies investigated the effect of the timandpetween subsequent pregnancies
on the pregnancy outcome and concluded that shiervals between subsequent pregnancies
may result in maternal undernutrition and thusease the likelihood of premature birth and

low birth weight Rawlings et al. 1995; Zhu et al. 1999; King 2D03

1.4.2.2.3 Maternal race, ethnicity, socio-economstatus.

Maternal race and ethnicity may significantly irdhce the baby’s birthweight, which
may reflect social class, development status ofcthentry and is gender specifig&ramer

1987; Shiono et al. 1986; Scholl et al. 2D02

1.4.2.2.4 Maternal health

Maternal endocrine status, infections and diseasag influence fetal growth and
development. Maternal hypertensidrayv et al. 199}, renal disease and heart and respiratory
disease Nlurphy et al. 2006 are connected to an increased risk of growthraateon or
preterm delivery.

Fetuses of diabetic mothers have higher glucoseilimand leptin levels. They are
born with greater birth weight and carry an inceghsisk of future obesity and glucose

intolerance McMillen et al. 2005
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1.4.2.3 Effects of maternal nutrition.

The importance of maternal nutrition in fetal pramgming has been emphasized by
Hales and Barkerl©92)in their Thrifty Phenotype Theory (see Chapter.3d.2). However,
nutrient effects on growth and development hadadlyebeen shown in research studies,
especially in animals. McCancé&962 performed experiments with dietary interventiam o
rats in different litter sizes and discovered ttiere was a critical period after birth during
which the lack of nutrients resulted in smaller maali size and a permanent growth
programming effect. Lucad99]) described the effect of nutrition (human milk gtandard
or enriched pre-term infant formula) given to pretenfants during the first postnatal month
on their further growth and development, and mariesl neonatal period as critical for
nutritional manipulation after preterm birth. Basmdthis finding and summarizing outcomes
of animal studies, he established a concept obgioal programming. He concluded that an
inadequate nutrition during critical periods of lgadevelopment might result in pathological
processes later in life. Further research showatitladequate maternal nutrition is one of the
factors in utero, resulting in adverse changegtal fgrowth and developmer@gmpbell et al.

1996; Cox 1999

In the following sections the effects of energy,cneautrient and micronutrient intake

on fetal growth or birth outcome will be discussed.

1.4.2.3.1 Nutritional deprivation.

This effect was seen in babies born to motheectsfd by famine during the Dutch

Hunger Winterand during the Siege of Leningrad (see Chapte2)l.The birth outcomes
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differed according to the timing of the famine egpie. Only the third trimester exposure to
famine caused differences in birth size and boadp@tions. Changes induced by inadequate
maternal nutrition in early pregnancy may persigh adulthood without affecting birth weight

(Lumey1998aStein et al. 2004

1.4.2.3.2 Overnutrition.

Pregnancy overnutrition in humans is associatedh wi¢velopment of gestational
diabetes and pre-eclampsia and may lead to develupoh cardiovascular problemldrtin-
Gronert et al. 200p and/or metabolic syndrome phenotype in the oifigpidater in life

(Armitage et al 200b

1.4.2.3.3 Macronutrients in fetal growth

In animal experiments, low protein diet has beedistl quite extensively (see Chapter
1.1.3.2). Also the study dBieswal et al. (2006showed that low protein and low calorie
intake in rats during pregnancy had resulted invtfnoretardation and low birth weight. The
extension of the restricted diet after birth inb@ lactation period led to a life-long growth
restriction. However, overfeeding of the growthareied offspring during the suckling period

resulted in catch-up growth with the weight excagdiormally fed controls.

Numerous epidemiological studies, mainly involvipgpulations of adults with
available birth records or of pregnant women, hiavestigated the effects of macronutrients
on pregnancy outcome or their relationship with degelopment of chronic diseases later in

life. Some examples are listed in Table 1.1.
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Table 1.1 Epidemiological studies on nutrition Dietary intakes of protein (milk protein), carlyolnate and fat (fislo-3
fatty acid§ and their association with birth parameters anctioonic disease later in life.
Authors Population Number Study topic Outcome
Campbell et al 1996 Follow-up study of men 253 men and women Investigating how maternal The offspring of women
and women born in years pregnancy diet is with low animal protein
1948-1954 in Aberdeen, associated with blood intake (<50g/d) andhigh
Scotland pressure of the offspring in carbohydrate intakes in

Godfrey et al. 1996

The Southampton Study 538 women
including pregnant women
attending the Princess Ann
Maternity Hospital, who
completed gestation with a
term delivery

adulthood

Maternal dietary intake
during early and late
pregnancy and its
relationship with the
placental and fetal weight.

late pregnancy had high
blood pressure later in life.
The same outcome was
also associated with intake

of high animal protein
(>50g/d) and low
carbohydrate.

Elevated blood pressure
was associated with lower
placental size and low BW,
irrespective  of maternal
nutrition.

High carbohydrate intake
in early pregnancy anidw
dairy and meat protein
intake in late pregnancy
suppressed placental
growth and reduced birth
weight
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Authors

Population Number

Study topic

Outcome

Sloan et al 2001

Moore et al. 2004

Rao et al. 2007

Andreasyan et al. 2007

The New York Trial,
including low income
urban pregnant women

2163 women

Pregnant women 18-41 y 557 women
old living in Adelaide,
Australia

A community-based study 140 pregnant women
(3" pregn. trimester)

in a rural area of Haryana
in India

The Tasmanian
Health Survey (1988-
1989)
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Infant 1040 mother-infant pairs

Dietary protein intake
(evaluated by two 24-h
dietary recall) during
pregnancy (months 4-6 and
month 8) and its
association with pregnancy
outcome.

Maternal dietary intake
during pregnancy and the
birth size of the offspring.

A dietary intake was
assessed by means of a
FFQ, administered during
early and late pregnancy.

Maternal dietary intake of
protein and total energy in
association with BW

Maternal dietary
during pregnancy and birth
size

A negative effect ofiigh
protein diet was observed.
Mean protein intake85g/d
resulted in decreased BW
by 71g in comparison with
a mean intake of protein
50-84.9g/d

A direct association
between the percentage of
energy  derived  from
protein taken in early
pregnancy and the birth
weight and  placental
weight was observed.

The energy derived from
carbohydrate intake at the
same time of gestation was
inversely related with
neonatal ponderal index.

Low BW was linked to the

third trimester mean

protein intake of less than

40 g/d (average was
50.8g/d) and mean energy
intake below 1500kcal

intake High protein intake was

associated with lower BW
and PONDIX. High protein
diet taken at the "8 trim.
led to decreased PONDIX
in large BW babies.



Authors Population Number Study topic Outcome

Milk (protein) and fish

(fat) consumption:

Rao et al. 2001 The Pune Maternal 797 women Maternal dietary intake Maternal consumption of

Nutrition Study including
pregnant rural Indian
women near Pune City.

Ludvigsson etal. 2004  Swedish pregnant women 8028 men

Olsen et al. 2007 The Danish National Birth 50 117

Cohort (1996-2002) mother-infant pairs

during pregnancy and birth
size

Milk consumption during
pregnancy and the
relationship  with  birth
weight, [IUGR and preterm
delivery.(Questionnaire
and birth registry)

Milk consumption during
pregnancy and the
relationship with the birth
size

milk, fruits and green
leafy vegetablesat 28 gest.
weeks correlated with the
birth size. No such
correlation was observed
for maternal energy or
protein intakes. The
dietary fat consumption at
18 weeks of gestation was
associated with neonatal
length. An important role
of micronutrients in fetal
growth was suggested.

Low milk dietary intake
was associated with IUGR
of the newborn

Milk consumption during
pregnancy increased babies
BW for age and decreased
rates of SGA fetuses.
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Authors

Study topic

Outcome

Olsen et al. 2002

Mitchell et al. 2004

Inconclusive:
Mathews et al. 1999

Population Number
Swedish pregnant women 8729 wome
Auckland babies born 844 cases,

between October 1995 870 controls
and August 1996 and

their mothers.

The Portsmouth study, 693 women
including healthy white
nulliparous women
attending the local
antenatal clinics during 2-
year period (May 1994-
Feb1996).

Consumption of seafood
and birth weight.

Effect of maternal diet
during pregnancy with
respect to size at birth
(AGA vs SGA)

Maternal dietary intake
and smoking  during
pregnancy and their
association with plac. and
birth weights at term
deliveries.

Low consumption offish
was linked to preterm
deliveries, intrauterine
growth restriction and low
neonatal weight. Beneficial
effect of w-3 fatty acids
derived from fish or fish oil
supplements on  birth
outcomes were observed.

A reduced risk of small for
gestational age babies
(SGA) was connected to
increased fish consumption
in early pregnancy.

Only a weak nutritional
effect on placental and
birth weights was found.
The maternal nutrition in
developed countries might
only have a small effect on
placental and birth weights.
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The epidemiological studies listed in Table 1.1estigated separate nutrients or
nutrients in combination, intakes during early atel pregnancy and also separate food items
such as milk, fruits and vegetables and fish. ummary, low protein intakes and high protein
densities were associated with decreased birth hiveibhe consumption of milk, fruits,
vegetables and fish was linked to increases i dight and a beneficial effect of n-3 PUFA

on birth size was reported.

1.4.2.3.4 Micronutrients in fetal growth.

At the time of organ and tissue development, dustages of cell proliferation and
differentiation, micronutrients play essential mla signaling (e.g. retinoic acid), enzymatic
catalysis (e.g. copper) or as structural elements inc in transcription factors). Vitamins are
important in cellular metabolism, maintenance amowth (McArdle et al. 199P as

antioxidants. Lack of vitamin B6 may impair pandreasulin production.

1.4.2.4 Effects of placenta

The intrauterine environment is believed to be goma@eterminant of fetal growth and
developmentGodfrey et al. 1988 where the placenta, a highly specialised orggparting
the fetus with nutrients and oxygen, representotilg communication pathway between the
mother and the fetus. The complexity of this rawolves the placenta in a variety of
functions, such as transport, respiratory, metatesid endocrine functions. The placenta also
mediates heat exchange between the fetal and rahtemtulations and serves as an

immunological barrier with mothetéwis et al. 1990dGude et al. 2004; Myatt 20D6
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The placenta constantly develops and matures dushegnancy. Therefore, any
disruption during placental development will resala modified function and adverse effects
on the fetus. The timing of an insult will determithe deviation in placental functiomyatt
2006. It is known, for example, that placentas of pragcies complicated with preeclampsia
and IUGR are associated with defects in transibbrmaternal placental arteries into low
resistance vessels, which limits the oxygen suppie fetus Macara et al. 1996; Dugoff et

al. 20035.

1.4.2.4.1 Placental volume.
Placental volume and the rate of placental growghcarrelated with fetal size. These
effects seem to be regulated by maternal weightveeidht gain and her nutritional status

(Neumann et al. 1984’hame et al. 2000 and 2004

1.4.2.4.2 Utero-placental blood flow

The Doppler ultrasound blood flow waveform analys$islps to identify fetal
hypoxaemia, growth restricted fetusdsa¢Sal 1989, Dugoff et aR0O05 and utero-placental
complications Bower et al. 1998 Increased vascular resistance of uterine astatiee to
inadequate trophoblast invasion (Chapter 1.3.Ri2pn 2002; Murphy 2006pr umbilical
cord abnormalitiesSomerset et al. 1993will show decreased end-diastolic flow velocity
resulting in high values of placental indices - thasistance index (RI) and the S/D ratio (See

Chapter 2.5.2.2).
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IUGR fetuses have reduced perfusion of fetal tissa@d the umbilical vein blood

flow is reduced in relation to fetal siZR€ece et al.1993; Murphy 2006

1.4.2.4.3 Placental transport

Depending on the nature of transported substarug#sand placental integrity, a
substance may cross placenta intaataly be metabolised, consumed or altered by placenta
or it may not be transported at algy 1994. Transport can be mediated by diffusion, via
transporter proteins or by endocytosis/ exocytpsigesses utilisingoncentration gradients

or transmembrane potentials as moving foréésritz et al. 2005

Transport of gases (oxygen, carbon dioxide) is leggd by placental blood flow and
simple diffusion. The high permeability of the ptatal membrane to oxygen and carbon
dioxide enables rapid exchange of these gases kmoenpal blood flow is thus the rate-

limiting step for oxygen delivery to the fetusgdler 2000c; Gude et al. 2004

Transport of glucose and amino acids depends orath#ability from the maternal
supply and on specific placental transport systéBel et al. 1999; Jansson et al. 2003
Their activity and expression is essential for\dsly of nutrients to the fetus, and thus for the

regulation of fetal growth.

Glucose transport.

Glucose is the most frequently transported carbatgdand serves as the primary
substrate for fetal oxidative metabolisfdude et al. 2004; Myatt 2006 The placenta
regulates the rate of glucose transfer and alsswuoas glucose in variable amounts. This

regulation is linked to the magnitude of the coricdion gradient between fetal and maternal
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glucose levels, which are always relatively lowartbe fetal sid€Jansson et al. 2001 The
fetus produces minimal amounts of glucose and wiilly advancing gestation, as pancreas
develops, does the endogenous production of inb@adomes stimulated (see Chapter 1.2.5;
Gude et al 2004; Hay 200BbAs maternal insulin does not cross the placen&ahbrane, the
correlation seen between maternal and fetal inslduels may be due to a significant

correlation between maternal and fetal glucose eatnations Nicolaides et al. 1989

The fetus requires an increase in the glucose gupiph maturation and growth of
different organs and therefore, in order to mamthe maternal glucose equilibrium, the rate
of maternal glucose production increases. Thict®m@panied by development of gestational

glucose intolerance and a state of insulin restetavithin the motherH{ay 2006H.

Placental transport of glucose is mediated by ifatéld diffusion, involving glucose
transportersliisley 2000, which increase or decrease their expressiorspanse to changes
in glucose gradientLeonce et al. 2006)n humans there are three transporters located on
placental membranes: GLUT 1, the major and alsslnaiiting glucose transporter present in

placental membranes, and further GLUT 3 and GLUIMgley 200Q Murphy et al. 2006

Long-term changes in fetal glucose concentratioay fead to programming effects
with adverse outcomes in the developing fetus. Malediabetic pregnancy leads to fetal
hyperglycaemia that is associated with elevatiorthef growth-stimulating factor: insulin,
insulin-like growth factor 1 (IGF1) and leptidgnsson et al. 2002; Myatt et al. 2008 his
may result in changes to the glucose transpdHey Jr. 2006& Indeed, an increase of the

basal membrane GLUT 1 expression (whilst activitésGLUT 3 and GLUT 4 remained
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unaffected) was found by llisley et €000 and also by other researchedar(sson et al.
1999. Authors believed that these changes led to ase@ glucose transport to the fetus of
diabetic mothers, in spite of her adequate comtfothe disease. No changes to glucose
transport have been associated in women with gasshtdiabetes mellitusJansson et al.

2009).

The hypoglycaemia present in SGA fetuses may beorssegjuence of reduced
supply/transfer of maternal glucose to the fetusctv may occur, for example, with increased
placental glucose consumption. From experimentaliss in sheep it is known that placentae
of preterm IUGR pregnancies show increased glucmsesumption in comparison with

placentae of normal pregnanciéggnce et al. 2006; Murphy et al. 2006)

In addition, in pregnancy, glucocorticoids can ifegee with the expression of placental
glucose GLUT 1 and GLUT 3 transportekafin et al. 1999 adding further to the likelihood

of adverse effects, including restriction of growtftthe developing fetus.

Amino acid transport.

During the early preimplantation stages of develeptrin the mouse embryo or in
cultures of human fertilised eggs a preferenceafomo acids was noted, changing from non-
essential (during cleavage) to essential aminosa@etell stage and latevan Winkle 20011

with both contributing to an improvement in the ceptus/embryo development.

The fetus utilises amino acids mainly for proteiyntbesis, or they also can be

metabolised by the fetus. The placental transpbramino acids from mother to fetus is
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mediated by transporter proteins, found in bothravidlous and basal plasma membranes
(Gude et al. 2004; Murphy et al. 200d)here are about 15 different amino acid trangport
systems found in the human placernyétt et al. 2008 Amino acids are more effective in
insulin stimulation than glucose (see Chapter 142.fherefore changes in their transport
systems will reflect in fetal growtld@nsson et al. 2002Reduction in the system A placental
transporter expression and activity has been obdarvhypoxia and IUGR pregnanciés/gk
et al. 2002; Nelson et al. 20p3whilst in pregnancies complicated by diabetedlitng or
associated with accelerated fetal growth an enlmegtof transporter activity was observed
(Jansson et al. 2002

The amino acid transporter system A appears todsmdnally regulated by human
growth hormone in early pregnancy, and by insutid Eeptin in late pregnancygnsson et al.

2003; Ericsson et al. 2004

Transport of fatty acids.

Essential fatty acids and long-chain polyunsatdraft&tty acids (LC PUFA) are
important for fetal growth and development, namalying brain neurogenesis and adipose
tissue changes in late pregnancy. The fetus dependmaternal supplies of LC PUFA
(Duttaroy 2009. LC PUFA can cross the placental membrane by seapassive diffusion,
however, it seems that their transport is medibtedeveral transport/binding proteins present
on the membrane. These proteins are regulated thy daid activated transcription factors
(Duttaroy 2009) Free fatty acids (FFA) from maternal blood capssrthe placenta by passive
diffusion or their transport is mediated by thayfacid binding and transfer proteins located
in placental membrane#/(irphy et al. 200§ which control the direction and the amount of

transported fatty acidjude et al. 2004 Elevated maternal pregnancy levels of triacyghyl
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ensure availability of an FFA sourcBuyttaroy 2009. The triacylglycerol cannot cross the
placental membrane, therefore it is metabolizeglagental lipoprotein lipase to FFAs and
glycerol. FFAs are transported to the fetal side @mesterified with intracellularly generated

glycerol phosphateyatt et al. 2006Duttaroy 2009.

1.4.2.4.4 Placental endocrine function

The placenta produces numerous hormones in ordedjtst maternal metabolism,
enable “communication” with the fetus and regulé&&al growth Murphy et al. 2006
Placental hormones are secreted into both matemdl fetal circulation and vary with
development. The majority of receptors for thesenmtones are located on the placental
syncytiotrophoblast, supporting the endocrine aathgrine function of the placenta. There
are indications, that the placenta may regulatews function in response to outside stimuli
such as nutrition.Jansson et al.2003

The effect of hormones on fetal growth may be dicgdndirect, mediated by changes
in placental growth, fetal metabolism, includingogiction of growth factors and other

hormones by feto-placental tissués\den et al. 2004

Thyroid hormones.

The placenta is largely impermeable to maternaligep. Hormones important in
postnatal growth, such as growth hormone and thiyepare present in the human fetus from
early gestation but their influence on fetal grovgtess than in postnatal lif&itling 2006)
lodine crosses the placenta, thyroxine (T4) issi@med only during the first trimester and

triiodothyronine (T3) and thyroid stimulating horme (TSH) do not cross at alGifling
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2009. Fetal thyroid hormone concentration is reducethypoxaemic conditions, leading to

assymetrical IUGR with reduced muscle mdssiden et al. 2004

During late pregnancy, the placenta supports fgtaith via hormones that affect the
transport and/or utilisation of maternal nutrienfhis includes growth hormone and insulin-
like growth factors Gluckman 199h With low nutrient income, concentration of anabolic
hormones like insulin and IGF-1 is diminished, anidat of catabolic hormones

(glucocorticoids) is elevated@érker 1998.

Insulin-like growth factors (IGFs) and their binding proteins (IGF-BPs) play a major
role in maternal tissue growth and developmentiarembryonic and fetal growtiW\(estwood
1999. Production of IGF-1 is regulated by placentalvggh hormone (GH), both secreted by
the placental trophoblastMestwood 1999; Verhaeghe et al. 200EGF receptors are
controlled by six IGF-BPsIGF-BP3 is the main IGF-1 binding protein, howeuée
biologically active free fraction of IGF-1 is coalied by IGF-BP1 Qiu et al. 200% IGF-BP1
is produced by the liver and abundantly by matedeaidua, which points to its important role
during the implantation proceg®/estwood 1999 The concentration of IGF-BP1 increases
from early pregnancyKrampl et al. 2002; Verhaeghe et al. 2002nd reaches steady
maximum at mid-gestationinsulin may be involved in this regulation by agtion hepatic
GH receptor or IGF-BP1 liver productio®i( et al. 2005).There is a structural similarity
between insulin and IGF-1 and IGF-BPs regulate 1GGFhypoglycaemic activity. Therefore
IGF-1 may have insulin independent function in gke metabolism and homeostasis. It can

increase glucose disposal in skeletal mus@liel €t al. 2005 From in vitro studies it seems
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that IGF-BP1 may have a role in endometrial devalept and elevated levels of IGF-BP1 can
inhibit trophoblast invasion. Increased maternahcamtrations of IGF-BP1 limit IGF-1

mediated growth, resulting in IUGKiKampl et al. 2002; see also Chapter 1.3.2.3)

IGF-1 does not cross the placenta, but maternaldaway influence substrate transfer

across the placenta and in this way regulate ¢gtatth Cind 1989.

Glucocorticoids.
Glucocorticoids have a critical role in tissue depenent and maturation. An excess of
glucocorticoids leads to growth restriction, hypadion, hyperglycaemia and upregulation of

the hypothalamic-pituitary adrenal axis (HPA)y@att 2006.

Glucocorticoid levels are low in the fetus, with iacrease in levels before the end of
gestation to promote organ maturatiovicNeil 2007).Glucocorticoids are supplied to the
fetus by the mother across the placenta. This giansand therefore the fetal exposure to
glucocorticoids, is controlled by placental 113toxysteroid dehydrogenase2 (HSD2), which
converts cortisol into inactive corticosterom@®yden et al. 2004 The second source of fetal

glucocorticoids is derived from fetal adrenal glaretjulated by the HPA axi®gENeil 2007.

Deficiency (mostly due to mutation of the 11R3-HS§ehe caused by chemicals) or
alterations of the 113-HSD2 activity lead to ov@esure of the fetus to glucocorticoids. This
is the case in maternal undernutrition, proteinaiksficy, maternal stress, placental hypoxia

(due to inadequate trophoblast invasion), and itemal treatment with synthetic

88



glucocorticoids to reduce the risk of preterm lab@seckl 2004; McNeil 2007)Reduced

placental expression of the 113-HSD2 is associaigdlUGR.

11R3-HSD1 isoform, expressed also in placental ésgmaternal and fetal), can act in
both directions, to deactivate and to regeneratéisob from cortisone. Increased cortisol

production was found during the third trimest€hén et al. 200)

Leptin.
Leptin receptors are present on pancrgatells. This enables leptin to directly inhibit
insulin secretion. On the other hand, insulin states adipogenesis and leptin synthesis,

creating a negative feedback loop (“adipoinsulas ax

There is a significant placental transfer of magétaptin to the fetus, increasing with
advancing gestatiorMcMillen et al. 2008. Leptin is also produced by placental trophoblast
and is secreted to both maternal and fetal cirat Leptin may have a significant role
during the to gestational diabetes and IUGR&dawa et al. 2002 The study of Ong et al
(1999 showed a correlation between cord blood leptrelieand the pattern of weight gain in
early postnatal life. Leptin has a stimulating effen fetal weight gainHarigaya et al. 199y

and in angiogenesi€ao et al 2001

1.4.2.4.5 Intrauterine hypoxia
Low oxygen levels (hypoxia) can have harmful eemt placental tissues and
placental function. Clinical conditions commonlysasiated with intrauterine hypoxia include

maternal anaemia, pregnancy at high altitude arténma pre-eclampsid(rton et al. 1999)

89



Maternal anaemia

In maternal anemia there is reduced capacity ofntla¢ernal blood to carry oxygen
(Hoque et al. 2009)This condition is defined as haemoglobin levedboty 11 g/dl in the first
and third trimester and below 10.5 during the sdctiimester Law et al. 1991 Milman
2008. In South Africa the level of 10.0 g/dl is us&keé Chapter 1.3.1.1). Nutritional derived
iron deficiency is the most frequent type of anaemiSub-Saharan Africa however parasitic

infections and HIV are strong contributing fact@foque et al. 2009

Low maternal haemoglobin and iron levels duringgpency were associated with large
placental weights, placental to birth weight rgii@odfrey et al. 1991; Law et al. 199&and
proportionally low cord blood haemoglobin, seruomirtransferrin saturation and ferritin. The
latter suggests reduced iron supply to the fetumaternal anaemia, as fetus extracts iron in
proportional amounts with the maternal levebsn@la et al. 1996 An increase in placental
weight is seen as a compensatory mecharmtd@n et al.1999)

Iron deficiency anaemia is associated with lowhbiieight, premature birth and SGA
infants @llen 2001; Milman 2008 while the anaemia caused by pregnancy volumaresipn
is not related to adverse birth outcomBagmussen 2001;However, a steep decline in the
iron stores was detected in pregnant urban WhiteBdack South African women between the
first and third trimester of gestatio@(idozzi et al. 1995 pointing to the importance of iron

supplements in these population groups.
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High altitude hypoxia

Pregnancies at high altitude (>2700m) are assatiatgh hypoxia due to low
atmospheric oxygen concentratioBufton et al. 1999) This is connected with 2-5 fold-
increased incidence of low birth weight, growthtrieted fetuses, high risk of preeclampsia

(Zamudio et al. 2006

Oxygen level regulates development, proliferatiord asascularisation of the villous
trophoblast yatt 2006)

Chronic hypoxia alters nutrient supply to the fettise concentration of placental
GLUT1 is reduced and markers of hypoxia, erythrepni receptor and transferrin, are
increased Zamudio et al. 2006 Also, amino acid system-A transporter activitpda
expression is downregulated in cultured term hurtraphoblasts Nelson et al. 2003
Maternal placental hypoxia stimulates IGF-BP1 puaun, which is one of the mechanisms

leading to IUGR Krampl et al. 2002

Adaptation to altering oxygen levels is mediatedttiy hypoxia-inducible transcription
factors 1 and 2Schéffer et al. 2005 They activate corresponding target gene trapson
according to the level of oxygenatioBohaffer et al. 2005; Myatt 2006

Disturbance of physiological oxygen concentrationgy lead to abnormal placental
development$chaffer et al. 2005The Doppler blood flow velocity waveform analysielps

to detect fetal hypoxemia (See Chapters 1.4.2dd2e5.2.2).
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1.5 AIMS OF THE STUDY

1.5.1 Introduction to the research study.

Chapter 1 provides a detailed overview of the miad literature that is relevant to the
PND study research field, but, in some instanckss, iacludes information that exceeds the

research aims of the present study.

The major research focus of the current study amscihe determinants of fetal growth
and birth weight (excluding the genetic factorsjolof these determinants, maternal nutrition
and maternal pregnancy hormones, were investigabedtheir relationship with maternal
anthropometry, fetal biometry, birth outcomes, patdl infant growth and metabolic

parameters was evaluated in the study.

Closely related to the current study research vaése chapters including the stages of
fetal development, placental transport of nutrieat&l endocrine pancreas as these were

related to the study results interpretation.

It is important to realize the magnitude of thebglbprevalence of diabetes and the
necessity of its early prevention. The latter dbese a bearing on the study aims and
naturally outcomes will have important implicatioklso the studies from both the developed
and developing countries were relevant to the PNRIys aims, as the nutrient intakes,
anthropometry and birth parameters of infants is gtudy population were compared with
those from countries in a similar transient stame fiom countries at a more advanced level of

economic development.
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1.5.2 Aims and objectives of the present study

In humans, various epidemiological trials have stigated the effects of maternal
nutrition on birth outcomes and future disease. ftédwever, very few such studies have been

conducted in Sub-Saharan Africa and South Afrisalfit

In South Africa, the national prevalence of lowtbiweight is 8.9 %, displaying a wide
range from 0.6% in Gauteng Province to 24.5% in Nwethern Cape Province (SADHS

survey, 2009http://www.childrencount.ci.org.zaY he targeted World prevalence, established

at The World Summit for Children (1990) is below2d@Ramakrishnan 2004As was shown
in the Dutch Hunger Winter study (see Chapter },.1l® programming effect, which will
lead to disease later in life, manifests as lowgheiat birth. However, the majority of
epidemiological studies (see Chapter 1.1.2) fowvd bbirth weight to be associated with an
increased risk of future disease, and this wasicoafl in experimental studies on animal
models with dietary restriction during pregnancg. rhaternal health and nutrition are factors
influencing fetal growth and development, more aesk in this field in African population is

required.

South Africa is undergoing a rapid migration of pkeofrom rural to urban areas,
which is associated with a transition in lifestgled dietary patterns. Low energy intakes were
seen in rural areas, while high energy intakes weterded in urban areasdldcintyre1998.
Urbanisation leads to lower physical activity andreased obesitys{eyn 200b Although, as
already mention in Chapter 1.2.2, the prevalenadiadfetes is currently lowest in the African

Region. At the same time the highest increase @vglence of diabetes is expected in this
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Region for the year 2030 as a consequence of iadigstrialisation and urbanisation. The
prevalence of diabetes in South Africa (Chapter3).B relatively high, ranging from 4.6 %

in rural to 8% in urban areas.

South Africa has one of the highest HIV infectiates in the world. The national

prevalence is 10.8%wfnvw.hsrc.ac.za/Factsheet-40.phindThis has put a great burden on the

national health services and thus the resourcedaaildies for monitoring and treatment of
non-communicable diseases, such as diabetes,natedj and in many rural settlements are
non-existent. Less than 20 % of the global costsdialbetes are associated with the Africa

region fttp://www.diabetesatlas.arg™ ed.).

In summary, with increasing urbanization, the plewee of Type 2 diabetes is
expected to rise. Resources for the treatment qfeT® diabetes however are limited.
Therefore preventive measures need to be takemtlyg&his should involve more research
on nutritional status of mothers during pregnanoy ahat influence it may have on the
developing fetus. Early detection of the problend gossible dietary intervention could

influence the later outcome of the disease.

The Hertfordshire study was the first to show tblatv prenatal and rapid postnatal
growth was associated with impaired glucose tolsgaand Type 2 diabetes. Also, a low birth
weight, elevated markers pfcell function (proinsulin, 32-33 split proinsuland insulin) and
a high BMI in adulthood were linked to the metabadyndrome (Chapter 1.1.1). Further
studies extended these risk indicators with thiaresbirth (measured by ponderal index),

small head circumference, high placental weightrtsktature and disproportionate growth
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assessed by the high placental weight to BW rdlibeang linked to poor glucose tolerance
and/or increased insulin resistance. Maternal tatriwas one of the factors implicated in

fetal programming and increased risk of future inelia disease.

The purpose of the present study was therefore@atuate the dietary status of urban
Black pregnant women attending the Johannesburgr@eRiospital. A further aim was to
investigate the effects of maternal diet and homhdevels during pregnancy on fetal and

infant growth and other risk indicators associatgti future Type 2 diabetes.

This is an exploratory study attempting to idgngffects of individual nutrients and
hormones on the prenatal and postnatal infant biasain order to identify potential factors
and areas for possible future intervention. Theeefodoes not include a predictive, complex

model building design.

The aims of this study involve the following resgaquestions:

» Does maternal pregnancy dietary intake of macramis affect fetal, birth or postnatal size
or growth?

» Does maternal pregnancy dietary intake of macramis affect infant glucose and markers
of infant-cell function i.e. INS, Pl, HOMA-IR?

» Does maternal pregnancy hormonal levels affeet,fbirth or postnatal size or growth?

» Does maternal pregnancy hormonal levels affeeaninflucose and markers of infgdtell

function i.e. INS, Pl, HOMA-IR?
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CHAPTER 2

MATERIALS AND METHODS

2.1 STUDY POPULATION AND STUDY DESIGN.

This prospective longitudinal study took place & tlohannesburg General Hospital
and the Faculty of Health Sciences of the WITS @atersrand) University in the Gauteng

province of South Africa.

The study population were pregnant women of a Blaitlnic origin attending the
Johannesburg General Hospital Antenatal Clinic. Stuely took place from March 2000 to
September 2005 and consisted of two major pamghioh pregnant women and then the same

women and their offspring were followed.

Study design.

Twice during pregnancy (visits V1, V2) and approately half a year after the
delivery (V3), participating women had a standaral glucose tolerance test (OGTT), blood
pressure and anthropometric measurements takerFi{gers 2.1). Health status and socio-
demographic data were recorded and nutritionaustatas assessed by means of a food
frequency questionnaire (FFQ). During both pregmgarisits an ultrasound examination was

carried out.

96



Gestational Gestational 5.7 month
Week Week
20-24 30-36 postpartum

<
o
—
>
D
=
(2]
A 4

Delivery >

i vz V.

Study Babies >
Diagram

Baby’s age Baby's age

3-4 weeks 5-7 month

“V" abbreviation for “visit”

Figure 2.1  Study flow diagram.

The offspring of these mothers were followed. Thieéour weeks after birth and half

a year postnatally fasting blood samples and aptmetric data were collected (Figure 2.1).

Measurements and data collection methods in thdyshcluded:

a) Interview- consultation, structured questionnaires

b) Documentary sourcepatient’s file and hospital records

¢) Non-invasive measurements and methdasod pressure, anthropometric
measurements, ultrasound scan, biochemical analfyblsod samples

d) Invasive methodsoral glucose tolerance test, blood collections
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Enrolment and ultrasound measurements took plateeiiintenatal Clinic, while the
anthropometric measurements, oral glucose tolerssteand questionnair@gere carried out
in the Day Ward of the Department of Chemical Paiin at the WITS Faculty of Health

Sciences.

2.2 ENROLMENT AND FOLLOW-UP

2. 2. 1 Sampling and enrolment

The present study participants were enrolled frdma Antenatal Clinic in the
Johannesburg General Hospital. The average ageraew attending the Antenatal Clinic was
approximately 30 years (see Chapter 3.1, Fig al)pugh the age range of volunteers at the
study enrolment extended from 18 - 40 years. Tlezame gestational age at the first visit to
the clinic was around 30 weeks of gestation. Thezee some women who presented for the
first visit as early as in the first trimester, lalgo individuals who checked in just a few weeks
or days before delivery. From all the pregnant wonegistered in the Antenatal Clinic,
about 60-70%ttended further visits and delivered in the sawsphtal {(nformation obtained
from the Antenatal Clinic recordsMidwives and doctors closely followed all thetipats at

regular intervals for the duration of their pregoyaand at delivery.

The present study benefited from the routine oggin of the clinic. The Antenatal
Clinic utilised a Voluntary Counselling and Testipgpgram initiated by the Department of
Health Gauteng Department of HeajthAll expectant mothers underwent counselling for

routine blood tests, which included syphilis, Rle@gh) factor, haemoglobin (HB) levels, and
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HIV. The HIV test was offered to each woman regetieto the ANC. Women who were HIV
positive were allocated for antiretroviral treatmewmith Nevirapine during the labour.

According to the clinic records 25 - 30% of attemsavere HIV positive.

The sampling and enrolment methods for the curstudy were designed to be in
accordance with the routine of the Antenatal Cliffibe sampling was done in a number of
sampling periods. These were of varying time irdatsv(from one week to one month),
determined by the numbers of women successfullgliearinto the study (Appendix A). This
procedure was regulated by the capacity of the Dé&yd and ultrasound unit for study
participants. Therefore, the convenient samplinthog was used. Selection bias was avoided
as all the women during the sampling periods hadcea@umal chance of being selected (all
patients’ files were investigated for a match witie study enrolment criteria on each
sampling day). The subject characteristics measuréige current study did not differ across

groups of women sampled of different time periods.

Estimation of the sample size.

As this study involved pregnant women and neondlesjntention was to keep the
number of subjects as low as possible, while sfitaining a sufficient power for data
analysis. Because of the complexity of the curstaty, the sample size was estimated using
the general rule for the relationship between #rae size and the number of variables in the
multiple regression modePgtrie et al. 2000p According to this rule a minimum of 10
subjects are needed for each explanatory variaitégieg the regression model. Therefore, at
the lower range, between 70 — 150 cases were adsione sufficient for the analysis in the

current study.
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In total, 126 pregnant women were enrolled anchd#d the first study visit (V1). The

loss to follow-up is reviewed in Chapter 3.2.

The selection criteria were as follows:

1) Pregnant woman of a Black ethnic origin

2) Age between 18 — 40 years

3) Gestation below 24 weeks

4) Non-diabetic (WHO 1999 criteria)

5) Women with a chronic disease requiring treatmemeveacluded from enrolment
6) Singleton pregnancy only

7) Haemoglobin levels above 10gfilsyphilis and HIV screening negative

8) Blood pressure below 140/90 mmHg

The patient’s file and the antenatal card inforomatincluded personal detailesame, ID,
date of birth, address, hospital number, next of #emographic data), past medical history,
history of previous pregnancies, family medicaltdng and social status. During a patient’s
visit the file and the card were updated with noatexamination outcomes, test results related
to the clinic practice, with clinical or ultrasoursdsessment of the gestational length, fetal

growth and well-being.

% concenration of haemoglobin defining pregnancyearia in South Africal{oque et al.200)7
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The present study was described to volunteers usamgphlets and in a personal
discussion with pre-selected individuals. The paetghcontained information on the study,
contact details of study investigators and theyewgiinted in the most common languages
spoken by Antenatal Clinic visitors. A nurse, wipmlse a majority of these languages, helped

with sampling and enrolment.

2.2.2 Organisation of the study

All participants had their Antenatal Clinic filesc cards labelled with study stickers.
Nurses from the Antenatal Clinic were familiar withe study requirements. Pamphlets with
study details and study requirements were handebetstaff and displayed on information
boards of the Labour and Postnatal Wards. The suwsee asked to report any delivery or

admission for delivery of study participants to tedy investigator by phone.

Mothers with their newborns were seen first in Bastnatal Wards. There were two
Postnatal Wards in the hospital; one for mothers whderwent a normal vaginal delivery
(complicated or uncomplicated), and the secondnfiothers who delivered by caesarean

section.
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2. 2. 3 Feasibility study

The first fifty participants were included into @akibility study. This was used to set

up and optimise the enrolment and study routine.

The routine procedure used at the Antenatal Climetped to exclude women
unsuitable for the study at a very early stage amabled close monitoring of participants

during pregnancy follow-up.

Further adjustments were made to the study prottdble end of the feasibility study:

a) The inclusion criteria questionnaire was revigwend adjusted. Information
available in the patient's antenatal card or filaswemoved from the questionnaire, and a
photocopy of the hospital document was kept instBadluation of the socio-economic status
was extended by information referring to the numbgthousehold occupants and family

monthly income.
b) Measurements of baby’s abdominal circumferede®) during postnatal visits and
of maternal head and mid-upper arm circumferenseweall as the postprandial C-peptide

concentrations and the leptin assay were addedhatstudy (see also Chapter 2.8.1.5).

The feasibility study and the main study data weemabined together for analysis.
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2.3 PROCEDURES PERFORMED IN DAY WARD

(PRE- AND POSTNATAL)

2. 3. 1 Anthropometric measurements of women and b&s
2. 3. 1. 1Weight and height

Measurements of participants’ weight and heighteamaken after removal of shoes
and any heavy clothing. An accurate electronic hieig scale with an attached manually
operated measuring rod was used (Modern scaleR@y). I(td, Johannesburg, South Africa).
Measurements were taken to the nearest 0.1 kgthendearest 0.1 cm respectively. Babies
were weighed and measured on a special weighingmaaburing station. This included a
digital baby scale Seca 736 equipped with the @8dameasuring rod, both distributed by

Delta Surgical, cc, Johannesburg, South Africa.i@atvere weighed undressed.

Body mass index (BMI)in women and babies was calculated according ¢ th

formula: BMI = weight [kg]/ height [m?].
Ponderal index (PONDIX), measure of adiposity for newborns, was calculated

according to the formula:

PONDIX = birth weight [kg] / birth lengtHm®] *100 (Leon 1999
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2.3.1.2Head, arm and abdominal circumference measurements

The head circumference of the mother (at occiptdl level) was measured by an
ordinary non-elastic tape measure calibrated irtim@tres and millimetres. Measurements
were taken to the nearest 0.1 cm. Mother’'s mid-amcumference was measured using an
ordinary non-elastic tape measure. Measurements ve#en to the nearest 0.1 cm. The
abdominal circumference of the baby was measuredguan ordinary non-elastic tape
measure. The tape was placed around baby’s abdatrméme umbilical level (measured on

expiration).

2. 3. 2 Blood pressure measurement

The participant’s blood pressure (BP) was measumethe supine position after
resting. A mercury sphygmomanometer (Baumanomé&tnpax desk model; supplied by
Surgical Instruments (PTY), LTD, Johannesburg, %45 used and BP was estimated to the
nearest 2 mmHg by auscultation. An adult standaiffl size was used for all the women,

except one case, when a larger cuff size had tséd.

2. 3. 3 Oral glucose tolerance test (OGTT)

2. 3. 3. 1 Procedure of the OGTT
The same oral glucose tolerance test procedurecaraied out on pregnant and non-
pregnant women (WHO Criteria 1999). The participasats instructed to abstain from any

food and beverages from 10.00 p.m. the night betdreited water intake was allowed. The
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first (“fasting”) blood sample was collected betwe®00 and 8.30 a.m. (see blood collection
procedure). An immediate blood glucose level wasmadsed by means of a Precision
MediSense Blood Glucose Testing System utilisingcRion Plus Electrodes (Abbot
Laboratories; Abbot Park, lllinois, USA). This wassimple test carried out before the
glucose load to confirm if the woman arrived foe thsit “fasting”, or to determine if she was
a diabetic. In the former case the OGTT was peréaron another day, and in the latter case

the woman was referred to the Antenatal Clinic wad excluded from the study.

The participant was given 75 grams of pure glug¢@sglucose anhydrous; Saarchem-
Merck, South Africa) in 200 millilitres of water @rink over a 5-minute period. Further blood

samples were taken at 30, 60 and 120 minutestakierg the oral glucose load.

2. 3. 3. 2 Blood collection procedure during the OGT

An intra-venous catheter was inserted by needle thé forearm veinantecubital
fossg of the participant whilst in a supine position. baseline fasting blood sample was
collected into a plain 10 ml collection tube to aht serum and one 5 ml potassium
oxalate/sodium fluoride tube to obtain plasma sanf@hacutainer blood collection tubes; BD
Diagnostics; Becton Dickinson Vacutainer Systemianklin Lakes, New Jersey, USA). The
arm was kept warm with an electric heating padrtocoarage circulation for ease of blood

collection. Blood samples were stored & 4intil the OGTT was completed.
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2. 3. 4 Postnatal visits of babies

2. 3. 4. 1. Preparation for the blood collection

Mothers of neonates were instructed to feed they lbebore 6.00 am, so the babies
would have fasted for three and half to four holbe$ore the test which was commenced
between 8.30 and 9.00 am. The older babies (5-Ahspmasted for 6 hours. Both fasting
periods were selected in accordance with an averdgeval between normal feedings at the

particular age category.€éwis et al.1990a

Babies were weighed and measured and their welgbeias discussed with the
mother. A trained nurse collected a blood sample lneel-prick method (see below). After
blood collection, mother was encouraged to breadtfer baby. Baby’s formula for newborns

(Nestlé NAN Formula Number Nestlé, Vevey, Switzerlandas also made available.

2. 3. 4. 2 Heel-prick blood collection method

The fasted baby was placed in the supine positmhk&pt warm under a blanket. A
heating pad placed around the baby’s calf was amtalty used to encourage circulation to
the heel area. The puncture site on the baby’swaglcleaned with an antiseptic swab. After
the site had dried, the skin was punctured on ithe of the heel with a sterile lancet (size
1.00mm x 2.5 mm). The first blood drop was wipedgwl he Microtainer tube was held right
under the blood collection site and blood dropsewenllected on the gel separator at the
bottom of the tubéMeites 1988).Two small-volume pediatric Microtainer tubes wesed.
(BD Microtainer Brand Serum Separator Tube (SSTgta@gue No 365960; Becton

Dickinson Vacutainer Systems; Franklin Lakes, Nensdy, USA). Between 0.8 -1.0 ml of
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blood in total was collected. After collection, thées were sealed with a stopper and left
standing for five minutes at room temperature ti.cThen they were kept at@ before the

separation step (see Section 2.7.1 Sample prepayati

2. 4 QUESTIONNAIRES AND FORMS

2. 4. 1 Inclusion criteria questionnaire

At the volunteer’s first visit to the Day Ward tvguestionnaires were completed: the
inclusion criteria questionnaire and the food frequency questionnawbich was re-
administered at each visit

Inclusion criteria questionnairewas a structured questionnaire collecting inforomat
on personal data, contact details, socio-econonatus education, occupation, medical

history (see Appendix B).

Assessment of Socio — Economic Status (SES):

Education levelof mother/father was classified into following egories:

Age
1) llliterate N/A
2) Primary school level <12 years
3) Standard 6 — 7 12-14 years
4) Standard 8 — 12, matriculation 14-18 years
5) Post matriculation, tertiary education > large
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Employment statusof the mother/father at the time of enrolment:
1) Student
2) Employed

3) Unemployed

Family monthly income categories:
1) Below or equal to R 1000
2) Over R 1000 but below or equal to R 2000
3) Over R 2000 but below or equal to R 3000
4) Over R 3000 but below or equal to R 4000

5) Over R 4000

Physical acitivity: A participant was asked if she was most of the taogve (walking,

standing, physically working, excercising) or regta lot (sitting, lying).

2. 4. 2 Food frequency questionnaire

Nutritional intake during pregnancy (V1 and V2) graktpartum (V3) was assessed by means
of a semi-quantitative food frequency questionndif€Q) (Appendix C) supplied by a
registered dietician (J MacKeown, Dental Researwtitute, MRC) collaborating with the
study. This questionnaire was adapted from their@migused at Rowett Research Institute,
Aberdeen, Scotland, for South African populationta¢Keown 199P It has been validated

previously by Margetts et a{1989. A quantitative FFChas been proven as a reproducible,

108



relatively valid and culturally sensitive method &ssessing the dietary intake of Black South
African in the North-West provinceMacintyre1998, 2001a, 2001bJhe repeatability and

validity of the FFQ have not been re-evaluated@durrent study.

2. 4. 2. 1 Questionnaire procedure
Participants were asked to indicate how frequethiéylisted food items were consumed per
week, with an extension to a frequency per monthtHe rarely eaten foods (Appendix C).
The questionnaire was separated into 8 major foodps, listing over 5@nain food items
The patrticipants also indicated how many main maats how many snacks they ate per day.
Data on portion sizes was collected. Examples ofirsg sizes were available for display to
each person undergoing the interview. Where theag avdifference in volume between the
raw and the cooked food item (e.g. rice or paste,cooked nutrient was considered. No
correction was made for seasonal food, like fridted vegetables. At the end of the
guestionnaire, participants were asked about thmebeu of portions of certain food groups
they ate the day before the interview and if thasva typical intake or different from their
normal daily intake. This 24-hour recall was natlided in the coding for nutritional intake,
but served as a cross-check of the informationrtegdan the FFQ to minimise possible over
or underestimation of food consumption. In the cas$edisagreement between the two
methods, the respondent would have to repeat tieegure.

The questionnaire was administered to each paaticip woman by one of the three
trained interviewers (study coordinator, 2 nursBsticipants could choose to be interviewed

also in their native languages Zulu (isiZulu), XagssiXhosa), Sotho (seSotho), or Tswana
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(seTswana; http://countrystudies.us/south-africa/45.htmalthough the majority selected

English.

2. 4. 2. 2 Questionnaire coding and evaluation

The food information collected by the question@aivas reviewed and coded onto
computer coding sheets by the dietician, using 1881 South African Medical Research
Council (MRC) Food Composition Tables and codeanfienhoven 199)a Either the
household measure recorded or standard portios sieee used according to the National
Research Programme for Nutrition Intervention (NRPNrood Quantities Manual
(Langenhoven 199)b A specific computer program written by the Unsigy of the
Witwatersrand Computer and Networking Centre waslus determine the mean daily intake
for each participant (MacKeown). Although only foéamergy and macronutrient intakes have

been reported in this study, the micronutrientketawere also recorded

The macro and micronutrients assessed using thewdr®as follows:
Macronutrients: protein (plant, animal, total), fat (saturated tyfatacids - SAFA,
monounsaturated fatty acids - MUFA, polyunsaturdggty acids - PUFA, total) cholesterol,
total available carbohydrate, dietary fibre, addedar.
Micronutrients:calcium, vitamin B12, iron, magnesium, phosphopagassium, sodium, zinc,
copper, vitamin A (RE), thiamin (vit B1), riboflavi(vit B2), nicotinic acid, pyridoxin (vit

B6), folic acid, ascorbic acid, panthotenic acitin, vitamin D, vitamin E, manganese.
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2.5 ULTRASOUND SCAN

2. 5. 1 Technical equipment

The feasibility study was performed on a Toshilteasbund machine (Tecmed). The
instrument employed in further scans was the SOMNEBLSienna Ultrasound Imaging System
from Siemens Medical Systems, Inc., Ultrasound @yduSA. (Supplier: Authorized EC
Representative Siemens Aktiengesellschaft BereiguizMische Technik in Erlagen,

Germany).

There were no significant differences found betw#en variances of fetal biometry
measurements obtained from the Toshiba vs. the SONE machine, therefore the
Feasibility study results were merged with the Maindy data. (Analysed by one-way
ANOVA with the Levene’s test for homogeneity of iarces Petrie et al 20009.

The gestational age (US MA) and the fetal weighitretes on both instruments were
derived from different software pre-programmed folas (Campbell and Shepard formulas
respectively for Toshiba and the Hadlock formulas SONOLINE). Therefore the estimates
derived from the Toshiba instrument were recaledatising the Hadlock formulas only

(Hadlock1984;see Chapter 2.5.2.1) to enable comparisons betineatata.

Fetal biometry and amniotic fluid index were evahshby the real time B-mode
ultrasound. Fetal well being and utero-placentabdliflow in the third trimester were assessed

by the Doppler ultrasound techniquégty://www.ob-ultrasound Only trans-abdominal scans

using a 3.5 MHz curvilinear transducer probe werdgymed in this study.
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2. 5. 2 Ultrasound examinations

Ultrasound examination was carried out twice orsaldy participants. Routinely the
scan followed directly after the OGTT proceduréhe Day Ward or it waperformed as close
to this visit timing as possible. A requirementtbé study was to carry out all scans on one

ultrasound machine and by one operator.

2.5.2.1 Ultrasound examination at the first wit (V1; 20-24 gestational weeks)
Fetal weight and pregnancy dating were assessewj dsllowing fetal biometry

ultrasound measurements (see Figure 2.2):

1. Biparietal diameter (BPD)
2. Head circumference (HC)
3. Abdominal circumference (AC)

4. Femur length (FL)

These parameters are commonly measured at ultrdsexamination during theecond
trimester (18 - 24" week of gestation) and further to estimate fetawgh and look for
possible presence of fetahomalies. At this time the fetal anatomy is wediveloped and
structures of interest like face, spine, fingers &rge enough to be visible for accurate

evaluation Reece 1993).
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Figure 2.2  Ultrasound images of fetal biometry

Gestational age estimatéMenstrual age by ultrasound; USMA) was deriveahfrall
four biometric measurements and the regressiontieqguaf Hadlock 1984):
US MA [weeks] based on all four parameters (BPDcm, HG®@tm, FLcm).

US MA =10.85 + 0.060 * HC * FL + 0.6700 * BPD + 0680 * AC
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In some instances the HC measurement was not estoiral these cases calculation of
US MA was based on the regression equation by l&dlising three measurements only
(BPDcm, ACcm, FLcmSonoline Sienna User Reference 2000; Hadlock 1984).

US MA [weeks] = 10.61 + 0.175 * BPD * FL + 0.297AC + 0.7100 * FL

Estimated date of delivery (EDD) Sonoline Sienna User Reference 2000

US EDD = 280 days — US MA (in days) at “today’s” ultrasduscan, added to “today’s” date

(where 280 days is an average length of humantgasta

Estimated fetal weight (EFW)(Sonoline Sienna User Reference2000; Hadlock 1985
was calculated according to the regression equabignHadlock employing all four
parameters: (BPDcm, HCcm, ACcm, FLcm)

EFW [g] =
107(1.3596 — 0.00386*AC*FL+0.0064*HC+0.00061*BPD*AG.0424*AC+0.174*FL)
1SD=7.4%,2 SD =14.8 %

(where 107(x) means exponent for a base-10)

For three measurements only:
EFW [g] with exclusion of HC based on (BPDcm, ACdfcm).
EFW = 10"(1.335-0.0034*AC*FL+0.0316*BPD+0.0457*ACA®23*FL)

2SD=15.0%

(where 107(x) means exponent for a base-10)
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2. 5. 2. 2 Ultrasound examination at the secondsii (V2; 30-36 gest. weeks).

The same fetal biometry measurements were cartea@taultrasound visit 2 in order
to assess the fetal size and weight. As singlenpetiexs in later pregnancy, the fetal length and
the abdominal circumference can give the best astinof fetal age and fetal weight

respectively Reece 1993

The gestational age was calculated by the ultratsoftware. However, the estimate
from the first ultrasound scan was used for allgpescy dating, as due to normal fetal

biologic variations the third trimester ultrasouwtating is not as reliabl&keece 1993

Amniotic fluid volume is an important indicator &étal well-being. It is commonly
estimated by the ultrasound technique and expressesh amniotic fluid index (AFPhelan
et al. 1987;Nwosu et al. 1993Schrimmer et al. 20Q2At term the index reaches level of 11-
16 cm(Durbin et al. 200% Too high or too low AFIGramellini et al. 200%is found with
pathologic conditions of polyhydramnios and oligdlgmnios respectivelyLewis et al.
1990h. The former may be related to congenital malfornretjmr maternal diabetes, the later
may be a consequence of placental insufficiency wigcreased placental blood flow and

growth restriction $adler 2000c, Lewis 1990b

Amniotic fluid index (AFI) was determined by the “four quadrant methddib¢re
1990, Nwosu et al. 1993, Schrimmer et al. 2002 AFI representsaa sum of the largest
vertical depth of fluid in each of four arbitraritiivided uterine quadrants (pockets; D1 — D4).

See Figure 2.3.
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Fig. 2.3 Four quadrant method for AFI estimation.

Doppler measurements.

To assess the uteroplacental blood flow, fetal dveihg and predicting fetal distress,
hypoxaemia or growth-retarded fetuses, the spebioaipler ultrasound waveform analyses
was carried out (see Chapter 1.4.2.4.2). The Doppteasound is a non-invasive real time
imagining technique commonly used in obstetrics dwaluate maternal and fetal
haemodynamics, e.g. to study pattern of uteroptatemd umbilical blood flowsMarsal
1989. The Doppler waveform analysis follows the maximuelocity of red blood cells from
large arteries during the cardiac cychMafsal 1989; Marsal et al.1999 A forward flow is

seen during the systole and the diastole in nopregnancies. Low, absent or even reversed
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diastolic flow indicates various degrees of incegaslown-stream resistancee(vis 1990c).
Thevelocity of blood flow can be calculated.

The umbilical cord contains two arteri¢sarrying deoxygenated blood and waste
products from fetus towards placenta) and one ucabivein (carrying oxygenated blood and
nutrients from placenta to fetus) branching intoranic plate vessels. The cord on average is
55 cm long and about 1-2 cm in diameter. The lengdly vary between 30 and 90 cWdore

1993c) All Doppler scans were done on an umbilical arter

The spectral Doppler ultrasound waveform analysesuthree major indices to

evaluateblood flow (Thompson et al. 1988ee Figure 2.4):

1. The Resistance index (Rl;also known as Pourcelot ratio) represents a meastire
resistance to arterial floWwS-TIP):

RI = (systole — diastole) / systole. With diastolessing (in severe cases of fetal distress) the
ratio is equal to 1, which presents the index maxm

2. Pulsatility index (PI; also known as Gosling and King'’s inddX; = (S — D) / A) can also
reflect reverse flow (S states for a systole, Ddatiastole and A is a mean height over one
cardiac cycle).

3. Systole to diastole (S/D) rationtroduced by Stuart et al in 1975 as simplifiedsBtility

index (also known as A/B ratioXivon 2003.
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Figure 2.4:  Spectral Doppler ultrasound waveform anafipisrformed on the

maximum velocity of red blood cells from umbilicatery.

The fetal well-being was assessed from the glolasound outcome.

* All ultrasound images (Figures 2.2, 2.3, 2.4) waken in the Antenatal Clinic by study sonograptes. Z.
Holland, for the purpose of this study.
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Assessment of intrauterine growth retardation(lUGR).
In addition to the RI, tabulated ratiosKd€ to AC (by Campbellet al.1977F and ofFL

to AC (byHadlock et al. 198Bcan be used in assessment of fetal growth retanda

The fetal liver is the most affected fetal organ in cases of ahabfetal development
like IUGR or macrosomia (see Chapter 1.1.3.2. Begaring effect). The AC measurement
reflects the liver size and it is considered asmiost sensitive single parameter for growth
retardation detection with sensitivity of 83% aatsé positive rate of 109REece 1993 ead
measurements and femur length are usually unaffe@e head is larger) in asymmetrical
IUGR, while AC is disproportionately reducetigdlock et al. 1983; Campbell 1989ge
Chapter 1.4.1). Therefore, the HC/AC ratio in densasurements is able to distinguish
normal growth from symmetric and asymmetric [IUGRutiU36 gestational weeks the HC is

larger than the AC giving a ratio >M¢ore et al. 1993p

In the present study the ratio of Hadlock (FL/AQ)®) was used. Between 21 to 42
gestational weeks this ratio stays practically tams(22 + 2) with upper limit (J0percentile)
of 23.5. This limit corresponds to a sensitivityGH#.3% and specificity of 90% for detecting
IUGR (Hadlock 1983).Values exceeding 23.5 after 21 are considered tindheative of

IUGR.

NeonatalPonderal index is also used as relatively reliable method forogedsing

asymmetric IUGRReece 1993.)
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2.6 DELIVERY AND DELIVERY RECORDS .

Nurses from the Labour Ward were asked to reportsttaly investigators the
admission or delivery of any woman volunteeringttie study. Delivery information was
available in the Labour Ward birth register. Detdihotes on labour proceedings and the well-
being of the mother and her infant were recordegatent’s hospital file and kept in the

Postnatal Ward where mother was admitted afteveisii

The following information was captured from Deliyeecords:

Date of delivery Placental weight
Time of delivery Cord length
Type of delivery: Blood loss

(Normal vaginal delivery;
Caesarean section)

Delivery complications

Newborn'’s details:

Birth weight Apgar score
Birth length Sex
Head circumference Assessment of age at dgliver

Apgar score (introduced by Dr. Virginia Apgar in 1952, Colurabuniversity, USA,;
Casey et al 200Qlis a quick and simple method to assess newboeadthh status. It is

performed at 1, 5 and 10 minutes after birth. Bebgvaluated on five criteria: skin colour,
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heart rate, reflex irritability, muscle tone ande&thing on a scale of zero to two for each
criterion. Total Apgar score is a sum of these esoBcores over 7 are considered as generally

normal qttp://embryology.med.unsw.edu.au/Child/apgar)htm

The babies with an abnormal Apgar score (below ZGatminutes) were not selected for

further study. One neonate was excluded for tlasae.

2.7 BIOCHEMICAL ANALYSIS

2.7.1 Specimen collection and storage.

Pregnant women and mothers.

Serum: blood was collected by venepuncture intenplidood collection tubes (Vacutainer
blood collection tubes; BD Diagnostics; Becton Dagdon Vacutainer Systems; Franklin
Lakes, New Jersey, USA), allowed to clot, and kapfC until all the OGTT samples were
collected. The chilled blood samples were proce$seter; serum was separated from cells
by centrifugation (Beckman, TJ-6, table top horiabrrotor/swing-out head centrifuge) at
speed of approximately 1300 - 1400 x g for 15 tar#@utes at approximately’@. Samples
were stored at -2C until assayed. For longer storage a set of sssnpéas kept at -7&, as

well as samples for IGF-1 estimation.
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Serum from fasting samples collected at each oftkinee maternal visits was used for
measurement of insulin, proinsulin, leptin, IGFIGF BP-1, IGF BP-3, thyroid hormones,
HPL, C-Peptide and cortisol. In addition, the sersamples collected during postprandial
time points (30", 60’ and 120’) of the OGTT weresdsfor insulin, proinsulin and C-peptide
assays. The HPL was measured only during pregn@msiis V1 and V2) and cortisol only at
V2 and V3 from fasting blood samples collected leetv 8.00 and 8.30 a.m (see Chapter
2.3.3.1). Haemoglobin concentration was obtainedhfthe Antenatal Clinic records at the

time of enrollment.

Plasma: blood was collected into Vacutainer tulmganing potassium oxalate and sodium
fluoride as an anticoagulant. Collected sample®umroughly mixed with the anticoagulant.
Tubes were kept at°@ until all the OGTT samples were collected and ¢hiled samples

were processed further. Plasma fraction was seqzhbat centrifugation (Beckman, TJ-6, table
top swing head centrifuge) at speed of approximat800 - 1400 x g for 15 to 20 minutes at
4°C. Samples were stored at 2@0until assayed. For longer storage a set of sesnwés kept

at -75C. Plasma samples (F, 30’, 60’ and 120’ of the Ob#@@re used for measurement of

glucose levels.

Baby samples.
For babies, only blood for obtaining serum samplas collected to reduce volume of
blood withdrawn. Therefore, the glucose measuremastperformed on serum samples. The

small-volume paediatric Microtainer tubes were ud&dd Microtainer Brand Serum Separator
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Tube (SST); Becton Dickinson Vacutainer Systemsgnkliin Lakes, New Jersey, USA).
Fasting blood samples were kept &C4until completion of baby’s visit (see the heeickr
sampling procedure above). Afterwards, samples gfue down in centrifuge and stored at —
20°C. For longer storage one sample was kept &tG.7S5erum samples were used for the

measurement of glucose, insulin, proinsulin, leptid IGF BP-3.

2.7.2 Determination of Glucose.

Glucose in maternal plasma or babies’ serum samypasanalysed using a Beckman

Glucose Analyser 2 (Beckman Instruments, Fuller@adjfornia, USA).

Principle: The system employed an oxygen consumption rate adedleveloped by
Beckman Instruments and utilised specific Beckmeagents. The method is based on the
enzymatic reaction d3-D-glucose from a standard or patient’s sample wdisisolved oxygen

present in the reagent solution as follows:.

glucose oxidase
B-D-glucose + @ OO OO0 - Gluconic acid + HO;
HO
An electronic system equipped with a Beckman oxyglentrode detects a rate of

oxygen consumption, which is directly proportional the concentration of glucose in the

sample. The technique was selected for its verydample consumption of 10 microlitres.
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Sensitivity Lowest detectable value 0.6 mmol/l (10 mgR#ckmanUser Manua)
Cross reactivity: No interference found with pathologic levels of iroibin, uric acid,
creatinine, lipids or haemolysis up to 1 g of haglobin per 100 millilitres. No effect of

drugs (DOPA, salicylates) or agents preventing@lysis or coagulation.

Precision.
Intra assay variation — Standard deviation (SD) keas than 0.14 mmol/l for twenty replicates
of the Beckman 8.3 mmol/l aqueous standard.

Inter assay variation - was less than 0.17 mmol/I

2.7.3 Immunoassays.

The majority of analytical tests in this study isgld an enzyme immunoassay carried
out on 96-well microplates to determine an antigeimterest from collected serum or plasma
samples. Two basic approaches were used: Assaycantpetitive binding and assays with

non-competitive binding.

2.7. 3. 1 Instruments

Instruments employed in present study were theviofig:

Microplate shaker/incubator: Amesham UK, Model Z164.

Microplate washer: Labsystems Multiwash, Model 8080 Labsystems Ltd., Helsinki,

Finland; manufactured in USA.
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Microplate reader: Labsystem Multiscan Biochromatfigpe 348, Labsystems Ltd., Helsinki,

Finland.

2.7. 3. 2 Non-competitivémmunoassay.

Antigen present in the sample, standard or comrblound between two monoclonal
antibodies with specific binding sites. The firsitibody is attached to a solid phase (capture
antibody) and the second antibody carries a ladvadétection:

» wall — capture antibody — antigen — detectionbanty - label
The unbound fraction is separated from immobilissthdwich” complex and the amount of
labelled antibody is detected by a spectrophotomdtee amount of analyte idirectly
proportional to the concentration of the detection antibodyurub to the well of the

microplate.

2.7. 3. 3 Non-competitive assays used in the presstudy

Insulin (INS)

INS- EASIA (Enzyme Amplified Sensitivity Immunoag3akit; BioSource Europe S.A.,
Nivelles, Belgium;
Catalogue Number: KAP 1251

Distributed by thé.aboratory Specialities, cc, South Africa.
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Principle and procedure of the test:

1) Standards, quality controls and samples were irtedbaith the capture monoclonal
antibodies (Mabl) attached to the walls of a mitetplate and with the detection
antibody-horseradish peroxidase conjugate (Mab2JHR&R sandwich complex was
achieved in one incubation step:

* microtitre well wall — Mab 1 — human insulin — bl2-HRP.

2) Unbound Mab2-HRP conjugate was washed off.

3) Tetramethylbenzidine (TMB) — 10, was added as a substrate to produce a
chromogenic reaction catalysed by the remainingiddab2-HRP conjugate.

4) After a short incubation the reaction was stoppgdab acid solution resulting in
yellow reaction product.

5) The absorbance values were measured on 96 well-pé&stder with colorimetric
detection at a wavelength of 450 nm.

6) The concentration of unknown samples was obtaiyeiterpolation from a standard
curve plot of absorbance values against the knowamcentration values, of the

standard samples.

Analytical sensitivity.
The assay detection limit (defined ag.f + 2*SDyank @bove the mean of zero calibrator) was

0.15ulU/ml (1.04 pmol/)
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Specificity.
Cross-reactivitywas measured on the high value calibrator. Hunaimgulin cross reactivity

was negligible.

Precision.
Intra-assay and inter-assay coefficients of vama(CVs) were 5.3 % and 5.6 % for low, and
3.0 % and 9.8 % respectively for low to medium @riations of the analyte.

Upper detection limit: 50Q1U/ml (3450 pmol/l)

Proinsulin (PI)

INTACT PROINSULIN ELISA kit; DakoCytomation Ltd, UK
Catalogue Number: K 6242

Distributed by DakoCytomation, South Africa

Principle of the test:

The assay is based on the same principle as théniessay.

Procedure:

A sandwich complex was achieved in two incubatiteps. Each step involved a washing
procedure removing unbound antigen after the firstibation period and unbound Mab2-
enzyme following the second incubation period. Alse chromogenic reaction was achieved
in two steps. After incubating the sandwich comphgth an enzyme substrate, an amplifier

was added into wells. Nicotinamide adenine dimtgle phosphate (reduced form; NADPH)
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was the substrate for the chromogenic reaction.efflzgme amplification system served as a
highly sensitive detector of alkaline phosphatas#genules, which was the enzymatic label

used in this assay. The absorbance values wereuradaat the wavelength of 490 nm.

Analytical sensitivity.

The assay detection limit was below 0.5 pmol/I.

Specificity.
No cross-reactivitywas detected with human insulin, C-peptide or 32sBlit proinsulin;
100% cross-reactivity found for 64-65 split proimsuNo interference from heterophilic (e.qg.

human anti-mouse) antibodies or rheumatoid facts seen.

Precision.
Intra-assay and inter-assay CVs were 4.0 % anéSéspectively for low and
2.4 % and 3.3 % respectively for medium concemnatiof the analyte.

Upper detection limit: 200 pmol/l

Leptin
HUMAN LEPTIN ELISA, Clinical Range kit; Supplied ectly from: BioVendor Laboratory

Medicine, Inc., Czech Republic, EU.

Cat. No: RD191001100
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Principle of the test:

The analysis is based on the same principle dgimsulin assay.

Procedure:

A sandwich complex was achieved in a two-step o as in the proinsulin assay.
Horseradish peroxidase was used as an enzymaéicf@boMab2. The chromogenic reaction
was achieved in one step only using TMB as a satestiihe absorbance of the product was

read at 450 nm.

Analytical sensitivity.

The assay detection limit Ak + 3*SDyiany)) Was 0.5 ng/ml.

Specificity.

No cross-reactivitywas reported in the kit insert.

Precision.
Intra-assay and inter-assay CVs were 7.5 % anéo@@spectively for low and
6.7 % and 3.2 % respectively for medium concemnatiof the analyte.

Upper detection limit: 50 ng/ml

129



Insulin-Like Growth Factor 1 (IGF-1)

OCTEIA IGF-1 kit; IDS (Immunodiagnostic Systems Llied), UK.
Catalogue Number: AC-27F1

Distributed by the AEC-Amersham (PTY), LTD, Soutfriéa

Principle of the test:

The assay is based on the same principle as thiniassay.

Procedure:

Prior to the analysis, samples were pre-incubaiéd avproprietary reagent to dissociate IGF-
1 from binding proteins. The walls of microplate revepre-coated with purified sheep
polyclonal anti-IGF-1 antibodies. Detection monaab antibodies were linked to HRP. A
sandwich complex was achieved in a one-step proeedthe chromogenic reaction was
accomplished in the same manner as in the insgayaThe absorbance values were

measured at a wavelength of 450 nm.

Analytical sensitivity.

The assay detection limit was udl.

Specificity.

Cross-reactivity no interference was observed with IGF-2, insaliproinsulin.
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Precision.
Intra-assay and inter-assay CVs were 3.5 % anéoi&spectively for low and
2.3 % and 7.1 % respectively for low to middle camtcations of the analyte.

Upper detection limit: 2070g/l (1 pg/l = 0.131 nmol/l)

Insulin-Like Growth-Factor-Binding Protein 1 (IGF BP-1)

IGFBP-1 IEMA (former PP12 IEMA) kit; Oy Medix Bio@&mica Ab, Finland. Catalogue
Number: 108 51 ETMB

Distributed by the AEC-Amersham (PTY), LTD, Soutfriéa

Principle of the test:

The assay is based on the same principle as théniessay.

Procedure:
A sandwich complex was achieved in a two-step mhoee Further reaction steps and
reagents used were as in the insulin assay. Therka#bge values were measured at a

wavelength of 414 nm.

Analytical sensitivity.

The assay detection limit was Qug/I.
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Specificity.
No cross-reactivitywas observed with human IGFBP-2, IGFBP-4, IGFB&-B5FBP-6 up to
concentrations of 5000g/l or purified human IGF BP-3 up to hundred thawsanicrograms

per litre.

Precision.
Intra-assay and inter-assay CVs were 5.4 % anétS&spectively for low and
5.4 % and 5.9 % respectively for higher concerdretiof the analyte.

Upper detection limit: 18Qg/|

Insulin-Like Growth-Factor-Binding Protein 3 (IGF BP-3)

IGFBP-3 ELISA kit; BIOCODE S.A., Belgium.
Catalogue Number: EL 2014

Distributed by the AEC-Amesham (PTY) LTD, South ié&

Principle of the test:

The assay is based on the same principle as thiniassay.

Procedure:
The assay procedure was as in the insulin assag.ehazyme label linked to Mab2 was
alkaline phosphatase. Para-Nitro Phenyl Phosphateused as a substrate for chromogenic

reaction. The absorbance values were measuredatedength of 405 nm.
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Analytical sensitivity.

The assay detection limit was 10.5 ng/ml.

Specificity.

No cross-reactivitywas found with IGF-1, IGFBP-1 or IGFBP-2.

Precision.
Intra-assay and inter-assay CVs were 4.3 % and%3é&spectively for low and
8.3 % and 8.3 % respectively for medium concernatiof the analyte.

Upper detection limit: 6500 ng/ml

Human Placental LactogenHPL)

HPL ELISA kit; DRG Diagnostics, Germany.
Catalogue Number: EIA-1283

Distributed by AEC-Amersham (PTY) LTD, South Africa

Principle of the test:

The assay is based on the same principle as théniessay.

Procedure:

The assay procedure, label, chromogenic reagent veacelength at which absorbance

readings were taken were as in the insulin assay.
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Analytical sensitivity.

The assay lower detection limit was 0.3mg/I.

Specificity.
No cross-reactionwith human chorionic gonadotropin (HCG), alphaopebtein, human

growth hormone or prolactin has been detected.

Precision.
Intra-assay and inter-assay CVs were 6.1 % an&88spectively for low and 6.7 % and 5.7
% respectively for medium concentrations of thelygra

Upper detection limit: 20 mg/I

2. 7. 3. 4 Competitive immunoassay with enzymatlabel.

A fixed quantity of labelled antigen and unknowncamt of antigen present in the
sample, standard or control (analyte) compete fdim&ed number of specific antibody
binding sites. At equilibrium two types of immolsidid complexes coexist:

 wall — capture antibody — antigen — label

» wall — capture antibody — analyte
Unbound reagents are separated. Bound antigen-labehplex is detected by a
spectrophotometer. The amount of analyte is inhe@®portional to the amount of labelled

antigen.
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2. 7. 3. 5 Competitive assays in the present study

They were all solid phase immunoassays.

Cortisol

CORTISOL ELISA kit; DRG Diagnostics, Germany.
Catalogue Number: EIA-1887

Distributed by the AEC-Amersham (PTY) LTD, Southrida.
Principle of the test and procedure:

1. Cortisol-HRP conjugate and unknown amount of coltigresent in the sample,
standard or control competed for a limited numlespecific antibody binding sites
coated on the wells of the microtitre plate. Twanaobilized fractions were created:

 wall — antibody — cortisol — HRP
» wall — antibody — cortisol from sample

2. Washing step removed unbound reagents.

3. Tetramethylbenzidine (TMB — J@,) was added as a substrate to produce a
chromogenic reaction catalysed by the remainingdaortisol-HRP conjugate.

4. After a short incubation period the reaction wagped by an acid solution resulting
in a coloured reaction product.

5. The absorbance values were measured on a 96 \w&dl-ptader with colorimetric
detection at a wavelength of 450 nm.

6. The concentration of unknown samples was obtdiyeidterpolation from a standard
curve plot of absorbance values against known stanshmple concentration values.

7. The unknown amount of cortisol in the sample wageiisely proportional to the

reaction product, and so to the amount of labedtatisol.
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Analytical sensitivity.

The assay detection limit was 2.5 ng/ml (6.9 nmol/I

Specificity.
Cross-reactivitywas reported with cortisol (100%), corticosterordd 6), progesterone,

deoxycortisol and dexamethazone <2%.

Precision:
Intra-assay and inter-assay CVs were 5.0 % anéoddspectively for low and
9.6 % and 4.0 % respectively for low to medium @riations of the analyte.

Upper detection limit: 800 ng/ml

During the study, the manufacturer two times medifine test procedure. In the washing step
(No 2) the volume of washing buffer was increasednf 250ul to 350 ul and eventually to

400 pl.

Cross-reactivityin the latest modified kitvas reported higher for corticosterone (45 %) and

for progesterone <9%.

Precisionof the latest modified kit:

Intra-assay and Inter-assay CVs were 8.1 % anéoG€spective for low and 3.2 % and 7.7 %

respective for low to medium concentration of thalgte.
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A comparison was done between both assays andesiudts obtained from the new assay

corresponded well (CV <10%) with the results oledinising the original assay.

C-Peptide (C-PEP)

C-PEP-EASIA kit; BioSource Europe S.A., Belgium.
Catalogue Number: KAP 0401

Distributed by the Laboratory Specialities cc, $oafrica.

Principle of the test and procedure:

Principle and the procedure for the test were #mesas for the cortisol assay, except that an
extra incubation step was included to enhance thesitvity of the assay. This was
accomplished by carrying out the competitive indidmin two separate steps; first pre-
incubating samples in antibody-coated wells folldwey later addition of the antigen-HRP
conjugate. Afterwards the assay proceeded accorintpe routine as described for the

cortisol assay.

Analytical sensitivity.

The assay lower detection limit was 0.01 nmol/l.

Specificity.
Cross-reactivity:30% cross-reactivity found with monkey C-peptidad low cross-reactivity
with biosynthetic human proinsulin. No interferena@as detected with purified porcine

proinsulin, C-peptide, insulin or glucagon or bgkfcagon.
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Precision.

Intra-assay and inter-assay CVs were 6.2 % an&@spectively for low and 6.7 % and 3.7
% respectively for low to medium concentrationshef analyte.

Upper detection limit: 7.5 nmol/I|

(Conversion factor: 1 pmol = 3 ng)

Second C-peptide EASIA kit.

During the course of the study some changes wede ttathe original C-peptide kit by the

manufacturer. The *“increased sensitivity” optionswemoved, and the standard curve
dilutions and conjugate preparation were changdde Volumes of calibrators, samples,
standards, enzyme-labelled antigen and stop soluwere also modified. The principle of the

assay stayed identical.

Analytical sensitivity:

The assay lower detection limit was 0.01 pmol/mD{0nmol/l) as in the previous assay.

Precision:
Intra-assay and inter-assay CVs were 5.8 % anéo@@spectively for low and
8.4 % and 7.2 % respectively for low to medium @riations of the analyte.

Upper detection limit: 5.0 pmol/ml

A comparison was done between both assays andesiudts obtained from the new assay

corresponded well (CV <10%) with the results oledinising the original assay.
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Free Thyroxine ( FT4)

ACTIVE ®Free T4 EIA kit; DSL (Diagnostic System Laboratsriénc.), USA. Catalogue
Number: DSL-10-40100.

Distributed by the Laboratory Specialities, cc, tBoAfrica.

Principle of the test and procedure:

Principle and the procedure of the test were theesas in the cortisol assay.

Analytical sensitivity.

The assay lower detection limit was 0.05 ng/dI.

Specificity.

Cross-reactivityof the thyroxine antibody was with I-thyroxin 100%- thyroxine 98%, d-
triiodothyronine 1.5% and I-tri-iodothyronine 3.0%0 further cross-reactivity or interference
was found. The enzyme-T4 conjugate did not showraegsurable binding to serum proteins

especially thyroid hormone binding globulin anduatbn.

Precision.

Intra-assay and inter-assay CVs were 7.8 % and%Q.&spectively for low and 6.5% and 7.9
% respectively for low to medium concentrationshef analyte.

Upper detection limit: 7.0 ng/dI

Conversion factor: 1 ng/dl = 12.9 pmol/I
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2.8 STATISTICAL ANALYSIS

Statistical analysis was conducted using descemivd analytical techniques.

Software used: Statistica version 7, StatSoft, USA.

2.8.1 Preparation of the database

2.8.1.1Dietary intake data.
Dietary intakes of macronutrients were expressed psrcentage of the total energy

intake. Total energy was reported in kilojoules (KdJ=0.239Kkcal).

Energy available to the body, metabolisable enewps calculated using Atwater’s
general factors: 16 kJ/g of carbohydrate, 17 kd/grotein and 37 kJ/g of fat based on the
MRC Food Composition tables and codédciKeown 1999; Langenhoven 1991&he
Atwater system enables one to estimate metabofisaiergy of the food from the sum of its
major components: carbohydrate, protein, fat amdrall. The Atwater factors express the
number of kilocalories (kJ) per gram of these mumis Mc Neill 200Q. As there was no
alcohol intake among the study participants reabrdhis factor was excluded from the

contribution towards the metabolisable energy.

Thus the equation used was as flows:

Tot Energy (kJ) = (17kJ/g x g tot protein) + (16 kJ/g x g tot aanlgdrate) + (37 kd/g x g tot

fat)
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Protein component.

Total protein is made up of animal protein and pfaotein.

Fat component.

The total fat includes mainly saturated fats (SAFAjonounsaturated fats (MUFA) and
polyunsaturated fats (PUFA). The non-fatty acid ponents are phospholipids, sterols and
glycerol from triacylglycerols. The composition kb adjust for the non-fatty acid

components by means of conversion factors (seept€ha?.4.2.2; McKeown 1999;

Langenhoven 1991a, 1991b

Carbohydrate.

Total carbohydrate is a sum of the total availaaldohydrate and dietary fibre.

Total “available carbohydrate” is composed of feegars, dextrins, starch and glycogen.

It represents the part of carbohydrate that isslegeand absorbed and produces a glycogenic
effect. The dietary fibre is a sum of celluloselubte and insoluble polysaccharides (other
than cellulose) and lignin. The fibre is not digiglst, therefore it is not absorbed in the human

small intestingdEnglyst et al. 2000; Mc Neill 2090

For the analysis of the relationship between notrintakes and fetal, maternal and
postnatal parameters the fat, protein and carbalydntakes were expressed as a percentage
of the total energy intake [%E]. For macronutrisabtypes (animal protein, plant protein etc.)
their percentage contribution to the total amoumfttle particular macronutrient was

calculated.
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2.8.1.2 Issue of the breast-feeding and formula fdiag.

At the baby’s first visit the majority of mothersere breast-feeding their babies and
occasionally using infant formula. There were vieny babies strictly breast-fed or babies fed
with the infant formula only.

At the infants’ second visit the majority of mothersed combination of infant formula
and solids, sometimes babies were still breast@ades, where the baby was only breast-fed
were very rare.

Although some records were not available, it candeluded, that the analysed
population at both visits was quite homogenic dreddategories of infants either breast-fed or

fed with the infant formula only would have been tew for statistical analysis.

2.8.1.3Calculations and Indices
TheBMI for the mother and her infant and ®NDIX for the newborn were

calculated from the weight and length measuremesgated in Chapter 2.3.1.1.

Area under curves(AUC) of glucose, insulin, proinsulin and C-peptide was

calculated using trapezoidal integratide Eloch et al. 1997

Insulin resistanceas HOMA-IR index — see also Chapter 1.2.1.2.
In the current study, the insulin resistance inhleat and infants was evaluated by means of
the HOMA-IR; where:

HOMA-IR = (Glucose F [mM] * Ins F [ulU/ml])/ 22.5 (Matthews et al. 1985)

142



For the analysis, the data was log-transformed HO)/A-IR; see Appendix G).
The HOMA- 3 index was not used in the current agigjyalthough it may be considered in the

future follow-up analysis, where it will be compdneith some other indices.

2.8.1.4Variables in the database
All variables were tested for normality using theaBiro-Wilk's test. Skewed variables were

transformed (see Appendix G) before further analysi

2.8.1.5Missing values

The “missing data” in the database were due tdath@wving reasons:

- some variables were included into the study at Eteges (see the Feasibility study). This
applies to the C-peptide concentrations 30min-120rat V1, neonatal abdominal
circumference, income index and the number of hHoalseoccupants.

Originally, the participant was asked about theiffamonthly income, however, in the
majority of cases the mother did not know the faghmmcome. Therefore indicators such
as the number of mother’s siblings, education andleyment were used instead. Later in
the study, the income index was introduced, spiittinonthly income into divisions of R
1000 difference. The women were asked how much yn¢ae per income division) do

they have each month to buy food and to run thedlooid.

- loss to follow-up between pregnancy period andveeyi (see Chapter 3.2)
- loss to follow-up between delivery and postnataique(see Chapter 3.2)
- missing records in the patient hospital file (birlcords, haemoglobin data)

- some measurements of the fetal head circumfereroe mot available
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- in the biochemical analysis a few results were wketl as the samples did not produce
reproducible results (although re-tested in tweasaie assays from different triplicates)

- other variables derived from variables with missilaga

2.8.2 Descriptive statistics.

Data was expressed as the mean or median with asthndeviation (SD) or
interquartile range (fBand 78 centiles) in tables and with standard error ofrttean (SEM)
in graphs.

Changes in mean values between visits were evdlusteording to the number of
visits being compared. For the data collected at\isits only, the variables were analysed by
means of the Student’s paired t-test. Other vagmlsduch as the maternal anthropometry,
maternal hormones and nutrient intakes collectecaath of the three study visits were
analysed by menas of a linear mixed model, accogritius for multiple testing. Similarly,
the OGTT results presented on glucose, insulininputin and C-peptide (in section 3.4.1)
were analysed using the linear mixed model (xtre§TATA statistical software) to evaluate
the mean effect over time. The outcomes were agtjugor 3 evaluations) at each visit using
Bonferroni correction. In cases where the unadjuptealues were 0.000, the adjusted value
was interpreted as p<0.01. (For details see Appehdhnalysis framework see Figures 2.5

and 2.6 — the fat arrows indicate comparison si@gen in the descriptive analysis).

To evaluate the normality of the distribution, Blegapiro-Wilk’'s W test was used.
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Where necessary, the variables were transformeddier to normalise the distribution. Some
Associations between some variables were evalustéide Pearson correlation (Chapter 3.10;

selection of variables).

2.8.2.1 The z-scores for neonates and infants

The birth and the postnatal infant anthropometng \as0 expressed as weight for length,
weight for age, length for age, BMI for age and fé€age by means of the z-scores using the
WHO child growth standard®\(HO Anthro, version 3.1.0, June 2010

The z-score expresses how many standard deviagiborge or below the mean the certain
value lies. Using a defined international standdh® z-scores enable to compare the

outcomes with other international studies.

2.8.3 Analytical statistics

The data analysis framework is presented in thaereg2.5 and 2.6.
The first Figure involves analysis of maternal rarit intakes, whilst the seconf Figure
involves analysis of maternal glucose and hormoRes further details see Chapters 3.9 and

3.10.
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2.8.3.1 Analysis of dietary intake.

The major part of the analysis was carried out bitipie linear regression analysis.
Each independent variable was assessed with partickependent variable for a linear
relationship and outliers using Residual Analy$tseflicted vs. residuals plot and Normal
Probability plot; for transformations applied s&gpendix G). Outliers reaching or exceeding
3 standard residuals (SR) were excluded (see Amppé&n#,F and).
The effect of maternal nutrient intake on fetattthiand postnatal parameters was assessed in

regression models without and in the presence mibcmders (See Appendix D,E,F).

The regression coefficien{s (standardized) and B (non standardized) and pevalu
were recorded, as well as the squared multipleetaiion coefficient (B and adjusted Rto

assess the predictability of the particular model.

All outcomes from the multiple regression analysiglving nutrient intake and fetal,
birth and postnatal parameters are entered indahléppendices D, E, F. The significant
outcomes adjusted for confounders and outliersamemarised in the analytical section of the

Results Chapter.

2.8.3.2Analysis of maternal pregnancy parameters vs fetahirth and infant parameters.
To evaluate possible effects of maternal anthropigmand metabolic profile on fetal
growth, birth parameters and the postnatal fagtwligating risk associated with future Type 2

diabetes development, correlation analysis wasopedd. All maternal variables of the V1
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were entered into parametrical analysis with feteli and infant postnatal parameters. The
same analysis was repeated for the maternal pagesradtVV2. All outcomes with p < 0.1 were
selected for a subsequent analysis with a backwtpwise multiple linear regression to

evaluate the strongest effects (see Appendix HCGirapter 3.10).

2.8.3.3 Confounders.

Selection of confounder for the current study.

The choice of confounders used in the current stwdg based entirely on the
literature.

As birth weight represents a proxy outcome of fdalelopment, it was assumed, that
the confounders for fetal development and birth i differ. However, their effects may
differ according to the timing of the exposure. #gre was not much information on
confounders and the significance of different expesimes during fetal development, a set of
four possible confounders with well-establishec e on birth weight were selectdtdmer
1987, Kramer 2003See Chapter 1.4.2). Their number was limited wapect to the rule on
the number of explanatory variables used in a esgpa analysisRetrie et al 2000a)This set
of confounders was applied in all the regressiodemfor both pregnancy visits and for birth

(See the diagram below).
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“Exposure” > “Outcome”

Maternal nutrition Fetal growth, BW, postnagvdlopment,
Maternal glucose and hormones markers of theiffaell function.
CONFOUNDERS

Maternal V1 Weight/ Infant weight
Maternal height
Gestational age/ Birth age/ Infant age

Fetal gender

Some of the tested confounders may have actuatBdams modifierssee Kramer
1987, however, the effect of modification was not assel in the current studiffects of
these confounders can be followed in Chapter 3dB3ah0 in Tables 3.10A-C and 3.12 A-C

and in Appendix D,E,Pg. 292.

The effects of other potential confounders (suchetwmic origin, maternal age,
maternal health during pregnancy, maternal hahitternal and family health histor§gee
Chapter 1.4.2 were not investigated in the current study, hasvethey were dealt with in

following ways:
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In the study design:

- Investigating only South African urban pregnant veonof a Black ethnic origin, although
ethnic language subgroups were not investigated.

- By setting up study enrolment criteria (such asemmatl age restriction by excluding
teenage pregnancies and pregnancies of older nspthen diabetic participants with no
other chronic disease requiring treatment, norn@d pressure and a haemoglobin level
above 10g/dt singleton pregnancy)

In the analysis:

- Confounders such as socio-economic status (educamployment, income, number of
siblings, number of household occupants), mothehysical activity or stress were
investigated in separate statistical analyses.

- Information was collected and filed for the furthemalysis (e.g. family health history;
previous pregnancies, cultural-language groups;ltthearoblems during pregnancy;
previous pregnancies...)

Effect absent (smoking, drinking alcohol, malaria)

2.8.3.4 Data analysis framework

Figures 2.5 and 2.8 represent the study data sisdiyamework for maternal dietary
intake and maternal hormones respectively. Broeaar indicate comparisons in descriptive
analysis. Changes between maternal paramentersacmgall visits were evaluated by the
linear mixed model. Changes between the fetal er itiant postnatal parameters were
analysed by the paired t-test. Thin arrows indicatgession analysis between maternal and

fetal/birth/infant parameters, including the growites.
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Figure 2.5.Data analysis framework: Effects of maternal nutrition on fetal, birth apaistnatal parameters. Thin arrows indicate
regression analysis between maternal and fetdd/lmfant parameters. Broad arrows indicate compassn descriptive analysis.
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Figure 2.6.Data analysis framework Effects of maternal glucose and hormones on,fbigh and postnatal parameters.
Thin arrows indicate regression analysis betweetemal and fetal/birth/infant parameters. Broadwas indicate comparisons in
descriptive analysis.
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CHAPTER 3

RESULTS - DESCRIPTIVE DATA

In this Chapter the results of the study are prieserThe section of Descriptive data
shows the characteristics of the study participahtsstudy follow-up and the descriptive data

obtained from the mothers, fetuses, neonates dadtin

3.1 CHARACTERISTICS OF STUDY PARTICIPANTS

3.1.1 Ethnic groups

The majority of the study participants were Zuleaers (Figure 3.1), exceeding the

other most frequent language groups, Xhosa andSbyh3.4 and 4.8 fold respectively.

3.1.2 Age distribution

The age at enrolment was restricted by study setectiteria (Chapter 2.2.1) to 18-40 years.
According to Figure 3.2 the majority of women etedlinto the present study were 25-30
years of age. The remainder of women was predorttynianthe older rather than the younger

age groups.
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Figure 3.1  Language-cultural background of women enrolled theostudy.

3.1.3 Socio-economic background

3.1.3.1Level of education(Figure 3.3)

The majority of women participating in the studyngaeted their education between
14-18 years of age (standard 8 and matriculatioegcay of the education level; see Chapter

2.4.1). This category exceeded the other categofieducation by at least 3.5 fold.
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Figure 3.2  Distribution of the mothers’ age at enrolment.

O Mothers
O Fathers

Frequency [%]

<St5 St6-7 St8-12, > Matric,
Matric Ter. Edu

Level of education
St = Standard

Figure 3.3  Education level of baby’s parents at the timerobément. (See Chapter 2.4.1)
Levels of education correspond to the <12 yearsl4lXears, 14-18 years and

>18 years of age categories respectively.
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The education of the mothers was comparable wihettucation level of the infants’
fathers, although more men contributed to the loveesication category than women did.

Educational status was known in 93.5% of the father

3.1.3.2Employment status(Fig 3.4)

Although similarly educated, women in their earhggnancy were twice as likely to
be unemployed as were their partners. A smallivaatf participating women and men were
unemployed and studying, being supported by thaiemqts or partner. Employment status of

all fathers was known.

3.1.3.3Family income (Figure 3.5)
Family monthly income in the majority of particigarwas in the lowest category

(below R 1000).

3.1.3.4Number of household occupantgFigure 3.6).

This figure demonstrates the crowding in the hoakehThe most common number of
household occupants was between 2-4 people, althtarger “families” of more than 5
individuals were not exceptional. (However, theaxaformation on the number of rooms in
each household was not available. Two familiesisgaa household or one family sharing a

single room with relatives or non-family membersswat a rare situation).
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Figure 3.4  Employment status of baby’s parents at the timenoblment. Studying parent

was economically supported by the partner or parent
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Figure 3.5  Family monthly income in categories (ranges) oh@awith minimum of

R 400 and maximum of R 9 000.
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3.1.3.5Number of mothers’ siblings(Figure 3.7)
The data in Figure 3.7 reflects the number of sgdi of the mother. Between 1 to 6
brothers or sisters was commonly reported, follovlgda steep decline towards higher

numbers. A single child in a family was rare.

3.1.4 Family history of diabetes and hypertensioriFigure 3.8)

Although the study participants were pre-selected nan-hypertensive and non-
diabetic, there was a small fraction of those whd h first-degree relative (mother, father,
brother or sister) who had been treated for onéath of these conditions. Among these
groups, the maternal family members showed a hifyjequency of treated individuals for any
of the above conditions. The family medical histofythe infant’s father was not known by

about 14% of the mothers.

40+

35+

30+

254

204

154

Frequency [%)]

104

1 2 3 4 5 6 7-11
Number of occupants

Figure 3.6  Number of adults and children over 3 years ofslgging the household.
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Figure 3.7  Number of mother’s siblings as an estimation «f #ize of the family the

mother came from.
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Figure 3.8  Family history of diabetes and hypertension fothecs and fathers.
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3.2 STUDY ATTENDANCE

3.2.1 Follow-up profile

Figure 3.9 demonstrates loss to follow-up in défdrstages of the study. From the
original 126 enrolled mothers at the first visi@81(85.7%) completed both pregnancy visits
and were included in the final pregnancy databAssmall decline in these numbers occurred
at the stage of delivery, when only 105 (83.3%#bhefdelivery records of enrolled participants
became available. Considering all stages of theéystilne major drop out in the participating
volunteers was experienced during the postnatabgheas only 77 (61.1%) babies continued
in the study with the first postnatal visit and (68.7%) babies completed whole study by the
second postnatal visit. Therefore 41.3 % of endoparticipants in total did not complete the

study. Reasons are summarized in Table 3.1 (Sed#sussion).

100+
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in study [%]
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Frequency remaining

20

10

Mo V1
Mo V2
Ba V1
Ba V2
Mo V3

Delivery
records

Stage of the study

Figure 3.9  Frequency of the loss to follow-up at differeraiges of the study.
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3.2.2 Reasons for the loss to follow-ugable 3.1 A, B, C)

The following tables summarise the reasons for ustch of participants from a
particular visit or from further follow-up. In aviecases, a participating woman was allowed
to continue in the study if she missed one vigtslae could still significantly contribute to the
study outcomes. The reasons for exclusion fronsédoend follow-up (Table 3.1A) included a
variety of causes, although premature delivery actz for 7 of these. Two other reasons
were miscarriage and a missed appointment. Duhegetrolment of the study a number of
volunteering women were lost due to limited timeegi by the woman’s employer for these
pregnancy visits. Cases like twin pregnancy, hygrsibn and pregnancy anomalies were
excluded early in the study. In one case a wom@maing the antenatal clinic and enrolled
into the study was found not to be pregnant and woman with premature delivery still

attended V2.

In conclusion, from 126 women who were enrolleditite study 18 were excluded

from the second pregnancy visit V2.

Reasons for the loss to follow-up during delivefalfle 3.1 B) included deliveries in
different hospitals. Some women who resided tempgram Johannesburg for the period of
gestation decided to deliver in their home areacelpiions were two women who delivered
out of the Johannesburg General Hospital (one ighbering Botswana), obtained their birth
records for the study purpose and returned witir th&ants for the study follow-up. In one
incident a women delivered her baby in her carn@wtay to Durban. For obvious reasons the

complete birth records were not available, excapt liirth weight and the length taken by
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paramedics. In total, 105 birth records were ab&lamost of them complete with some
exceptions when a particular measurement was kehtar was not recorded in the woman’s

hospital file.

Table 3.1 Reasons for excluding the woman/baby from a wisftom further
follow-up (Tables A, B and C).

A. Pregnancy period Number
Twin pregnancy 1
Pregnancy anomalies 1
Hypertension 1
Unwell during OGTT 1

Not pregnant (negative hPL confirmed by ultrasound) 1

Not able to attend visits/ refused to participate * 3
Lost contact 1
Miscarriage 3
Premature birth 7

* One woman missed the second visit, however shedatteother visits and completed the study.

B. Delivery. Number
Stillbirth 1
Delivered elsewhere and discontinued participation 4
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After delivery many mothers discontinued their jggpation (Table 3.1 C) for various
reasons (e.g. did not want to expose their nedoateel pricks or baby’s father did not wish

the mother to continue).

From the total number of babies attending the spabtnatally, some of the visits had
to be cancelled. Two babies were suffering fronunemt episodes of upper respiratory tract
infections during the winter season and were orbitic treatment. One baby was breast-fed
before blood collection and therefore had to belusled from the visit, and one mother

became pregnant prior to the conclusion of theystud

C. Postnatal period. Number

Newborn with health problem 2

Mother discontinued participation (unable to attendefused to continue) 11

Mother and baby left Johannesburg 3
Subsequent pregnancy (before V2) 1
Lost contact 9
Mother and baby attended only one postnatal \8satygd in follow-up)* 11

* Includes also cases when baby was unwell or bffedsbefore the blood collection.
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3.3 ANTHROPOMETRY (Table 3.2)

As expected, the mean maternal weight during pregnancreased significantly (n=107;
p<0.01). There were also significant differencesveen V1 and the postpartum visit V3 (n=
73; p=0.018) and V2 and V3 (n=72; p<0.01). Theeddhces in pattern and significance of
outcomes for maternal BMI were as for the matewight. The linear mixed model and the
subsequent Bonferroni correction for the p valuesvapplied to evaluate differences between
the repeated maternal visits (See Methods Chapse?2 and Appendix K). Maternal weight
gain was calculated from the difference between pvagnancy visits, as no maternal weight

was taken at delivery or before the V1.

Mean systolic blood pressure at the first pregnavisyt (V1) was 108.1 mmHg
(ranging from 80 — 130 mmHg) and a very similauealvas recorded at the second pregnancy
visit (V2; 109.2 mmHg ranging from 90-130 mmHg).lHayear postpartum (V3) a rise in the
systolic blood pressure was noticed, reaching TifBlg and ranging from 80 — 140 mmHg.
This systolic BP was significantly different in cparison with the V1 (n=71; p=<0.01) or the
V2 (n=70; p<0.01) level, using the linear mixed rabanalysis The very same pattern and
significance of outcomes were obtained for the tdlas BP with means and ranges 68.2
mmHg (50-90mmHg), 69.9 mmHg (50-90mmHg) and 77.4Hgn{60-100 mmHg) for the

V1, V2 and V3 respectively (See Appendix K, Table fidr more details).
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Table 3.2 Anthropometric measurements and BP of motherseaaitenatal (V1 and V2) and the postnatal visit)(V3

Vi (n=108) V2 (n=107) V3 (n=73)

Variable Mean SD Mean SD Mean SD
Weight [kg] 74.1 13.3 78% 12.9 71.8° 15.5
Height [m] 1.59 0.06 - - - -

BMI [kgm] 29.3 4.8 314 4.6 28.59 5.6
MWG (V1-V2) [g/d] - - 59.6* 33.1 - -
Systolic BP [mmHg]  108.1 10.1 109.2 10.7 118°§ 13.2
Diastolic BP [nmHg] 68.2 8.2 69.9 8.4 778" 9.4

MWG (maternal weight gainy;(n=106),”(n=71):

b: p<0.010, V1-V2
e: p<0.010, vV2-v3
g: p<0.050, h: p<0.010, V1-V3
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3.4 MEASURED METABOLIC PROFILE

The OGTT results presented on glucose, insulininpubin and C-peptide below (in
section 3.4.1) were analysed by a linear mixed mdde comparisons were adjusted (for 3

evaluations) at each visit using Bonferroni coimect(See Chapter 2.8.2 and Appendix K).

3.4.1. OGTT levels of glucose and hormones involvéd glucose metabolism.

3.4.1.1 Glucose levels during the two-hour OGTT{Fig 3.10).

Maternal mean plasma glucose levels were highatl dime points during the two-
hour glucose tolerance test at V2 compared to \kKtept for the fasting levels (3.8 + 0.05
mmol/l at V1 and 3.9 = 0.04 mmol/l at V2), signditcce was observed for differences at the
time points of the glucose curve (5.7 £ 0.1 vs6@21 mmol/l at 30 min, 5.7 £+ 0.1 vs 6.5
0.1 mmol/l at 60 min and 5.4 = 0.1 vs 5.9 £ 0.1 rfimat 120 min with p<0.01 at all

instances). Values are expressed as mean = SEM.

When V1 data was compared with MBe V3 glucose levels were higher at all time
points but only reached significance at fasting a@dninutes (p<0.01 at both instances). The
actual values were 3.8 + 0.1 and 4.4 £ 0.1mmol/lfésting glucose and 5.7 + 0.1 and 6.3
0.2 mmol/l for 30-minute glucose levels at V1 an8l spectively. When comparing V2 and
V3 glucose concentrations, the fasting value wghdrifor V3 (3.9 £ 0.1 vs 4.4 £ 0.1 mmol/l
at V3; p< 0.01), but at 30 min the levels were vargilar (6.3 mmol/l for V3). Afterwards, at
60 min and 120 min, the V3 levels fell below thdee V2 reaching a significant difference

(p<0.01) only at 1 hour (6.4 + 1.4 and 6.0 + 1.8ahhior V2 and V3 respectively).

165



8.0

7.5

7.0

6.5

6.0

5.5

5.0 1

Glucose [mM]

4.5 -

4.0 1

3.5

3.0

—o—V1
V3

*%

o ++
NN\

Figure 3.10

0 30 60 120
Time [minutes]

Glucose levels during the two-hour OGTT for motregrall visits.
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3.4.1.2 Insulin levels during the two-hour OGTT(Figure 3.11).

There was no significant difference between thenrsmum insulin levels during the
first pregnancy visit (V1) and levels at V3 at fagt(64.2 £ 2.5 vs 74.6 = 4.7 pmol/l) or any
further time point (504.1+ 28.0 vs 502.9 + 42.7 piespectively for 30 min, 399.5 + 22.7 vs
348.5 £ 24.7pmol/l respectively for 60 min and 335.20 vs 318.5 = 30.8 pmol/l respectively
for 120 min). All insulin values for the third triester pregnancy visit (V2; 645.1 + 44.9 pM
for 30 min, 653.2 £ 47.1 pM for 60 min and 461 @M for 120 min) were significantly
higher than the levels at V1 and V3 (p<0.01 at infitances), except for the fasting

concentration (72.9 pM at V2).

3.4.1.3 C-peptide levels during the 2-h OGTTFigure 3.12).

Mean serum C-peptide concentrations increased fisignily from the first to the
second pregnancy visit at the last two time poaitthe OGTT (from 2.9 £ 0.1 to 3,4 £ 0.1
nmol/l at 60 min and from 2.8 + 0.1 to 3.1 + O0.1aMhat 120 min with p<0.01 at both
instances). Thus fasting levels (0.5 = 0.02 vs.#00602 nmol/l) and 30 min levels (2.7 + 0.1
vs. 2.8 £ 0.1 nmol/l) did not significantly diffe€-peptide concentrations at the postpartum
visit (V3) were significantly lower than the leveds the second pregnancy visit (2.5 + 0.1, 2.5
+ 0.1 and 2.3 £ 0.1 nmol/l for 30, 60 and 120 maspectively, where p<0.05 at all instances),
except for the fasting levels (0.5 + 0.03 nmollean C-peptide levels between the V1 and
V3 differed significantly only at 1-h and 2-h contetions (2.9 £ 0.1 vs 2.5 £ 0.1 at 60 min

and 2.8 £0.1 vs 2.3 + 0.1 nmol/l at 120min wittOB at both instances).

167



1000.0
900.0 1

800.07 ++
700.0

*%*

++

600.0 -
500.0

Insulin [pM]

400.0
300.0
200.0
100.0

0.0

——V1
——\2
& --V3

0 30

Time [minutes]

Figure 3.11 Insulin levels during the OGTT for mothers at aflits.

Levels are presented as the mean value with a SEM.
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3.4.1.4 Proinsulin levels during the 2-h OGTT(Figure 3.13).

The mean serum proinsulin pregnancy levels anddehadf a year after delivery were
different between all the three curves at each poiat, except for all the visits’ fasting levels
and the 30 min and 60 min concentrations durindagjes. At all instances, concentrations
rose from the fasting level until the two-hour eglion time. The lowest proinsulin
concentrations were found at the first pregnanajt.virhe proinsulin levels continued to

increase at the second pregnancy visit, and werkithest half a year after delivery.

Measured proinsulin concentrations in the sequeh®d., V2 and V3 were as follows:
43+0.2,49+0.3and 7.1 £ 0.5 pmol/l for 3.9 + 0.4, 7.0 £ 0.4 and 8.8 + 0.6 pmol/l
for 60 min and 8.5 =+ 0.6, 9.9 + 0.7 and 12.0 + prBol/l for 120 min with p<0.01 for all
comparisons except for the non-significant outcoreesthe pregnancy 30min and 60 min
levels. Fasting proinsulin levels were 1.7 £ 0.1, 2 0.1 and 2.6 = 0.2 pmol/l, showing also

no significant differences between these levels.
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3.4.2 Area under the curve for glucose, insulin,minsulin and C-peptide during the 2-h

OGTT (Table 3.3 A)

During pregnancy, the area under the curve forageacinsulin, proinsulin and C-
peptide increased significantly (p <0.001 for allhe decline in the area under the glucose
curve between V2 and V3 was not significant. Howeurethe case of the insulin curve, the
area under the curve at V3 decreased significérttty V2 and it reached an even lower value
than the one at the first pregnancy visit (p<0.00he change between V1 and V3 was not
significant. Similar changes in the area underdimve for C-peptide was discovered with a

p<0.001 for V2 vs V3.

The area under the proinsulin curve differed incligracter between visits, as it was
constantly increasing from V1 towards V3. All inases were significant (p<0.001 at all

instances).

Derived variables(Table 3.3 B).
HOMA-IR index reflecting the mother’s insulin refsince increased significantly
between both pregnancy visits (p<0.05) and alsceased further after pregnancy (p < 0.05

for V2 vs V3 and p<0.01 for the difference betw&dnand V3).
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Table 3.3
and HOMA-IR index (Table B).

Areas under curves of glucose, insulin, proinsatid C-peptide during the two-hour glucose tolegaest (Table A)

Vi (n=108) V2 (n=107) V3 (n=73)
Table A Mean/ Median SD/ IQR Mean/ Median SD/ IQR Mean/ Median SD/ IQR
GLC AUC [mmol.I*. min] 638 564-706 695 633-785 693 154
INS AUC [pmoll™*.min] 38994 27940-54136 50446 35366-79302 34931 24571-52847
C-PEP AUC [pmolml™. min] 306 104 323%¢ 239-424 264" 96
Pl AUC [pmoll™.min] 588° 401-783 665 489-975 1007 524

"(n=73),"(n=79),”%(n=106); IQR [interquartile range]. For the compari of AUC the paired t-test with Bonferroni cotien were applied.

Table B V1 (n=108) V2 (n=107) V3 (n=74)
Variable Median IQR Median IQR Median IQR
HOMA-IR [index] 1.42 1.07-1.83 1.73 1.23-2.26 1.87 1.22-2.77

IQR (interquartile range; 25and 75' centiles)

a: p<0.050; b: p<0.010; c: p<0.001, V1-V2
d: p<0.050; f: p<0.001, V2-V3
h: p<0.010; i: p<0.001, V1-V3
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3.4.3. Measurement of other metabolic productéTable 3.4 A)

Mean haemoglobin level at the women'’s registraibithe antenatal clinic was 12.4
g/dl. The HPL and IGF-1 concentrations increasethfV1 to V2 (p<0.001 HPL and p<0.01
for IGF-1), whilst the IGF-BP1 and FT4 concentrasadecreased (p<0.05 for IGF-BP1 and

p<0.01 for FT4).

The IGF-1, IGF-BP1, FT4 and cortisol levels difigéteetween the last pregnancy visit
and the visit half a year following delivery (p<@.@or each comparison). The mean IGF-1
concentration peaked at V2, whilst the IGF-BP1 ided from V1 to V3. The FT4 reached a

nadir at V2. Cortisol declined between V2 and V3.

The difference in IGF-1 and IGF-BP1 levels was fbuo be significant between the
early pregnancy visit and half a year after delivg=<0.01), while no significant difference
between these two visits was observed for FT4 sevielaternal serum leptin showed no
significant differences for any pair visit companis just missing the 5% level significance for

pregnancy fasting concentrations after the p vatljestment with Bonferroni correction.

The linear mixed model analysis was applied for-lGFGF-BP1, FT4 and LEPT

between visits comparison, while the Student'st-teas applied for the variables with the

data measured at two occassions only.
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Table 3.4 Levels of other metabolites measured at both gmegyvisits (V1, V2) and the visit (V3) of mothers.

A Vi (n=108) V2 (n=107) V3 (n=74)
Variable Mean/ Median  SD/ IQR Mean/ Median  SD/ IQR Mean/ Median  SD/ IQR

HB [g dI"] 12.4* 1.1 - - - -

HPL [mg I 2.9 2.4-3.6 56 4571 - -

IGF 1 [ug I 182.3 148.5-235.1 3241 115.4 113.8" 31.2

IGF BP1 [ug 1] 68.0 47.1-88.8 61% 39.3-80.5 3.7 2.3-75

FT4 [pmol '] 12.5 11.2-14.1 11% 10.7-13.0 12% 1.6

CORT [ng mt] - - 298.5 251.9-354.2 116.1 44.6

LEPT [ng mi"] 24.4 15.3-40.1 28.2 14.3-42.4 24.3 12.5-40.5

"{(n=105); HB (haemoglobin); IQR (interquartile rang&" and 75' centiles)

a: p<0.050; b: p<0.010; c: p<0.001, V1-V2
e: p<0.010; f: p<0.001, V2-V3
h: p<0.010, V1-V3
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3.5 NUTRITIENT INTAKES

The average daily nutrient intake for the studytipgrants is summarised in Table
3.5. No differences were found between the dailyermal energy or macronutrient intakes
(in absolute or relative amounts) during pregnafgicy. between V1 and V2 visits).
Between V2 and V3 maternal intake of total fat @ased (p<0.05), as did monounsaturated
(MUFA; p<0.05) and polyunsaturated fatty acid (PUpX0.01) intakes. The total energy
intake, plant protein, total carbohydrate, totadikable carbohydrate and added sugar levels

produced non-significant outcomes only after thestchent with the Bonferoni correction.

The total energy intake differed between the fmgtgnancy visit and V3 (p<0.05).
An increase was seen in plant protein intake, tfaaintake, MUFA and PUFA intakes
with p<0.01 at all instances. Total carbohydratd total available carbohydrate intakes

also showed increases at V3 (p<0.05 at both inesgnc

Total protein expressed as a percentage of totakggnintake significantly
decreased after pregnancy (p<0.01 for both compasibetween V1 and V3 and V2 and
V3). Increase in total fat expressed as a percenbhgnergy intake between V1 and V3
was nearly significant (p=0.069), reaching sigmifice for the comparison between V2

and V3 (p<0.05)
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Average daily nutrient intake per person during dntenatal (V1 and V2) and postnatal (V3) visits.

Table 3. 5
V1 (n=107) V2 (n=107) V3 (n=74)

Nutritional factor Median IQR Median IQR Median IQR
ENERGY [kJ] 7002 5573-9346 7059 5619-9146 7899 6487-10274
TOT PROT [¢] 54.0 44.0-68.3 53.8 44.0-72.6 55.3 1421.0
PL PROT [g] 21.7 14.8-28.0 22.1 16.2-28.1 521 18.5-32.4
AN PROT [g] 31.8 23.6-42.0 31.4 23.5-45.3 30.6 13838
TOT FAT [g] 64.7 47.0-94.8 69.0 47.0-93.2 6.7 64.7-104.7
SAFA [g] 22.5 16.7-30.5 23.4 16.0-30.4 24.9 17.6232
MUFA [g] 20.6 13.8-28.2 21.1 14.6-29.0 2872 19.9-33.3
PUFA [g] 16.7 11.0-30.1 15.7 11.6-27.6 75 18.9-33.5
Cholesterol [mg] 212.8 116.9-298.0 187.1 122.6-801. 205.6 130.9-322.5
Tot avail CHO [g] 215.4 167.0-280.9 218.7 167.5-273 235.2 184.7-321.9
TOT CHO [g] 2345 183.5-300.7 234.8 179.1-288.4 .929 201.1-338.8
Added sugar [g] 51.9 28.8-74.8 50.1 33.4-74.6 59.8 40.2-77.4
Dietary fibre [g] 14.6 10.5-20.3 15.4 11.7-21.3 as. 11.5-21.3
TOT PROT [% E] 12.9 11.0-15.4 13.0 11.2-14.8 1.7 10.3-12.8
TOT FAT [% E] 35.3 28.4-41.8 35.0 30.0-40.5 375 31.4-44.6
TOT CHO [% E] 51.9 45.9-59.4 53.3 46.5-59.7 51.2 .3458.0

SAFA (saturated fatty acids), PUFA (polyunsaturdtety acid); MUFA (monounsaturated fatty acid); TQotal); AN (animal); PL (plant);

PROT (protein); CHO (carbohydrat&D (standard deviation), IQR (interquartile rar2@® and 7' centiles).

d: p<0.050, e: p<0.010, V2-V3;g: p<0.050, h: O, V1-V3
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3.6 ULTRASOUND EVALUATION (See Table 3.6)

One hundred and seven ultrasound scans were pedoat22.7 + 2.1 weeks (i.e. V1)
and the mean estimate of fetal weight was 539.9241g. The biparietal diameter (BPD)
measurement was 5.6 + 0.7 cm, the abdominal cireten€e (AC) of 17.7 + 2.5 cm was still
smaller than the fetal head circumference (HC)3 202.4 cm, and femur length (FL) was 3.9
+ 0.6 cm. As expected, the fetal weight and alluhmsound biometric parameters increased
significantly (p<0.001) between the two antenat#rasound evaluations. The second
evaluation was carried out at 33.1+ 2.1 weeks sfagmn and included 105 mothers. The fetal
weight estimate was 1968.3 + 408.6 g, the BPD w&s130.4 cm, the size of the fetal
abdomen was 28.1 £+ 2.2 cm, slowly approaching tteef fetal head (HC of 29.8 £ 1.5 cm).
The fetal femur was approximately 1.5 fold longér2(+ 0.4cm) than that of the previous
scan. Resistance index was measured at the secamaisly and gave an average result of 0.7

+ 0.1. The mean amniotic fluid index at 33.1 weelks 12.3 +4.4 cm.

The fetal growth rate calculated from the differemc weights between ultrasound 1
and 2 showed an increase of 20.0 £ 4.2 g per dawverage. During the time period between
ultrasound 2 and the birth, the mean fetal groveiie increased to 29.8 + 13.3 g per day
(p<0.001).

Hadlock’s ratio [FL/AC] for prediction of IUGR (Gipter 2.5.3.2) was evaluated from
the second ultrasound scan and the proportion GiRl¢ases was calculated. There were 8.6
% of fetuses with the ratio exceeding the cut-adfue of 23.5. Among them, 2.9% were
borderline cases (with the ratio 23.6, thé" 3@rcentile in the current study) and 1.9% of

fetuses had both elevated FL/AC ratio and BW bedowqual to 25009.
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Table 3.6 Ultrasound outcome: Fetal biometry, estimation$etdl weight, gestational age and growth ratesutated indices

and ratios.

Us1 (n=107) us?2 (n=105)
Variable Mean/ Median SD/ IQR Mean/ Median SD/ IQR
Gestational age [weeks] 22.7 2.1 32.9 31.7-34.4
EFW [g] 511.0 388-660 1926 1710-2155
BPD [cm] 5.6 0.7 83 0.4
AC [cm] 17.7 2.5 279 26.6-29.4
HC [cm] 203 2.4 29.8%¢ 1.5
FL [cm] 3.9 0.6 6.2 0.4
RI [index] - - 0.7" 0.1
AFI [cm] - - 11.8° 9.1-14.9
GRRT [g day] 19.7% 17.4-22.2 27%° 23.4-33.2
FL/AC ratio (n=85)§ 22.1 1.4 22.0 1.2
A(n=94),(n=95),(n=96), (n=98),7(n=102),(n=105);

c: p<0.001

GRRT-US1 is the growth rate between US1 and USRTGRS?2 is the growth rate between US2 and birth.
8 In respect of the validity criteria for the uddlee Hadlock ratio, only 85 values qualified foist analysis (See Chapter 2.5.2.2).

EFW (estimated fetal weight), BPD (biparietal diaeng AC (abdominal circumference), HC (head ciréenence)
FL(femur length), RI (resistance index), AFI (antiddluid index).
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3.7 DELIVERY OUTCOMES

Fifty female and fifty five male infants were bom the study for whom the birth
records were available. The mean birth age was8%.8 gestational weeks based on the fetal
age estimate from the first ultrasound scan. Thanrarth weight (BW) was recorded as
3218.3 £440.1 g, birth length (BL) was 49.4 + 2m, head circumference at birth (BHC) was
34.6 £ 1.5 cm and placenta weighed 625.2 + 121Thplé 3.7A). Ponderal index was 26.7

kg/m’in average and the BW/PLW ratio 5.31 + 1.2.

Table 3.7 Delivery outcomes for 50 female and 55 male nem®and Ponderal
index (A). Birth weight by baby’s gender is showrsection B.
A. Variable N Mean/Madi SD/IQR
Age at birth [weeks] 105 39.5 1.4
Birth weight [g] 105 3170 2920 - B340
Birth length [cm] 101 49.4 2.4
Head circumference [cm] 102 34.6 1.5
Placental weight [g] 88 600.0 55006.0
BW/PLW 88 51 4.5-6.1
Ponderal Index [kg.i 101 26.2 24.8 - 28.3
B. Variable N Median RQ
Birth weight (girls) [g] 50 3105.0 2880-3386
Birth weight (boys) [g] 55 3170.0 2996-3540

p <0.05 girls vs boys
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There was a significant difference in the birth gigibetween boys and girls (p=0.036;
Table 3.7 B), which was lost if corrected for gésteal age, maternaieight or BMI No
further significant differences between genders ewebserved for the remaining birth
parameters or the age at birth. The mean birth weigrrelated significantly positively with
all measured birth parameters. The birth length #edbirth head circumference were the
most strongly associated parameters (p<0.001; B80#&hd R= 0.612 for BL and HC
respectively). The ponderal index showed also vt strong relationship (p=0.001;
R=0.421), followed by the placental weight (p <Q.B50.238). Analyses were performed by

the one way ANOVA and the parametrical correlatioth Pearson p value.

From 105 available birth weight records only 1.424nfants) of these full term babies
had a birth weight below 2 500g, another 1.9% {ants) were of 2500g and 6.7% (7 babies)

exceeded the weight of 4000qg at birth.

3.8 EVALUATION OF NEONATES AND INFANTS

3.8.1 Infants’ age, weight and anthropometry(Table 3.8)
At the first postnatal visit infants were 3.7 + W@eks of age calculated from birth. As
expected, the weight, length, BMI and abdominakwinference significantly increased

between visits (n=74; p< 0.001 for all comparisons)
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Table 3.8a Babies’ age, weight and anthropomedtyooth postnatal visits (Bal, Ba2).

Bal (n=77) Ba 2 (n=74)
Variable Mean/ Median SD/ IQR Mean/ Median SD/ IQR
Age [weeks from deliv.] 3.7 1.3 22.7 21.9-24.4
Weight [g] 3925 595 753%¢ 1003
Length [cm] 52.2 2.9 6478° 3.0
BMI [kgm™] 14.6 13.3-15.4 17%8¢ 16.5-18.9
AC [cm] 355 33.0-37.4 431G° 40.5-45.0
(n=65),"(n=71),"(n=72),"(n=73);
c: p<0.001

The birth and the postnatal anthropometrical patareevere expressed as z-scores
(WHO Anthro 2010; see Chapter 2.8.2.1) in orderctonpare the size of babies with
adjustment for age or length (Table 3.8b). FromtHi®e it is apparent that on average the
babies in the current study are born slightly stroeind of a lower birth weight for either
length or age (all the birth z-scores have a negatalue), and with a relatively larger head
circumference. With increasing baby’s age, theghiei-scores become positive, whilst the
baby’s length for age scores decreased. Both thghtveor age and the length for age pass
through a nadir at approximately 3-4 weeks of bsbydstnatal age, “catching-up” later
around the second postnatal visit. However, thecares for length remain behind the

international standard at half a year after bifthe increases in BMI for age correspond to the

increases observed in weight z-scores.
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Table 3.8b. Babies’ anthropometry at birth and at both postnatd visits expressed

as z-scores.

Z-scores Birth (n=101) Bal (n=77) Ba 2 (n=74)
Variable Mean 95% ClI Mean 95% ClI Mean 95% ClI
Weight/Length -0.22 -0.47; 0.03 0.13 -0.25;0.51 .580 0.32;0.84
Weight/Age -0.20 -0.38; -0.02 -0.36 -0.55;-0.17 4.1 -0.10;0.38
Length/Age -0.05 -0.30; 0.20 -0.63 -0.94;-0.33 340. -0.64;-0.04
BMI/Age -0.26 -0.47; -0.05 -0.01 -0.29; 0.26 0.46 2100 0.71
BHC/ Age 0.38 0.15; 0.62

No gender difference in z scores for birth paramnseteas found.

3.8.2 Infants’ glucose and hormonal levelgTable 3.9)

Average fasting glucose and leptin concentratioesvéen the two postnatal visits
increased from 4.0 + 0.5 mmol/l to 4.3 + 0.6 mm@h470, p < 0.001) for glucose and from
3.9+£29ng/mlto 4.1 +2.5 ng/ml (h=69, p< 0.06dr) leptin. Insulinconcentrations increased
from 37.4 + 17.0 pmol/l to 42.5 £ 15.9 pmol/l, hoxee this change was insignificant (n=68,
p=0.065). Mean fasting proinsulin (3.7 £ 1.5 pmotibncentration declined by the second
postnatal visit to levels of 3.1 £ 1.3 pmol/l (h570< 0.001). Insulin-like growth factor
binding protein 3 (IFG BP3) increased between siffitom 1 535 + 3249/l to 2 122 + 536
ug/l; n = 70; p< 0.001). Neonatal insulin resistgnoeeasured by the homeostasis model
analysis (HOMA-IR), increased significantly durittte early postnatal life from 0.98 + 0.41

to 1.05 £ 0.47 (n=68, p< 0.001). There was no §icamt change in the postnatal growth rate.
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Table 3.9 Babies’ glucose, hormones, insulin resistancesassent (HOMA-IR) and postnatal growth at both

visits (Bal, Ba2).

Bal (n=76) Ba 2 (n=74)
Variable Mean/ Median SD/ IQR Mean/ Median SD/ IQR
GLC F [mmol.l"] 4.07 0.5 4.3 0.6
INS F [pmol.I'] 34.2 28.0-41.1 38 32.1-50.0
Pl F [pmol.I'] 34 2.8-4.6 2.8 2.2-3.5
IGF BP3 [ug. 1] 15357 324 2122 536
LEPT [ng mlY] 3.0 1.9-5.2 33 2.5-5.2
HOMA-IR [mmol.mU.[?] 0.88° 0.69-1.11 1.08° 0.91-1.37
GR RT (Del — Bal,Ba2) [g ddy 29.1 10.7 269 24.0-30.1
GR RT (Ba 1 —Ba 2) [g ddy - - 26.8" 23.3-29.4

M(n=69),(n=70),(n=71),"(n=72),7(n=74),(n=75),”(n=77)

c:p<0.001

Normally distributed variables and skewed varialttaasformed into the logarithmic scale were aredysy means of the Student’s paired t-test.
For very skewed variables, or in instances wheeepéired distributions could not be transformechtomality in the same way, the non-

parametrical Wilcoxon matched pairs test was agplie
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RESULTS - ANALYTICAL DATA

The aim of the analytical part of the data analysss to identify significant
relationships between maternal dietary intakesemat glucose and hormonal levels and
fetal, birth and infant parameters. The dietarpkes are relatively modifiable factors and
they can influence maternal glucose and hormonadlde and thus the maternal health
during the childbearing age. Therefore great atiarwas given to this first-step analysis in
order to identify macronutrients with possible irapan fetal/infant growth and the
markers of infant pancreatic 3-cell function. Timalgsis of nutrient-hormone interactions
and the building of a complex statistical modell w#é the next step in the data analysis of

this study, however, it was not one of aims of¢heent report.

3.9 SUMMARY TABLES ON MATERNAL DIETARY EFFECTS

The maternal macronutrient intakes were analyse@dnnenergy-adjusted form
expressed as a percentage of energy intake. Ageathacronutrients contribute to the total
energy intake, they are also highly intercorrelafBaus, in a regression model, it is not
possible to distinguish between their individudkefs on the response variabWillet et
al.1986; Dallal 2007. For this reason, and to investigate the isolaédcts of each

macronutrient, the analysis was carried out inviddial linear regression models. The
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response variables were regressed on each of mageorts with and without adjustment
for the selected confounders (See Chapter 2.8.3.3)

For the data analysis framework diagrams see Cha@e3.4, Figure 2.5.

In this section of the Results Chapter the sigaiftcoutcomes for energy and

macronutrients presented in the Appendix D, E atables are summarised.

Due to a large number of analyses and results st possible to display single
models with all the covariates and also it wasidiff to summarise such outcomes.
Therefore, a graphical illustration was selectedtfos purpose, which also enables the
effects of the selected confounders on the analyagdble to be followed (Tables 3.10 A-
C). All significant outcomes from the tables in Agpplix D, E, F were entered in Tables
3.10 A-C with significant p values indicated usawsgrices. The top (blue) astrices represent
associations unadjusted for confounders, whilst ibdom (red) astrices represent the

model adjusted for the confounders listed belowtaine.

Again, due to a large number of analyses and aag, significant results of the

regression models adjusted for confoundsee Appendix D, E, F) are presented in a

summary form in the tables.
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Variables of interest:

- Fetal weight (FW), biparietal diameter (BPD), tteeircumference (HC), abdominal
circumference (AC) and femur length (FL) from fdt&dmetry,

- Birth weight (BW), birth length (BL), ponderaldex (PONDIX) and birth weight to
placental weight ratio (BW/PLAC W) from birth paraters,

- Infant weight (WEIG), length (LENG) and body massglex (BMI) from the postnatal
anthropometrical parameters

- Fasting glucose (GLC F), insulin (INS F), proimsyPI F), leptin (LEPT F) and insulin-
like growth factor binding protein 3 (IGF BP3) asankers of infant3-cell function and

obesity.

As no significant relationships between maternataty intake and fetal growth rate

were found, these results are not presented

Maternal intakes of macronutrients (except addedaguwere expressed as
percentage of the total energy intake (%E). Unktated otherwise, all further analyses

used macronutrient intake expressed in this way.



3.9.1 Maternal dietary intake and associations with fetalweight and

biometry (Table 3.10A).

In all the significant associations between materdiatary intake and the fetal
biometry parameters, and where the regression mecleded adjustment for confounding
variables, gestational age always dominated. Tédstb the loss of many significant
correlations after the adjustment for age, andehhbat remained, were accompanied by a
strong adjusted regression coefficient GARIn some instances maternal weight
(associations involvingdPD2, AC2 and HC2) and fetal sex (foAC1 associations) also

showed significant relationships.

Among unadjusted models only the early pregnancy dietary intakes (V1)vebo
significant associations with concurrent (US1) #atdr (US2) fetal ultrasound parameters.
These included materndN PROT1, PL PROT1 and SAFAL intakes correlating with
fetal weight and the biometrical parameters of teacurrent ultrasound visit. These
associations were negative, except forPhePROT1 intake. Similarly, the dietary intake
of PUFAL supported fetal growth at the later pregnancyt éed the intake oMUFA1
was associated with the length of the fetal femamebfL2), also only at V2. These two
positive relationships reflected in tAi®©T FATL1 intake, which also positively associated

with FL2.

In adjusted models the early macronutrient intakes of the mother)(pfbduced a

lesser number of significant associations with ¢bacurrent fetal ultrasound parameters
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(US1). The strongest association observed was tsitiye correlation of theTOT
ENERGY1 intake with the fetalAC1, possibly including a contribution froADDED
SUGAR1. TheTOT PROT1 intake was directly related to the feBPD1 measurement,
whereas th& OT ENERGY1 intake correlated negatively wiBPD1. However, this latter
association was very weak and the significancé®butcome depended on exclusion of an
outlier value. The scatter plot confirmed a papear relationship between both variables
(not presented), therefore this outcome may hawn letributable to a Type | error.
Similarly, this applied to the association betwesaternalTOT ENERGY2 intake and the
concurrent size of fetal abdomehRG2) andSAFAZ2 intake andHC2. The fetal abdomen,
in turn, was significantly and positively related the intake of maternal proteir\N
PROT2 and TOT PROT?2). There were two significant positive associatidos TOT
ENERGY2 with the concurrent fetal weigfEFW2) and length EL2). The relationship
betweenTOT CHOL intake and the fetal head®D2) was very weak and may also

indicate a chance outcome.

The strongest relationshipbetween the maternal dietary macronutrient intahe
fetal biometry was found for theROT1 intake and the fetal head sizd¢(2) at the later

ultrasound scan, adjusted or unadjusted for comfers The association was negative.



Table 3.10A Associations betweematernal dietary intakes and fetal

weight and biometry.

US V1 parameters US V2 parameters

Fetal biometry

*_ *kk_ *_
TOT PROT1 x sk
* ** *
PL PROT1
*_ *k_ *_ *_
AN PROT1
TOT PROT2 .
NOT APPLICABLE

AN PROT2 o

*k*k
TOT FAT1

Kk _ *_ *%_ *_

SAFAl

*k%
MUFAL

*k% *k% * *kk
PUFA1
SAFA2 NOT APPLICABLE %
*

TOT CHO1 N
ADDED SUGGAR1 N
TOT ENERGY1 * .
TOT ENERGY2 INOT APPII_ICABLE | - . -

+/- direction of the association (no mark indicagsositive association)

Unadjusted Adjusted for gestational age, MW1, Nyht fetal sex
*k% *k%k pS 0010
** o p< 0.025
* * p< 0.050
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3.9.2 Maternal dietary intake and association witlthe birth parameters.

The total protein intake of the mother near her pesgnancy visitTOT PROT?2)
correlated (p<0.05) with babyBW after adjustment for maternal height, weight,hage
and the baby’s gender. This was the only assoai&tiond with any of the birth parameters

(See Appendix H).

3.9.3 Maternal dietary intake and the infants’ anhropometric

parameters (Table 3.10 B).

Neonatal visit Bal:

The babies’ neonatal length and BMI showed margngticorrelations with all the
maternal macronutrients intakes during the pregyngreriod, except for the intake of
carbohydrates and added sugar and the total en&lgre was a reciprocal relationship
between outcomes for the length and Bfsliables. There was also a discrepancy between
the direction (positive or negative) of the effeofsthe macronutrients taken during the
second vs. the third pregnancy trimester. Pl-ALl and theTOT PROT2 (specifically
PL PROT?2) showed beneficial effects on the neonatal lerfgéngthl), whilst theTOT
PROT1 (namelyAN PROT1) and the total fatTOT FAT2 with a major contribution of

thePUFA2) were found positively related to the neon&iisli1.
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Table 3.10 B Association between maternal dietamtakes and the infants’
anthropometry

Postnatal Bal Postnatal Ba2

Postnatal

Anthropom.

*k_ kK kK
TOT PROT1 o . -
Kkk_
AN PROT1 o %
*kk
TOT PROT2 . *k_
kK
PL PROT2 . . . *
*-
TOT FAT1 *
*k
SAFAL %
*_
MUFA1 o
*% *_
PUFAl1 o *k_
Kkk_ *% *%
TOT FAT2 Kkok_ Kkk Kkk
*
SAFA2 o
*_ Kkk *
PUFA2 *k_ Kkk Kk Kkk
*_
ADDED SUGGAR1 %
TOT CHO2 %
TOT ENERGY3 "

+/- direction of the association (no mark indicagigzositive association)

Unadjusted Adjusted for babies’ age and sex
*kk *kk p< 0.010
o * p< 0.025
* * p< 0.050
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Postnatal visit Ba2:

There were no effects of maternal nutrient intaketlte babies’ neonatal weight
(Weightl) and only a few correlations with the lbipostnatal weight at the second visit
(Weight 2). These associations of the infant weight wit®@TPROT1 (positive), PL
PROT2 (negative),PUFA2 (positive) and with the concurrent mother’s intaeTOT
ENERGY3 (positive were all weak. Also, there was only one significénégative)
outcome seen for the babies’ postnatal lengignght2), and it waswith the maternal

intake of MUFAL.

As with the first postnatal visit, there were afsany correlations of macronutrients
with the postnatal babieBMI2. These were for the protein intakEOT PROT 1,
specifically AN PROT1 and the fat intake 0BAFA1l and SAFA2, which all correlated
positively. There were also negative, weak conatat of BMI2 with the maternal intakes
of added sugarearlier in pregnancy and of the total carbohyd(@@T CHO2) later in
pregnancy. Further, there was a weak positive &gsmt between the concurrent maternal

intake of total energyTOT ENERGY3) and the babies’ postnatal weigkt€ight?2).

In the majority of associations with the neonatgheopometry, the adjustment for

confounders strengthened the relationship betwagables.
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3.9.4 Maternal dietary intake and the infants’ me&bolic parameters

(Table 3.10 C).

There were highly significant correlations foundvieen maternal early pregnancy
intakes of protein TOT PROT1, AN PROT1) and fat TOT FAT1, PUFAl) and the
infant neonatal fasting insuliniNSF1) and the HOMA-IR1 levels. Both metabolic
variables showed similar associations and direstiaith the maternal protein and fat
intakes as those found for the postnatal infant BM#. positive for the protein and
negative for the maternal fat intakes). Howeves, Itter pregnancy intakes of materRal
PROT2 and fat TOT FAT2, MUFA2 andPUFA2) were correlated negatively witNS
F1 andHOMA-IR1 for the protein and positively for the fat intak@$e p values were
strong and were unaltered by adjustment for thanindge, sex and weight. The maternal
intake of carbohydrate during the last pregnanemester TOT CHOZ2) correlated

negatively with the neonattiSF1 and theHOMA-IR1 levels.

With a similar pattern, associations of materna&gpancy macronutrient intakes with the
babies’ later postnatdNSF2 and HOMA-IR2 levels were observed, although with a
weaker significance compared to the neonatal leweladdition, theAN PROT2 intakes
correlated positively with thtNSF2 concentrations, whilst the relationships of the F2S
andHOMA-IR2 with theTOT FAT1 andPUFA1 and2 were non-significant or appeared

very weak.
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Table 3.10 C Association betweemmaternal dietary intakes and the infants’ metabolic
parameters.

Balparameters Ba2 parameters

Postnatal

™ ™
ol a
m m
Metabol. p. n n
S o
TOT PROTl **%k% *%k% * * **k%
*k*k *k*k
*_
PL PROT1 x
*%k% *k*% * * *k*%
AN PROT1 e S .
TOT PROT2
*
*kk_ *_ *kk_ *k_ *_
PL PROT2 Kokk_ *_ Kokk_ Kk _
* *%
AN PROT2 o x
TOT FAT1 *- *E-
*_ *_
*k_ *kk_
PUFAl *k_ *kKk_ *_
TOT FAT2 ol ** **
*kk **
*k*k *% *k*k *k*k
MUFAZ *kk * ** **
*%k% *k*% *%k%
PUFA2 *k%k *k%k *%
TOT *k_ *%* *_
ENERGY?2 *_ *% *_
*kk_ *_ *kk_ *k_
TOT CHOZ *kk_ *%_ *kk_ *kk_
ADDED *
SUGGAR2
TOT ok
ENERGY3 xk *_ *
ADDED **
SUGGAR3
+/- direction of the association Unadjusted Atidsfor baby’'s age, weight, sex
(no mark indicates a positive association¥** okk p< 0.010
o ** p< 0.025
* * p< 0.050
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The only associations with the infant fasting gkedevels (neonatal and later
postnatalGLC F1 and 2) were observed with th# OT ENERGY2 maternal dietary
intakes, in both instances negative and weak. &tivelly stronger and positive association
was observed for maternBOT ENERGY2 intake and the neonatdNS F1 concentrations
and for the materndlOT ENERGY 3 dietary intake and the concurréNiS F2 levels. The

later relationship was negative.

Whilst there was no association between any mdteiatary intake variables and
the neonatal proinsulin levels, the later postnatahcentrations RI F2) correlated
significantly and negatively with the maternal k#aof plant protein at both pregnancy
visits (PL PROT 1 and 2. However, the later correlation with tifeL PROT2 lost
significance after correcting for baby's age, sexl aveight. A positive association of

ADDED SUGAR?2 with PIF2 was observed.

The babies’ fastingGF BP 1 (of visit 1 and 2) concentrations showed direct
relationships with the mothers’ concurrent inta&&3OT PROT, specifically with theAN

PROT.

The positive associations found between the laégmancy maternal intake of fat
(PUFA2) and the concurrent intakes ADDED SUGAR3 andTOT ENERGY3 with the
babies’ postnatal leptin leveleEPT2) decreasead in their significance after adjustment

for the babies’ age, sex and weight.
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The main focus of the nutritional analysis was dentify possible effects of
maternal dietary intakes that could influence patstif3-cell function of this infant. From
Table 3.10C it is apparent, that the majority cfagsations include the neonaltBlSF1 and
HOMA-IR1 variables, and thus these variables may presengrémtest opportunity for a
possible nutritional intervention. As the neondtdSF1 is the major component of the
HOMA-IR1 index, and theé5LCF1 was related only to th€OT ENERGY?2 intake, a
furthter detailed focus was placed on the associatiof maternal dietary intake with

INSF1.

Table 3.11lincludes associations of thRSF1 with macronutrient intakes adjusted
and unadjusted for total energy intake. The irgadethe crudd OT FAT1 andPUFA1
earlier in pregnancy and of tfiet. PROT2 andTOT CHO2 during the second pregnancy

visit did not produce any significant outcomes.



Table 3.11  Major outcomes for maternal dietary inakes and neonatal INSF1 levels
NUTRIENT Intake V1 (n=76) Intake V2 (n=75)
Variable [g] p B 95%Cl(b) AR Variable [g] p p 95%Cl(b) AR
TOT PROT1[%E] 0.002 0.231 -0.93;3.10 0.108 PL PROT2[%E] 0.010 -0.298 0.00; 0.00 0.076
Crude amount 0.045 0.231 -0.96; 3.02 0.041 Crude amount NSF
AN PROT1[%E] 0.007 0.307 -0.01;0.17 0.082 TOT FAT2[%E] 0.004 0.327 0.00; 0.00 0.095
Crude amount 0.020 0.267 -0.96; 3.01 0.059 Crude amount 0.004 0.330 0.00; 0.01 0.096
TOT FAT1[%E] 0.022 -0.263 0.00; 0.00 0.057 MUFA2[%E] 0.007 0.312 0.00; 0.00 0.085
Crude amount NSF Crude amount 0.008 0.304 0.00; 0.00 0.080
PUFAL[%E] 0.012 -0.287 0.00;-0.02 0.051 PUFA2[%E] 0.003 0.335 0.01;0.03 0.100
Crude amount NSF Crude amount 0.001 0.389 0.01;0.02 0.140
TOT CHO2[%E] 0.005 -0.321 0.00;0.00 0.091
Crude amount NSF
TOT ENERGY2 0.029 0.253 0.00; 0.03 0.051

* The units for the confidence interval (Cl) of thlepe (b) are expressed in the units of transfoomas stated in Appendix G.
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Figure 3.14 Association between maternal protethfahintakes and the neonatal fasting insulin sughested mechanism.
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3.10 MULTIPLE LINEAR REGRESSION INVOLVING MATERN AL

AND FETAL - INFANT PARAMETERS

Effects of maternal anthropometric and metaboliapeters on fetal growth rate,
birth and infant postnatal parameters were invagtwy and results of this analysis are

presented in this section (See Figure 2.6 for ttadyais framework).

A. Detailed parametrical correlation analysis wasfgrmed between maternal
anthropometric and metabolic parameters and feitah and infant variables of interest in
order to select variables significantly associdtedurther analysis. For this purpose a cut-

off level of p<0.1 was used. These pre-selectethlbms are listed in detail in Appendix .

B. The pre-selected variables were tested in theession analysis as explannatory
variables for their effects on the response vagiaising a “backwards selectiorPdtrie et
al. 2000H. Each regression analysis was performed with aitdout adjustment for
confounders (see Chapter 2.8.3.3 and in AppendixEDF). In some instances both
outcomes differed according to these approacheseftire both final models were
presented in the tables (Appendix J). Each of tresgmted models includes all final
covariates significantly related to the fetal-irtfgmarameter of interest. The summarised

outcome can be followed below in Table 3.12 (A-C)

Separate analyses were done for maternal paranetesisit 1 (V1) and visit 2

(V2). Where necessary, the correction for an autlias carried out. In such cases, when
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differences in corrected/uncorrected B value-oue®m@xceeded 10%, both outcomes were

presented. Transformations and units of the vaegabte listed in Appendix G.

3.10.1 Associations of the maternal anthropometrgnd her blood
pressure with the fetal — birth — postnatal size ath growth

rate parameters (Table 3.12 A).

As expected, the maternal pregnancy weight cogelatrongly with the infants’
birth parameters and also with the neon&al BMI1. Adjusting for the birth age, the
associations with th8L and BHC lost signficance. The relationship MW1 with the
fetal growth rate between both pregnancy viSBRRT1) was possibly mediated via fetal
weight (Chapter 3.12; see confounders). The mdtamght was positively associated with

infant BW (Chapter 3.12; see confounders) and negatively thi late pregnancy growth

rate.

The table also displays correlations between thetnatal confounders (infant age
and sex) and the infant anthropometry. Whilst ththtsize and the neonatBMI1 were
strongly influenced by the birth age, during thieidasstages (BaV2) the effect of the infant
sex was more dominant (with girls having gre&BH2 than boys, and boys were growing
faster than girls between both postnatal visits).

A strong direct association between mater8alS BP2 and the fetalGRRT1

between both pregnancy visits was noted, adjustedadjusted for potential confounders.
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Table 3.12 A Associations of maternal anthropometry and her blod pressure with

fetal — birth — postnatal size and growth rate paraneters.

Babies’
— [gN}
parameters: = E: s
Maternal = =
parameters: | @ 0
M Height N
*%k%k *%k%k *kk *%k% *k%k
MWl *%k% *%k% **%k%
*%k% *%k% *%* *%*
MW2 *%k% **
*k%k
SYS BP2 s
Babies’
rameters: S P
parameters: = E: S
Babies s =
parameters: { 0 m
*%k% *%k% *k%k *%k%k
Age *%k% *%k% **k% **%k%
* *k_ kK
Sex * *k_ K,k

+/- direction of the association (+ is not enterethe table)

Unadjusted Adjusted for babies’age, weight, sex
*%k% *k% pS 0010
o * p< 0.025
* * p< 0.050
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3.10.2 Associations of the maternal glucose and hormonestivthe
infant birth — postnatal size and the growth rate @rameters.
(Table 3.12B)

The maternal concentrations BPL at V1 and V2 and maternaLEPT2 were

directly associated with the growth rate betwe@séhtwo visitsGRRT1).

The binding proteindGF BP1 and 2 were significantly associated with the size of
newborn’s headBHC), maternalproinsulins were associated with the neondgilliBal
and maternal fasting glucos8l(CF1) andIGF1 BP 2 concentration with the second-visit

postnataBMI BaZ2. In all instances the relationships were negative.

The infantBMIBa2 was also positively and strongly associated with éarly
pregnancy maternal levels bEPT 1 and her insulin resistance at the end of pregnancy
(INS RES2. ThelNS RES2was also positively related to the infant posthatawth rate

(GRRT D-Ba2).

The maternalFT4 of the V1 showed a weak stimulatory effect on the late
pregnancy(GRRT?2) and the postnatal growth rat6SRRT D-Ba2). Some weak inverse
associations were also seen for matefi&2 with GRRT2 and forIGF BP2 with the

infantBL and the postnat@MI| Ba2.
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TAB 3.12B Associations between maternal glucose and hormonasd

Infants’ birth — postnatal size and the growth rates.

Babies’
— N
parameters: = k: s
Maternal s =
Hormones: | @ @
*kk_
GLCF1 ok
PIF1 .
*kk_
PI-30' (1)
*%_
IGF-BP1 (1) N
*k*k
HPL1 s
FT4 (1) .
* * *%k%
LEPT1 . s
PIF2 . .
PI-60’ (2) ok
*kk_ *_
IGF-BP1 (2) A
*%k%
HPL2 o
*k*k
LEPT2 s
*k% *%k%
INS RES2 s s

+/- direction of the association (+ is not enteirethe table)

Unadjusted Adjusted for babies’age, weight, sex
*kk *kk p< 0.010
** i p< 0.025
* * p< 0.050
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3.10.3 Associations of the maternal glucose and hormonesitiv the
infant postnatal glucose and metabolic parameters.

(Table 3.12C)

The babies’ fasting glucose levels at both postnatats showed a number of
associations with maternal hormones. GieC F Bal was positively but weakly related to
maternalGLCF1 andHPL2 if unadjusted for babies’ age, weight and gendee fieonatal
GLC F Bal was also in a positvie and strong retstigp with the maternal levels of
CORT2 andbabies’ concurent ageand inversely was associated with the matefial
V2 (see modein Appendix J, Table J 2.6). The concentrations ofenmati HPL 1 and 2

were also positively associated with the infanttpatal glucos&LC F Ba2.

The early pregnancy maternal concentrationsTef (V1) were inversely related to
fasting neonatal insulitNS F Bal, HOMA-IR Bal and also to the later postnatal leptin

LEPT F Ba2 levels.

Both postnatal leptin concentrations were relatethé infant sex, each time being
higher for the female offspring. However, the mattspring was heavier than the female
offspring of the same age (N=77, R=0.231, F=4.230®41; means: 37839 vs. 40569 for
female vs male Bal; N=73, R=0.363, F=10.80, p=0.0@2ans: 7111 vs 7813g for female

vs male Ba2; Analysed by ANOVA).
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TAB 3.12C Associations between maternal glucose and hormonasd

infants’ postnatal metabolic parameters

Babies’
parameters: =

Maternal
Hormones: |

GLCF1

*k%k

HPL1

*k*k

Kk _ Kk _ *k_

FT4 (1)

*kk_ *kk_

INS-30’ (2)

Kk _

PIF2

PIF-30’ (2)

HPL2

FT4 (2)

*kk_

**

CORT2

*k*k

Babies’
parameters: =
Babies’
parameters{
Weight Bal . .
Age Bal . .
Weight Ba2 N Sk
Sex Kok _ *_ *kk_
+/- direction of the association (+ is not enteirethe table)
Unadjusted Adjusted for babies’age, weight, sex
*k% *k% pS 0010
o * p< 0.025
* * p< 0.050
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A similar but weaker relationship with the infaeiksvas also observed fiMS F

Ba2. The infant weight showed a positive associatiomWOMA-IR Bal.

Some weak associations were also seen for matermiakulins of the later pregnancy visit
(PIF2 and PIF-30’ V2) with HOMA-IR Bal and for maternalNS-30’ V2 and babies’

later postnatdlEPT Ba2. All associations were negative.

The major outcomes obtained for maternal glucos# lmmrmones and infants’

parameters and growth rates are summarized in BabBebelow.



Table 3.13  Summary of major outcomes for maternallgcose and hormones and infants’ parameters and gvath rates

ANTHROP. (n=76) METABOL. (n=76)
Variable p B 95%ClI(b)* AR  Variable p B 95%CI(b)* AR
GRRT1 GLC F Bal
HPL1 <0.001 0.390 0.243 GLCF1 0.047 0.228 0.03; 1.69 0.039
HPL2 0.028 0.217 -0.17;-2.60 0.038 FT4 (2) 0.003 -0.347 -4.46;-20.16 0.156
LEPT2 <0.010 0.252 0.02;0.12 0.055 HPL2 0.044 0.224 0.07;3.15 0.156
GRRT2 CORT2 0.012 0.293 0.30; 2.19 0.156
FT4 (1) 0.046 0.197 0.02;0.90 0.029 INS F Bal
PIF2 FT4 (1) 0.003 -0.343 -0.13;-0.58  0.106
GRRT D-Ba2 HOMA Bal
INS RES2 0.006 0.325 0.05;0.28 0.093 FT4 (1) <0.001 -0.417 -3.12;-9.10 0.227
GLC F Ba2
HPL1 <0.001 0.532 1.19;2.92 0.270
HPL2 0.034 0.116 0.19;3.99 0.049
LEPTF Ba2
FT4(1) 0.012 0.291 1.48;10.85  0.072

* The units for the confidence interval (Cl) of thlepe (b) are expressed in the units of transfoomas stated in Appendix G.
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3.11 ASSOCIATIONS WITH THE SOCIO-ECONOMIC STATUS
(SES) OF THE PARTICIPANTS.

Both the mother’s and the father’'s education shosigdificant relationships with
the family income (p = 0.042 and p=0.017 respebt)véAlso, there was a strong direct
relationship between mother’s and father’'s eduoatistatus (P<0.001). Mothers who were
employed were more physically active (p<0.001) #meir education was inversely and
strongly (p = 0.006) associated with the numbesilolings, as mothers from larger families
had fewer opportunities to study. Due to an ocaweeof low frequencies in the

contingency tables, the Fisher exact test was egbpli

Mothers who were employed were inclined to delit@ier babies (see Table
3.14A). The employed status of the female alsotpesy correlated with her pregnancy
weight, BMI and leptin. Furthermore, employed wonshowed elevated fasting insulin,
and insulin resistance index at V1 a@tC F, area under GLC curve andPI levels at
V2. The neonates of employed women had lower fgggincose levels than neonates of
unemployed women (Table 3.14A). BabyBd also positively correlated with father's
employment, whilst neonataPONDIX was negatively associated with father's

employment status (Table 3.14B).

(In all folowing tables, the 95% CI of the regressislope b is expressed in the

transformation units of the particular variablee 2g@pendix G.)
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Table 3.14 A Relationship between mother's employment statusraatérnal, birth and
infant postnatal parameters.

Mo employment vs. N p B 95% ClI (b) AR
Dependent variable:

BL 99 0.034 0.212 1.96; 0.09 0.035
MW1 106 0.002 0.294 0.07; 0.02 0.111
MW?2 105 0.004 0.280 0.06; 0.01 0.068
BMI1 106 0.004 0.272 0.06; 0.01 0.093
BMI2 105 0.010 0.252 0.05; 0.00 0.051
GLC F2 107 0.038 0.201 0.00; 0.02 0.031
Area GLC 2 107 0.009 0.252 0.06; 0.01 0.054
INS F1 108 0.016 0.231 0.14; 0.02 0.044
INS RES 1* 108 0.014 0.237 0.17; 0.02 0.049
PIF2 105 0.010 0.247 0.15; 0.02 0.118
LEPT F1; 106 0.007 0.180 0.18; 0.03 0.569
LEPT F2 105 0.008 0.184 0.98; 0.16 0.538
GLC FBal 75 0.032 -0.235 -0.02; -0.42 0.153

Mo (mother); *Maternal insulin resistance was cldted as HOMA-IR; Analysed by the regression arialys
All the associations were significant either adgdsbdr unadjusted for the gestational/postnatalabere
appropriate). An exception was the birth lengthrelation, which, due to a strong relationship with birth

age lost the significance in adjustment. For dieotvariables, the table shows associations ceddor the
age.

Table 3.14 B Association of father's employment status with tigind infant postnatal
parameters.

Father employment vs. N p B 95% ClI (b) AR
Dependent variable:

BL 100 0.001 0.306 0.74; 3.42 0.204
PONDIX 101 0.006 -0.271 -0.01; 0.07 0.064

Analysed by the regression analysis.
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The associations including maternal weight, BMipsulin, maternal leptin and
infant glucose were adjusted for the gestationbi/lsaage (as appropriate). In addition,
associations with maternal leptin were adjusted roaternal weight. All the other
associations, where the age adjustment had not.e#sx presented without adjustment.
Maternal glucose, insulin and insulin resistandeieslost their significance after adjusting
for maternal BMI. An adjustment for the total energtake did not change the above
associations and was insignificant in the regressatput. The strongest association
observed was between the fathers’ employment statdghe infant birth length (adjusted

for the birth age).

Interestingly, a correlation was found between p@eeducation and maternal
cortisol, where lower educational level of baby'sther or father was associated with

higher maternal cortisol levels at V2 (Table 3.15).

Table 3.15 Association between parental education and mateoraol.

Independent variable Dependent variable N p B 95% CI (b) AR
Mo education Mo CORT V2 106 <0.001 -0.329 -0.08;-0.03 0.213
Fa education Mo CORT V2 99 <0.001 -0.360 -0.07;-0.02 0.233

Analysed by the regression analysis. Adjusted fatemal BMI and gestational age. Mo (mother), Fa
(father).
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No correlation was observed between birth weightl amy socio-economic

indicators selected in this study.

Association between SES and nutrient intake.

Following variables were tested:
Nutrient intakes at V1 and V2:
Total Energy

Total Protein

Total Fat

Total carbohydrate

SES variables:

Income index (4 categories)

Household occupants (3 categories)

Number of mother’s siblings (3 categories)

Mother’s and father’s education (each 4 categories)

Mother’s and father's employment (2 categoriesgistus were allocated to the non-

employed category, as their number was low)
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The nutrient intakes were normalized and the aatoos between variables were
tested by means of one-way ANOVA with “unequal HSWst-hoc test (due to different
numbers in each category). The Levene’s test wad s test for the variances in the
groups. In the case of positive outcome of the heigetest, the Kruskal Wallis ANOVA

was applied. (See Table 3.16).

Table 3.16. Relationship between maternal nutrienintakes and SES.

Compared Variables N F p Post hoc p

value

Mother education:

TOT ENERGY1 107 4.1 0.009 0.028
TOT CHO1 3.9 0.011 0.037
Father education:

TOT ENERGY1 101 5.3 0.002 0.002
TOT PROT1 3.6 0.017 0.019
TOT FAT1 4.7 0.004 0.005
TOT CHO1 4.2 0.008 0.006
Mother employment:

TOT ENERGY1 107 9.4 0.003 0.006
TOT PROT1 5.8 0.018 0.030
TOT FAT1 5.9 0.017 0.029
TOT CHO1 8.9 0.004 0.008
Father employment:

TOT ENERGY2 107 14.2 <0.001 0.006
TOT PROT2 12.0 0.001 0.011
TOT FAT2 10.9 0.001 0.015
TOT CHO2 13.9 <0.001 0.006
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No significant association was found for the numbkhousehold occupants, the
income index or the number of mother’s siblingsthAugh for the income index and the
mother’s protein intake at V1 and also for mothetisnber of siblings and her total energy
intake at V1 the ANOVA p value was significant,eafapplication of the post hoc test the

significance was lost.

Mother's education, and even more strongly fathexthication and mother’s
employment were associated positively with theiaatrintake at the first pregnancy visit.
The father's employment status was associatedipagitvith the mother’s nutrient intake

at the second pregnancy visit.

No significant association with maternal dietartake was recorded for the family

monthly income index.
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3.12 FURTHER ASSOCIATIONS

The following associations are discussed in Chaptéds.1 and 4.5.2.

The strongest determinant of the fetal biometrjgalameters was the gestational age at

both pregnancy ultrasound visits (Table 3.17).

Table 3.17 Gestational age association with fetal biometng@abameters

USMA1 (N=106) USMA2 (N=105)
Parameter B 95%Cl (b) AR B 95%Cl (b) AR
FW 0.992 1.84;1.93 0.985 0.796 2.17;2.92 0.814
BPD 0.973 0.29;0.32 0.973 0.680 8.99;13.72 0.700
AC 0.952 0.01;0.01 0.947 0.677 0.31;0.47 0.718
HC 0.983 1.05;1.14 0.961 0.690 30.36;46.81 0.690
FL 0.971 0.25;0.27 0.966 0.784 9.61;13.08 0.817

All p values are <0.001.
95%ClI of the slope — units are corresponding tarttresformed form of the variable (see Appendix.G2)

In addition, a significant positive correlation wesind for the birth weight and
maternal height adjusted for the birth age (p=0.0%3.219 for height and p<0.001,
B=0.423 for birth age, AR 0.220) and the maternal weidltV1 correlated with th&w1

(N=107; R=0.207; p=0.033; see confounders).

The male infants were growing faster than the fenmaflants between birth and the
last postnatal visit (p <0.001, A80.210, F=20.1 by ANOVA). Also, a significant gemde
difference in the infant postnatal leptin concetntrags LEPT1 and 2) with higher levels in

females (N=76; R=0.286, p=0.012; analysed by ANOWa)s found. The male offspring
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was heavier than the female offspring of the sagee(Al=77, R=0.231, F=4.23, p= 0.041;
means: 3783g vs. 40569 for female vs male Bal; N&A.363, F=10.80, p=0.002;

means: 7111 vs 7813g for female vs male Ba2; Aedlyxy ANOVA).

A significant inverse relationship between bothgm@ncy visit maternal IGF BP1

was found with the birthweight (p=0.002, Spear R306, N=105).

These correlations are discussed in the Chaptet.4.5

3.13 SAMPLE BIAS

A possible sample bias due to attrition betweenwoenen who completed the
study and the women who left the study after dejiweas investigated. The data on the
major variables (maternal age, nutrient intake hagometry and hormones) were

compared for V1 and V2 with one-way ANOVA. No sifigant differences were found.
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CHAPTER 4

DISCUSSION - DESCRIPTIVE DATA

This section of Chapter 4 includes discussion @ndéscriptive data. In the first
part, the characteristics of the women enrolled thie study will be discussed. The next
part will focus on the data obtained from anthroptin measurements and will compare
the birth outcome with other studies. A discusbithe maternal dietary intakes and the

selection of the food frequency questionnaire tits study will conclude this section.

4.1 ENROLMENT AND CHARACTERISTICS OF STUDY

PARTICIPANTS

4.1.1Ethnic composition of the study population

The majority of the study participants were Zulueaking. This reflects the
ethnic/language composition of the Black populatdrGauteng Province, which has the
highest urban concentration of Zulu people, whiveakZulu Natal is the most Zulu-

populated rural area in South Africavw.sahistory.org.za)?

% The language groups among Black South Africanegély overlap with ethnic population groups. Iruo
Africa there are four major ethnic divisions copesding to four major subgroups of original Bantu

languages: Nguni, Sotho, Tsonga-Shangaan and \(ettga/countrystudies.us/south-africa/45/htm)

Nguni includes the Zulu, Xhosa, Swazi and Ndebpéaking groups, accounting for two thirds of thetBo

African Black population_(www.sahistory.org.za)

Sotho includes the Northern Sotho (Pedi group)tt8oa Sotho and Tswana (Ba Tswana).



The women attending the 159ANC clinic came fromaalas of Johannesburg and
its townships, where they permanently resided ar mm@ved to temporarily from other
parts of the country for the duration of their pragcy.

Only South African residents were included in #tedy. However, six women
originating in Swaziland two women from Venda ame avoman born in Zaire were also
accepted. Swaziland and Lesotho are two small gr#gnt countries surrounded by South
Africa. All these women were married to South Adins and resided in Gauteng for a
minimum of 5 years. Thus, the study participantpresented quite a variety of
ethnic/language groups (Figure 3.1). However, duesrall numbers in each of these
groups, except the Zulu speakers, no further arsallyshis respect has been carried out.
The comparison of the Zulu vs. combined non-Zuhnigt groups was not carried out, as
the non-Zulu combined population would not représerhomogenic population. The
current study did not aim to investigate ethni¢edé#nces and such a study would require a

different study design.

4.1.2 Soci-economic background.

The socio-economic background of participants wasessed from parental
educational level, employment status, family montihcome, number of household
occupants and number of mother’s siblings. The éloolsl crowding factor was used in the
Helsinki study, which reported an association betwéess crowded homes and higher

social classEriksson et al 1999).
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The women came from different socio-economic strategging from middle class
communities to those of a very poor socio-econostitus. In this study there were no
women from the higher socio-economic backgrounthase women are not likely to seek
medical attention within the public service andythevariably/preferably attend private
clinics. Likewise, very few of the women in thedgthad a tertiary education.

In South Africa, 80% of all pregnant women, of wh@&2% are African, attend

public sector antenatal clinicSADHS, 1998

4.1.2.1Employment status.

Although similarly educated (Figure 3.3), womentineir early pregnancy were
twice as likely to be unemployed compared to tipartners (Figure 3.4). This may be
partially explained by the pregnancy, but more lliké reflects the pattern within the
society. Richter et 2006 followed immigrant groups from the Greater Jolesiurg
area and also found that unemployment of mothesshigher than that of fathers among

migrants and original residents.

4.1.2.2Family income

Family monthly income was difficult to evaluate ltough an attempt was made to
obtain direct values in Rands, many women were renstbout the exact amount or
hesitated to reveal their true income. Therefdreyas more practical to assess the family
monthly income using categories with the range dIRO (Figure 3.5). The majority of

participants fell in the lowest category (below GOQ).



Comparing this classification with the national imsite of average monthly
earnings for the year 2005 (see belo®afistics South Africa 20P6it confirms that the
vast majority of study participants was coming franpoor socio-economic background.
Only one family had a monthly income that exceetterinational average. The monthly
income estimates in the formal non-agriculturalustdy, including bonuses and overtime
for 2005 were R 7006 with large variance betweestries from R 4000 (construction) to

over R 14 000 (electricity, gas and water suppér)rponth.

4.1.3 Family history of diabetes and hypertension

In the present study, 35.7% of mothers of the Xtspsking group reported a first-
degree relative having treatment for diabetes @ehgnsion or both, in comparison with
the Zulu group, where 47.9% of the mothers’ cladatives had been treated for the above
conditions (Figure 3.8). However, these data mayblased, as mothers were not sure
about their family members medical background, irm@nnot be excluded, that in many
cases the health status was unknown to membersdéhaa. This situation was even more
unclear in the case of the partner’s family membé&herefore 14% of the men had to be
excluded from the data set. As the majority of reathreported no family history of

diabetes in the first-degree relatives, the data e used in further analysis.

In conclusion, the Black pregnant women enrolled into the stugyre women
living, or temporarily residing, in the Gauteng amuring their pregnancy. The majority

were Zulu speakers, although a variety of ethmgfleage groups was present and the
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distribution of the major groups reflected the é&htomposition of the Gauteng Province

(www.sahistory.org.za)A majority of women in the study had completed higgthool

education, but few had any tertiary education. Respmilar education level with men, the
unemployment rate among these women was almost agidigh.

The study participants were from low and very psocio-economic levels. This
was confirmed by the family income figures, whidiowed that the majority of families

had income below the national average.

4.2 ANTHROPOMETRICAL DATA AND BIRTH OUTCOME

Maternal anthropometry, birth data and maternatadyeintakes were compared

with available data from similar studies carried imudeveloping and developed countries.

4.2.1 Maternal anthropometry.

Maternal anthropometry was compared with the datian fmothers at 28 weeks of
gestation from the Pune Maternal Nutrition Studyble 4.1;Rao et al. 200l This
pregnancy timing fell between the PND study V1 P20gest. weeks) and V2 (30-36 gest
weeks). At both visits, the PND study women welden heavier with greater BMI and
they were also taller. They had higher HC and AiGwever, the numbers of women in the
PND study are much less than in the Pune studychwdiiso is reflected in larger standard
deviations. The measurements of the mother's headaam circumference were added
only later during the feasibility study, therefdhee numbers are low and the data were not

considered in the analytical part of the study.
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The records of mothers in the current study wese abmpared with the European
mothers in the Helsinki studyérsén et al. 1997 The records in the Helsinki study were
taken at the onset of labour, whilst the recordthetvomen in the current study were from
30-36 weeks of gestation. However, despite sintikghts, the weights and BMiIs of the
European mothers were much lower than those ofvtimeen in the current study. One also

has to consider, that the European mothers wergéars younger.

TABLE 4.1: Comparison of maternal characteristics

PND V1 PND V2 PUNE 28 g.w. HELSINKI*

(n=108) (n=107) (n=633) (n=3076)
Variable MeanSD Mean+SD Mean+SD Mean+SD
Age [y] 29.0+4.6 21.4 27.4+5.7
Weight [kg] 74.1+13.3 78.6+12.9 47.345.2 67.3+9.1
Height [m] 1.59+0.06 - 1.510085 1.58+0.06
BMI [kgm?] 29.3+4.8 31.1+4.6 20.5+1.7 26.9+3.2
MHC [cm] ** - 57.0+2.3 52.3+1.5 -
MArC [cm] # - 28.2+3.5 22.7+1.7 -

"(Mother’s head circumference; n=71Mother’s mid-upper arm circumference; n=68);
* (Forsén et al. 1997maternal weight taken on admission to labour)
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4.2.2 Birth outcome.

In comparison with the fullterm babies of the Indtady in Trivandrum - Kerala
(Table 4.2;Jaya et al. 1995 the Johannesburg babies were heavier (female$3h23.89
+ 334.0 vs 2819.7 g £ 410.9 and male babies 33 3@6.1 vs 2905.2 g + 431.4), longer
(49.4 cm £ 2.4 vs 47.7 cm = 2.2) and had biggedhgecumference (34.6cm = 1.5 vs
32.4cm = 1.7). The placental weight (625.5 g + 12k 502.4 g + 43.3) and ponderal index
(26 kg.m® + 3.0 vs 23 kg.m + 1.1) were higher. Despite an increasing aveBigegoing
from low to high socio-economic status in the Triteum-Kerala study (with a significant
difference of 89.6g between the two extremes),RN® study babies’ BW was higher at

all instances and did not differe with the sociommamic status.

Table 4.2 shows the available data on birth outcoofi¢ghe Pune Maternal Nutrition
Study (rural areaRao et al. 200, Southampton studyGodfrey et al. 1996and of the

Helsinki study Forsén et al. 1997%ee Chapter 1.1.2).

The African babies had much higher BW than thedndabies, but lower than the
European babies, irrespective of gender. A simiidationship was also observed for
babies’ BL and ponderal index. The HC of the PNIdgtbabies was very close to the
Helsinki babies, with comparable SD, whilst theiémdbabies were lower by more than 1
cm when compared to the PND study. Also the plateméight in the current study was
very close to the results of the Helsinki study amdn larger than the Southampton study.
However, the placental weight of the Pune motheas W3% less than that of mothers

participating in the PND study, despite very simbath age.
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The larger size of the head of babies in the ctisardy was confirmed by the z-
scores. Similarly, from comparison with the z-sepiiewas obvious that these babies were
born shorter and lighter. The fast improvementimweight for length ratio, exceeding the
mean value for the standard population (WHO), arel garallel delayed linear growth
indicated fat accumulation in these relatively stdninfants. This again was in agreement

with the elevated BMI for age score (See Table)3.8b

In conclusion, the birth size of these African lesbhi although smaller in all
parameters, is still closer to the size of the @aian babieshan to the birth size of the
babies from Trivandrum or Pune of India. Thesetinedty smaller African babies have
comparable (or even larger) maternal placentalssiaerelation to the mothers of both
European studies. However, in comparison with thallsindian babies, the major noted

difference was a substantially lower placental sizéhe Pune mothers.
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TABLE 4.2: Comparison of the birth characteristics between different studies.

N 105 3230 633 538 3302

Variable PND Study Trivandrum, IndiaPune, India Southampton, UK Helsinki, Finland
Birth weight ave [g] 3213.7 £439.7 2961 + 348.8 626 358 3436+480 -

Birth weight F [g] 3123.8 +334.0 2819.7 +410.9 343+463 -

Birth weight M [g] 3304.1 £ 506.1 2905.2 +431.4 523+496 3440 + 510

Birth length [cm] 494 +2.4 47.7 22 478 £2.0 - 50.2+1.9

Head circumference [cm] 346+15 32417 312 - 349+1.4

Placental weight 625.2 £121.1 B80R43.3 360 + 76.4 533.0+120 634 + 127
Ponderal Index [kg.f 26.6 £3.0 23111 25.0+£5.0 - 27.0+£25

Age at birth [weeks] 395+14 37-42 full term 394+1.2 40.2+1.3 38.2
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4.3 MATERNAL DIETARY INTAKES IN COMPARISON

WITH RDA AND OTHER STUDIES.

The maternal dietary intakes were compared with Rnee Maternal Nutrition
Study (intake at 28 gest. weeks) and the Southangitaly (intake at 32.7 gest. weeks) due
to their ethnic and socio-economic similarities differences. In addition, the maternal
dietary intake during pregnancy and at V3 was cosgpavith the Dietary Reference
Intakes (DRIs), with the overall dietary intakes of South Africadult femalesSteyn et al
2006)and with an analysis of the American di8chaefer et al, 2000fable 4.3A). The
American diet data was selected for comparisontdue known high caloric intake and

prevalence of obesity among the American populgigee Chapter 1.2.1.1).

Under the category of the DRIs, the RecommendedaBieAllowences (RDAS)
were used for comparison. The RDA values differ poegnant and lactating and non-
pregnant women. The ranges of protein, fat andotadirate expressed as a percentage of

total energy intakes are available only for theggahadult population. Due to the half-year

* DRIs (2005) include reference values for spedifitrients. They replaced previous Recommended Bieta
Allowances (RDAS), published from 1941 to 1989 hg National Academy of Sciences in USA, and
Recommended Nutrient Intakes, published by the @anajovernment. DRIs were developed by the
Standing Committee on the Scientific EvaluatioDidtary Reference Intakes of the Food and Nutrition

Board, Institute of Medicine, the National Acadesjim collaboration with Health Canada.
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Table 4.3 A: Comparison of the maternal daily dietary intakenacronutrients with DRIs, overall intake in Soudtfrican women,

the Pune Maternal Nutrition Study, the Southamstoidy and the usual American diet.

PND PND RDA Pune St* South St* PND RDA SA women®  American diet*

Nutritional factor V1 V2 Pregn. 28w 32.7w V3 Lactat. Non-pregn. Actual
Energy [kJ] 7002 7059 - 7000 9682 7890 - 7239 9916 + 1565
TOT PROT [¢] 54 538 71 43.5 85.7 55.3 71/46 61.6 88.9+14.0
TOT FAT [g] 64.7 69.0 - 32.4 93.2 86.7 - 46.6 92.2+14.6
TOT CHO [¢] 2345 234.8 175 - 301.9 249.9 210/130 244.5 290.3 £45.9
Fiber [g] 146 154 - - - 150 - 18.7 28.4+45
Cholesterol [mg] 212.8 187.1 - - - 205.6 - 197.9 348.4 £ 55.0
TOT PROT [%E] 12.9 13.0 10-358§ 104 14.7 11.7 10-358 141 1500
TOT FAT [% E] 35.3 35.0 20-358§ 17.2 36.4 37.5 20-358 22.9 35.0+0
TOT CHO [% E] 51.9 53.3 45-658 72.3 49.0 51.2 45-658 62.1 49.0+0

PND (Pregnancy, Nutrition & Diabetes — current gjud’ (Rao et al 200}t **(Southampton studyzodfreyet al. 1996

*3 (Steyn et al 2006**(Schaefer et al, 2000N=1726, age=15-60y)

DRI (Dietary Reference Intakes); RDA (Recommendéetddy Allowance); 8 Acceptable Macronutrient Distition Ranges for general adult
population (reprinted with permission of the NatibAcademy of Sciences. See Appendix I)



time span between the delivery and the last madteisia V3, there are two values entered
in Table 4.3 for the postpartum period; the firseas the RDA for the lactation period and

the second is for non-pregnant women.

4.3.1 PND study and national South African data omvomen15-64 years

old (Table 4.3 A and BSteyn et al 2006)

The PND Study pregnancy total energy intakes wiagbtk/ lower than the national
level for non-pregnant women (7002 and 7059 vs &B9however the energy intake at
V3 exceeded the national levelThe difference between the V2 and V3 intakes was
838kJ/d. There are increased requirements for gnaémtake during pregnancy at
approximately 800 — 1200 kJ/day extra and for fin&t Kix month of exclusive breast-
feeding of 2100kJ/d extra in well-nourished popolatMcNeill 2000) Considering these
amounts, the total energy intake of the currendysfparticipants appears to be low. This
was largely due to a low intake of protein (54 &818 g/day vs 61.6g/day) and total
carbohydrate. Comparing the quality of the crudetgin with the intakes in similar age
groups of South African non-pregnant women (TabBB) the consumption of animal
protein was similar, however, the intake of thenplarotein was substantially lower. As the
dietary intake of plant protein in this study wassitively associated with linear growth
(See Chapters 3.9 and 4.5.1.3), this could congibo the relatively stunted growth of
infants during the early postnatal period (see @rag.2.2). In turn, there was a

substantially higher intake of fat in the PND styéx.7 and 69.0 g/day vs 46.6 g/day). Fat
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intake increased at V3 to almost double the le¥e¢he South African average. The crude
amount of the dietary fat intake was compared \thign similar age categories of South
African non-pregnant women (Table 4.3.B). The PNldg women ate between 1.5-1.9
fold more of SAFA, 1.2-1.8 fold more of th&/UFA and 1.2-2.5 fold more dPUFA.
Thus, the most frequently consumed fat during tlegpancy period was SAFA, whilst the
PUFA'’s intake increased dramatically after delivery. Liook at the changes in fat
consumption between visits, ttMUFA and PUFA intakes increased significantly, whilst
the intake oSAFA remained constant.

The above findings may help explain the z-scora.dahe PUFA requirements
during pregnancy are higlAl(et al 1995 and 2000TheLC-PUFA is utilised by the fetus
for brain and retina development, and for bone bwism (see Chapter 4.5.1.1 and
4.5.1.3) and during the first two trimesters italso required by the mother to build her
pregnancy fat reserves. TRAFA intake in the current study (and in the literafunas
negatively associated with bone growth. This comthiwith the low levels of maternBL
PROT intake could eventually lead to a shorter, lighiaby with a relatively larger head
(see Chapter 5 “Summary and Conclusions”). Theimkeéh z-scores for weight/age and
especially for length/age at the Bal visit couldrespond to the switch from the maternal
placental PUFA supply to the breast/formula feeding, which wowlot fully support
growth of the baby. An improvement in these scaiethe Ba 2 visit may then reflect a
mobilisation of the infant fat reserves and its gwoduction ofPUFAs.

It would be expected that these effects were maaied, but they were
complemented by effects of other factors, such @amins, minerals and maternal

hormones. However, these were not componentsdafutrent study analysis.



Table 4.3 B: Comparison of the protein and fat categories thedadded sugar maternal

daily dietary intake with the data on South Africmomen

PND PND PND SAurban SA women SA women
Study Study Study women* 15-29 years* 30-44 years*
(N=107) (N=107) (N=74) (n=1196) (n=1726) (n=1726)

Nutritional factor V1 V2 V3 Non-preg. Non-preg. Non-preg.
PL PROT [g] 21.7 22.1 22.1 225 28.2 29.8
AN PROT [g] 31.8 314 30.6 40.1 34.8 318
SAFA [g] 22.5 23.4 24.9 17.6 15.1 13.1
MUFA [g] 20.6 211 28.2 20.8 17.7 15.9
PUFA [g] 16.7 15.7 25.5 13.1 13.7 10.2
Added sugar [g] 51.9 50.1 59.8 53.8 48.2 39.0
PL PROT [%E] 5.1 5.3 5.2 5.3 6.3 6.9
AN PROT [%E] 8.0 8.0 6.5 9.2 7.2 7.2
SAFA [%E] 11.8 11.7 11.1 8.6 6.7 6.3
MUFA [%E] 10.7 10.9 12.1 10.1 7.9 7.6
PUFA [%E] 10.4 10.2 12.4 6.5 6.5 5.1
Added sugar [%E] 11.8 115 12.4 12.6 10.4 10.4

*(Steyn et al 2006

However, there were differences between both inyatstd populations. The current
study investigated only urban (and pregnant) worh@#0 years old, while the overall
national data include rural populations of a wide aange. Also, there is a large samples

size difference.

Maclintyre (998 reported differences in fat intake among 25-348r old females

in rural (50.6g/d), urban middle class (67.6 g/aid aurban upper class (73.0 g/d)
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populations in the North West Province of Southi&dr The pregnancy fat intake in the
PND study was thus in accordance with these lewelssidering that the women in the
current study were of a low to middle class backgth

The large increase in fat intake after delivery niasy related to the higher energy

requirements for breast-feeding (breast milk hgh lksbntent of fatGGurr 2000.

Bourne et alZ002 reviewed data from existing studies on the notrdl intake of
the black population in South Africa and concludidat within a 50-y period (1940-1990)
there was a major shift occurring in the macroeatriintake in the urban Black South
African population. Fat and animal protein intakegreased, while carbohydrate
consumption and plant protein substantially de@e@agat consumption increased from
16.4% to 26.2%, and carbohydrate intake decreaseu 69.3% to 61.7% expressed as %
of total energy (%E), producing a relative increat89.7% for fat and relative decrease of
10.9% for carbohydrate over the 50-y period. Woimahe PND study seem to follow this
same trend when considering the maternal V1 intizentake (35.3 %E) would represent
a relative increase of 34.7% between years 1996-2(llIst the carbohydrate intake of

51.9%E would correspond to the relative decreadd &% over the 15-y period.

4.3.2 Comparison with the RDA.

During the pregnancy period, women in the currémt\s had lesser crude protein
and higher carbohydrate intake than was the RDRpré&ssing the macronutrients as a %E,
the protein intake was on the low side of the rev@mded range, whilst total CHO was

higher and the fat intake was equal or exceededrinige. Intake of crude protein after
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delivery was low for the lactating women, but stifntly high for the non-pregnant
women. Total carbohydrate intake exceeded bothesan@he relationship between the
intake of macronutrients expressed as a %E and RBs\similar as during the gestational
period.

In conclusion, based on the comparison with the RiDAvas the protein intake
adjusted or unadjusted for energy, which appeardaetlow and possibly insufficient for
the requirements of pregnancy and lactation inctimeent study group. Although the fat
intake appeared to be sufficient, this was largklg to the high consumption SAFA.
This reflects an unbalanced diet composition, dinegliby the low energy intakes, and
supports the above theory for the possible mechamisplaining the lower weight and

length z-scores.

4.3.3 Comparison with other studies.

The energy intake in South African women was muolver than in the
Southampton study or in comparison with the Ameridaet. Also, total fat intake during
pregnancy was lower than in the Southampton or Araerpopulations and corresponded
with the value found in the Macintyre study for wiiel class women in urban areas of
South Africa (see above). Total carbohydrate dudhgyisits was below the levels of the
Southampton and American data. The American popual&aonsumed more fibre than did
the pregnant women in the current study. Howevery tilso consumed more cholesterol.
When comparing protein, fat and carbohydrate ad§u&ir energy intake, the Southampton
study and American data were similar, whilst thet@n intake of South African women
was lower. The energy-adjusted protein consumptiamomen in the PND study sits at the

lower limit of the acceptable range of DRIs, belinw levels found in the Southampton and
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American diets. Energy-adjusted amounts of fat aatbohydrate are comparable or

slightly higher than in the American population.

In comparison with the Pune Maternal Nutrition Stuthe pregnancy intake of
energy was very similar, although the protein ieté&rude or energy adjusted) was higher
and the fat intake (crude or energy adjusted) wasetas high in African women in the
current study. However, in the Indian women theaket of carbohydrate was the major
source of the total energy intake, and was fourel lighest among all the compared
studies.

The Pune women were shorter and lighter than thmeman the current study, even
though the energy intakes of both study groups (RN® Pune) were similar. Indian rural
women are involved in hard physical labour, asdediavith high energy expenditures

(NNMB 1991; http://www.unsystem.org/scn/archives/india/chO7)htin the PND Study

the energy expenditure has not been evaluated. Howew levels of physical activity in
South African urban women have been reported bgratbthorsKruger et al 2003and it

is possible that this may explain differences ithespometry between the Pune and the
PND women. Also low energy reporting by study m#ptints cannot be excluded, although

the 24-hour recall was used as a crosscheck isttioky.

In conclusion, the study participants had a lowaike of energy, especially during
the pregnancy period, when compared to populatioriee developed world. This could
have been due to a generally lower physical agtivitthe urban South African women
and/or due to the low to middle social class of ¢beent study participants. The energy

intake was also positively influenced by the pamkrmével of education and by their
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employment status (see Chapter 3.11). Low enezggrting by study participants also
cannot be excluded, although the 24-hour recall ugzsl as a crosscheck in the study to

minimize under- or over-reporting.

The total protein intake was low at all visits mngparison with the national average
for non-pregnant women or with the Southampton ystidfor the usual American diet.
The energy-adjusted intake of fat and carbohyds&tie comparable with the Southampton
and American data. This study population was tloeeemore comparable to that of Pune
than to American or Southampton populations. Howedespite similar total energy
intakes compared to the Pune Study, the total ipr@ted fat intakes were higher in the
African mothers, which may explain their relativéligher weights and larger birthweights

of their babies.

4.3.4 LOW ENERGY REPORTING

The actual level of the energy expenditure andbd®sal metabolic rate were not
measured in the current study. Although the agel sex- specific tables for energy
expenditure are availabl8lack 2000, they are not optimal for an assessment of pregna
women, as they do not account for the energy segtir the growth of the fetus, placenta,
uterus, adipose tissue and breaktaifner 1987, McNeill 2000

However, underreporting of calorie intake in theu®oAfrican Black and Indian
women was evaluated by Waisbe?§@9a,h). The assessment was based on the calculation

of the ratio for the reported energy intake vs.ldhsic metabolic rate (assessed by means of
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the electrical impedance measurement) with theoffuevel of < 1.14 for the low energy
reporters. The study also utilized the same foedjufency questionnaire as the current
study. According to this evaluation, there were 18ftong lean, 0% among overweight

and 45% among obese African women who underreperiedyy intakes.

4.4. SELECTION OF THE METHOD FOR DIETARY

INTAKE ASSESSMENT IN THE CURRENT STUDY

At present there is no dietary assessment mettaicctiuld accurately measure the
individual’s true nutrient intake. Any method evatiing a dietary intake has its benefits and
limitations Schaefer et al. 200@nd has to be considered as an estimdéelfityre 1998;

MacKeown 1999; Sempos et al. 199

A FFQ administered interview was selected for thesent study as the most
suitable way for the dietary intake assessmentefdtudy volunteers. Selection of the
method depends on the study design, the targetlggapu and aims of the study. For
example, the diet records should not be used imlptpns where literacy levels are low,
unless a trained observer is present. Although riieghod allows quite accurate dietary
intake, it is labour-intensive and many subjectsraport, especially over longer periods of
recording, resign or refuse to participaMdacKeown 1999, Nelson 2000, Schaefer et al.

2000, Erkkola et al. 2001
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Food frequency questionnaires are not designedlkect detailed data. The intakes
of certain food categories or nutrients may be wegtenated or overestimated and they
dependon the respondent’s memorisempos et al. 1999; Schaefer et al. 2000; Maggnty
2001a,b; Molag et al. 2007 Therefore they are considered as a less accomassure of
the absolute levels of nutrient intakes than recall diet records MacKeown 1999;
Schaefer et al. 2000However, the dietary recalls and diet recorfilapplied over a short
period of time, do not accurately represent theithabdietary intake as they may miss
variations in the intake of less commonly eaterdfoillet et al.1986; Basch et al 1994,
Nelson 200D Therefore 3-7 day long weighed-food record dlection of several dietary
recalls is recommende&émpos et al. 1999; Schaefer et al. 2000; Bloeméead, 1989.
Average daily intake is then based on a combinatibthese recordsBjoemberg et al.
1989).This would increase the precision of estimate, but #igocosts and inconvenience

of repeated interviewsNglson 2000Macintyre2001a,p

Epidemiological studies often use FFQs for an assest of an individual's
nutrient intake MacKeown 1999Sempos et al. 1999because the FFQs are generally
easier to administer, quicker to complete, chedpan diet records or 24h dietary recall,
and require minimal codingViargetts et al. 1989, Sempos et al. 199his allows their
application to a larger number of subjects, whichurn increases statistical power of the
study. Due to the longer time period they cover,the assessment of usual dietary intake
they are considered to be better by some autharsttie 24-h dietary recalldMérgetts et
al. 1989. The semi-quantitative questionnaires are algsedul tool for ranking individual

intakes.
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The FFQ employed in this study wasasy to complete and its length of
administration complied with the available time idgr the study visit. The food list
composition was based on many years of experiemadietary assessmenviécKeown
2007 and included food items commonly consumed ambagifrican population group.

As a part of this questionnaire, a 24-h dietaryallegection was inserted as a cross-check

(see Chapter 2.4.2.1).

For a comparison, the dietary intake assessmerttoaetused in the studies of

Pune, Southampton and South Africa are summariskedvb

The assessment of dietary intakes of energy andomaicients in the Pune
Maternal Nutrition Study was carried out twice aigrithe pregnancy period (weeks 18 and
28) and it was based on a modified 24-h dietarglke€he authors also assessed the dietary
intakes in the form of food groups and this evatuatvas performed by means of a FFQ

(Rao et al 2001

In the Southampton study, a FFQ was administereantdhers twice during
gestation (weeks 15.3 and 32.7) for an assessméme average daily nutrient intake. The
study used a dietary history crosscheck in the fafma 4-day record during early

pregnancyGodfrey et al 1996

The data on South African womeistéyn et al. 2006were part of a study

comparing nutrient intake between South Africa dfehya and they are based on a



secondary analysis of previous dietary studies ainthe National Food Consumption
Survey and the South African Demographic and He@altluy. Dietary intake was assessed

by means of a 24-h dietary recall questionnaire.

All these studies employed trained field workersrées) who visited participating
mothers at home to take anthropometrical measursmenevaluate the socio-economic

status and complete the dietary intake assessment.

American data are based on triplicate samples ®fday menu cycle, which was

evaluated by a chemical analysis.
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45 DISCUSSION OF THE ANALYTICAL PART OF THE

DATA ANALYSIS.

4.5.1 Discussion of the maternal nutrient intake éécts.

Tables 3.10 A-C and Appendices D,E,F and H show a$®ociations between
maternal dietary intake and the fetal — birth —amif postnatal parameter$able 3.17

includes the relationship between fetal weight biadnetry and the gestational age.

4.5.1.1 Maternal nutrients and fetal biometry at U3 and US2.

The gestational age adjusted models “explained™ &@% of variation in the
response variable and the effect of maternal dietdake in these models has only a weak
contribution. This shows that the effect of matémarient intake on fetal biometry is not
SO apparent as it becomes in the postnatal pedodever, there were some significant

relationships and these will be discussed below.

Amino acids are the essential building materialféaal growth. The timing of the
first pregnancy visit fell into the period of majorain development, which requires protein
and polyunsaturated fatty acid$Véstermarck 20Q0 This may explain the positive
correlation observed between the fetal biparietaméter of the first visifBPD1) and

maternakotal protein intake analysed for the same viSOT PROT1,; see Table 3.10 A).
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The maternal plant protein intake near the earlggpancy visit showed a
supportive effect on the concurrent size of fetehd and abdomen, whilst the intake of
animal protein showed a negative relatioship. Sirtyi] the early intake 0c58AFA revealed
a negative association with these fetal biometpeasbmeters. On the other hand, the early
dietary consumption dPUFA showed supportive effects on fetal growth lategestation.
The association with fetal head and length may lrev@ther factors such as effects of
micronutrients (e.g. calcium; rapid bone mineraisaoccurs during the third trimester;
Lucas 199}, or growth factors and other hormones, which skate the bone growth or
mediate the transfer and availability of nutrie(@hapter 4.5.1.3). However, the strong
positive relationships ofPUFA1 maternal intakewith FW2, AC2, HC2 and FL2
measurements seemed to be in agreement with thegtioh the early pregnancy maternal
adaptations. Th&®€UFA1, next to its utilisations in fetus for the brametina and bone
development, is contributing towards the buildifgraternal pregnancy fat stores, which
in turn serve as the major energy source for thesfespecially during the last pregnancy
trimester (see discussion Chapter 4.5.1.3). Ab¢hgarameters were taken during the same
ultrasound scan, therefore adjustment for the gestd age may bias these associations by

“overcorrecting” in the regression model, resultindoss of significance.

The strong association of the HC2 with materf@T PROT intake atV1 was
negative. However, the results do not indicate cvisiource of protein contributed towards
this association the most. From the descriptiveé pathe study it is known that maternal
intake of animal protein was the primary sourcepaftein during pregnancy (Chapter
4.3.1). Therefore, as both proteins are expresséd anergy, it may be possible, that the

negative direction reflects decreasing suppliesnaternalPL PROT as fetal growth
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accelerates in late pregnancy. However, it also beapossible that these negative effects
of maternal dietary intake on skull growth représeome kind of a negative feedback
system that will ensure that excessive skull grosdls not occur at high levels of energy
intake. However, we cannot currently prove thisdtiapsis. A rather complex relationship
between maternal protein intake and the size o#élaylwas addressed by other authors
before Duggleby et al 2002 involving protein conservation and metabolic @d#on of

the mother. Also the partitioning of nutrients beémn the mother, placenta and fetus needs

to be considered.

The maternal total energy intake at VPOT ENERGY2) positively correlated
with the fetal abdominal circumference of the sassé (AC2; Table 3.12 A), and this may
be related toTOT PROT2 (possibly derived fromAN PROT1) as this variable also
correlated withAC2 (Table 3.10 A). The fetal abdomen reflects the sitdetal liver
(Godfrey et al 1996see Chapter 2.5.3.2), especially during the thirddster, when the
liver undergoes rapid growtiRéece et al. 1993

Protein is important in liver development; the @mnttof the liver protein reflects the
qguantity of dietary proteinKosterlitz 1947. Maternal protein restriction during gestation
led to significant growth retardation of neonatb(Desai et al 199§ involving decreased
body weight and weight of liver and brain and ctem@ liver and serum IGF-I levels.
Therefore a positive association betweenTt®d PROT2 intake and fetaRC at V2 may
be expected (Table 3.10 A). Similarly it would exipl the correlation between tH®©T
ENERGY1 and AC1 during the second trimester (Table 3.12 C), howethe positive
association oAC1 with maternal protein intake just “missed” sigo#nce (at p=0.050; see

Appendix D) at this visit. High maternal proteinndéy intakes in some studies, however,
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were reported to restrict fetal growth and resuitetbw BW (Sloan 2001; Andreasyan et
al. 2007;see Chapter 1.4.2.3.3). On the other hand, anifedla low protein diet during
pregnancy are known to have growth-retarded offgpwith a reduce@-cell mass. Earlier
in pregnancy another energy source relatedl@omay be derived from carbohydrate (data
of the current study shows an association wited sugaj. Parretti et a(2001) showed a
significant positive correlation between matern@nginute glucose levels of the OGTT (at
28 gestational weeks) with fetal abdominal circumfee. Similar correlations were
reported also for 32 and 36 gestational weeks fatemal glucose levels at different times
of the OGTT, whilst a negative association was bdar the HC/AC ratio with the
maternal glucose levels. During the third trimestaternalPUFAL1 may be the further
contributor, as the accelerated fat accumulatiorielys during the third trimester would

reflect in theAC measurement.

The maternal energy intake during the third triree$fOT ENERGY2) correlated
positively with the concurrent fetal weigrEEW2) and femur lengthHL2). The positive
correlations between fetal size and weight durireg\2 and maternal intake of total energy
was expected, as during the third trimester thesfétcreases its size quite rapidly and
requires therefore increased energy supplies &t IBO0 extra kJ/d for mothdvicNeill
2000. The contribution oPUFA (alsoMUFA) towards theTOT ENERGY2 to support

the bone growth of femur would also be expected (Hemapter 4.5.1.3).

242



4.5.1.2 Maternal nutrients and birth weight.

While many studies have reported no associationvdest BW and maternal
macronutrient intake, in the current study matepnatein intake TOT PROT?2) at the end

of pregnancy showed a positive correlation withyaBW.

A prospective study in Adelaide in Australiddore et al 200%including over 500
Caucasian women 18-41 y old, found also a sigmfigasitive correlation between the
16w-gestation maternal protein intake and the =By and placental weight. The protein
intake in the Adelaide women was much higher timathe African women of the current

study (89g/d = 16.6%E at 16 and 86g/d=16.2%E @38@weeks of gestation).

The Aberdeen study in Scotlan€gmpbell et al 1996 which carried out a
retrospective analysis of dietary and birth recati253 mothers from 1948-1954, found,
in turn, an inverse association between the mdtgnotein intake (as %E) at 30 weeks of
gestation and the birthweight. Although the protntribution to the total energy intake in
the African population was slightly higher in comipan with the protein intake of mothers
in Aberdeen (13% vs 12.2% in Aberdeen), the amanintcrude protein intake in

Johannesburg mothers was much lower (53.8 g vg).73

High protein supplementary intakes86g/d) lead to a decreased birth weight by

71g in the New-York trial§loan et al 2001See Chapter 1.4.2). This was in comparison

with a mean intake of protein 50-84.9g/d.

248



The study from the rural area of Haryana in Ind®ad et al. 200)/ detected an
association between a very low maternal daily ealortake (below 6276 kJ) and low
protein intake (below 40g) during the third trimersivith the baby’s low birth weight.

The Pune study in India (see Chapter 1.1.2) didfindt any association between
protein intake or energy intake and BW, howeverattors found a strong association for
micronutrients derived from green leafy vegetalaled fruits and the fat derived from milk
(Rao et al 2001)The amount of protein present in consumed milk associated with
increased birth size and placental weight in thieysfrom Denmark@Isen et al 2007see

Chapter 1.4.2.3.3).

Therefore, the association between maternal pratééke and baby’s BW may be
an inverted U-shape, where not only low but alsghhprotein intakes may impact
negatively on baby’s birth weight. However, sirlbe nutrient intakes with respect to the
total energy intake are intrrelated, it is likehat the low/high protein intake effect will be
related to the ratio of other nutrient intakes, thial energy intake or to the quality of the
protein itself. Unfortunately, the current stuegults did not show any further significant
associations with BW and the effect of dietary ketavith different ratios of macronutrinets

was not evaluated.
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4.5.1.3 Maternal nutrient intake and postnatal antmopometry.

The maternal total energy intake during pregnandyé current study did not show
any associations with the postnatal infant anthnogtoy, however the concurrent energy
intake TOT ENERGY3) was positively related to infant's weightVEIG2) at the last
postnatal visit. The majority of mothers breasttedir infants for a few months after
delivery and many of them were continuing with Istéseding in addition to using infant
feeds near V3. Many studies analysed the relatipnshpostnatal nutrition to infant size
(Lucas 199}, and found similar associations.

As stated already in the Results Chapter (3.10)cdmparison with the fetal
biometrical parameters, there were numerous assn@abetween maternal macronutrient
intakes and the infant neonatal length and bothnatsl BMI measurements. As length is
inversely related t@MI, these associations wiBMI were in the reverse direction for

length.

The total protein dietary intake at VIQT PROT1) showed an association with
baby’s postnatal weightWEIG2) and BMI 1 and 2 (adjusted or unadjusted for
confounders), which is most probably relatedthe animal protein intakeAN PROT1)
also at V1. This would emphasise the importancenaternal protein intake in early
gestation influencing the infantBMI at 6 months after birth. Similarly, there was #ea
of maternal protein intake later in preghancy orbym neonatal and later postnatal
anthropometry. Also, this supported the associatesn already between the fedél2 and

TOT PROT2 intake (Chapter 4.5.1.1).
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It was noted that the intakes of animal and plaatgins produced different effects
on infant anthropometry. Whilst the animal proteontributed towards the infantBMI
(and the fetaRC2 adjusted for age druing V2), the plant protein rfunerals associated
with its intake) seemed to be supportive of lingeswth. Therefore the association of

plant protein with linear growth was studied using the available literature.

Duggleby et al Z002 studied protein metabolism in pregnant women fanahd a
strong association between maternal protein syisttzasl fetal growth during the second
trimester. Thus, the mothers who had larger proteinover also had babies who were
longer at birth. However, this relationship appdate be independent of the mother’s

height and protein dietary intake.

Muaku et al {996) showed in pregnant, dietary-protein restricted taisats that
reduction in serum IGF-I1 may contribute to the et somatic and organ growth
associated with low protein diet. Also, feedingighhprotein diet to malnourished children
due to diarrheal disease in Bangladdsabir et al. 1998 led to an increase in their linear
growth during the 6-month follow-up period, suggesta key role for protein in the
children’s growth. An increased dietary proteinak# in adolescents was associated with

bone growth independently of calcium intake andiated by IGF-1 Bonjour et al 2001

Inadequate protein intake seems to be associatadielayed skeletal growth and
reduced bone mass, whilst sufficient intake of @rohas to be accompanied with a
sufficient intake of calcium\atanparast et al. 20Q7%o produce a beneficial effect on bone

growth.
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Different types of protein show different effectBhe animal protein is high in
sulphur-containing amino-acids, generating an acickllular environment. The plant
protein (fruits and vegetables) is less acidianore basic. If the renal buffering capacity is
overwhelmed, the bone reacts by releasing the natbpcitrate and sodium and calcium to
neutralize this acidBarzel et al. 1998 However, the plant proteins found in soy, corn,
wheat and rice (purified plant proteins) have samisulphur content as some animal
proteins in eggs, milk and muscle from meat, pgudind fish and increase urinary calcium
(Massey 2008 On the other hand, the calcium in milk, potassand magnesium in fruits
and vegetables (e.g. legumes, grains) can dectbasarinary calcium lossedM@ssey
2003; Vatanparast et al. 2007)In addition, there are also effects of other ieats, such

as vitamin D or caffeine on the bone health.)

Therefore, it may be possible that the plant proteitake recorded for the
participants in the current study could contribtwethe linear growth of the offspring
measured during the neonatal period. The negasisecsation of the animal protein intake
with neonatal length could indicate either the @ased intake of this protein or insufficient
intake of the plant protein to stimulate the linggowth. The ratio between these two

protein intakes may then be important.

Thus, during the early antenatal period, maternatiein intake (possibly the animal
protein) may support general growth, i.e. incregdigtal size (as a “fuel to the growth

process”;Lucas 199]) stimulating various growth factor§he plant protein, in turn, might



stimulate the growth ifength, which association was then apparent irptistnatal infant

parameters.

The maternal dietary intake of saturated fat duboth pregnancy visitsSAFAL
and SAFA2) was positively associated with the later postniafant BMI . According to
Mensink et al 2003) dietary fats produce different effects on theobldipid levels. The
SAFA acts in the opposite direction to the PUFA afidFA, which both lower the blood
levels of triglycerides and LDL cholesterol. The S¥mediated increase in levels of
maternal lipids during pregnancy may thus contebtd the programming of increased

BMI of the child.

The demand for the long chain PUFA (LC-PUFA) by fiéteis is well documented,
as it is required for brain and retina developrmeamd for their future functionBurdge et
al.2009. As maternal intakes ¢fUFA and MUFA showed associations with the postnatal
anthropometry, the mechanism of their involvementthe bone growth was further

investigated.

There is limited data on the effects of PUFA on harand especially infant skeletal
metabolism, however, the involvement of fatty aégidbone modeling and remodeling was

demonstrated in a number of animal studies. Sontieest studies are discussed below.

The effect of PUFA on bone metabolism is producedchanges in prostaglanding
synthesis \(Vatkins et al. 2000a2001). Arachidonic acid (AA, 20:4 n-6 — a long chain

PUFA) is a precursor of prostaglandin (2-eicosasioiBrostaglandin E2 (PGEZ2) produced
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in bone tissueJardesai 1992can stimulate bone formation as well as bonerptsm.
This action depends on its concentrations. Whilstvaconcentration of PGE2 stimulates
bone formation, a high concentration decreasesdtfiect, and can further lead to bone

resorption Watkins 200,1Mollard et al 2003.

The stimulatory effect of PGE2 is mediated via @a&sed osteoblastic production of
the insulin-like growth factors and their bindingpfeins McCarthy et al 1991Baylink et

al 1993)

Studies with chickens and rats showed that inangasi3 PUFA by dietary intake
decreased the n-6 to n-3 ratio and reduced PGE#arehsed the serum levels of alkaline
phosphatasel( et al 2003 Watkins et al 2003 and 200deading to a preservation of

femur bone.

In addition, studies on rats and mefryger et al 2005; Watkins et al 2006;
Hogstrom et al 2007; Li et al 20L@onfirmed the beneficial effect of the docosaltezxac
acid (DHA; 22:6n-3 PUFA) and also of the conjugadiadleic acid (CLA; butter and milk
fat; Li et al 1999; Watkins et al 2000lon bone metabolism. Downregulation of PGE2

stimulated IGF/IGF-BP mediated bone formation.

Another mechanism by which n-3 PUFAs regulate birdight involves their effect

on gestational length. Increased intakes of n-3 #AdEcrease the production of uterine



prostaglandins, which initiate uterine contracti@ghe beginning of labou{sen et al

1986.

There is not much information on the effects otaligMUFA on bone metabolism.
Authors of a study on healthy men and women in AsheGreece, reported a direct
relationship between dietary intake of MUFA (frorlive oil) and bone mineral density
(Trichopoulou et al.1997)However, the association with the infant postnkgagth in the

current study was negative.

Dietary intake ofSAFA was found to be inversely associated with bonesitiein

animals and men/Aohl et al 1998; Corwin et al 2005

Therefore, the effect dPUFAL on neonatal length most likely represents a real
association. Unfortunately, the ratio between m@ a6 PUFA was not investigated in this
study. The positive relationship #fUFAL1 with neonatal length may indicate sufficient
supply of n-3 PUFA during early pregnancy stagegte establishment of fetal long bones

(gest. month 3-5; See Chapter 1.3.2.1).

The weaker negative associatiorPiJFA2 with neonatal length is more difficult to
explain, as it is not supported by data in therdiiere. The assocition is weak and it is

possible that the result occurred by chance.

As the effects of nutrients are not isolated, passible that, while the maternal fat

intake (together with maternal fat stores) suppitrésaccumulation of the fetal fat deposits,

25C



thePL PROT2 intake may support bone metabolism. However, &rthsearch is required
to confirm this.
In combination this data shows differential effeofsmacronutrients on postnatal

growth that may act during different stages of peewy.

4.5.1.4 Maternal nutrients and postnatal metaboliparameters
In this section the postnatal metabolic paramet@ssociated with glucose
metabolism (glucose and markers of the inf@ntell function INS, Pl, HOMA-IR ),

obesity LEPT) or nutrient statudGF-BP3) were evaluated.

As described in Chapter 3.9, there were many aasocs between maternal dietary
intake and markers of infant postngatell function. These mainly involved the neonatal
INS and HOMA-IR levels. There were similar associations for teenatal and later
postnatallNS and HOMA-IR concentrations, therefore a similar mechanisnmxzeeted
for these relationships. Also, both sets of metabeariables showed similar associations
with the maternal protein and fat intakes as werend for the postnatal infaBMI (i.e.
positive for the protein and negative for the madérfat intakes). No effects f@AFA

consumption during any pregnancy visit were found.

Maternal total energy intake in the second trinte§t®©T ENERGY1) did not

show any significant correlations with postnatalagise, or other examined variables. For

the third trimesteTOT ENERGY?2 intake, there were significant relationships fouvith
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neonatal glucoseGLC F1; inverse correlation) and fasting insulitlNgE F1; direct
correlation) and with the 6-months postnatal fastgilucose GLC F2; also inverse
correlation). These outcomes are the result ofcbmbined effects of protein, fat and

carbohydrate energy sources.

An interesting observation was the concurrent negagtssociation between
maternal total energy intake at VEQ@T ENERGY3) and infant insulin INS F2) and
HOMA-IR2 and a positive correlation with infant leptihEPT2). Leptin involvement
could be related to infant weight, as serum/platpén is known to correlate with body
mass Kelland et al 1998 and also theTOT ENERGY3 showed a significant positive
relationship with the concurrent infant weight.

Similarly this applied to the correlation betwddBPT2 andPUFA2. The study of
Ogueh et alX999 found that human fetal blood levels of leptinreesed with gestational
age in agreeement with fetal adipose tissue dexwedop and accretion of fat. The authors
also suggested that leptin had a role in fetal bieaelopment, as it was assocaited with

decreses in bone resorption, with a resulting eean bone mass.

For the relatively increased insulin secretithS F 1 and 2 and elevatetHOMA-
IR1 index it seems that the animal protein intakeesponsible, while the plant protein
intake PL PROT2) has rather a protective role showing negativati@iships withiNS
F1 and 2 and HOMA IR 1 and 2. The PL PROT1 intake also showed a negative

relationship with infant proinsulirP] F2) levels.
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The effect of the plant protein may be mediatedtegi@affect on the growth in length
and decreased BMI. In addition, there may be éhéurprotective effect on infarft-cell
function (see negative correlations witNS F1 and 2 and HOMA-IR1 ) of maternal
PUFAL1 intake, which also shows a stimulatory effect wiamt length. The animal protein
intake is reflected in the total protein intakKEOT PROT1) where both have positive
effects onINS F1 andHOMA-IR1. Protective effect of PUFA was shown in the study of
Salmeron et al200]) in decreasing the risk of Type 2 diabetes in wome

A study in India found that a partial substitutiohdietary linoleic acid (18:2 n-6
PUFA) with alpha- linolenic acid (18:3 n-3 PUFA) wassasiated with decreased blood
lipid levels and improved periphergisulin sensitivity in sucrose fed rat$5hafoorunissa
et al. 200%. An epidemiologic study of over 3000 people ipaa 35 —66 years old,
assessed nutrient intake based on a diet hista@gtignnaire and observed that increased
intakes of alpha-linolenic acid lowered the premake of insulin resistance among normal

weight individuals fMuramatsu et al. 2000

Low carbohydrate intakef OT CHO2) was related to elevated levels of infiNg

F1and 2 andHOMA-IR1 and 2 possibly due to their relationship with the inf&M12 .

The reasons for the positive correlations of matlednetary intake oMUFA2 and
PUFAZ2 (third trimester) and negative correlations of total carbohydrate intak&d QT
CHO2) with infantINS F1 and 2 and HOMA-IR1 and 2 are unclear. As explained in
Chapter 4.5.1.3, the maternal intakeRtdFA2 may have improved fetal weight/fat mass
during the accelerated growth phase of the thiebpancy trimester, which may have

effects on infant insulin levels.
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To further evaluate the association of the matediethry intake with neonatdNS
F1, an analysis employing crude intakes of macromuiisigias carried out.
All these associations also revealed significantt@mes, except for th€OT FAT1 and
PUFA1 intakes for early pregnancy and tiRt PROT2 and TOT CHO2 for late

pregnancy.

The levels of the babydGF-BP3 correlated with maternaRN PROT and
MUFA2 intakes, always showing a positive relationshipergfore, maternal protein,
specifically animal proteinAN PROT 1 and 2 seemed to be involved in the regulation of
the infant postnatal concentrations IGGF-BP3. IGF BP3 concentrations are known to
decrease, whilst IGF BP1 concentrations increasie maternal food restrictiorluckman
1995. This was seen in studies with experimental alimahere reduced levels of IGF-
BP3 in fetal sheep correlated with maternal preeptional malnutrition Gallaher et al.
1998. Qiu et al 2009 investigated early nutrition intervention in IUGRonatal rat pups
and discovered that pups on a high protein dietgued with the fastest catch-up growth.
They had highest IGF-1 and IGF BP3 serum levelslevthe low protein diet intervention
group pups were small and IGF-1 and IGF-BP3 wageifstantly lower. IGF-BP3, due to
its binding with IGFs, serves as a pool for thewgtofactors in the circulationMurphy
2009. Therefore significantly increased levelsIGF BP3 between the neonatal and the

second postnatal visit in the current study malecefa good nutritional status of the child.

The nutrient intake associations with infant posthanetabolic parameters were
adjusted for infanBMI , to exclude possible interference B¥1l in their relationship. In

the case of the protein results, the correction BMl in the majority of outcomes
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weakened the effect of protein. However, these casons still remained significant or
near significance. Therefore, there is some smmalblvement of infantBMI in the
outcomes. However, the direct influence of prostithremains (Appendix H).

After adjusting for fat intake and infa®@MI, a number of significant outcomes
between the maternal fat intake and the fetal noditalparameters, weakened. The
correlation betwee?rUFA2 andLEPT2 however lost significance completely, therefore
this association is driven mainly by infaB#| and the contribution dPUFA2 is minimal

(Table H2).

A few weakened correlations were seen after adgstrfor BMI for TOT CHO,
added sugarand TOT ENERGY intakes (Table H3), however most of the relatignsh
maintained significance indicating that matern#ltcarbohydrate and total energy intakes

do have direct effects on neonatal and infant nadimparameters.

4.5.2 Discussion on maternal vs. fetal - infant mabolic

parameters.

Maternal hormones in fetal growth, birth parameters and infant growth with respect

to the risk assessment for the development of futerType 2 diabetes.

See Chapter 3.10 and Tables 3.12 A-C. The sepeegtession models are presented in

Appendix J. Each of these models includes only dbeariates that were significantly
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related to the fetal-infant parameter of inter@ditother covariates, which were included in

these regression models, are presented in Appéndix

4.5.2.1. Fetal and postnatal growth rates

GRRT1: Fetal growth rate between the two pregnancy vi@its and V2) was
positively related to the maternal weigMW1) and the placental lactogeHRL1 and 2)
at these visits (see Chapter 3.10). The concemraif maternal HPL, secreted by the
placenta, reflects the placental functig@luckman 1995; Picciano 2003)A well
functioning placenta will stimulate fetal growths &PL directly stimulates insulin and
IGF-1 secretion and possibly regulates the supplylucose and amino acids to the fetus
(Brelje et al. 1993; Handwerger et al. 2000; PicasaB003. The above finding supports
the role of HPL in fetal growth. A similar outcomes reported bpgrensen et al (20D0
who found a significant positive correlation betweabe HPL slope and the fetal growth
rate.

The maternal size influences the neonatal sizefiafgr due to the genetic
component and partially because the maternal gftects her own nutrient status (see
Chapter 1.4). Thus, mothers of a larger weight (BMill tend to have babies of a large
BW (univariate correlation in this study: p=0.00270.306, N=104) and the BW is an
outcome of the fetal growth~¢rsén et al. 1997; Romundstad et al. 200w preghancy
weight gain was associated with underweight mothleading to growth retarded fetus
(Strauss et al. 199%chieve et al. 2000There was dairect correlation between maternal
weight and the placental volume and then betweenpthcental volume and the fetal

growth rate shown in the study dhame et al(2004. Obese mothers, however, also tend
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to have smaller babies, therefore the relationbbtpveen maternal weight and birth weight
is an inverted U-shape with a consequence of iragajfucose tolerance in the offspring of

the thin and obese mothefMdMillen et al. 200%

The regression analysis of the V2 parameters shaidsm a significant positive
contribution of the maternal systolic blood pressof V2 BP SYSJ to the fetalGRRTL1.
It should be reminded, that hypertensive patiergsewiot enrolled into the study. Results
of various studies showed, that there was an iseceancidence of preterm birth, low birth
weight and also fetal death with low systolic andstblic blood pressure<liang et
al.2001h. This was possibly due to a low placental blodavf(Jones et al. 1983
resulting in a low nutrient supply to the fetus amdow oxygenation. However, high blood
pressure present in mother before pregnancy was lislked to the small size of the
newborn Romundstad et al. 20D7Therefore the relation between the maternal dloo

pressure and fet&8RRT may also be an inverted U-shape.

Finally, the regression model adjusted for confaradgest. age, fetal sex, maternal
height and maternal weight), showed a significafiuence of maternal leptiLEPT2;
removing significance of maternal weight). The majason for this is likely to be the

known positive effect of leptin on fetal growtHdrigaya et al.1997; Helland et al. 1998

GRRT2: The fetal growth rate between V2 and delivery wagniBcantly
positively related tanaternal height and maternaFT4 at V1 or maternal fasting?l at

V2. Maternal height adjusted for the birth age, wigsiBcantly associated with baby’s



BW (p=0.013,p=0.219 for height and p<0.00$=0.423 for birth age, AR 0.220; see
Appendix H.1.2). As with the maternal weight, thésean effect of maternal height on
baby’'s size Kramer 2003. Thus, taller mothers will have bigger babiesnthshorter
mothers delivered at the same gestational age,hwieiitects the larger placental size of

taller mothers (see maternal constraint, Chapte2.1).

T4 is an anabolic hormone and its active form is ftegroxine (FT4).FT4
concentration peaks during the first trimester fiath the second trimester declines slowly
until delivery. Maternal FT4 in early pregnancy €ses the placental membrane and from
about week 2Ghe fetal thyroid gland is able to produce its oW, however for the
production of its own thyroid hormones, the fettsys dependent on the maternal iodine
supply until delivery. FT4 regulates the metabobte of the mother, and therefore it is
involved in the efficiency of placental transporidasubstrate availability to the fetus.
Downregulated maternal thyroid hormones in earlggpancy would delay nutrient
transport and may also contribute to an inadegdewelopment of the fetal thyroid gland.
Fetal thyroxine regulates uptake of oxygen by fétdues. Hypothyroidic sheep fetuses
have decreased oxygen uptake, which slows downfeta oxidative metabolic rates,
involving glucose cellular uptake and the fetalelsvof glucose and insulin. This situation
is reversed by an external thyroxine supply. Hypuaildic fetuses are growth retarded
(Fowden et al. 1995 Thus, maternal thyroid hormones earlier in peggty may positively
affect the fetal growth rate during the third trster. Further, FT3, generated from FT4, is
known to stimulate bone formation (activates GH d@d-1 signalling;O’'Shea et al.

2009.
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Proinsulin PI2) as a precursor of insulin, an anabolic hormoheukl stimulate the
fetal growth rate. PI (or INS) of V2 will be mordfective, as their levels increase during
the course of pregnancy. Insulin increases thd fatabilical glucose uptake, glucose
utilisation and oxidationHowden et al. 1988 Increasedetal insulin levels lead to fetal
macrosomia (such as in maternal diabetes — fesallimlevels rise due to high maternal
glucose levels), while lack of insulin impairs feggowth (body weight and length of limbs
seen in neonatal sheep after fetal pancreatectbmygden 1992 SGA neonates had low
levels of venous cord blood insulin levellurphy 200§. However, neither maternal
insulin levels nor glucose levels correlated widiaf growth rate before delivery and
therefore it is also possible that PI may have salinect effects on placental glucose
transport or some other placental function. A tgatal role for Pl has been demonstrated
by Kamoda et al2006),who investigated serum levels of Pl in obese cbildThe authors
discovered that PI, as well as INS, can participatihe suppression of hepatic IGF BP-1
production. Although there was no correlation bemwenaternal FT4 at V1 and PI at V2,
an effect of thyroid hormones @ncell function was shown in the study of Wu et948.

In this study, thyroxine therapy of hypothyroid ipats elevated their previously
suppressed levels of proinsulin ama hyperthyroid patients, antithyroid drugs deceshs

the proinsulin levels.

GRRT D-Ba2: The postnatal infant growth rate assessed betwebved/ and the last
postnatal visit Ba2 showed independent positivetrdmutions of fetal gender and INS
RES2 The boys in the current study showed higher atngrowth rate; p <0.001,
AR?=0.210, F=20.1 by ANOVA (see Chapter 3.1Gjlbert et al. 2007).A gender

difference in the fetal growth rate was not foundthe current study. However, growth
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charts constructed by various large studies foritoong fetal growth, demonstrated sex
differences in the second half of pregnancy witghbr growth rate for male fetuses
(Marsal et al. 1996See Chapter 1.4.1).

The increase in the insulin resistantdS RES2 allows for enhanced placental
glucose transport and supply to the fetus, stirmgathus the fetal growthDunne 1999
Jansson et al. 2001Elevated insulin levels stimulate the glucos&yemto fetal tissues
and the subsequent glucose utilization and oxidgtitay et al. 1985 This would explain
the positive association between maternal ins@sistance at V2 and baby's growth rate

after birth, which is the continuation of the fembwth before delivery.

4.5.2.2 Birth size

BW: In regression model, correcting for confoundéms, strongest effect oBW
was produced purely by these confoundB&. was associted with maternal weighW/
1 and 2, maternal height and thebirth age and theBW was significantly higher in boys.
As the pre-selected variables that correlated thidBW (see Appendix I) includetNSF2
andLEPT2, the model had to be adjusted for matemaight/ BMI. After adjustment, no

influence of maternal pregnancy hormones was found.

BHC and BL: The associations obtained fBL andBHC were similar for both
variables and includedAW, gestational age maternal leptin at V1ILEPT1), which
correlated positively and théGF BP1 at V1/V2, which correlated negatively.
Transplancental transfer of maternal leptin to fiétes increases during late pregnancy as

reported by McMillen et al2006 and cord leptin levels were found to be correlatéth
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birth weight, ponderal index, birth length and headumference in the study of Ong et al.
(1999; ALSPAC cohort of the Avon Longitudinal Study of Breancy and Childhood).
Also, as reported earlier (Chapter 4.5.1.4), adogrdo the study of Ogueh et @999
leptin had a positive role in fetal bone developtnas it was associated with decreases in

bone resorption, with a resulting increase in bmiass.

During pregnancy, thEsF BP1 is secreted by the liver and maternal deciduaitand
is the main controlling factor for IGF-1 actioMrphy 200§. A negative correlation
between the IGF BP1 with BW was reported by otltediss Murphy 2006, whilst the
IGF-1 and IGF BP3 were correlated positively. Thene, the indirect association tBF-
BP1 with the neonatal size found in the current studyiM be expected, especially as the
fetal parameters involve bone growth. Thus, elvabncentrations of maternal IGF-BP1
have been associated with IUGR fetuses in connectith delayed bone ossification

(Verhaeghe et al. 1998agha et al. 2006

4.5.2.3 Postnatal infant anthropometry

BMI Bal: The infant neonatal BMI Bal was, as for birth virtjgletermined by the
baby’s ageAge Bal and maternal pregnancy weigM\{/1 and 2) and further negatively
associated with the maternal proinsulin lev@#-( and Pl 30min at V1andPI F2 and
Pl 60min at V2). Higher baby’'sBMI will reflect the mothersBMI, maternal nutrition
and also may be connected to the increasing méatpnegnancy insulin levels. The

negative correlation with proinsulin levels is ragmpletely clear. Low proinsulin may
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reflect increased conversion & to INS in the environment of high glucose levels.
Glucose crosses to the fetus and drives fetal imsédcretion However, no significant
relationship was found for maternal insulin or glse concentration of V1 with neonatal

BMI Bal.

BMI Ba2: The infantBMI Ba2 at six months after delivery reflected more thalfet
gender, with boys having great&MI values. Although the maternal pregnancy weight did
not show a significant association wlBMI Ba2, maternal leptin at the earlier pregnancy
visit (LEPT1), which correlated with maternal weight (see abpwad a strong positive
relationshipBA BMI2 was also positively related to materifdb RES2 levels. A similar
mechanism as for th6RRT D-Ba2 is expected, with insulin stimulating fetal growth
Both infant variablesRaBMI2 and GRRT D-Ba2) are strongly correlated (R = 0.680,
p<0.001), which is mediated via infant weight. A&ak negative association BMI Ba2
was observed with maternal levels IGfF BP1 (V2). A negative association would be
expected, as circulating levels of IGF BP1 havenls®wn to be inversely correlated with
leptin in non-obese adultS¢§derberg et al 20QJand also inversely correlated with insulin
(Hwang et al 200Band insulin resistance. Also, the study of Kametal 006 found
that the best predictive parameters for IGF-BPbbese non-diabetic children were BMI
and proinsulin and that proinsulin was involvedtlwe suppression of hepatic IGF-BP1
production.

Further, a negative association of the bal®MIl with maternal glucose of V1
(GLC F1) was observed. The reason for this inverse cdioelas unclear, as the fetal
glucose reflects maternal glucose levels and sétaslfetal growth (see above). Therefore,

similarly as with the proinsulin correlation, sorather factors may be involved in this
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relationship. High glucose concentrations in cétunedia with amino acids (in vitro
experiments with isolated fetal rat islets of Largmse) in the study of Hogg et al903
stimulated IGF-BPs release in a dose-dependant enawhile increased concentration of
amino acids in the media stimulated release of trofactors, especially IGF-2. With
increasing concentrations of both the amino acis glucose, insulin secretion rose. The
negative relationship of maternal glucose with batBMI may thus reflect the balance
between the concentrations of the growth factoid their binding proteins, which will

depend on the ratio of protein and maternal glucoseentrations.

4.5.2.4 Postnatal infant metabolic variables

GLC F1: Baby’s neonatal fasting glucosBl(C F Bal) was proportionally related
to baby's ageAge Bal and weight {\V Bal) and mother’s fasting glucose at VGL(C
F1). In addition, maternaHPL2 and CORT2 showed a direct relationship, whilst the
maternal FT4 (V2) concentrations were related negativelAll three hormones were
associated independently, as they were all padnef regression model. THéPL2 was

significant only in the analysis unadjusted for foamders.

Maternal cortisol was measured only at the second pregnancy vig} &id the
last postpartum study visit (V3) and its leveld/@were more than double the levels after
delivery (Table 3.4).

In animal studies, external glucocorticoids adnterisd in late pregnancy are
known to reduce BW, resulting in hypertension aleVvaed glucose levels in adulthood

(Nyirenda et al. 1998; Ozanne20Q01Glucocorticoids can cross the placenta and their
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excessive amount may override the control mechaofstine placental 113-hydroxysteroid
dehydrogenase2 (HSD2), the activity of which isoatownregulated by maternal low
protein intake (see Chapter 1.4.2.4L4éngley-Evans et al. 1996 Glucocorticoids can
inhibit insulin release an@-cell replication (see Chapter 1.2.5.6), therefxposure of the
fetus to higher levels of maternal glucocorticoigay lead to elevated glucose levels
during the early postnatal life. The protein intakethe study participants was found low
(see Dietary intakes), which would also suppos #xplanation.

An association of the neonatal fasting glucdseé@ F1) with maternal placental
lactogen HPL 2) may result from the stimulatory effects of matérhiL on glucose
delivery to fetus Fowden 200% This would support fetal growth and relativebrder
neonates would present with relatively higher lsva glucose, although within a normal

range.

GLC F Ba2: An association of the infant 6-month postnatalifesglucose GLC
F2) with maternal placental lactogen from both pregyavisits HPL1 and 2) supports
the previous association wi@LC F Bal.

The inverse relationship with maternal proinsulavdls was also part of the
regression outcome f@lc F Ba2 andHOMA-IR Bal . Again, lowPI may reflect higher

PI conversion to insulin in the mother due to highemnaal glucose levels.

Metabolic parameters Fasting baby’s neonatal insuliiNS F Bal) and also the
homeostatic indexHOMA-IR Bal) were inversely related to maternal thyroid horesn
of the first pregnancy visitHT4 V1). The recombinant human IGF-1 administered to rats

diminished FT4 concentrations in these r&sll{zas et al. 1998 possibly due to decreased
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number of TH receptor expression which lead to degulated metabolic action of FT4 in
the liver. Therefore, elevated blood levels IGFhamtrations (still in normal range range)
may cause a decline in the maternal serum FT4 otrat®n still supporting the fetal

growth, with lower levels of FT4 indicating highlewels of the growth factor.

There was a significantgender difference in the infant postnatal leptin
concentrationsLEPT1 and 2) with higher levels in females (see Chapter 3.1&)th
increasingage as the infant is gaining weigfitV Ba 1 and 2) leptin levels also increase
(Harigaya et al. 199). The correlation between BMI and leptin is watiokvn (McMillen
et al. 2009, as is its gender differencelélland et al. 1998 Maternal leptin blood levels
before birth were associated with fetal leptin lbldevels from the umbilical vessels in a
study in Brazil Castro et al. 2006 A high carbohydrate diet given to pregnant sows
increased the neonatal leptin levelsttén et al. 2004 therefore an elevated maternal
glucose levelGlc 60’ V1) may contribute to the elevated neonatal leptimceatrations as

observed in the current study.

Some of the effects of maternal hormones on infieertkers ofs-cell function may
be mediated by maternal adiponectin, which is knéevmodulate glucose tolerance and
insulin sensitivity. It is also present in the &semilk, where it is believed it may have a

preventive role against obesity, if found in loveenounts $avino et al. 2008
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Summary:

The regression analysis has shown that materndrapdmetry and maternal
hormones during the second and also the third stienedo influence the rate of fetal or
infant growth and early metabolic health. Thesatm@hships are probably very complex, as
there will also be influences of variables, whickrer not measured in the current study.
Many hormones mediate the effects of maternal enitrintake, their processing and
partitioning between mother, placenta and fetusyeflore these interactions may also
reflect in the analysis outcomes. Certain assariatiespecially with birth weight may be
an inverted U-shape, or some studies report aldwmged curves, however, proving such a

relationship requires larger subject numbers.

4.5.3 Discussion on the correlations with Socio-Esomic Status (SES)

Mother's and father's education showed significaalationships with family
income. There was a very strong relationship betweether's and father’s educational
status (Chapter 3.11), women were more likely taubemployed as were their partners
(see Chapter 3.1.3.2). Maternal employment posjtizerrelated with her physical activity.

The mothers who grew up with many siblings in teenity (and thus had fewer
opportunities to study), were also the women withvdr education, lower family income,
less physically active during their gestation andrenstressed. On the other hand, the
higher education of mothers and also fathers wascested with lower maternal cortisol
levels measured at V2. However, this relationshgs wot associated with family income,

as the income did not show any correlation witherre! cortisol.
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Employed mothers showed higher weidd®/l and leptin levels during pregnancy,
elevated serum insulin concentration and insulgistance index at V1 and plasma glucose,
area under the glucose curve and proinsulin lexeM?2 (see Table 3.14A). However, all
these associations were attributable to the cdiwek with maternal weight anBMI ,

except for thé’l F of V2 (evaluated by the regression analysis).

The neonates of employed women had lower fastingogle levels (Table 3.14A).
The published expected glucose range for infants Gvdays of age are between 3.00
mmol/l and 6.49mmol/I%oldin et al. 200)( The fasting glucose range in the current study
was 2.8mmol/l to 5.3 mmol/l. Based on the regressiguation, the employed mother had a
baby with 3.86 mmol/l fasting glucose concentrationaverage, whilst an unemployed
mother’s baby had fasting glucose levels of 4.080Mim

Both mother’'s and father's employment were alsedly related to the neonatal
length and also employed fathers had offspring dbveer ponderal indexRONDIX),

however there was no significant correlation betwtbePONDIX and income.

Although the family income did not directly corredawith maternal weight, it
seems to be an explanation, together with the sevesignificant correlation between
maternal weight and cortisol, which was also asdedi negatively with maternal and
paternal education. More educated parents may gedsetter for the family (better job and
better income), resulting in less stress (Tabl®&)3ahd better nutrition. As there were no
diabetics included into the study, the “high” matdr glucose and hormonal levels of
proinsulin, insulin and insulin resistance indexXle& “healthy” adaptation to the

pregnancy. Similarly, the inverse associationmfaint fasting glucose andlONDIX with
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the employment of parents rather represents a Wahyparameters on the “healthier” side
of the study population range. On the other hankssed mothers may experience
inadequate elevation of insulin, poor delivery dfiogse to the fetus, resulting in low
adipose tissue mass and possibly shorter birthitHehjgh cortisol levels in mothers were

shown to downregulate the fetal growBe(ediktsson et al. 1993

No correlation was observed between birth weightl amy socio-economic
indicators selected in this study. This may be wua narrow range of the socio-economic
differences in this studied population. Howeverthe Helsinki cohort, the links between
the poor material wealth and future disease wewadoonly in those born thirBéarker

2004).

CHAPTER 5

SUMMARY AND CONCLUSIONS

To the authors’ knowledge, this study is the firsAfrica that followed a group of
pregnant (urban) Black African women in order teritify factors during pregnancy, which
may predispose their offspring to future Type Zdias.

The study has evaluated the effects of the mateheshry intake of energy and

macronutrients and hormonal levels during pregnamtyfetal growth, birth weight and
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size and infant postnatal glucose tolerancepaodll function, which are among the known

risk factors predisposing subjects to Type 2 diebéter in life.

1. The first aim of the study was to assess if the mamnal pregnancy dietary

intake of macronutrients affect fetal, birth or pognatal size or growth.

The timing of the first pregnancy visit fell intchaé period of major brain
development and of the linear growth which bothurexjprotein and polyunsaturated fatty
acids. The third pregnancy trimester is charaatdrizy accelerated fetal growth and fetal

fat accretion.

The nutritional intake of mothers during pregnaircyhis study was characterized
by rather low energy intake, mainly due to a lomsumption of dietary protein, especially
of plant protein. The total crude amount of fataké was higher than was the intake
observed in South African non-pregnant women ofdebearing age, with the main
contribution from saturated fat and lowest contiidu from polyunsaturated fat. The intake

of total carbohydrate adjusted for the energy iatatas well in range of the RDA.

The effects of the above maternal dietary intakdedal biometry were analysed.
The gestational age adjusted models “explained’r &@% of variation in the fetal
biometry variables with the effect of maternal digtintake in these models being very
weak. However, there were some significant relstigos and these will be discussed

below.



Adjusting for gestational age (and other confousjeassociations between total
maternal energy intake and fetal parameters weumdfo with maternal protein and
carbohydrate acting as the major energy sourcesetat growth. Although correlations
between maternalOT ENERGY2 intake and fetal weight and length at V2 were also
significant, from the adjusted results it was novious what nutrient contributed the most.

Among unadjusted parameters this effect would tséatable to thePUFAL intake.

The strongest association observed wakl©2 with maternalTOT PROT intake
at V1 and it was negative. However, the results do mcate, which source of protein
contributed the most towards this association. ggsstion was made, that the negative
relationship may be due to a decreasing suppBLOPROT or possibly this may represent
a negative feedback system that ensures that éxeedwull growth does not occur at high
levels of energy intake. However, we cannot cutygurove this hypothesis.

No significant correlation between maternal intakenergy or macronutrients was

found for fetal growth rate.

In conclusionmaternal total energy intakeas associated with fetal weight, length
and size of abdomen, whilst maternal protein intaks related to fetal head development
and animal protein intake was reflected in the corent size of the fetal abdomen at the
end of pregnancy. Polyunsaturated fat intake maydbated to fetal fat accumulation
(FW2, AC2) and linear growth KL2). However, not many significant correlations of
maternal dietary intake with fetal biometry weresetved. This confirms that the effects of
maternal nutrition during pregnancy were not as/\avious during fetal life as during

early postnatal life.
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The current study has found a positive relationdgween the maternal total
dietary protein intake (expressed as a percenthtie dotal energy intake) during the third
trimester and the infanbirth weight. A similar finding was reported in the study

conducted in Haryana, IndiR&o et al. 200y

Comparing maternal nutrient intakes during preggamith the V3, the postpartum
maternal dietary intakes of some nutrients sigaiftty changed. Th@OT ENERGY
intake significantly increased reflecting elevaton PL PROT. Increased intakes were
seen foMUFA andPUFA (and soTOT FAT ) and for the total carbohydrate. Th®T
PROT contribution toward energy intake, however, dea@da3hese nutrient changes may

reflect the maternal adaptation to the increasedirements for breast-feeding.

Whilst the plant protein intake at V2 did not produany significant association
with fetal biometry or neonatal size, it showed sanrrelations with the postnatal infant
BMI and the metabolic variables and possibly stimulapexivth in length. Maternal fat
intake during the second trimester also did notlpce many significant correlations with
the ultrasound data, however, postnatally, fromemmatl pregnancy intakes the most
effective wasPUFA intake, which on one side may have contributedhe growth in
length, whilst together witBAFA it was also related to increase in the postrizitél.

Although there were no significant differenceshe tmaternal macronutrient intake
during pregnancy, the effects of the dietary intak&'1 and V2 differed, which indicates
the importance of timing for the effect of a pautar nutrient. It was interesting that from

the maternal dietary intakes at V3, onfiDT ENERGY3 showed a relationship with
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concurrent infant anthropometrical variables, whwas a weak association with infant

weight.

From the mothers’ dietary intakes and their effemisfetal biometry, BW, infant
postnatal anthropometry and infant birth and pdatnascores, the following conclusion
can be drawn:

In early pregnancy, the maternal dietary supplies of total energptgin and fat
were probably sufficient for normal fetal growthdadevelopment. Matern&L PROT1
and thePUFAL intakes were associated directly or indirectlyy(exia calcium and other
minerals intake) with growth of the fetal skull. MenalPL PROT1 intake also positively
affected the fetal liver development (based on dbeelation with fetalAC). The AN
PROT intake during early pregnancy was associated maettnataBMI , and thus possibly
contributing to fetal fat accretion during lateepatal development.

The PUFAL intake, may have contributed to the building otenaal adipose stores
(not measured in the current study), utilized kygdn the later stages of pregnancy. This
may have included abdominal organ growth and ftiahccretion, being reflected in the
increasedAC2 andFW2. Also PUFA1 was still involved in linear growth, showing stgpn
associations witfrL2 and neonatal length.

Maternal SAFA intake was positively linked to neonadMI, possibly via the
route of fat accumulation. Also, as the intake AFA was relatively high during
pregnancy, the negative associations with earlgl fetometry may point towards its
inhibitory role in linear growth. Taking into aaaat low levels of materndPL PROT
intake, the likely outcomes could be lighter andr&dr offspring with a relatively larger

BMLI.
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Protein intakeduring the last pregnancy trimester when there are increased
requirements for energy, seem inadequate. Theentitreserves may therefore be directed
to the development of the fetal brain (brain sgaeffect) in the current study (and in the
literature), which was negatively associated wiltle tfetal bone growth. This could
eventually lead to a shorter, lighter baby withetatively larger head. The decline in z-
scores for weight/age and especially for length/ag&al visit could correspond to the
switch from the maternal placenfaUFA supply to the breast/formula feeding, when the
baby could not fully support its growth. An impronent in these scores at Ba 2 visit may

then reflect a mobilisation of the infant fat reses and its own production BUFAs.

2. The second aim of the study was to assess if the tetmal pregnancy dietary
intake of macronutrients affect infant glucose andmarkers of infant g-cell

function i.e. INS, Pl, HOMA-IR.

The data analysis showed significant correlaticgtsyben maternal nutrient intake

and postnatal glucose and markers of infacell function.

The third trimestefOT ENERGY intake was inversely related to the neonatal and
the 6-month postnatal infant fasti@.C and positively to neonatal fastinyS. These
outcomes are the result of the combined effectprofein, fat and carbohydrate energy
sources.

Maternal intake offOT CHO (including added sugar) at the first pregnancyt vis
(V1) was related to thsize of fetus/infant whilst carbohydrate at the second pregnancy

visit (V2) was related to infamharkers of p-cell function.

278



Maternal protein, specifically animal protein atthb@regnancy visits seems to be
involved in the regulation of the infant postnataincentrations ofGF-BP3. Maternal
protein intake (animal protein intake) at the fividit was positively related to the infant
neonatal insulin anlOMA-IR index, whilst the plant protein intake at V2 wasrelated
negatively with the neonatal and postnatal infanell function. This indicates a protective

role for the plant protein.

There is some involvement of infaBMI in the protein and carbohydrate results,
although, the direct influence of protein and canguivate still remained after adjusting for
BMI in the regression analysis. InfaBMI correlated with fat intake and also showed
significant correlation with the infart-cell function, which reflected possible protective

effect of PUFA.

A concurrent inverse association between matewotal energy intake at V3 and
levels of infaniNS andHOMA-IR2 and a positive correlation with infant lepticHPT2)
were found, indicating a direct effect of matereakrgy intake on infarfi-cell function

and adipose tissue.

3. The third aim of the study was to assess if the matnal pregnancy hormonal

levels affect fetal, birth or postnatal size or grath.

Fetal growth rate. Contrary to the lack of effect of maternal digtartakes on the

fetal growth rate, positive correlations with matdr anthropometry and her hormonal
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levels of placental lactogen, leptin, free thyrexiand proinsulin were found. Postnatal

growth rate was associated with fetal gender anithens level of insulin resistance at V2.

Birth parameters. In addition to maternal protein intake, the sfigaint association
with the baby’'s birth weight was also found with teraal weight, fetal gender and the
gestational length. Similar correlations also aggplio the birth length, with the exception
of baby's gender and a positive effect of matetaptin and negative effect of tH&F
BP1 onBL. The correlations with baby’'s birth head circuraefece were as for the birth
length. The association &L and BHC with the IGF-BP1 may reflect a delayed bone

ossification.

Postnatal infant anthropometry.
The major factors positively influencing neona¥l were maternal weight and
baby’s age, and negatively, maternal proinsulirelgvwhilst in older babies there was a

major influence of the gender and maternal leptimcentrations.

4. The fourth aim of the study was to assess if the rte&xnal pregnancy hormonal
levels affect infant glucose and markers of infang-cell function i.e. INS, PI,

HOMA-IR.

The outcomes of the current study show that matdroemones can affect the
neonatal and early postnatal infant glucose leetsll function and are also linked to the

programming of early obesity. This involves magtrinee thyroxin levels, glucose at the
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first pregnancy visitHPL at the both pregnancy visits and maternal cortgalinsulin and
insulin of the third-trimester visit. The materntdyroid hormones seem to play an

important role in fetal and postnatal growth argblim metabolism.

The regression analysis has shown that materndrapdmetry and maternal
hormones during the second, and also third trimedtpregnancy do influence the rate of
fetal or infant growth and early metabolic healilinese relationships are probably very
complex, as there may also be variables that \@ilehadditional effects but which were not

measured in the current study.

It is also possible that some associations betwsseticular variables were not
identified, due to insufficienpower. The sample size assessment was based on thelgenera
rule for the relationship between the sample simkthe number of explanatory variables
entering the multiple regression moddPeirie et al 2000aChapter 2.2.1). However, the
loss to follow-up was underestimated. The retrospe@valuation of the study power with
regard to some key infant variables indicated aewadwer range between 70-95%. (The
power calculator used was:

http://hedwig.mgh.harvard.edu/sample size/js/j@atve guant.htnl

One of the strongest outcomes included the relstipnbetween matern®T4 (1) and

neonatalNS F1.

27¢



LIMITATIONS OF THE CURRENT STUDY

1. The sample sizeof pregnant women and infants included in this wtus
comparatively small. It is therefore possible thame associations were missed due
to a lack of power. However, the study was of sigfit power to uncover a number
of important associations, which will be the foafiguture investigations.

2. Food frequency questionnaires are considered @ lees accurate measure of the
absolute intakes of nutrients compared to dietacglfs or diet records, as the FFQs
may be biased by the respondent’s memory. Howéhey, are better in assessing
habitual dietary intakes, they are less expenginkeraquire a shorter period of time
for their administration. The FFQ in the currentdst was supplemented with a 24-h
dietary history crosscheck. It may, however, hagerbbetter to support it with a
full 24-h dietary recall questionnaire.

3. The correlation and regression analysis used is shidy identified significant
associations between variables of interest. Howavemuld not explain the full
mechanisms behind these associations.

4. As the current study aimed to investigate crudeo@aasons and how they are
mediated, it did not adjust for multiple testinglie analytical part of the analysis.

5. The statistical analyses in the current study veamoratory. Although certain steps
to correct for the Type | statistical error werefpemed (the Bonferroni correction
in the linear mixed models of the Descriptive paftthe analysis and grading
outcomes according to the p levels in the anallypeat of analysis; comparison of

results with existing literature), the study hadyaariables and full adjustment for



multiple testing was not done, and we thereforenotuexclude the fact that some
results may have gained their significance by phance

6. There were too many variables to be tested sepafateconfounding, therefore the
study used a literature based set of well-estadtistonfounders for birth weight. It
was assumed, that these confounders are commeti the other tested variables.
However, in some instances these confounders warsignificant and for some

variables they may have acted as modifiers.

IMPLICATIONS OF THE STUDY

The study revealed low maternal intakes of tot&rgy largely as a result of low
intakes of protein. The offspring of this study oatwere born lighter and shorter, but with
a larger head circumference in comparison with dtamdard population z-scores (WHO

2010). Clearly there is a potential area for fuinterventions.

This study also shows that infant neonatal inssénsitivity could be improved by
an increase in neonatal length and in the lean bodygs. This could be achieved in a

number of ways.

1. Changing the composition of the maternal dietThe process of urbanisation is
generally associated with dietary changes, leadingliet rich in animal protein and
saturated fat, includes elevated ratio of n-6 PU6A-3 PUFA and increased levels of

carbohydrate.
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Although the levels of essential amino acids foumdanimal protein are more
suitable for human requirements than that of pfaotein O’Brien et al. 1987, it is not
supportive of linear growth. Linear growth in theepent study benefited from plant rather
than animal protein consumption. Therefore, indreasonsumption of the plant protein in
early pregnancy would be suggested. However, s@nhgal sources of plant protein found
in corn, wheat and rice, which are among the fraiyeconsumed food categories, have
similar sulphur content to animal proteins, andéfee would not stimulate linear growth.
However, the calcium in milk, the plant protein fruits and vegetables (e.g. legumes,
grains) can stimulate linear growth due to theinenal content and stimulatory effect on
IGF-I concentrations (Chapter 4.5.1.3).

A further potential area for intervention is toctease the dietary n-6 PUFA to n-3
PUFA ratio in order to decrease production of P@BE& thus stimulate bone cell-derived
growth factors. Intervention early in pregnancyreguired, as the PUFA contributes to
maternal adipose tissue generation, which servdabeasnain energy source during later
pregnancy for accelerated infant growth. The ritimagural sources of n-3 fatty acids are
oily fish, or the precursor of n-3 PUFA, alpha lewic acid, is found in plants such as

green leafy vegetables or rape-seedWillfams et al 200k

2. Increasing the total energy intake Even with improved protein consumption, if total
dietary energy intake is low, protein malnutriticannot be improvedXBrien et al 1987.

Therefore increasing the energy intake is importdhe intake of energy is known to be
positively associated with the physical activityhish among the South African urban
women is low (Chapter 4.3.3). In the current sttity dietary intake of energy was also

linked to the parental education and employmenis Tritervention is difficult, as it is not
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achievable without improvement of the educatiomalel and employment status of the

parents.

3. Regulating maternal hormonal levelsThe combined effect of maternal nutrition and
hormones will be investigated in future researchowklver, improvements in the
composition of the maternal diet and increasingphysical activity of urban women will

lead to changes in their anthropometry and thieeteficial changes in hormonal levels.

FOLLOW-ON RESEARCH FROM THIS PROJECT

* Investigation of the effects of the n-6 and ni3HA ratio on fetal and neonatal
growth.

* As the effects of the macronutrients on the fd&atelopment are not isolated, the
interaction of macronutrients and hormones willdagried out in the regression analysis
(interactions terms).

» The effects of maternal intake of micronutrieatsassessed by the food frequency
guestionnaire, will be explored.

* Influence of other determinants of fetal develepwh birth weight will be
investigated, such as the number of previous preges, maternal birth size, mother’s
health history using appropriate statistical tdotrdow numbers and unequal balance

» The information collected by means of the fooefjtiency questionnaire will be

coded and analysed according to food groups (ssahikk and dairy consumption, fish,
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fruits and vegetables..) to support the findingstesl to the individual nutrients (e.g.
PUFA).

» Complex model development employing statistioablelling tools

281



APPENDICES Pg

D.,E,F

Enrolment diagram 283
Inclusion criteria questionnaire 284
Food frequency questionnaire 287

Maternal energy and macronutrients dietary natake

regression analyses and the list of used confounde 291 - 293
Maternal protein intake analysis 294
Maternal fat intake analysis 305
Maternal energy, carbohydrate, added sugar intag analysis 317
List of variables and their transformations 330-331
Maternal dietary intakes summary tables 332
Correlations used in the regression models listein Appendix J 337
Linear regression models 344
Tables of outcomes from the linear mixed model aadyses 349
Permission to reprint the RDA/DRI values 355
Ethics Clearance 356

282



APPENDIX A:

Enrolment diagram

l

159 ANC: FILE INFORMATION

Applicant suitable — Blood test
results known, Pre-selected

'

I

v

Applicant suitable — Pre-selected
Blood test results still unknown =
WAITING

= INTERVIEW

}

Needs time
to decide =
WAITING

Vo

v v

Unsuitable applicant (mother’s
age, gestational age, ethnic
origin, health, parity, no
consent for blood tests given,
participating in another study...)

= NOT SELECTED

Negative blood test
results/ no treatment

Positive blood tests
results/ on treatment

Lost contact, ill
health, does not
wish to volunteer
any more...

Wrong information,
over 24 weeks of gest.

SELECTED VOLUNTEER

—® = EXCLUDED

age, not accessible,
no time,

too far to travel,
employer or husband

would not agree, does
not agree to
participate

= NOT SELECTED

Gestation below 20 weeks

= FOLLOWED IN THE
CLINIC, WAITING until 20
weeks of gestation

Within the interval of 20-24 weeks of gestational age

= Applicant ENROLLED
First visit for an OGTT to the DAY WARD arranged
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APPENDIX B. Inclusion Criteria Questionnaire.

Study No Hosp. No

First Names Surename Age

Home Address

Ethnic |Occupation
group

ITeI No - home [Cell phone No

Neighbour- tel. Note:

Employer - address

I ITeI No - work

Soc.-econom. Status:

FAMILY: |

Husband / close relative (w/home) Tel. No

=

No of people in a household/flat

Average income/ month

How many brothers and sisters do you have?

Genetic Status:

Any diseases which commonly occur in your family?

Any Down Syndrom or neural tube defect? Other?

Is/was your mother short? Thin?

If you know: Were you born premature?

If you know: Were you a small/thin baby?
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Mothers background

Education:
Previous pregnancies:

Spont. Abortions? Stillbirth?| | Other?
Other children: How many?

How old are they?

Medical history: Do you suffer from any chronic disease?

Have you ever been diagnosed with following:

{tuberculosis, HIV, syphilis - other STD?

chronic respiratory disease (asthma), chronic renal disease

congenital heart disease, high blood pressure

cystic fibrosis, anaemia, thyroid disease, toxoplasmosis}

If yes, state which one and when:

Have you been irradiated during pregnancy or shortly before? (X-ray, ...)

Mothers present state
General health: Are you taking any MUTI?

Any present treatment?

What medicaments? Any allergy?

Stress? Do you have any stress?

Do you have any occupational hazards?

Are you working standing?

Are you a smoker? How many cigarettes do you smoke/day?

Do you drink alcohol? How often, how much?
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Baby's father
Ethnic origin:

Age:

Education:

Occupation:

General health

Height & Weight:

Genetic status: Is there any genetic disease in baby's father family?

If yes, which one?

Further information

Do you plan to attend all visits in the 159 ANC? Y N
Do you plan to stay at the present address? Y N
Do you plan to move out of Johannesburg? When? Y N
For how long?
Do you plan to deliver your baby in this hospital? Y N
Do you plan to stay with your newborn baby in Johannesburg? Y N
Will you look after your baby yourself? (Somebody else?) Y N
Do you plan to come with your baby for both visits: after 2-3 weeks Y N
after 5 months Y N

What is the best way to contact you? Tel:

Any comments?

Please note: If you need any help, do not hessitate to ask the interviewer.
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APPENDIX C. FOOD FREQUENCY QUESTIONNAIRE 1

NAME

DATE OF BIRTH

SEX
ETHNIC GROUP
DAY OF INTERVIEW

DATE OF INTERVIEW

INSTRUCTIONS

AGE (YEARIANIONTHS)

The following questions are about the foods you BELY eat during an average week.
Please indicate the number of days per week thaegbitem on average. Ring the answer as in tampbe:

If you eat the food every day, ring 7

765342 1 MR

If you eat the food 3 days / week, ring 3 B4 321 MR
If you eat the food only monthly, ring M 766321 MR
If you never or rarely eat the food, ring R 7564 321 MR
GRAIN AND CEREAL GROUP

No. days / week
Bread 7654321MR
Provitas/ cream crackers etc. 76543MR
Do you mainly eat white, brown or wholewheat bread?
How many slices of bread do you have per day?
BREAKFAST CEREALS AND PORRIDGES
No. days / week
Cereals (Rice Krispies, Cornflakes) 76 8B321MR
Sugar coated cereals (Coco pops, Frosties) ¥46321MR
Whole wheat cereals (All Bran, Weetbix) 76453 2 1 MR
Porridge (Oats, Maltabella, Maize meal) 748321 MR
Muesli 7654321MR
Pronutro 7654321MR

OTHER STARCHES

No. days / week
Rice, pasta
Stiff maize meal - with amasi (sour milk)
- without amasi
Samp/mielie rice - with beans
- without beans

MEATS AND MEAT SUBSTITUTES

No. days / week

Read meat (beef, lamb, pork or mince)
Processed meat (bacon, sausages, polony)
Chicken

Fish

Eggs and egg dishes

Cheese, cheese spread and cheese dishes
Nuts, including peanut butter

Dried peas, beans, baked beans or legumes




VEGETABLES AND FRUIT 2

Green and/ or yellow vegetables 76523 MR
Potatoes 7654321MR
Fresh fruit 7654321MR
Canned fruit 7654321MR
Dried fruit (raisins, prunes, dates) 76 8321MR
Fresh fruit juice (Ceres, Liquifruit) 764321MR

Name some of the vegetables you have eaten thisveak

Do you eat your vegetables most frequently cookedw?

Do you mainly eat your potatoes as boiled, bakgddket, mashed, roasted or as chips?

What types of fresh fruit have you eaten this paestk?

EATS AND OILS

No. days / week

Oil/butter/margarine 7654321MR
Salad dressing/mayonnaise 765430 R
Cream 7654321MR
Non dairy creamers (Cremora) 76543MR
Ice-cream 7654321MR

Please estimate, on average, the total amount ¢diffoutter/margarine/dressing/cream/ non-daimgacners)
you use per day in teaspoons. tsp.
(includes the fat on bread, in cooking and fryingl @n vegetables/salads)

No. days / week
How often do you fry your food? 7654231 M R

MILK AND MILK PRODUCTS

No. days / week

Milk 7654321MR
Yoghurt - plain 7654321MR
- flavoured 7654321MR
Milo/ Nesquick/cocoa/ Horlicks 765432MR
Custard 7654321MR

Please estimate, on average, how much milk you pawvalay, including that on cereal, in tea or ceffad
milk drinks
ml or cups
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What type of milk do you use: 3
Full cream
Low-fat (2 % fat)
Skimmed
Condensed

MISCILLANEOUS

Please estimate how many teaspoons of sugar yay imatotal, per day? tsp.
(in tea/coffee/milk drinks, on cereal/ porridgedad to vegetables)

No. days / week

Sweets (sucking/ jelly type/ fudge/ toffee) 7564 32 1 MR
Chocolates/ chocolate bars 76543 MR
Jam, syrup, honey 7654321MR
Jelly 7654321MR
Sweet biscuits/ cakes/ pastries/ doughnuts 4321MR
tarts/ scones/ pancakes

Crisps 7654321MR
Popcorn (plain or candied) 76543 MR
Puddings (trifle, baked puddings etc.) 7688321 MR
Coldrinks (Coke, Fanta etc. ) or cordials

- sweetened 7654321MR

- diet 7654321MR
Tea 7654321MR
Coffee 7654321MR
Spreads (bovril, marmite, fish paste, sandwich) 64321MR

How many meals do you have per day ie. BreakfastH and/or dinner?

How many inbetween snacks do you have per day
ie. mid-morning, mid-afternoon and or late evening?

Please indicate how mangortions of the following food groups youwate yesterday by circling the
appropriate number.

Eg. If you hadl eggfor breakfastcheeseor lunch, ancthicken for dinner, ring 3 for number 2.
If you hadcereal and 1 slice of toastfor breakfast, a sandwich for lunch ¢lices of breadl andrice for
dinner, ring 5 for number 4.

No. Portions yesterday
1. milk, yoghurt (1 portion = 1 cup/ 200 ml) 2345678910
2. meat/ fish/ chicken/ cheese/ eggs/ nuts/ legumes 12345678910
3. fruit/ fruit juice 1234567810
4. vegetables (green and yellow) 12346458910
5. potatoes 12345678910
6. bread/ cereall porridge/ rice/ pasta/ maize hseahp/ mielierice 12 3456 7 8 9 10
7

. Oil/ butter/ margarine/ cream/ non dairy creashealad dressings 1 2 3456 7 8 9 10
(1 portion = 1 tspn)



Were these number of portions typical of what yawuld normally consume on an average day ?

Yes No

If you answered No, was the difference due to:

Iliness

A party

Eating out

Other reasons
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Appendix D, E, F.

Maternal energy and macronutrients dietary inatakeregression analyses.

The Appendices D, E, F include tables of maternalgy and macronutrient dietary
intakes and their effects on selected fetal, k@t infant parameters.
The variables were analysed in the multilinear esgion models with and without

adjustment for possible confounders (see also @haps.3.3).

The following confounders were used in adjustment:

Due to restricted space in the result tables, at stidbreviationvas used for the variables
as described below.For analyses related to the gestation period, tyestd age and
maternal weight were included as confounders andhi® postnatal period, the analyses
were corrected for the infant age and weight. Thalysis of birth parameters took into
account maternal height, maternal weight and agh. All analyses were corrected for
infant gender. Abbreviations:

A (gestational/ birth/ infant age) w (maternal/infant weight)

s(sex) h (maternal height)

Significant results (p<0.05) are in red type, wiile results near significance

(p>5 and p<0.10) are in black, bold type.

! Please noteBaby’'s BMI cannot be corrected for the baby’s weigls it is the part of the formula. The

similar applies for the growth rate.
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Outliers on or above three standard residuals (&&¥ excluded. If exclusion of
the outlier produced a change in the non-standaddBscoefficient greater than 10%, both
outcomes are presented. The same applies for skences where outlier exclusion led to a
change in the outcome (significant/non significarithe result including the outlier is
presented below the main table.

For the units of the B-coefficients see Appendix G.

Significance of confounders in individual regressio models.

Due to restricted space in the regression outcatmeg, the significance of confounders

used in adjustment of the individual regression el®d listed below:

Significant confounders associated with the follogwariables:

Maternal dietary intakes and fetal biometry:

FW1 Gestational age /(maternal weight*)
BPD1 Gestational age

AC1 Gestational age, sex /(maternal weight*)
HC1 Gestational age,

FL1 Gestational age, sex /(maternal weight*)
FwW2 Gestational age, maternal weight

BPD2 Gestational age, maternal weight

AC2 Gestational age, maternal weight

HC2 Gestational age

FL2 Gestational age

(* significant association with the fetal biometrgriable if gestational age removed)
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Birth weight: Birth age, maternal weight, sex

Postnatal anthropometry:

Weightl infant age, sex
Lengthl infant age
BMI1 infant age
Weight2 sex

Length2 infant age
BMI2 sex

Infant metabolic parameters:

GLCF1 infant weight
INSF1 -

PIF1 -

HOMA1 infant weight
LEPT infant weight, age, sex
IGF-BP3 (1) infant weight
GLCF2 -

INSF2 infant weight, sex
PIF2 infant weight
HOMA2 infant weight, sex
LEPT2 infant weight, sex

IGF-BP3 (2) infant weight
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APPENDIX D.

Maternal protein intake analysis

TABLE OF RESULTS: D1 Maternal protein intake at V1 vs fetal weight and s ize at US1.

Protein intake V1 FwW1 BPD1 AC1 HC1 FL1

Adjusted for conf. None Ah,w,s None Ahw,s None Ah,w,s None Ah,w,s None Ah,w,s
N number 106 104 106 103 106 102 97 95 104 103
TOT Prot (%E)

B coef -5.823 -0.936 -0.075 0.372 0.022 0.007 -2.620 -0.315 -0.522 0.225
Beta coef -0.138 -0.023 -0.075 0.054 0.127 0.047 -0.111 -0.013 -0.087 0.038
p value 0.159 0.079 0.446 0.024™ 0.194 0.134 0.284 0.513 0.374 0.141
B coef 5.300 -0.458 0.967 0.074 -0.026 -0.003 3.70 0.245 0.744 -0.060
Beta coef 0.187 -0.016 0.207 0.016 -0.229 -0.032 0.222 0.015 0.186 -0.015
p value 0.055 0.208 0.033 0.512 0.018 0.298 0.029 0.456 0.057 0.539
B coef -1.480 -0.080 -0.193 0.046 0.007 0.002 -0.904 -0.080 -0.160 0.043
Beta coef -0.204 -0.011 -0.162 0.039 0.225 0.062 -0.214 -0.020 -0.156 0.042
p value 0.036 0.394 0.098 0.109 0.021 0.050% 0.035 0.331 0.111 0.085"

Analysis including outliers:

#1 #2 #3
N number 104 104 104
B coef 0.305 0.001 0.042
Beta coef| 0.044 0.044 0.041
p value 0.077 0.175 0.119
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TABLE OF RESULTS: D2 Maternal protein intake at V1 vs fetal weight and s ize at US2.

Protein intake V1 FW2 BPD2 AC2 HC2 FL2

Adjusted for conf. None Ahw,s None Ahw,s None Ah,w,s None Ah,w,s None Ah,w,s
N number 104 102,101* 104 102 103 102 95 92,93* 104 102
TOT Prot (%E)

B coef -0.188 -0.032 -0.784 -0.213 0.028 0.009 -4.322 -2.882 -0.785 -0.043
Beta coef -0.205 -0.036 -0.169 -0.046 0.181 0.057 -0.276 -0.187 -0.194 -0.011
p value 0.037 0.572 0.087 0.538 0.067 0.450 0.007 0.014" 0.049 0.871
B coef 0.049 0.023 0.150 0.164 -0.007 -0.008 -0.419 -0.396 0.010 0.069
Beta coef 0.080 0.038 0.048 0.052 -0.071 -0.072 -0.041 -0.039 0.004 0.025
p value 0.417 0.531 0.626 0.471 0.479 0.321 0.694 0.615* 0.968 0.687
B coef -0.032 -0.006 -0.137 -0.055 0.005 0.002 -0.511 -0.372 -0.100 -0.003
Beta coef -0.202 -0.040 -0.172 -0.069 0.181 0.076 -0.195 -0.142 -0.144 -0.004
p value 0.040 0.525* 0.081 0.354 | 0.068" | 0.310 0.058 0.063 0.145 0.946

Analysis including outliers:

#1 #2
N number 104 93
B coef 0.006 -2.084
Beta coef| 0.205 -0.136
p value 0.037 0.085
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TABLE OF RESULTS: D3 Maternal protein intake at V2 vs fetal weight and s ize at US2.

Protein intake V2 Fw2 BPD2 AC2 HC2 FL2

Adjusted for conf. None A,h,w,s None Ah,w,s None Age A,h,w,s None A,h,w,s None A,h,w,s
N number 105 102 105 103 104 102 104 95 93 105 103
TOT Prot (%E)

B coef -0.346 -0.133 0.316 1.412 0.156 0.134 0.092 8.711 1.137 0.762 0.690
Beta coef -0.060 -0.025 0.011 0.050 0.169 0.145 0.094 0.096 0.049 0.032 0.028
p value 0.523 0.683 0.909 0.485 0.087 0.048™ 0.192 0.357 0.619 0.750 0.649
B coef 0.004 -0.002 0.032 0.010 0.000 0.001 0.001 0.054 0.012 0.016 -0.005
Beta coef 0.057 -0.024 0.103 0.031 0.001 0.050 0.049 0.054 0.049 0.059 -0.019
p value 0.567 0.739 0.295 0.669 0.990 0.496 0.513 0.607 0.624 0551 0.773
B coef 0.006 0.015 -0.210 -0.176 -0.014 -0.016 -0.013 -1.185 -0.184 -0.163 -0.054
Beta coef 0.011 0.028 -0.076 -0.064 -0.149 -0.169 -0.140 -0.133 -0.081 -0.068 -0.023
p value 0.916 0.649 0.441 0.373 0.133 0.021" 0.054 0.200 0.414 0.489 0.715

Analysis including outliers:

#1 #2
N number 105 105
B coef 0.120 -0.012
Beta coef| 0.124 -0.125
p value 0.085 0.085
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TABLE OF RESULTS: D4

Maternal protein intake at V1 vs birth parameters.

Protein intake V1 BW BL PONDIX BW/PLW
Adjusted for conf. None Ah,w,s None Ahw,s None Ah,w,s None Ah,w,s
N number 103 103 100 100 100 100 86, 88* 86
TOT Prot (%E)

B coef 0.101 -0.003 2.728 0.270 0.007 0.002 -0.014 -0.008
Beta coef 0.179 -0.005 0.110 0.011 0.014 0.003 -0.037 -0.031
p value 0.071 0.953 0.278 0.909 0.889 0.978 0.738 0.781
B coef 0.043 0.055 2.857 2.542 -0.005 -0.001 -0.012 -0.006
Beta coef 0.111 0.137 0.164 0.146 -0.010 -0.004 -0.044 -0.023
p value 0.264 0.096 0.102 0.116 0.900 0.970 0.690 0.839
B coef 0.010 -0.009 0.084 -0.293 1.419 0.000 0.001 0.000
Beta coef 0.100 -0.093 0.020 -0.068 0.020 0.005 0.017 -0.002
p value 0.316 0.272 0.847 0.470 0.844 0.963 | 0.874* 0.984




TABLE OF RESULTS: D5

Maternal protein intake at V2 vs birth parameters.

Protein intake V2 BW BL PONDIX BW/PLW
Adjusted for conf. None A Ah,w,s None Ah,w,s None Ah,w,s None Ah,w,s
N number 103 103 103 100 100 100 100 87 85,87*
TOT Prot (%E)

B coef -0.647 -0.716 -0.608 | -13.142 | -16.338 | -0.116 -0.140 0.386 0.412
Beta coef -0.187 -0.207 -0.171 -0.090 -0.111 -0.040 -0.045 0.134 0.181
p value 0.059 | 0.021"* | 0.038" | 0.379 0.234 0.711 0.665 0.220 0.105
B coef -0.003 -0.003 0.001 -0.077 -0.049 -0.001 0.000 0.000 0.000
Beta coef -0.066 -0.067 0.017 -0.050 -0.031 -0.010 -0.006 -0.008 -0.014
p value 0.504 0.456 0.841 0.637 0.748 0.894 0.956 0.940 0.903*
B coef 0.049 0.052 0.037 0.835 1.153 1.414 0.011 -0.036 -0.037
Beta coef 0.144 0.147 0.106 0.058 0.080 0.033 0.036 0.134 -0.156
p value 0.147 0.101 0.205 0.566 0.393 0.741 0.730 0.220 0.164

Analysis including outliers:

#1 #2
N number 104 104
B coef -0.624 -0.575

Beta coef| -0.172 -0.159
p value 0.054 0.062
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TABLE OF RESULTS: D6

Maternal protein intake at V1 vs infant anthropomet

ry (Bal and Baz2).

Protein intake V1 Weight 1 Length 1 BMI 1 Weight 2 Length 2 BMI 2

Adjusted for conf. None A s None A s None A 's None A 's None A s None A s
N number 77 76 77 77 76 77 73 73 72 73 72 72
TOT Prot (%E)

B coef 351.1 621.4 -7.770 -0.072 0.071 0.093 0.120 0.129 0.844 1.057 -0.016 -0.016
Beta coef 0.059 0.104 -0.263 -0.050 0.291 0.353 0.210 0.227 0.030 0.035 -0.288 -0.287
p value 0.613 | 0238 | 0021 | 0.635 | 0.011" | 0.001 || 0.074 | 0.038 | 0.801 | 0.754 | 0.014 | 0.012
B coef 838.0 517.5 1.529 -0.362 0.036 0.027 0.013 0.020 0.402 2.027 0.000 0.001
Beta coef 0.199 0.123 0.072 -0.017 0.206 0.143 0.031 0.047 0.020 0.092 0.009 0.019
p value 0.084 0.159 0.535 0.870 | 0.074" | 0.203 0.798 0.675 0.871 0.416 0.941 0.871
B coef -44.68 79.86 -1.430 -0.998 0.007 0.013 0.015 0.016 0.078 -0.023 -0.002 -0.002
Beta coef -0.042 0.075 -0.273 -0.191 0.158 0.275 0.154 0.170 0.016 -0.005 -0.231 -0.238
p value 0.716 0.400 0.016 0.062 | 0.172" 0.012 0.193 0.122 0.891 0.968 0.051 0.039

Analysis including outliers:

#1 #2 #3
N number 77 77 77
B coef 0.086 0.036 0.010
Beta coef| 0.328 0.188 0.209
p value 0.004 0.101 0.068




TABLE OF RESULTS: D7

Maternal protein intake at V2 vs infant anthropomet

ry (Bal and Ba2).

Protein intake V2 Weight 1 Length 1 BMI1 | Weight 2 Length 2 BMI2 |
Adjusted for conf. None A,'s None A 's None A s None A, s None A, s None A,'s
N number 76 76 76 76 75 76 72 72 71 72 71 71
TOT Prot (%E)

B coef -2177.3 517.1 -51.194 | -44.737 | 0.327 0.398 0.139 0.452 -17.444 | 2.351 -0.025 -0.042
Beta coef -0.059 0.014 -0.289 -0.252 0.221 0.247 0.039 0.128 -0.104 0.013 -0.073 -0.124
p value 0.610 0.876 0.012 0.014 0.057" 0.026 0.743 0.262 0.389 0.911 0.548 0.301
B coef 14.887 | -22.845 0.513 0.408 -0.002 -0.005 -0.006 -0.009 0.046 -0.090 0.001 0.001
Beta coef 0.039 -0.060 0.277 0.220 -0.142 -0.283 -0.166 -0.238 0.026 -0.047 0.218 0.269
p value 0.739 0.510 0.016 0.032 0.225% 0.010 0.164 0.033 0.833 0.683 0.069 0.021
B coef -38.900 | 54.484 0.905 1.309 -0.017 -0.008 0.012 0.006 0.548 -0.177 -0.002 -0.002
Beta coef -0.011 0.016 0.053 0.077 -0.119 -0.050 0.036 0.018 0.033 -0.010 -0.064 -0.059
p value 0.924 0.862 0.649 0.453 0.309 0.656 0.763 0.873 0.782 0.929 0.595 0.615

Analysis including outliers:

#1 #2
N number 76 76
B coef 0.309 -0.004
Beta coef| 0.191 -0.216
p value 0.098 0.061
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TABLE OF RESULTS: D8 Maternal protein intake at V1 vs infant glucose, HO  MA index and metabolics (Bal).

Protein intake V1 GlcF1 Ins F1 PIF1 HOMA-IR 1 Leptin 1 IGF BP3 (1)
Adjusted for conf. None A s, W None A s, W None A S, W None A s, W None A s, W None A, S, W
N number 77 75 76 76 76 76 75,74* 75,74* 76 76 76,77+ 76,77*
TOT Prot (%E)
B coef -0.186 -0.036 -0.037 -0.037 -0.184 -0.246 0.610 0.612 0.164 -0.054 707.9 558.6
Beta coef -0.039 -0.008 -0.346 -0.348 -0.112 -0.140 0.379 0.381 0.021 -0.007 0.231 0.182
p value 0.738 | 0.945 | 0002 | 0003 | 0.337 | 0.237 | 0001 | 0001 | 0.859 | 0.933 | 0.045" | 0.095"
B coef 0.367 0.182 -0.006 -0.005 0.072 0.059 0.204 0.169 0.782 -0.125 -69.10 -226.6
Beta coef 0.106 0.055 -0.081 -0.063 0.061 0.047 0.181 0.149 0.138 -0.022 -0.029 -0.096
p value 0.359 0.627 0.489 0.599 0.603 0.700 0.124* 0.204* 0.234 0.788 0.800* 0.391*
B coef -0.107 -0.059 -0.006 -0.006 -0.048 -0.059 0.092 0.100 -0.067 0.003 136.2 133.6
Beta coef -0.125 -0.073 -0.307 -0.323 -0.165 -0.188 0.318 0.345 -0.048 0.002 0.236 0.231
p value 0.277 0.516 0.007 0.006 0.154 0.115 0.005 0.003 0.680 0.981 0.039* 0.036*
N I N A U I R I I E— N I —
Analysis including outliers: #1 #2

N number 77 77

I

B coef 673.7 552.3

Beta coef| 0.207 0.169

p value 0.071 0.123
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TABLE OF RESULTS: D9

Maternal protein intake at V2 vs infant glucose, HO  MA index and metabolics (Bal).

Protein intake V2 GlcF1 Ins F1 PIF1 HOMA-IR 1 Leptin 1 IGF BP3 (1)
Adjusted for conf. None A, s, W None A s, W None A s, W None A 'S, W None A s, W None A s, W
N number 76 75 75 75 76 76 74,73% 73 75 74 75,76* 76
TOT Prot (%E)

B coef 2.319 3.436 -0.075 -0.095 -1.036 -0.989 1.166 1.137 6.370 4712 -1290.0 | -918.9
Beta coef 0.079 0.117 -0.114 -0.145 -0.103 -0.098 0.118 0.122 0.132 0.097 -0.064 -0.049
p value 0.500 0.309 0.330 0.228 0.376 0.416 0.317 0.300 0.260 0.232 0.581* 0.662
B coef 0.048 0.039 0.002 0.002 0.002 0.001 -0.024 -0.023 -0.028 -0.008 -41.48 -39.31
Beta coef 0.155 0.126 0.298 0.329 0.021 0.011 -0.233 -0.237 -0.056 -0.017 -0.211 -0.188
p value 0.180 0.272 0.010 0.005 0.854 0.928 0.046 0.042" 0.632 0.840 0.070% 0.093
B coef -0.537 -0.516 -0.006 -0.006 0.031 0.031 0.045 0.039 -0.385 -0.249 365.7 361.9
Beta coef -0.190 -0.183 -0.101 -0.098 0.032 0.032 0.051 0.041 -0.083 -0.054 0.190 0.188
p value 0.100 0.103 0.389 0.407 0.785 0.790 0.671* 0.727 0.480 0.505 0.100* 0.085

Analysis including outliers:

#1 #2
N number 74 76
B coef -0.028 -39.16
Beta coef| -0.269 -0.189
p value 0.022 0.103
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TABLE OF RESULTS: D10

Maternal protein intake at V1 vs infant glucose, HO  MA index and metabolics (Ba2).

Protein intake V1 Glc F 2 Ins F 2 PIF 2 HOMA-IR 2 Leptin 2 IGF BP3 (2)
Adjusted for conf. None A 'S, W None A s, W None A s, W None A's,w None A 'S, W None A s, W
N number 74 73 72 71 74 72 75 71 74 73 73,74* 73
TOT Prot (%E)

B coef -0.460 -0.529 0.193 0.159 0.139 -0.010 0.610 0.257 0.139 -0.153 618.3 170.5
Beta coef -0.081 -0.093 0.259 0.211 0.076 -0.006 0.379 0.158 0.058 -0.065 0.115 0.031
p value 0.495 0.457 0.028 0.078 0.519 0.963 0.001 0.190 0.621 0.524 0.330* 0.786
B coef 0.279 0.269 -0.019 -0.026 -0.321 -0.355 0.204 -0.016 -0.006 -0.040 -481.8 -713.2
Beta coef 0.066 0.064 -0.034 -0.046 -0.237 -0.262 0.181 -0.013 -0.004 -0.023 -0.129 -0.178
p value 0.578 0.601 0.777 0.696 0.042 0.021 0.124 0.911 0.976 0.817 0.277 0.112
B coef -0.073 -0.077 0.032 0.027 0.045 0.028 0.092 0.044 0.020 -0.019 130.7 98.40
Beta coef -0.075 -0.080 0.254 0.211 0.145 0.089 0.318 0.160 0.048 -0.048 0.153 0.107
p value 0.528 0.516 0.031 0.075 0.217 0.443 0.005 0.178 0.684 0.633 0.197 0.347
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TABLE OF RESULTS: D11

Maternal protein intake at V2 vs infant glucose, HO  MA index and metabolics (Ba2).

Protein intake V2 Glc F2 Ins F 2 PIF 2 HOMA-IR 2 Leptin 2 IGF BP3 (2)
Adjusted for conf. None A, s, W None A s, W None A s, W None A 'S, W None A s, W None A s, W
N number 73 72 71 70 72,73% 71 74,73% 70 73 72 73,72* 72
TOT Prot (%E)

B coef 0.138 0.630 -0.201 -0.562 1.246 1.087 1.166 -1.048 2.256 1.508 -5201.1 | -7972.4
Beta coef 0.004 0.018 -0.045 -0.120 0.115 0.097 0.118 -0.103 0.158 0.103 -0.172 -0.236
p value 0.973 0.887 0.712 0.328 0.332* 0.417 0.317 0.398 0.183 0.315 0.149* 0.040
B coef 0.019 0.025 -0.019 -0.016 -0.032 -0.007 -0.024 -0.029 -0.024 0.001 -62.58 -47.20
Beta coef 0.050 0.069 -0.379 -0.318 -0.273 -0.060 -0.233 -0.268 -0.152 0.007 -0.178 -0.134
p value 0.675 0.591 0.001 0.008 0.020" 0.620 0.046 0.027 0.199 0.948 0.131 0.254
B coef -0.239 -0.294 0.113 0.118 -0.038 -0.057 0.045 0.202 -0.123 -0.165 839.3 860.8
Beta coef -0.071 -0.088 0.256 0.264 -0.036 -0.053 0.051 0.210 -0.088 -0.118 0.263 0.267
p value 0.551 0.473 0.031 0.024 0.763* 0.646 0.671* 0.073 0.460 0.233 0.024 0.016

Analysis including outliers:

#1
N number 73
B coef -0.016
Beta coef| -0.138
p value 0.246
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APPENDIX E.

Maternal fat intake analysis.

TABLE OF RESULTS: E1

Maternal dietary fat intake at V1 vs fetal weight a

nd size at US1.

FAT Intake V1 FW1 BPD1 AC1 HC1 FL1

Adjusted for conf. None Ahws|] None Ahws| None Ahws| None Ahws| None Ahws
N number 105,106* 104 106 104 105 102 97 93 106 103
Total Fat (%E)

B coef -0.042 0.010 -0.011 | -0.002 0.000 0.000 -0.034 0.000 -0.006 0.000
Beta coef -0.094 0.023 -0.144 -0.032 0.136 0.008 -0.134 0.000 -0.100 -0.001
p value 0.340* 0.074 0.140 0.178 0.166 0.807 0.193 0.990 0.309 0.983
B coef -7.389 0.721 -1.158 -0.131 0.029 0.002 -4.372 -0.541 -0.853 0.086
Beta coef -0.232 0.022 -0.214 | -0.024 0.227 0.014 -0.225 | -0.029 | -0.184 0.019
p value 0.018" | 0.106 | 0.028 | 0.369 | 0.020” | 0.675 | 0.026 | 0.174 | 0.060 | 0.475
B coef -2.401 0.765 -0.596 | -0.164 0.014 -0.002 | -2.082 | -0.289 | -0.317 0.119
Beta coef -0.079 0.025 -0.119 | -0.032 0.118 -0.012 | -0.113 | -0.016 | -0.074 0.027
p value 0.420* | 0.052 0.225 0.181 0.232 0.686 0.269 0.426 0.453 0.262
PUFA (% E)

B coef 0.635 0.207 -0.030 -0.074 -0.002 -0.001 0.381 0.227 0.069 -0.009
Beta coef 0.036 0.015 -0.010 -0.026 -0.023 -0.007 0.037 0.022 0.027 -0.004
p value 0.717* 0.229 0.917 0.288 0.815 0.826 0.718 0.273 0.780 0.884

Analysis including outliers:

#1 #2
N number 106 106
B coef -5.866 0.026
Beta coef| -0.179 0.196
p value 0.066 0.044
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TABLE OF RESULTS: E2

Maternal dietary fat intake at V1 vs fetal weight a

nd size at US2.

FAT Intake V1 Fw2 BPD2 AC2 HC2 FL2

Adjusted for conf. None Ahw,s None Ahw,s None Ahw,s None Ahw,s None Ahw,s
N number 103,104* | 101,102* 104 102 103,104* 102 95 93 103,104* 102
Total Fat (%E)

B coef 0.001 0.000 0.003 -0.007 0.000 0.000 0.025 -0.005 0.013 0.001
Beta coef 0.137 -0.061 0.057 -0.134 0.137 0.029 0.154 -0.028 0.308 0.023
p value 0.165* | 0.408* | 0.563 | 0.073 | 0.167* | 0.702 | 0.134 | 0.722 | 0.002"° | 0.725
B coef -0.035 | -0.060 | -0.033 | -0.396 0.008 0.017 0.019 -0.502 0.019 -0.088
Beta coef -0.050 | -0.086 | -0.009 | -0.108 0.064 0.135 0.002 -0.042 0.006 -0.028
p value 0.614* | 0.182" | 0.926 0.154 0.519 0.077 0.988 0.600 0.950* 0.677
B coef 0.110 0.023 0.292 -0.294 | -0.014 | -0.002 1.694 0.006 0.741 0.216
Beta coef 0.168 0.035 0.088 -0.085 | -0.127 | -0.013 0.152 0.001 0.255 0.071
p value 0.089* 0.538 0.377 0.256 0.200 0.866 0.141 0.995 0.010* 0.268
B coef 0.102 0.034 0.201 -0.095 | -0.017 | -0.008 1.302 0.173 0.455 0.088
Beta coef 0.272 0.091 0.103 -0.049 | -0.254 | -0.121 0.202 0.027 0.267 0.052
p value 0.006™ | 0.150" | 0.299 0.522 | 0.010" | 0.109 0.049 0.734 0.006* 0.430

Analysis including outliers:

#1 #2 #3 #4 #5
N number 104 102 102 104 104
B coef 0.088 | -0.098 | 0.025 | -0.018 | 0.011
Beta coef] 0.229 | -0.136 | 0.064 | -0.267 | 0.253
p value 0.020 0.066 0.388 0.006 0.010
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TABLE OF RESULTS: E3

Maternal dietary fat intake at V1 vs fetal weight a

nd size at US2.

FAT Intake V2 Fw2 BPD2 AC2 HC2 FL2

Adjusted for conf. None Ahw,s None Ahw,s None Ahw,s None Ahw,s None Ahw,s
N number 105 103,102* 105 103 105,104* 103 95 92,93* 105 103
Total Fat (%E)

B coef -0.001 0.000 -0.007 -0.001 0.000 0.000 -0.016 0.001 -0.002 0.002
Beta coef -0.093 0.019 -0.123 -0.019 0.120 0.002 -0.094 0.007 -0.051 0.051
p value 0.343 0.795 0.212 0.794 0.224 0.981 0.367 0.933* 0.604 0.435
B coef -0.013 -0.008 -0.089 -0.091 0.000 0.001 -0.494 -0.498 -0.009 -0.034
Beta coef -0.068 -0.042 -0.093 -0.095 0.003 0.032 -0.162 -0.167 -0.012 -0.042
p value 0.488 0.493* 0.344 0.189 0.976* 0.661 0.118 | 0.029"* | 0.907 0.512
B coef -0.001 0.001 -0.004 0.007 0.000 0.000 -0.016 0.006 0.002 0.012
Beta coef -0.027 0.046 -0.026 0.042 0.058 -0.020 -0.032 0.013 0.013 0.794
p value 0.786 0.515 0.790 0.564 0.556 0.781 0.760 0.873* 0.894 0.168
PUFA (% E)

B coef -0.019 0.027 -0.182 0.102 0.006 -0.005 0.033 0.751 -0.097 0.165
Beta coef -0.041 0.065 -0.077 0.043 0.067 -0.060 0.004 0.099 -0.050 0.081
p value 0.675 0.294 0.434 0.553 0.500 0.413 0.967 0.201* 0.615 0.199

Analysis including outliers:

#1

N number

B coef
Beta coef
p value

93

-0.382
-0.127
0.105




TABLE OF RESULTS: E4

Maternal dietary fat intake at V1 vs birth paramete

IS.

FAT Intake V1 BW BL PONDIX BW/PLW
Adjusted for conf. None Ahw,s None Ahw,s None Ahw,s None Ahw,s
N number 103,104* | 103,104* 100 100 100 100 86,88* 86,88+
Total Fat (%E)
B coef -0.001 | -0.001 | -0.021 | -0.004 | -0.001 | -0.001 0.000 0.000
Beta coef -0.152 | -0.100 | -0.079 | -0.016 | -0.086 | -0.094 | -0.007 | -0.036
p value 0.123* | 0.268* 0.438 0.864 0.396 0.370 0.947* | 0.747*
SAFA (% E)
B coef -0.007 | -0.069 | -1.699 | -3.251 0.013 0.000 -0.017 0.020
Beta coef -0.007 | -0.150 0.084 -0.160 0.030 0.000 -0.054 | -0.063
p value 0.944 | 0.084™ | 0.408 0.099 0.768 0.999 0.624 0.592
B coef -0.140 | -0.059 | -1.483 | -0.750 | -0.017 | -0.020 0.004 -0.008
Beta coef -0.140 | -0.132 | -0.081 | -0.041 | -0.043 | -0.051 0.015 -0.027
p value 0.158 0.113 0.422 0.663 0.670 0.628 0.892 0.813
B coef -0.112 | -0.001 0.459 1.096 -0.022 | -0.022 | -0.018 | -0.023
Beta coef -0.112 | -0.004 0.045 0.104 -0.101 | -0.099 | -0.108 | -0.136
p value 0.261 0.968 0.657 0.267 0.318 0.345 0.324 0.230
. rr 1 |
Analysis including outliers: #1

N number 104

I R

B coef -0.066

Beta coef| -0.139

p value 0.122
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TABLE OF RESULTS: E5

Maternal dietary fat intake at V2 vs birth paramete

IS.

FAT Intake V2 BW BL PONDIX BW/PLW
Adjusted for conf. None Ahws|] None Ahws| None Ahws| None Ahws
N number 104,103* | 103,104* 100 100 100 100 85,87+ 85,87+
Total Fat (%E)

B coef 0.000 0.000 0.012 0.008 0.000 0.000 -0.001 | -0.001
Beta coef 0.031 0.006 0.041 0.027 -0.007 | -0.022 | -0.118 | -0.103
p value 0.755 0.946* 0.688 0.779 0.944 0.841 0.283 0.359
B coef -0.001 | -0.012 | -0.170 | -0.201 | -0.001 | -0.002 | -0.014 | -0.014
Beta coef -0.012 | -0.102 | -0.034 | -0.040 | -0.009 | -0.020 | -0.151 | -0.154
p value 0.903* 0.226 0.737 0.670 0.933 0.849 0.164* | 0.174*
MUFA (% E)

B coef 0.001 0.000 -0.011 0.000 0.002 0.001 -0.002 0.002
Beta coef 0.047 0.005 -0.014 | -0.001 0.096 0.061 -0.100 | -0.113
p value 0.636 0.956 0.888 0.997 0.343 0.567 0.357* | 0.318*
B coef 0.020 0.010 1.183 0.888 1.421 -0.001 0.008 0.001
Beta coef 0.070 0.032 0.094 0.070 0.007 -0.003 0.039 0.053
p value 0.483* 0.697 0.354 0.449 0.945 0.979 0.725 0.636




TABLE OF RESULTS: E6

Maternal dietary fat intake at V1 vs infant anthrop

ometry (Bal and Ba2).

FAT Intake V1 Weight 1 Length 1 BMI 1 Weight 2 Length 2 BMI 2
Adjusted for conf. None A,s None A,s None A,s None As None As None As
N number 76,77* 77 77 77 76,77* 77 73 73 73 73 72 72
Total Fat (%E)
B coef -11.19 -5.476 0.022 0.034 -0.001 -0.001 0.000 0.000 -0.029 -0.039 0.000 0.000
Beta coef -0.181 -0.084 0.069 0.107 -0.241 -0.217 -0.029 -0.033 -0.085 -0.115 -0.040 -0.058
p value 0.118 0.340 0.550 0.293 0.035* 0.047 0.810 0.766 0.477 0.307 0.740 0.622
B coef -852.9 -203.7 -4.452 -1.915 -0.018 0.002 0.080 0.063 -0.722 -1.954 -0.012 -0.011
Beta coef -0.174 -0.042 -0.185 -0.079 -0.091 0.011 0.176 0.138 -0.033 -0.082 -0.269 -0.254
p value 0.130* 0.650 0.108 0.451 0.436 0.922 0.135 0.211 0.786 0.465 0.022 0.027
MUFA (% E)
B coef -648.7 -317.6 -0.190 -0.119 -0.018 -0.020 -0.030 -0.044 -5.776 -6.373 -0.005 -0.004
Beta coef -0.147 -0.070 -0.008 -0.005 -0.090 -0.099 -0.066 -0.099 -0.246 -0.271 -0.113 -0.095
p value 0.205 0.433 0.942 0.959 0.435* 0.372 0.578 0.371 0.036 0.014 0.344 416.0
B coef -15.46 4.374 3.474 3.535 -0.025 -0.029 -0.016 -0.007 1.014 0.858 0.003 0.002
Beta coef -0.006 0.002 0.270 0.275 -0.233 -0.252 -0.063 -0.029 0.083 0.066 0.140 0.102
p value 0.959* 0.985 0.018 0.006 0.043" 0.022 0.598 0.794 0.487 0.562 0.241 0.385
- +r 4 4 | ]
Analysis including outliers: #1

N number 77

B coef -0.029

Beta coef[ -0.256

p value 0.025
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TABLE OF RESULTS: E7 Maternal dietary fat intake at V2 vs infant anthrop  ometry (Bal and Baz2).

FAT Intake V2 Weight 1 Length 1 BMI 1 Weight 2 Length 2 BMI 2
Adjusted for conf. None AS None AS None AS None As None As None As
N number 76,75* 76 76 76 75,76* 76 72 72 72,71* 72 71 71
Total Fat (%E)
B coef -1.763 1.373 -0.104 | -0.101 0.001 0.001 0.001 0.001 -0.064 | -0.028 0.000 0.000
Beta coef -0.026 0.021 -0.319 | -0.310 0.262 0.309 0.106 0.204 -0.207 | -0.084 | -0.279 | -0.339
p value 0.822 0.822 0.005 0.002 0.023* 0.005 0.374 0.072 | 0.083% | 0.471 0.018 0.004
B coef -125.2 | -42.60 | -1.244 | -0.976 0.001 0.005 0.002 0.009 -1.203 | -0.822 | -0.003 | -0.003
Beta coef -0.105 | -0.036 | -0.215 | -0.168 0.022 0.093 0.018 0.080 -0.202 | -0.138 | -0.246 | -0.277
p value 0.369 0.691 0.063 0.099 0.855 0.402 0.883 0.482 0.089 0.229 0.038 0.018
B coef -6.282 0.938 -0.175 | -0.162 0.001 0.001 0.001 0.003 -0.084 | -0.053 0.000 0.000
Beta coef -0.033 0.005 -0.188 | -0.174 0.143 0.176 0.067 0.138 -0.096 | -0.056 | -0.177 | -0.226
p value 0.779 0.957 0.103 0.090 0.217* 0.115 0.575 0.220 0.426* 0.624 0.140 0.055
B coef 418.4 317.5 -3.582 | -3.804 0.038 0.051 0.059 0.084 -1.843 0.435 -0.008 | -0.009
Beta coef 0.143 0.104 -0.241 | -0.256 0.297 0.377 0.193 0.275 -0.127 0.028 -0.262 | -0.305
i value 0.220* 0.251 0.036 0.012 | 0.010* | 0.001 0.105 0.014 0.291* 0.807 0.027 0.009
Analysis including outliers: #1 #2

N number 76 71

1 |

B coef 0.047 -0.057

Beta coef| 0.349 -0.173

p value 0.002 0.148
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TABLE OF RESULTS: E8

Maternal dietary fat intake at V1 vs infant glucose

, HOMA index and metabolics (Bal).

FAT Intake V1 GlcF1 InsF1 PIF1 HOMA-IR 1 Leptin 1 IGF BP3 (1)
Adjusted for conf. None A, s,w None A, s,w None A, s,w None A, s,w None A, s,w None A, s,w
N number 75 32 25 25 43

B coef -0.002 | -0.004 0.000 0.000 0.000 0.000 -0.005 | -0.004 0.005 0.010 -2.472 | -0.620
Beta coef -0.036 | -0.071 0.263 0.249 0.004 0.004 -0.271 | -0.245 0.060 0.116 -0.070 | -0.019
p value 0.758 0.524 0.022 0.033 0.974 0.976 0.019 0.034 0.608 0.147 0.547 0.866
B coef -0.627 | -0.485 0.003 0.002 -0.136 | -0.187 | -0.140 | -0.099 | -0.604 0.600 236.7 377.8
Beta coef -0.161 | -0.130 0.037 0.022 -0.101 | -0.130 | -0.113 | -0.080 | -0.095 0.093 0.089 0.142
p value 0.161 0.258 0.753 0.857 0.385 0.287 0.337 0.505 0.414 0.258 0.443 0.211
MUFA (% E)

B coef -0.149 | -0.375 0.006 0.006 -0.168 | -0.188 | -0.112 | -0.087 0.396 0.875 3.117 59.00
Beta coef -0.041 | -0.104 0.068 0.070 -0.125 | -0.141 | -0.090 | -0.074 0.066 0.142 0.001 0.025
p value 0.725 0.350 0.560 0.554 0.278 0.237 | 0.443™ | 0.522 0.573 0.073 0.991 0.819
B coef -0.056 | -0.169 0.013 0.013 0.024 0.059 -0.225 | -0.224 0.460 0.169 -207.8 | -210.5
Beta coef -0.027 | -0.084 0.287 0.282 0.033 0.077 -0.319 | -0.319 0.135 0.049 -0.146 | -0.148
p value 0.818 0.456 0.012 0.015 0.777 0.517 0.005 | 0.006™ | 0.244 0.544 0.205 0.179

Analysis including outliers:

#1 #2
N number
B coef -0.092 -0.194
Beta coef| -0.079 -0.293
p value 0.502 0.010




TABLE OF RESULTS: E9

Maternal dietary fat intake at V2 vs infant glucose

, HOMA index and metabolics (Bal).

FAT Intake V2 GlcF1 InsF1 PIF1 HOMA-IR 1 Leptin 1 IGF BP3 (1)
Adjusted for conf. None A, s,w None A, s,wW None A, s,w None A, s,w None A, s,w None A, s,wW
N number 43 43
B coef -0.010 | -0.004 0.000 0.000 -0.004 | -0.004 0.005 0.005 0.013 0.005 6.351 6.656
Beta coef -0.179 | -0.223 | -0.327 | -0.364 | -0.223 | -0.223 0.253 0.287 0.142 0.057 0.173 0.181
p value 0.121 | 0.063 | 0.004 | 0.002 | 0.053 | 0.063 | 0029 | 0014 | 0226 | 0.486 | 0.135" | 0.105"
B coef -0.169 | -0.031 | -0.003 | -0.003 | -0.030 | -0.031 0.019 0.030 0.021 0.050 94.52 101.7
Beta coef -0.176 | -0.093 | -0.128 | -0.155 | -0.092 | -0.093 0.057 0.093 0.014 0.032 0.144 0.165
p value 0.129 0.437 0.275 0.193 0.427 0.438 0.627 0.430 0.908 0.697 0.214 0.133
MUFA (% E)
B coef -0.031 | -0.004 | -0.001 | -0.001 | -0.004 | -0.004 0.011 0.013 0.023 0.007 26.87 28.22
Beta coef -0.020 | -0.071 | -0.312 | -0.340 | -0.076 | -0.071 0.221 0.249 0.093 0.028 0.256 0.269
p value 0.082 0.556 0.007 0.004 0.516 0.556 0.058 0.034 0.426 0.736 0.026 0.014
B coef -0.210 | -0.186 | -0.018 | -0.019 | -0.188 | -0.186 0.261 0.267 0.716 0.187 -0.343 | -79.98
Beta coef -0.085 | -0.220 | -0.335 | -0.355 | -0.223 | -0.220 0.314 0.322 0.178 0.046 0.000 -0.048
p value 0.464 0.068 0.003 0.003 0.053 0.068 0.006 0.006 0.127 0.575 0.999 0.674
S ) A E N R
Analysis including outliers: #1 #2 #3

N number

I

B coef 713.1 7.048 7.070

Beta coef| 0.254 0.204 0.205

p value 0.052 0.080 0.065
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TABLE OF RESULTS: E10

Maternal dietary fat intake at V1 vs infant glucose

, HOMA index and metabolics (Ba2).

FAT Intake V1

Glc F2

Ins F2

PIF 2

HOMA-IR 2

Leptin 2

IGF BP3 (2)

Adjusted for conf.

None

A,S,wW

None

A,Ss,wW

None

A,s,wW

None A,S,w

None

A,S,wW

None A,Ss,wW

N number

Total Fat (%E)

B coef -0.002 | -0.001 | -0.002 | -0.002 | -0.001 | 0.000 | -0.004 | -0.004 | 0.002 | 0.003 | -2.967 | -1.700
Beta coef -0.032 | -0.011 | -0.214 | -0.224 | -0.026 | -0.014 | -0.212 | -0.214 | 0.090 | 0.116 | -0.049 | -0.028
p value 0.790 | 0928 | 0.071 | 0056 | 0830 | 0905 | 0.074 | 0.068 | 0447 | 0239 | 0682 | 0.803
B coef -0.689 | -0.657 | 0.002 | -0.015 | 0.157 | 0.081 | -0.076 | -0.105 | -0.019 | -0.108 | 412.1 | 123.7
Beta coef -0.150 | -0.144 | 0.003 | -0.025 | 0.108 | 0.055 | -0.058 | -0.080 | -0.010 | -0.057 | 0.095 | 0.029
p value 0201 | 0239 | 0983 | 0832 | 0362 | 0639 | 0628 | 0502 | 0932 | 0565 | 0.419 | 0.802
MUFA (% E)

B coef -0.077 | 0.022 | -0.091 | -0.072 | -0.213 | -0.185 | -0.197 | -0.150 | -0.046 | 0.124 | -182.62 | -113.40
Beta coef -0.017 | 0.005 | -0.150 | -0.118 | -0.149 | -0.128 | -0.151 | -0.115 | -0.024 | 0.067 | -0.043 | -0.027
p value 0.886 | 0.968 | 0208 | 0314 | 0204 | 0266 | 0206 | 0328 | 0837 | 0500 | 0.717 | 0.814
B coef 0.135 | 0.162 | -0.072 | -0.082 | -0.071 | -0.063 | -0.130 | -0.147 | 0.105 | 0.097 | -296.8 | -296.8
Beta coef 0.054 | 0.065 | -0.217 | -0.247 | -0.089 | -0.078 | -0.182 | -0.206 | 0.101 | 0.094 | -0.125 | -0.125
p value 0.648 | 0596 | 0.068 | 0036 | 0.450 | 0503 | 0.126 | 0082 | 0.394 | 0342 | 0287 | 0.287
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TABLE OF RESULTS: E11

Maternal dietary fat intake at V2 vs infant glucose

, HOMA index and metabolics (Ba2).

value

0.865

Analysis including outliers:

0.798

0.269

0.678

#1 #2
N number
B coef 0.013 0.015
Beta coef| 0.217 0.332
p value 0.068 0.005

0.578

31t

0.927

0.290 0.638

0.006

FAT Intake V2 GlcF2 Ins F 2 PIF 2 HOMA-IR 2 Leptin 2 IGF BP3 (2)
Adjusted for conf. None A,s,w None A,s,wW None A,s,wW None A,s,w None A,s,w None A,s,wW
N number 48 56

B coef -0.008 | -0.010 0.002 0.002 0.001 -0.001 0.004 0.003 0.005 0.002 1.694 -1.500
Beta coef -0.127 | -0.151 0.276 0.225 0.034 -0.037 0.205 0.152 0.184 0.077 0.028 -0.025
p value 0.283 0.238 0.020 0.067 0.777 0.764 0.086 0.220 0.119 0.459 0.814 0.834
B coef -0.208 | -0.266 0.025 0.020 0.004 -0.015 0.029 0.013 -0.014 | -0.059 10.63 2.700
Beta coef -0.182 | -0.233 0.169 0.134 0.011 -0.041 0.088 0.038 -0.029 | -0.125 0.010 0.003
p value 0.124 0.057 0.160 0.265 0.927 0.731 0.466 0.751 0.808 0.214 0.935 0.983
MUFA (% E)

B coef -0.009 | -0.014 0.008 0.007 0.003 0.000 0.014 0.012 0.009 0.000 9.473 6.100
Beta coef -0.052 | -0.075 0.321 0.272 0.058 0.000 0.276 0.224 0.112 -0.001 0.055 0.036
p value 0.663 | 0.545 | 0.006 | 0.022 | 0.625"™ | 0.998 | 0.020” | 0.060 | 0.346 | 0.995 | 0.641 | 0.756
B coef 0.060 0.102 0.051 0.021 0.061 -0.011 0.107 0.052 0.392 0.291 23.53 -268.4
Beta coef 0.020 0.033 0.133 0.052 0.066 -0.011 0.128 0.059 0.319 0.229 0.008 -0.092

0.028

0.944 0.446



TABLE OF RESULTS: E12

Maternal dietary fat intake at V3 vs infant glucose

, HOMA index and metabolics (BaZ2).

FAT Intake V3 Glc F 2 Ins F 2 PIF2 HOMA-IR 2 Leptin 2 IGF BP3 (2)
Adjusted for conf. None A, s,w None A, s,w None A, s,w None A, s,w None A, s,w None A, s,w
N number 76

B coef 0.009 0.008 -0.001 | -0.001 0.001 0.001 0.000 0.000 0.001 0.000 -8.790 | -7.100
Beta coef 0.135 0.117 -0.063 | -0.056 0.042 0.042 -0.010 | -0.011 0.023 14.00 -0.153 | -0.114
p value 0.251 0.335 0.602 0.633 0.725 0.715 0.937 0.924 0.848 0.891 0.196 0.308
B coef 0.009 0.003 0.002 0.002 0.119 0.002 0.006 0.005 0.015 0.013 -24.15 | -14.00
Beta coef 0.045 0.013 0.088 0.090 0.030 0.024 0.098 0.087 0.171 0.149 -0.134 | -0.071
p value 0.702 0.916 0.460 0.444 0.801 0.833 0.412 0.458 0.146 0.125 0.258 0.524
MUFA (% E)

B coef 0.012 0.009 0.000 0.001 0.003 0.002 0.002 0.002 -0.005 | -0.006 | -5.029 | -5.500
Beta coef 0.063 0.049 0.013 0.024 0.045 0.033 0.031 0.036 -0.068 | -0.073 | -0.032 | -0.032
p value 0.592 0.688 0.917 0.841 0.703 0.773 0.799 0.764 0.567 0.456 0.791 0.773
B coef 0.014 0.014 -0.002 | -0.002 0.001 0.001 -0.003 | -0.003 | -0.001 | -0.001 | -13.46 | -12.10
Beta coef 0.138 0.133 -0.163 | -0.159 0.020 0.029 -0.100 | -0.099 | -0.025 | -0.024 | -0.136 | -0.122
p value 0.241 0.272 0.171 0.173 0.869 0.802 0.403 0.399 0.834 0.810 0.247 0.275
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APPENDIX F. Maternal intake of total energy, total CH O and added sugar.

TABLE OF RESULTS: F1 Maternal energy and carbohydrate intakes at V1 vs f  etal weight and size at US1.
E & CHO Intake V1 FW1 BPD1 AC1 HC1 FL1
Adjusted for conf. None Ah,w,s None Ah,w,s None Ah,w,s None Ah,w,s None Ah,w,s
N number 106 104 106 103,104* | 106,105* | 104,101* 96 93,95* 106 103,104*
Total Energy
B coef -1.890 0.465 -0.547 -0.196 0.003 -0.007 -0.922 -0.049 -0.336 -0.004
Beta coef -0.081 0.020 -0.141 -0.052 0.031 -0.087 -0.070 -0.004 -0.101 -0.001
p value 0.411 0.124 0.148 | 0.036™ | 0.758* | 0.004™ | 0.502 | 0.857* | 0.305 0.960
B coef 0.081 -0.009 0.013 0.002 0.000 0.000 0.047 0.001 0.008 -0.002
Beta coef 0.183 -0.019 0.175 0.023 -0.200 -0.029 0.183 0.007 0.127 -0.024
p value 0.061 0.143 0.073 | 0.361* | 0.041" | 0.372 | 0.075" | 0.722 0.194 0.328
B coef -0.098 0.008 -0.022 -0.009 0.000 0.000 -0.039 0.007 -0.019 -0.005
Beta coef -0.061 0.005 -0.082 -0.034 0.022 -0.065 -0.032 0.008 -0.083 -0.022
p value 0.535 0.689 0.404 0.163 0.823 | 0.027""| 0.674 0.697 0.399 | 0.385*
I IS N N I R N D N R E—
Analysis including outliers: #1 #2 #3 #4 #5

N number 104 105 104 104 96

B coef -0.173 0.000 -0.008 0.000 0.045

Beta coef| -0.045 -0.185 -0.085 -0.050 0.166

p value 0.078 | 0.058" | 0.009 | 0.117 | 0.104"




TABLE OF RESULTS: F2

Maternal energy and carbohydrate intakes at V1 vs f

etal weight and size at US2.

E & CHO Intake V1 Fw2 BPD2 AC2 HC2 FL2

Adjusted for conf. None Ah,w,s None Ah,w,s None Ah,w,s None Ah,w,s None Ah,w,s
N number 104 101,102* 104 102 104,103* | 102,101* 95,93* 92,93* 103 102
Total Energy

B coef 0.063 0.039 0.107 -0.004 -0.008 0.000 0.970 1.183 0.350 0.158
Beta coef 0.124 0.080 0.042 -0.004 -0.095 -0.101 0.112 0.139 0.162 0.070
p value 0.209 0.204 0.675 0.984 0.339* 0.175 0.281 0.065" 0.102 0.274
B coef 0.000 0.000 0.000 0.008 -0.014 0.013 -0.012 0.010 -0.007 -0.001
Beta coef -0.056 0.086 0.009 0.150 -0.056 0.057 -0.072 0.060 -0.157 -0.022
p value 0.570 0.230* 0.928 0.041 0.576 0.450* 0.491* 0.438* | 0.114™ 0.740
B coef 0.001 0.001 0.003 0.013 0.000 0.000 0.038 0.066 0.004 0.002
Beta coef 0.023 0.033 0.014 0.072 0.011 -0.059 0.065 0.114 0.029 0.012
p value 0.814 0.596 0.888 0.320 0.909 0.415 0.532 0.134* 0.773 0.852

Analysis including outliers:

#1 #2
N number 93 103
B coef 0.929 -0.008
Beta coef| 0.109 -0.189
p value 0.163 0.055
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TABLE OF RESULTS: F3 Maternal energy and carbohydrate intakes at V2 vs f  etal weight and size at US2.

E & CHO Intake V2 FW2 BPD2 AC2 HC2 FL2
Adjusted for conf. None Ah,w,s None Ah,w,s None Ah,w,s None Ah,w,s None Ah,w,s
N number 103 102,103* 103 103 104,105* | 103,102* 95 93 105,104* 103
Total Energy
B coef -0.016 0.081 -0.199 0.267 0.001 -0.015 -0.778 0.697 0.099 0.352
Beta coef -0.031 0.162 -0.076 0.101 0.009 -0.165 -0.093 0.085 0.013 0.155
p value 0.752 0.011"* 0.443 0.183 0.932 0.031 0.369 0.305 0.898* 0.018
B coef 0.000 0.000 0.006 0.001 0.006 -0.017 0.018 -0.001 0.002 -0.002
Beta coef 0.066 -0.051 0.121 0.015 0.026 -0.078 0.116 -0.005 0.058 -0.058
p value 0.501 0.484* 0.220 0.836 0.793 0.303* 0.263 0.953 0.556 0.370
B coef 0.000 0.000 0.002 0.001 0.000 0.000 0.001 0.002 0.000 0.001
Beta coef -0.023 0.007 0.048 0.075 0.039 -0.002 0.020 0.036 0.015 0.035
p value 0.820 0.924* 0.627 0.306 0.697* 0.974 0.845 0.644 0.883 0.585
- r - [ [ |
Analysis including outliers: #1

N number 103

I

B coef 0.082

Beta coef| 0.158

p value 0.032




TABLE OF RESULTS: F4

Maternal energy and carbohydrate intakes at V1 vs b

irth parameters.

E & CHO Intake V1 BW BL PONDIX BW/PLW
Adjusted for conf. None Ah,w,s None Ah,w,s None Ah,w,s None Ah,w,s
N number 103,104* 103 100 100 100 100 86,88+ 86,88*
Total Energy

B coef -0.001 -0.002 1.426 1.323 -0.022 -0.032 0.004 0.006
Beta coef -0.043 -0.005 0.105 0.097 -0.078 -0.111 0.020 0.027
p value 0.965 0.950 0.299 0.312 0.438 0.301 0.855 0.821
B coef 0.001 0.001 0.014 0.008 0.001 0.001 0.000 0.000
Beta coef 0.107 0.146 0.052 0.029 0.080 0.092 0.004 0.022
p value 0.280* | 0.077"* [ 0.605 0.758 0.430 0.376 0.971* | 0.842*
B coef -0.002 0.000 -0.028 -0.012 0.001 0.001 0.001 0.001
Beta coef -0.070 0.017 -0.030 -0.012 0.030 0.025 0.065 0.084
p value 0.484 0.835 0.768 0.895 0.766 0.812 0.550 0.458

Analysis including outliers:

#1
N number 104
B coef 0.001
Beta coef| 0.102
p value 0.235
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TABLE OF RESULTS: F5 Maternal energy and carbohydrate intakes at V2 vs b irth parameters.

E & CHO Intake V2 BW BL PONDIX BW/PLW
Adjusted for conf. None A,h,w,s None A,h,w,s None A,h,w,s None A,h,w,s
N number 104,103* | 104,103* 100 100 100 100 85,87* 85,87+
Total Energy
B coef -0.004 0.008 2.117 2.513 -0.026 -0.033 -0.020 -0.016
Beta coef -0.012 0.023 0.152 0.181 -0.090 -0.114 -0.088 -0.073
p value 0.901* 0.789* 0.130 0.061 0.371 0.295 0.424 0.541
B coef -0.001 -0.001 0.101 -0.020 0.000 0.000 0.001 0.001
Beta coef -0.092 -0.088 -0.073 -0.079 -0.017 -0.011 0.167 0.157
p value 0.352 0.320 0.469 0.410 0.864 0.917 0.128" | 0.174"
B coef 0.000 0.000 0.003 0.002 0.000 0.000 0.000 0.000
Beta coef -0.010 -0.045 0.037 0.023 -0.039 -0.057 -0.070 -0.060
p value 0.922 0.611 0.718 0.809 0.746 0.590 0.522* 0.597*
I I S I R S N S N
Analysis including outliers: #1 #2

N number 87 87

-

B coef 0.000 0.000

Beta coef| 0.082 0.089

p value 0.449 0.443
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TABLE OF RESULTS: F6

Maternal energy and carbohydrate intakes at V1 vs i

nfant anthropometry (Bal and Ba2).

E & CHO Intake V1 Weight 1 Length 1 BMI 1 Weight 2 Length 2 BMI 2

Adjusted for conf. None A,s None A,s None A,s None A,s None A,s None A,s
N number 77,76% 77 77 77 76,77* 77 73 73 73,72% 73 72 72
Total Energy

B coef -352.2 -203.6 -0.670 -0.157 -0.008 -0.009 -0.018 -0.012 -1.949 -2.067 -0.001 -0.002
Beta coef -0.109 -0.063 -0.042 0.010 -0.063 -0.064 -0.059 -0.039 -0.128 -0.127 -0.028 -0.052
p value 0.346 0.476 0.717 0.923 0.589 0.561 0.619 0.724 0.282* 0.257 0.813 0.655
B coef 9.957 3.196 0.008 -0.012 0.001 0.000 0.000 0.000 0.028 0.035 0.002 0.000
Beta coef 0.159 0.048 0.025 -0.037 0.174 0.107 -0.039 -0.043 0.081 0.104 0.000 0.150
p value 0.172* 0.588 0.828 0.715 0.132 0.333 0.744 0.699 0.497 0.359 0.126 0.200
B coef -36.12 -18.65 0.036 0.103 -0.002 -0.002 -0.003 -0.003 0.001 0.055 0.001 0.046
Beta coef -0.153 -0.079 0.031 0.089 -0.208 -0.172 -0.143 -0.117 0.001 0.047 0.246 0.229
p value 0.184 0.372 0.791 0.385 0.069* 0.119 0.228 0.292 0.994 0.673 0.037 0.046




TABLE OF RESULTS: F7

Maternal energy and carbohydrate intakes at V2 vs i

nfant anthropometry (Bal and Ba2).

E & CHO Intake V2 Weight 1 Length 1 BMI 1 Weight 2 Length 2 BMI 2

Adjusted for conf. None As None As None As None As None As None As
N number 76 76 76 76 76 76 72 72 72 72 71 71
Total Energy

B coef -260.1 50.40 -0.042 0.264 -0.009 0.000 -0.012 0.016 -0.605 -0.019 0.001 -0.001
Beta coef -0.080 0.016 0.716 0.017 -0.062 0.001 -0.038 0.049 -0.036 -0.001 0.039 -0.042
p value 0.491 0.866 0.665 0.874 0.600 0.995 0.755 0.672 0.764 0.992 0.749 0.733
B coef 2.231 -0.658 0.061 0.056 0.000 -0.001 0.000 0.000 0.040 0.024 0.000 0.000
Beta coef 0.038 -0.011 0.217 0.198 -0.154 -0.197 -0.074 -0.144 0.138 0.083 0.210 0.258
p value 0.742 0.901 0.060 0.054 0.185 0.079 0.536 0.202 0.247 0.469 0.080 0.027
B coef -3.537 0.413 -0.016 -0.002 0.000 0.000 0.000 0.000 0.017 0.018 0.000 0.000
Beta coef -0.162 0.019 -0.149 -0.016 -0.061 0.037 0.047 0.093 0.153 0.168 0.081 0.037
p value 0.161 0.838 0.198 0.880 0.603 0.747 0.693 0.407 0.198 0.140 0.501 0.758
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TABLE OF RESULTS: F8

Maternal energy and carbohydrate intakes at V3 vs i

nfant anthropometry (Ba2).

E & CHO Intake V3 Weight 2 Length 2 BMI 2

Adjusted for conf. None As None As None As
N number 73 73 72 73 72 72
Total Energy

B coef 0.054 0.084 0.756 1.710 -0.006 -0.008
Beta coef 0.146 0.228 0.042 0.088 -0.160 -0.215
p value 0.219 0.040 0.728 0.440 0.179 0.066
B coef 0.000 0.000 0.011 0.019 0.000 0.000
Beta coef 0.053 0.045 0.030 0.052 -0.008 -0.014
p value 0.657 0.683 0.804 0.646 0.946 0.908
B coef 0.002 0.004 0.107 0.177 0.000 0.000
Beta coef 0.082 0.147 0.080 0.123 -0.002 -0.059
p value 0.488 0.186 0.507 0.278 0.986 0.622
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TABLE OF RESULTS: F9

Maternal energy and carbohydrate intakes at V1 vs i

nfant glucose, HOMA index and metabolics (Bal).

E & CHO Intake V1 GlcF1 InsF1 PIF1 HOMA-IR 1 Leptin 1 IGF BP3 (1)
Adjusted for conf. Out A, s, w Out A, s, w Out A, s, w Out A, s, w Out A s, w Out A s, w
N number 75 32 32 25 43
Total Energy
B coef -0.293 -0.330 -0.002 -0.003 0.049 0.042 -0.182 0.071 0.199 0.251 21.57 115.1
Beta coef -0.113 -0.133 -0.036 -0.055 0.678 0.047 -0.204 0.087 0.046 0.058 0.012 0.069
p value 0328 | 0.231 | 0.761 | 0.640 | 0.043" | 0691 | 0086 | 0453 | 0691 | 0.468 | 0916 | 0.526
B coef 0.003 0.004 0.000 -0.001 0.002 0.002 0.002 0.002 -0.004 -0.010 -0.276 -1.659
Beta coef 0.051 0.068 -0.147 -0.131 0.087 0.091 0.117 0.116 -0.050 -0.110 -0.008 -0.046
p value 0.659 0.545 0.207 0.268 0.453 0.446 0.330 0.340 0.669 0.168 0.948 0.678
B coef -0.028 -0.019 0.000 0.000 0.009 0.009 -0.006 0.002 -0.038 -0.009 2.856 4.660
Beta coef -0.147 -0.099 0.009 -0.014 0.128 0.133 -0.104 0.027 -0.122 -0.030 0.022 0.038
p value 0.201 0.380 0.941 0.908 0.268 0.265 0.384 0.819 0.296 0.707 0.848 0.728
I IS R N N N N N N N N R S
Analysis including outliers: #1

N number 104

I

B coef 0.007

Beta coef| 0.007

p value 0.951
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TABLE OF RESULTS: F10

Maternal energy and carbohydrate intakes at V2 vs i

nfant glucose, HOMA index and metabolics (Bal).

E & CHO Intake V2 GlcF1 InsF1 PIF1 HOMA-IR 1 Leptin 1 IGF BP3 (1)
Adjusted for conf. Out A, S, w Out A, S, w Out A, s, W Out A, s, w Out A, s, w Out A, S, w
N number 25/56 43
Total Energy

B coef -0.685 -0.617 -0.015 -0.018 -0.070 -0.064 0.047 0.172 0.426 0.079 99.60 129.1
Beta coef -0.259 -0.234 -0.253 -0.306 -0.078 -0.072 0.051 0.208 0.098 0.018 0.056 0.073
p value 0.024 0.044 0.029 0.011 0.501 0.556 0.672 0.081" 0.403 0.828 0.630 0.523
B coef 0.009 0.009 0.000 0.000 0.003 0.003 -0.004 -0.005 -0.007 -0.001 -6.170 -6.577
Beta coef 0.195 0.181 0.321 0.354 0.194 0.192 -0.273 -0.328 -0.087 -0.014 -0.194 -0.207
p value 0091 | 0113 | 0.005 | 0.002 | 0.094 | 0109 | 0021 | 0.006” | 0457 | 0.869 | 0.093 | 0.062"
B coef -0.003 -0.001 0.000 0.000 0.001 0.001 0.000 0.000 0.001 0.004 -0.631 -0.366
Beta coef -0.138 -0.060 -0.107 -0.154 0.116 0.132 0.013 0.096 0.028 0.124 -0.053 -0.031
p value 0.234 0.612 0.362 0.211 0.318 0.283 0.914 0.428 0.813 0.134 0.650 0.789

Analysis including outliers:

#1 #2 #3
N number 104 104 104
B coef 0.195 -0.002 -6.830
Beta coef| 0.221 -0.256 -0.228
p value 0.068 0.036 0.038
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TABLE OF RESULTS: F11

Maternal energy and carbohydrate intakes at V1 vs i

nfant glucose, HOMA index and metabolics (Ba2).

E & CHO Intake V1 Glc F 2 Ins F 2 PIF2 HOMA-IR 2 Leptin 2 IGF BP3 (2)
Adjusted for conf. None A s, W None A s, W None A, S, W None A s, W None A s, W None A, S, W
N number 76

B coef 3741 -0.065 -0.089 -0.093 -0.063 -0.044 -0.182 -0.187 -0.073 -0.058 -0.673 81.30
Beta coef 0.014 -0.021 -0.217 -0.226 -0.063 -0.044 -0.204 -0.211 -0.056 -0.045 0.000 0.028
p value 0.909 0.864 0.067 0.052 0.595 0.701 0.086 0.071 0.636 0.647 0.998 0.806
B coef 0.003 0.001 0.001 0.001 -0.001 0.000 0.002 0.003 -0.003 -0.003 -0.366 -0.100
Beta coef 0.040 0.022 0.104 0.136 -0.025 -0.013 0.117 0.139 -0.117 -0.100 -0.006 -0.002
p value 0.736 0.859 0.384 0.250 0.830 0.912 0.330 0.239 0.320 0.311 0.960 0.990
B coef 28.10 -0.002 -0.004 -0.003 0.008 0.011 -0.006 -0.006 -0.005 -0.001 27.35 40.00
Beta coef 0.146 -0.007 -0.123 -0.105 0.110 0.154 -0.104 -0.096 -0.051 -0.016 0.133 0.193
p value 0.216 0.955 0.304 0.376 0.352 0.181 0.384 0.418 0.668 0.870 0.260 0.085




TABLE OF RESULTS: F12

Maternal energy and carbohydrate intakes at V2 vs i

nfant glucose, HOMA index and metabolics (Ba2).

E & CHO Intake V2 Glc F2 Ins F 2 PIF2 HOMA-IR 2 Leptin 2 IGF BP3 (2)
Adjusted for conf. Out A 'S, W Out A 'S, W Out A 'S, W Out A 'S, W Out A 'S, W Out A 'S, W
N number 48 56 76

Total Energy

B coef -0.763 -0.810 0.063 0.043 -0.099 -0.115 0.047 0.002 -0.085 -0.193 -93.44 -84.70
Beta coef -0.236 -0.253 0.149 0.101 -0.097 -0.114 0.051 0.002 -0.063 -0.145 -0.033 -0.028
p value 0.044 0.041 0.215 0.408 0.414 0.338 0.672 0.985 0.597 0.155 0.785 0.813
B coef 0.008 0.008 -0.003 -0.002 0.001 0.002 -0.004 -0.004 -0.003 -0.001 -3.745 -4.000
Beta coef 0.143 0.152 -0.355 -0.312 0.059 0.112 -0.273 -0.232 -0.122 -0.031 -0.077 -0.076
p value 0.227 | 0220 | 0.002 | 0008 | 0.622 | 0.343 | 0.021” | 0.051 | 0.303 | 0.756 | 0.522 | 0.508
B coef -0.002 -0.002 0.000 0.000 0.001 0.001 0.000 0.000 0.001 0.000 -1.176 -1.600
Beta coef -0.101 -0.116 0.058 0.006 0.207 0.182 0.013 -0.040 0.061 -0.026 -0.064 -0.080
p value 0.395 0.346 0.630 0.960 0.078" 0.116 0.914 0.741 0.607 0.793 0.595 0.484

Analysis including outliers:

#1 #2
N number 104 104
B coef 0.002 -0.005
Beta coef| 0.260 -0.328
p value 0.027 0.006
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TABLE OF RESULTS: F13

Maternal energy and carbohydrate intakes at V3 vs infa

nt glucose, HOMA index and metabolics (Ba2).

E & CHO Intake V3 Glc F 2 Ins F 2 PIF 2 HOMA-IR 2 Leptin 2 IGF BP3 (2)
Adjusted for conf. None A 'S, W None A 'S, W None A 'S, W None A 'S, W None A 'S, W None A 'S, W
N number 76

Total Energy

B coef 0.713 0.649 -0.100 -0.163 0.062 -0.049 -0.124 -0.254 0.566 0.321 -379.8 -603.4
Beta coef 0.191 0.175 -0.205 -0.334 0.052 -0.041 -0.117 -0.241 0.364 0.209 -0.108 -0.171
p value 0.104 0.164 0.084 0.005 0.665 0.735 0.326 0.048 0.001 0.039 0.361 0.142
B coef -0.012 -0.010 0.000 0.000 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 9.078 5.700
Beta coef -0.159 -0.140 0.031 0.015 -0.044 -0.051 -0.028 -0.035 -0.016 -0.024 0.143 0.084
p value 0.176 0.248 0.795 0.900 0.714 0.658 0.816 0.768 0.892 0.807 0.227 0.454
B coef 0.046 0.042 -0.003 -0.006 0.018 0.013 -0.001 -0.007 0.032 0.018 -9.936 4.100
Beta coef 0.168 0.154 -0.088 -0.169 0.201 0.149 -0.016 -0.096 0.283 0.161 -0.041 0.016
p value 0.152 0.212 0.463 0.158 0.089 0.200 0.895 0.427 0.015 0.106 0.732 0.890




Appendix: G1

List of variables and their transformations for data on mothers

DATA ON MOTHERS

V1

V2

V3

Variable

Age, anthropom., BP
AGE

HEIGHT

WEIGHT

BMI

BP SY¢

BP DIA

Metabolics
GLCF
GLC AUC
INSF

INS AUC
PIF

Pl AUC
CPEP F
CPEP AUC
HGB

HPL

IGF1
IGFBP1
FT4
CORTISOL
LEPTIN
HOMA-IR

log
log

sqgrt
log
log
log
log
log
log

log
log, sqrt

log

rec

log
log

Transformation

log
log

rec
log
log
In
log
log

sqrt
rec, sqrt

log

rec

log
sqrt
log

DATA ON MOTHERS

A

V2 V3

Variable

Nutritional intake
ENERGY

TOTAL PROTEIN
PLANT PROTEIN
ANIMAL PROTEIN
TOTAL FAT

SAFA

MUFA

PUFA
CHOLESTEROL
TOTAL AVAIL. CHO
ADDED SUGAR
PROTEIN (% EN.)
FAT (% ENERGY)
TOTAL CHO (% EN.)

log
log
log
sqrt

log
log
log

sqrt
log

Transformation

log log

rec

log

sqrt log

log sqrt
sqrt

BMI - body mass index
BP - blood pressure
GLC - glucose
AUC - area under the curve
INS - insulin
Pl - proinsulin
CPEP - C-peptide
HGB - haemoglobin
HPL - human placental lactogen
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IGF-1 - insulin like growttctar 1
IGF-BP1 - IGFdbig protein 1
FT4 - free thyroxine
SAFA - saturated fatigisac
MUFA - monounsaturated fatty acids
PUFA - polyunsaturated fatty acids
CHO - carbohydrate



Appendix: G2 List of variables and their transformations for data from ultrasound, delivery and on infants

ULTRASOUND DATA usi us2 DELIVERY DATA INFANT DATA Bal Ba2
Variable Transformation Variable Transf. Variable Transformation
1 ] 1 |
GEST AGE log BIRTH AGE Age, anthropom. GRRT
EFW sqrt log B WEIGHT log AGE (FROM DEL.) log rec, "2
BPD B LENGTH WEIGHT log
AC rec, sqrt rec, log HEAD_CIR LENGTH
HC SEX BMI log, sqrt rec
FL PLAC_W rec, sqrt
RI sqrt PONDIX log D-Bal/2 GRR’ log
AFI BW/PLAC W rec, sqrt Bal - Ba2 GRRT log
GRRT sqrt rec, sqrt
FL/AC MATER W GAIN Metabolic data (fasting

GLC

INS rec sqrt
EFW - estimated fetal weight BMI - body mass index Pl log log
BPD - biparietal diameter D-Ba 1 GRRT - delivernyBal growth ratgHOMA-IR log log
AC - abdomnal circumference Bal-Ba2 GRRT - Bal t@ Beowth rate |LEPTIN log log
HC - head circumference IGF BP3
FL - femur length US - ultrasound

RI - resistance index

AFI - amniotic fluid index
GRRT - growth rate
PONDIX - ponderal index

Bal, Ba?2 - babies' visits

GLC - glucose
INS - insulin
PI - proinsulin
HOMA-IR - homeostasis index

IGF-BP3 - insulin-like growth factor binding prote3
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APPENDIX H. Maternal dietary intakes summary tables

Table H 1 contains results corrected for infant BMplacing the infant weight as a
confounder (see the data in grey font). CorrectorgBMI in many instances produced a
weaker effect (lower p value arfdcoefficient and increased ARfor maternal dietary
protein intake on the particular infant metabolicgmeter. This means, that the model with
BMI explains more variation than the model withanf weight. However, in most cases
BMI did not completely negate the relationship betw the maternal dietary intake and the
metabolic variable, with the p-value remaining €3.The only cases when p value was

greater than 0.05 was for IGF BP3 (Bal and Ba2)HOWMA-IR1.

Table H1 Maternal protein dietary intake summary tables fewl biometric and
postnatal anthropometric and metabolic parametetsath weight. (Table
1 for total protein intake, Table 2 for plant piaténtake and Table 3 for

animal protein intake).

Table H1.1

TOT PROT Intake Intake

[%E] V1 V2

Variable p B AR? Variable P B AR?

BPD 1 0.024 0.054 0.946 AC2 0.048 0.145 0.459

HC 2 0.014 -0.187 0.537 BW 0.038 0.171 0.347

BMI 1 0.001 0.353 0.208 LENG 1 0.014 0.252 0.284

INSF1 0.003 0.348 0.098 BMI1 0.026 -0.247 0.146
0.014 0.296 0.117

HOMA 1 0.001 0.381 0.155 IGFBP3 (2) 0.040 0.236 0.161
0.005 0.330 0.173 0.068 0.224 0.041

WEIG 2 0.038 0.227 0.180

BMI 2 0.012 0.287 0.128

Orange font indicates fetal biometric measuremantsthe blue font indicates infant postnatal patarseof
visit 1 or visit2 (antenatal or postnatal). Grewt indicates outcomes of models corrected fornnMIi

instead of the weight
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Table H1.2

PLPROT Intake Intake
[%E] Vil V2
Variable p B AR’ Variable p B AR’
PIF2 0.021 -0.262 0.152 LENG 1 0.032 0.220 0.269
0.045 -0.244 0.032 BMI 1 0.010 -0.283 0.165
INSF1 0.005 -0.329 0.084
0.019 -0.280 0.110
HOMA 1 0.042 -0.237 0.099
0.081 -0.209 0.114
WEIG 2 0.033 -0.238 0.180
BMI 2 0.021 -0.269 0.118
INSF 2 0.008 -0.318 0.141
0.006 -0.336 0.125
HOMA 2 0.027 -0.268 0.133
0.024 -0.264 0.116

Blue font indicates the infant postnatal paramedérgsit 1 or visit 2. Grey font indicates outcosnaf models

corrected for infant BMI instead of the weight.

Table H 1.3

ANPROT Intake Intake

[%E] V1 V2

Variable p B AR? Variable P B AR?

BMI 1 0.012 0.275 0.156 INSF2 0.024 0.264 0.116

0.017 0.283 0.101

INSF1 0.006 0.323 0.079 IGFBP3(2) 0.016 0.267 0.181
0.021 0.273 0.108 0.015 0.288 0.078

HOMA 1 0.003 0.345 0.127

0.012 0.294 0.156
IGFBP3 (1) 0.036 0.231 0.150
0.099 0.194 0.088
BMI 2 0.039 0.238 0.102
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TABLE H 2 Fat dietary intake summary tables vs. fetal bisimetnd postnatal
anthropometric and metabolic parameters. (Tablecludes total fat intake,
Table 2 saturated fat, Table 3 monounsaturatedrabte D polyunsaturated
fat intakes.)

Table H 2.1

TOT FAT Intake Intake

[%E] V1 V2

Variable p B AR’ Variable p B AR?

BMI 1 0.047 -0.217 0.128 LENG 1 0.002 -0.310 0.316

INS F1 0.033 -0.249 0.037 BMI1 0.005 0.309 0.180
0.075 -0.206 0.081

HOMA 1 0.034 -0.245 0.068 INSF1 0.002 0.364 0.107
0.076 -0.203 0.116 0.010 0.311 0.125

HOMA 1 0.014 0.287 0.030
0.071 0.218 0.117
BMI 2 0.004 0.339 0.157

Blue font indicates the infant postnatal paramedérssit 1 or visit 2. Grey font indicates outcosnef models

corrected for infant BMI instead of the weight.

Table H 2.2

SAFA Intake Intake

[%E] V1 V2

Variable p B AR? Variable P B AR?

BMI 2 0.027 0.254 0.110 HC2 0.029 -0.167 0.530
BMI 2 0.018 0.277 0.121

Orange font indicates fetal biometric measurements.

Table H 2.3

MUFA Intake Intake

[%E] V1 V2

Variable p B AR’ Variable p B AR?

LENG 2 0.014 -0.271 0.177 INSF1 0.004 0.340 0.093

0.009 0.302 0.127
HOMA 1 0.034 0.249 0.070
0.039 0.238 0.146
IGFBP3 (1) 0.014 0.269 0.170
0.052 0.223 0.102
INS F2 0.022 0.272 0.118
0.032 0.264 0.085
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Table H 2.4

PUFA Intake Intake
[%E] V1 V2
Variable p B AR’ Variable p B AR?
LENG 1 0.006 0.275 0.298 LENG 1 0.012 -0.256 0.286
BMI 1 0.022 -0.252 0.144 BMI 1 0.001 0.377 0.227
INS F1 0.015 -0.282 0.055 INSF1 0.003 0.355 0.100
0.054 -0.227 0.085 0.015 0.303 0.116
HOMA 1 0.006 -0.319 0.110 HOMA1 0.006 0.322 0.111
0.025 -0.260 0.139 0.035 0.260 0.132
INS F 2 0.036 -0.247 0.105 BMI 2 0.009 0.305 0.137
0.053 -0.234 0.071
LEPT 2 0.028 0.229 0.361
0.851 0.021 0.193

Blue font indicates the infant postnatal paramedérssit 1 or visit 2. Grey font indicates outcosnef models

corrected for infant BMI instead of the weight.

Table H 3 Total energy, total CHO and added sugar dietatgkensummary tables vs
fetal biometric and postnatal anthropometric andiab@ic parameters.
(Table 1 includes total energy intake, table 2ltotabohydrate intake and
Table 3 an intake of added sugar.)
Table H 3.1
TOT CHO Intake Intake
[%E] \Val V2
Variable p B AR? Variable p B AR®
BPD 2 0.041 0.150 0.504 INS F1 0.002 -0.354 0.101
0.007 -0.313 0.133
HOMA 1 0.006 -0.328 0.094
0.057 -0.221 0.122
BMI 2 0.027 -0.258 0.111
INS F2 0.008 -0.312 0.141
0.010 -0.316 0.113

Orange font indicates fetal biometric measuremantsthe blue font indicates infant postnatal patarseof

visit 1 or visit2 (antenatal or postnatal). Grewtf indicates outcomes of models corrected fornniM|

instead of the weight.
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Table H 3.2

ADDED Intake Intake
SUGARIg] %! V2
Variable p B AR? Variable p B AR?
AC1 0.027 0.065 0.919 No
BMI 2 0.046 -0.229 0.098 associations
Table H 3.3
TOTAL Intake Intake
ENERGY V1 V2
Variable p B AR? Variable p B AR?
BPD 1 0.036 -0.052 0.945 EFW 2 0.011 0.162 0.659
AC1 0.009 0.087 0.929 AC2 0.031 0.165 0.503
FL2 0.018 0.155 0.635
GLCF1 0.044 -0.234 0.119
0.048 -0.231 0.103
INS F1 0.011 0.306 0.065
0.008 0.308 0.131
GLC F2 0.041 -0.253 0.020
0.036 -0.263 0.185

Orange font indicates fetal biometric measuremantsthe blue font indicates infant postnatal patarseof
visit 1 or visit2 (antenatal or postnatal). Greytfandicates outcomes of models corrected for M|

instead of the weight.

Table H 3.4

TOTAL Intake

ENERGY V3

Variable p B AR?

WEIG 2 0.040 0.228 0.179

INS F2 0.005 -0.334 0.149
0.008 -0.327 0.119

HOMA 2 0.048 -0.241 0.098
0.058 -0.235 0.067

LEPT 2 0.039 0.209 0.355

0.023 0.248 0.255
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APPENDIX I.

Correlations used in the regression models listeahIAPPENDIX J.

I.1.1 Associations with fetal growth rates:

Maternal visit 1 (V1) and GRR1 (between V1 and V2):

GRRT1 Valid N Pearson R p-level
WEIGHT1 105 0.213 0.029
BMI1 105 0.216 0.027
GLC1_30 105 0.202 0.039
GLC1_60 105 0.212 0.030
GLC1_120 105 0.201 0.039
AREA_GLC1 105 0.235 0.016
INS1_60 105 0.184 0.061
CPEPF1 79 0.168 0.086
CPEP1_60 79 0.187 0.099
CPEP1_120 79 0.225 0.047
HPL1 105 0.322 0.001
LEPT1 105 0.178 0.070

Maternal visit 1 (V1) and GRR2 (between V2 and\dely):

GRRT2 Valid N Pearson R p-level
HEIGHT 101 0.185 0.065
FT4Vv1 101 0.188 0.060

I.1.2. Associations with the birth parameters:

Maternal V1 and BW:

BW Valid N Pearson R p-level
WEIGHT1 105 0.348 <0.001
HEIGHT 105 0.237 0.015
BMI1 105 0.279 0.004
INS1_0 105 0.186 0.057
INS1_60 105 0.187 0.099
AREA_INS1 105 0.189 0.053
IGFBP1_V1 105 -0.256 0.008
LEPT1 105 0.295 0.002
INS_RES1 105 0.191 0.051




Maternal V1 and BL:

BL Valid N Pearson R p-level
WEIGHT1 101 0.287 0.004
BMI1 101 0.255 0.010
INS1_0 101 0.196 0.050
IGFBP1_V1 101 -0.257 0.010
LEPT1 101 0.262 0.008
INS_RES1 101 0.208 0.037

Maternal V1 and BHC:

BHC Valid N Pearson R p-level
WEIGHT1 102 0.275 0.005
BMI1 102 0.334 0.003
GLC1_120 102 0.209 0.035
INS1_0 102 0.213 0.032
INS1_60 102 0.236 0.017
INS1 120 102 0.213 0.032
AREA_INS1 102 0.216 0.029
IGFBP1_V1 102 -0.359 <0.001
LEPT1 102 0.343 <0.001
INS_RES1 102 0.216 0.029

I.1.3 Associations with the postnatal parameters:

Maternal V1 and the postnatal growth rate betwedively and Ba2 (GRRT Del-Ba2):

No correlations found

Maternal V1 and baby’s BMI at the first visit (Bal)

BMI_Bal Valid N Pearson R p-level
WEIGHT1 77 0.309 0.006
BMI1 77 0.284 0.012
PI1_O 77 -0.261 0.022
PI1_30 76 -0.261 0.042
LEPT1 77 0.222 0.053
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Maternal V1 and baby’s BMI at the second visit (Ba2

BMI_Ba2 Valid N Pearson R p-level
GLC1 O 72 -0.267 0.024
FT4 V1 72 0.205 0.083
IGFBP1_V1 72 -0.236 0.046
LEPT1 72 0.242 0.040

Maternal V1 and baby’s fasting glucose levels atftist visit (Bal):

GLC F Bal Valid N Pearson R p-level
GLC1 O 77 0.228 0.047
HAEMOGLOBIN 77 -0.194 0.092

Maternal V1 and baby’s fasting glucose levels atgbcond visit (Ba2):

GLC FBa2 Valid N Pearson R p-level
C-PEP1_30 74 -0.258 0.051
HPL1 74 0.279 0.016

Maternal V1 and baby’s fasting insulin levels & finst visit (Bal):

INS F Bal Valid N Pearson R p-level
BMI1 76 0.202 0.081
FT4 V1 76 -0.371 0.004

Maternal V1 and baby’s fasting insulin levels & finst visit (Ba2):

No correlations found

Maternal V1 and baby’s HOMA-IR index at the firssiv (Bal):

HOMA Bal Valid N Pearson R p-level
BMI_1 75 0.236 0.072
FT4_V1 75 -0.423 0.001




Maternal V1 and baby’s HOMA-IR index at the secorsit (Ba2):

No correlations found

Maternal V1 and baby’s fasting leptin levels at fingt visit (Bal):

No correlations found

Maternal V1 and baby’s fasting leptin levels at $eeond visit (Ba2):

LEPT F Ba2 Valid N Pearson R p-level

FT4_V1 74 0.291 0.012

I.2.1 Associations with fetal growth rates:

Maternal visit 2 (V2) and GRR1 (between V1 and V2):

GRRT 1 Valid N Pearson R p-level
WEIGHT2 105 0.193 0.049
BMI2 105 0.192 0.049
BP_SYS2 105 0.271 0.005
BP_DIA2 105 0.247 0.011
INS2_60 105 -0.163 0.096
PI2_60 105 -0.082 0.067
HPL2 103 0.217 0.028
LEPT 103 0.253 0.010

Maternal visit 2 (V2) and GRR2 (between V2 and\daly):

GRRT2 Valid N Pearson R p-level
BP_DIA2 101 -0.178 0.075
INS2_120 101 0.173 0.083
PI2_0 101 0.187 0.064
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I.2.2 Associations with the birth parameters:

Maternal V2 and BW:

BW Valid N Pearson R p-level
WEIGHT2 104 0.345 <0.001
BMI2 104 0.266 0.006
INS2_0 104 0.170 0.085
IGFBP1_V2 104 -0.205 0.038
LEPT2 104 0.212 0.031
INS_RES2 104 0.193 0.050

Maternal V2 and BL:

BL Valid N Pearson R p-level
WEIGHT2 100 0.298 0.003
BMI2 100 0.259 0.009
GLC2_O 100 0.217 0.030
IGFBP1_V2 100 -0.278 0.005
LEPT2 100 0.241 0.016
INS_RES2 100 0.212 0.035

Maternal V2 and BHC:

BHC Valid N Pearson R p-level
WEIGHT2 101 0.255 0.010
BMI2 101 0.308 0.002
INS2_0 101 0.197 0.049
IGFBP1_V2 101 -0.315 0.002
LEPT2 101 0.240 0.017
INS_RES2 101 0.211 0.037

I.2.3 Associations with the postnatal parameters:

Maternal V2 and the postnatal growth rate betwesively and Ba2 (GRRT Del-Ba2):

GRRT D-Ba2 Valid N Pearson R p-level

INS_RES?2 72 0.222 0.063
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Maternal V2 and baby’s BMI at the first visit (Bal)

BMI Bal Valid N Pearson R p-level
WEIGHT2 76 0.278 0.015
BMI2 76 0.251 0.029
PI2_0 76 -0.323 0.005
PI2_30 76 -0.224 0.052
PI2_60 76 -0.336 0.003
PI2_120 76 -0.238 0.040
AREA_PI2 76 -0.274 0.017

Maternal V2 and baby’s BMI at the second visit (Ba2

BMI Ba2 Valid N Pearson R p-level
IGF1_BP1_V2 71 0.252 0.034
LEPT 2 71 0.210 0.080

Maternal V2 and baby’s fasting glucose levels atftist visit (Bal):

GLC FBal Valid N Pearson R p-level
GLC2_O 76 0.195 0.092
HPL2 76 0.223 0.053
FT4_V2 76 -0.212 0.067
CORT2 76 0.225 0.052

Maternal V2 and baby’s fasting glucose levels atsbcond visit (Ba2):

GLC F Ba2 Valid N Pearson R p-level
INS2_60 73 -0.243 0.039
AREAINS_2 73 -0.216 0.067
PI2_30 73 -0.206 0.082
PI2_60 73 -0.228 0.054
AREA_PI2 73 -0.201 0.090
HPL_2 73 0.273 0.020
CORT_2 73 0.249 0.035
IGFBP1_V2 73 0.201 0.089

Maternal V2 and baby’s fasting insulin levels & finst visit (Bal):

INS F Bal Valid N Pearson R p-level

PI2_0 75 -0.216 0.062
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Maternal V2 and baby’s fasting insulin levels & finst visit (Bal):

INS Bal Valid N Pearson R p-level

PI12_0 71 0.221 0.064

Maternal V2 and baby’s fasting insulin levels a second visit (Ba2):

No correlations found

Maternal V2 and baby’s HOMA-IR index at the firssiv (Bal):

HOMA Bal Valid N Pearson R p-level
BMI_2 74 0.212 0.070
PI2_0 74 -0.246 0.036

Maternal V2 and baby’s HOMA-IR index at the secorsit (Ba2):
No correlations found

Maternal V2 and baby’s fasting leptin levels at fingt visit (Bal):

LEPT F Bal Valid N Pearson R p-level

BP_SYS2 75 0.209 0.071

Maternal V2 and baby’s fasting leptin levels at $eeond visit (Ba2):

LEPT F Ba2 Valid N Pearson R p-level

INS2_30 73 -0.214 0.069
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APPENDIX J

Table J1.1:Fetal growth rate

Maternal parameters at visit 1

N=75; AR?=0.243
Intercept
MW1

HPL1

Not Adjusted
N=76; AR*=0.243
Intercept

MW1
HPL1

-0.848
2.266
1.334

0.396
0.390

<0.001
<0.001

-0.392
2.282

0.398

<0.001

GRR2

N=101; AR°=0.054

Intercept 0.320

HEIGHT 0.104 | 0.194 | 0.049
FT4 (V1) 0.456 | 0.197 | 0.046
Not Adjusted B BETA p
same outcome

Table J1.2:Birth weight and postnatal growth rate

N=104; AR?=0.248
Intercept
BIRTH AGE
MW1

Not Adjusted

N=104; AR?=0.115
Intercept
MW1

0.016
0.210

0.379
0.281

<0.001
0.002

3.014
0.263

Table J1.3:Birth parameters

GRRT D-Ba2
Adjusted

N=101; AR?=0.054
Intercept
SEX

Adjusted

no correlations

0.076

0.434

BETA

<0.001

N=101; AR?=0.168
Intercept
BIRTH AGE
LEPT 1

Not Adjusted
N=101; AR?=0.073
Intercept

MW1

23.049
0.609
1.695

0.346
0.199

<0.001
0.035

33.045
8.782

BHC
Adjusted
N=102; AR?=0.228
Intercept
BIRTH AGE
LEPT1

IGF BP1V1
Not Adjusted
N=102; AR?=0.154
Intercept
LEPT1

IGF BP1V1

22.805

0.316 | 0.292 | 0.002
1.037 | 0.199 | 0.045
-1.143 | -0.202 | 0.044

B BETA p

35.679

1.192 | 0.229 | 0.027
-1.458 | -0.258 | 0.013
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Table J1.4:Postnatal anthropometric parameters

BMI Bal

N=76; AR® =0.274
Intercept
PIF1

AGE Bal
MW1

Not Adjusted
N=76; AR?=0.163
Intercept
MW1

Pl 30' V1

0.352

-0.010 | -0.314 | 0.002
0.125 | 0.354 | 0.001
0.113 | 0.354 | 0.001

B BETA p

0.385

0.114 | 0.357 | 0.001
-0.033 | -0.302 | 0.006

BMI Ba2
Adjusted

N=72; AR?=0.263

Intercept 0.037

SEX 0.004 | 0.339 | 0.002
LEPT1 0.007 | 0.358 | 0.001
GLC F1 -0.018 | -0.410 | <0.001
Not Adjusted 2] BETA p
N=72; AR?=0.157

Intercept 0.035

LEPT1 0.007 0.346 0.003
GLCF1 -0.016 | -0.365 | 0.002

Table J1.5:Postnatal glucose

GLC Bal

N=76; AR’=0.082
Intercept
WEIG Bal

Not Adjusted
N=77; AR?=0.039
Intercept
GLCF1

3.029
0.0002 | 0.228 | 0.047
B BETA p
2.309
0.086 | 0.228 | 0.047

GLC Ba2

N=72; AR’=0.146

Intercept 3.586

HPL1 1.668 | 0.398 | 0.001
Not Adjusted B BETA p
N=73; AR?=0.132

Intercept 3.602

HPL1 1.605 | 0.379 | 0.001

Table J1.6:Neonatal insulin and HOMA-IR index

INS Bal

N=76; AR’=0.106
Intercept
FT4 V1

Not Adjusted
N=76 ; AR?*=0.106
Intercept
FT4V1

same outcome

0.059
-0.355

-0.343

0.002

0.059
-0.355

-0.343

0.002

HOMA-Bal

=74; AR?=0.227

Intercept
WEIG Bal
FT4 V1

Not Adjusted
N=101; AR?=0.054

-0.888
<0.001
-6.109

0.344
0.417

0.002
<0.001

Intercept
FT4 (V1)
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Table J1.7:Postnatal leptin

LEPT Bal

N=75; AR?=0.539

Intercept -0.970

SEX -0.729 | -0.465 | <0.001
WEIG Bal

AGE Bal

Not Adjusted

Outcome not significant

Table J2.1: Fetal growth rate

LEPT Ba2

N=73; AR?=0.302

Intercept

SEX -0.201 | -0.430 | <0.001
WEIG Ba2 2.315 | 0.557 | <0.001
Not Adjusted BETA p
N=74; AR?=0.072

Intercept 1.041

FT4 V1 -6.163 | -0.291 | 0.012

Maternal parameters at visit 1

N=101; AR?=0.223 (2 outliers excluded)

Intercept 3.732

BP SYS2 0.011 | 0.278 | 0.002
LEPT2 0.090 | 0.334 | 0.001
HPL2 2.174 | 0.341 | <0.001
Not Adjusted B BETA p

N=103; AR?=0.223
Intercept

BP SYS2
LEPT2

HPL2

(2 outliers excluded)

same outcome

Table J2.2:Birth weight

GRR2
Adjusted
N=100; AR?=0.066
Intercept
HEIGHT
PIFV2

Not Adjusted

Outcome not significant

N=104; AR?=0.252

Intercept 2.416

BIRTH AGE 0.017 0.390 | <0.001
MW2 0.229 0.277 0.002

Not Adjusted
N=104; AR?=0.110

Intercept 2.967
MW2 0.284 | 0.345 | <0.001

BW

Adjusted

N=103; AR?*=0.336 (one outlier excluded)
Intercept 2.289

BIRTH AGE 0.018 0.417 | <0.001
MW?2 0.259 0.315 | <0.001
SEX 0.020 0.164 0.046
Not Adjusted 2] BETA p

no outliers present
I
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Table J2.3:Birth parameters

N=100; AR?=0.193
Intercept
BIRTH AGE
IGF BP1 V2

Not Adjusted

N=99 ; AR?=0.073
Intercept
MW2

0.642
-1.967

0.366
-0.231

<0.001
0.013

31.547
9.487

Table J2.4:Postnatal growth rate

Adjusted

N=101; AR?=0.195
Intercept
BIRTH AGE
IGF BP1 V2

Not Adjusted
N=77; AR?*=0.257
Intercept

IGF BP1 V2

0.371
-1.390

0.341
-0.266

<0.001
0.004

37.500
-1.626

BMI Ba2
Adjusted
N=71; AR?=0.071
Intercept

SEX

Not Adjusted
N=71; AR?=0.030
Intercept
LEPT2

GRRT D-Ba2

N=71; AR*=0.026

Intercept 1.282

SEX 0.074 0.422 | <0.001
INS RES2 0.142 0.275 0.010
Not Adjusted B BETA p
N=71; AR’=0.093

Intercept 1.389

INS RES2 0.168 | 0.325 | 0.006
Table J2.5 Postnatal anthropometric parameters
BMI Bal

N=76; AR?=0.254

Intercept 0.395

AGE Bal 0.124 0.354 0.001
PIF V2 -0.046 | -0.327 | 0.002
MW?2 0.086 | 0.247 | 0.017
Not Adjusted B BETA p
N=76; AR?=0.195

Intercept 0.390

MW2 0.116 0.333 0.002
P160' V2 -0.040 | -0.376 | 0.001

0.062

-0.003 | -0.291 | 0.014
B BETA p

0.060

-0.001 | -0.210 | 0.000




Table J2.6 Postnatal glucose

GLC Bal

N=75; AR?=0.217

Intercept

AGE Bal 2.069 | 0.324 | 0.003
CORT2 1562 | 0.367 | 0.001
FT4 V2 -12.223 | -0.332 | 0.003
Not Adjusted BETA p
N=76; AR’=0.156

Intercept -1.491

HPL2 1.611 | 0.224 | 0.044
CORT2 1.247 | 0.293 | 0.012
FT4 V2 -12.310 | -0.347 | 0.003

GLC Ba2
Adjusted

N=72; AR?*=0.049
Intercept 5.197
HPL2 2.090

Not Adjusted
N=73; AR?=0.096

0.250

0.034

Intercept 5.638
HPL2 2.275
P130' V2 -0.577

0.271
-0.228

0.018
0.046

Table J2.7:Neonatal insulin and HOMA-IR index

INS Ba2

N=74; AR?=0.063

Intercept
WEIG Ba2 0.260
SEX -0.041

Not Adjusted

0.346
-0.271

BETA

0.041
0.034

Intercept

No significant outcome

Table J2.8:Postnatal leptin

HOMA Bal

N=74; AR’=0.053

Intercept

PIF V2 -0.224

Not Adjusted

-0.258

0.027

Intercept

PIF V2

same outcome

LEPT Bal

N=74; AR?=0.539

Intercept -0.986

SEX -0.726
WEIG Bal 0.001
AGE Bal 2.736

Not Adjusted

-0.460
0.473
0.263
BETA

<0.001
<0.001
0.013

Intercept

No significant outcome

_

LEPT Ba2

N=7; AR?=0.353

Intercept -7.946

SEX -0.207
WEIG Ba2 2.416
INS 30' V2 -0.203

Not Adjusted

-0.438
0.580
-0.237
BETA

<0.001
<0.001
0.017

Intercept

No significant outcome
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APPENDIX K
Tables of outcomes from the linear mixed model angses.

(Where applicable, the varialbes were used in ttraitsformed form as described in the

Appendix G. Results are expressed in units of @agr transformation.)

Table K1. Maternal anthropometry and blood pressure.

Variable Coef. SE z Pvalue Adj.P 95% ClI
Weight [kg]
V1vs V2 -4.38 0.40  -11.00 0.000  <0.01 -5.16; -3.60
V1vs V3 1.28 0.46 0.76 0.006 0.018 0.37; 2.19
V2 vs V3 5.66 0.47 12.2 0.000  <0.01 1.75; 6.57
BMI [kgm
V1vs V2 -1.75 0.16 -11.0  0.000  <0.01 -2.06; -1.44
V1vs V3 0.51 0.18 2.72 0.006 0.018 0.14; 0.86
V2 vs V3 2.25 0.19 12.2 0.000  <0.01 1.89; 2.61
SYSTOLIC BP
[mmHg]
V1vs V2 -1.16 1.27 -0.92  0.359 1.000 -3.63; 1.32
V1vs V3 -8.29 1.44 -5.74  0.000 <0.01 -11.12; -5.46
V2 vs V3 -7.13 1.45 -492  0.000 <0.01 -9.97; -4.29
DIASTOLIC
BP [mmHg]
V1vs V2 -1.66 1.01 -1.64  0.100 0.300 -3.65; 0.32
V1vs V3 -9.35 1.16 -8.08  0.000 <0.01 -11.62; -7.08
V2 vs V3 -7.68 1.16 -6.63  0.000 <0.01 -9.95; -5.41

*Adjustment with the Bonferroni correction.



Table K2. Maternal glucose in the OGTT.

GLUCOSE
Time points Coef. SE z Pvalue Adj.P 95% ClI
0 min
V1vs V2 -0.14 0.12 -1.21 0.228 0.684 -0.38; 0.09
V1vs V3 -0.66 0.13 -4.95 0.000 <0.01 -0.92;-0.40
V2 vs V3 -0.52 0.13 -3.86 0.000 <0.01 -0.78; -0.25
30 min
V1vs V2 -0.51 0.12 -4.26 0.000 <0.01 -0.74; -0.27
V1vs V3 -0.66 0.13 -4.99 0.000 <0.01 -0.92; -0.40
V2 vs V3 -0.16 0.13 -1.17 0.242 0.726 -0.42;0.11
60 min
V1vs V2 -0.74 0.12 -6.23 0.000 <0.01 -0.98; -0.51
V1vs V3 -0.25 0.13 -1.89 0.058 0.174 -0.51; 0.01
V2 vs V3 0.49 0.13 3.68 0.000 <0.01 -0.23; 0.75
120 min
V1vs V2 -0.45 0.12 -3.78 0.000 <0.01 -0.68; -0.22
V1vs V3 -0.27 0.13 -2.02 0.044 0.132 -0.53; -0.01
V2 vs V3 0.18 0.13 1.36 0.172 0.516 -0.08; 0.44
*Adjustment with the Bonferroni correction.
Table K3. Maternal insulin in the OGTT.
INSULIN
Time points Coef. SE z Pvalue Ad].P 95% ClI
0 min
V1vs V2 -8.31 32.40 -0.256 0.798 1.000 -71.81; 55.20
V1vs V3 -19.77 36.17 -0.547 0.585 1.000 -90.67; 51.13
V2 vs V3 -11.46 36.26  -0.316 0.752 1.000 -82.53; 59.60
30 min
V1vs V2 -140.66  32.40 -4.34 0.000 <0.01 -204.16; -77.15
V1vs V3 -7.50 36.33  -0.206 0.836 1.000 -78.71; 63.71
V2 vs V3 133.16 36.41 3.66 0.000 <0.01 61.79; 204.53
60 min
V1vs V2 -253.39  32.40 -7.82 0.000 <0.01 -316.89; -189.88
V1vs V3 42.26 36.33 1.16 0.245 0.735 -28.95; 113.47
V2 vs V3 295.64 36.41 8.12 0.000 <0.01 224.27; 367.01
120 min
V1vs V2 -125.25  32.40 -3.87 0.000 <0.01 -188.75; -61.74
V1vs V3 8.62 36.33 0.237 0.813 1.000 -62.59; 79.83
V2 vs V3 133.87 36.41 3.68 0.000 <0.01 62.49; 205.24

*Adjustment with the Bonferroni correction.
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Table K4. Maternal C-peptide in the OGTT.

C-PEPTIDE
Time points Coef. SE z Pvalue Adj.P 95% ClI
0 min
V1vs V2 -0.01 0.11 -0.081 0.936 1.000 -0.22; 0.20
V1vs V3 0.03 0.12 0.252 0.801 1.000 -0.20; 0.26
V2 vs V3 0.04 0.12 0.323 0.747 1.000 -0.20; 0.27
30 min
V1vs V2 -0.17 0.12 -1.46 0.144 0.432 -0.40; 0.06
V1vs V3 0.12 0.13 0.948 0.343 1.000 -0.13; 0.37
V2 vs V3 0.29 0.12 2.41 0.016 0.048 0.05; 0.52
60 min
V1vs V2 -0.44 0.12 -3.81 0.000 <0.01 -0.67; -0.21
V1vs V3 0.39 0.13 3.08 0.002 0.006 0.14; 0.64
V2 vs V3 0.84 0.12 6.98 0.000 <0.01 0.60; 1.07
120 min
V1vs V2 -0.37 0.12 -3.15 0.002 0.006 -0.59; -0.14
V1vs V3 0.41 0.13 3.2 0.001 0.003 0.16; 0.66
V2 vs V3 0.77 0.12 6.45 0.000 <0.01 0.54;1.01
*Adjustment with the Bonferroni correction.
Table K5. Maternal proinsulin in the OGTT.
PROINSULIN
Time points Coef. SE z Pvalue Ad].P 95% ClI
0 min
V1vs V2 -0.32 0.46 -0.695 0.487 1.000 -1.22; 0.58
V1vs V3 -0.77 0.52 -1.49 0135 0.405 -1.78; 0.24
V2 vs V3 -0.45 0.52 -0.871 0.384 1.000 -1.47; 0.56
30 min
V1vs V2 -0.52 0.46 -1.12 0.264 0.792 -1.42; 0.39
V1vs V3 -2.76 0.52 -5.32 0.000 <0.01 -3.77;-1.74
V2 vs V3 -2.24 0.52 -4.33 0.000 <0.01 -3.26; -1.23
60 min
V1vs V2 -1.08 0.46 -2.32 0.020 0.060 -1.99; -0.17
V1vs V3 -2.83 0.52 -5.45 0.000 <0.01 -3.85;-1.81
V2 vs V3 -1.75 0.52 -3.38 0.001 0.003 -2.77;-0.74
120 min
V1vs V2 -1.43 0.46 -3.09 0.002 0.006 -2.33;-0.52
V1vs V3 -3.51 0.52 -6.78 0.000 <0.01 -4.53; -2.50
V2 vs V3 -2.08 0.52 -4.02 0.000 <0.01 -3.10; -1.07

*Adjustment with the Bonferroni correction.
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Table K6. Maternal hormones and the HOMA-IR index.

Variable Coef. SE z Pvalue Adj. P 95% ClI
IGF 1
V1vs V2 -125.35 8.10 -15.50 0.000 <0.01 -141.22; -109.48
V1vs V3 81.03 9.24 8.77 0.000 <0.01 62.93; 99.13
V2 vs V3 206.38 9.26 22.30 0.000 <0.01 188.23; 224.54
IGF BP1
V1vs V2 8.72 3.12 2.79 0.005 0.015 2.60; 14.84
V1vs V3 70.70 3.57 19.8 0.000 <0.01 63.70; 77.71
V2 vs V3 61.99 61.99 17.3 0.000 <0.01 54.96; 69.02
FT4
V1vs V2 1.08 0.17 6.50 0.000 <0.01 0.76; 1.41
V1vs V3 0.10 0.19 0.54 0.593 1.000 -0.27; 0.48
V2 vs V3 -0.98 0.19 -5.13 0.000 <0.01 -1.36; -0.61
LEPT
V1vs V2 -2.63 1.13 -2.33 0.020 0.060 -4.85; -0.41
V1vs V3 0.211 1.30 0.16 0.871 1.000 -2.34; 2.76
V2 vs V3 2.85 1.31 2.18 0.029 0.087 0.29; 5.40
HOMA-IR
V1vs V2 -0.26 0.10 -2.72 0.007 0.021 -0.45; -0.07
V1vs V3 -0.57 0.11 -5.14 0.000 <0.01 -0.78; -0.35
V2 vs V3 -0.30 0.11 -2.74 0.006 0.018 -0.52; -0.09

*Adjustment with the Bonferroni correctign.
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Table K7a. Maternal dietary intakes (a)

Variable Coef. SE z Pvalue Adj. P 95% ClI
ENERGY

V1vs V2 -0.02 0.04 -0.43  0.667 1.000 -0.10; 0.06

V1vs V3 -0.12 0.05 -2.67  0.008  0.024 -0.21; -0.03

V2 vs V3 -0.11 0.05 -2.28  0.023  0.069 -0.20; -0.02
TOT PROT

V1vs V2 -0.03 0.05 -0.60  0.549 1.000 -0.12; 0.06

V1vs V3 -0.01 0.05 -0.26  0.792 1.000 -0.11; 0.09

V2 vs V3 0.01 0.05 0.27 0.790 1.000 -0.09; 0.11
PL PROT

V1vs V2 -0.06 0.05 -1.23  0.220  0.660 -0.15; 0.03

V1vs V3 -0.16 0.05 -3.14  0.002  0.006 -0.27; -0.06

V2 vs V3 -0.11 0.05 -2.05  0.040  0.120 -0.21; -0.01
AN PROT

V1vs V2 -0.02 0.06 -0.29 0.78 1.000 -0.13; 0.09

V1vs V3 0.06 0.06 1.00 0.32 0.960 -0.06; 0.19

V2 vs V3 0.08 0.06 1.25 0.21 0.630 -0.05; 0.21
TOT FAT

V1vs V2 -0.02 0.06 -0.33  0.742 1.000 -0.14; 0.10

V1vs V3 -0.20 0.07 -3.01  0.003  0.009 -0.34; -0.07

V2 vs V3 -0.19 0.07 -2.72  0.007  0.021 -0.32; -0.05
SAFA

V1vs V2 -0.01 0.06 -0.11 0.91 1.000 -0.12; 0.11

V1vs V3 -0.07 0.07 -1.02 0.31 0.930 -0.20; 0.06

V2 vs V3 -0.06 0.07 -0.92 0.36 1.000 -0.19; 0.07
MUFA

V1vs V2 -0.04 0.06 -0.68  0.496 1.000 -0.16; 0.08

V1vs V3 -0.24 0.07 -3.50  0.000 <0.01 -0.38; -0.11

V2 vs V3 -0.20 0.07 -2.89  0.004  0.012 -0.34; -0.07
PUFA

V1vs V2 -0.03 0.08 -0.42  0.678 1.000 -0.19; 0.13

V1vs V3 -0.34 0.09 -3.71  0.000 <0.01 -0.51;-0.16

V2 vs V3 -0.30 0.09 -3.34  0.001  0.003 -0.48; -0.13
TOT CHO

V1vs V2 -0.02 0.04 -0.39  0.700 1.000 -0.09; 0.06

V1vs V3 -0.10 0.04 -2.42  0.015  0.045 -0.19; -0.02

V2 vs V3 -0.09 0.04 -2.08  0.037 0.111 -0.17;-0.01
TOT AV CHO

V1vs V2 -0.01 0.04 -0.32  0.752 1.000 -0.09; 0.06

V1vs V3 -0.11 0.04 -2.47  0.014  0.042 -0.19; -0.02

V2 vs V3 -0.09 0.04 -219  0.029  0.087 -0.18; -0.01

*Adjustment with the Bonferroni correction.
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Table K7b. Maternal dietary intakes (b).

Variable Coef. SE z Pvalue Adj. P 95% ClI
CHOLEST. [mg]

V1vs V2 0.03 0.07 0.43 0.667 1.000 -0.11; 0.17

V1vs V3 -0.07 0.08 -0.89  0.372 1.000 -0.23; 0.08

V2 vs V3 -0.10 0.08 -1.27  0.205  0.615 -0.26; 0.06
DIET. FIBRE [g]

V1vs V2 -0.06 0.05 -1.27  0.202  0.606 -0.16; 0.03

V1vs V3 -0.06 0.06 -1.03  0.303  0.909 -0.16; 0.05

V2 vs V3 0.01 0.06 0.10 0.922 1.000 -0.10; 0.11
ADDED SUGAR [g]

V1vs V2 0.06 0.25 0.25 0.806 1.000 -0.44; 0.56

V1vs V3 -0.61 0.29 212 0.034  0.102 -1.17; -0.05

V2 vs V3 -0.67 0.29 -2.33  0.020  0.060 -1.23;-0.11
TOT PROT [%E]

V1vs V2 -0.16 0.38 -0.41  0.680 1.000 -0.91; 0.59

V1vs V3 1.49 0.43 3.49 0.000  <0.01 0.66; 2.33

V2 vs V3 1.65 0.43 3.86 0.000  <0.01 0.81; 2.49
TOT FAT [%E]

V1vs V2 0.16 1.12 0.14 0.887 1.000 -2.03; 2.35

V1vs V3 -2.83 1.24 -2.28  0.023  0.069 -5.27; -0.40

V2 vs V3 -2.99 1.24 -2.40  0.016  0.048 -5.43; -0.55
TOT CHO [%E]

V1vs V2 -0.15 1.09 -0.14  0.892 1.000 -2.29; 1.99

V1vs V3 1.32 1.22 1.08 0.279  0.937 -1.07; 3.72

V2 vs V3 1.47 1.22 1.20 0.229  0.687 -0.93; 3.87

*Adjustment with the Bonferroni correction.
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