Study of Metabolic Profile in Infants of

Diabetic Mothers

Thesis
Submitted for Partial Fulfillment of Master Degree
in Pediatrics

By
Basma Ismail Abdel Fattah Mohamed
M.B.B.CH (2010)
Faculty of Medicine- Ain Shams University

Under Supervision of

Ass. Prof. Dr. Ghada lbrahim Gad

Assistant Professor of Pediatrics
Faculty of Medicine- Ain Shams University

Dr. Heba Salah Abd Alkhalek AlAbd

Lecturer of Pediatrics
Faculty of Medicine- Ain Shams University

Faculty of Medicine
Ain Shams University
2014



First of all, my deepest and greatest gratitude and thanks

to ALLAH for helping and supporting me to present this modest
work.

In fact, I can't find meaningful words to express my
extreme thankfulness, profound gratitude and deep
appreciations to my eminent Ass. Prof. Dr. Ghada
Ibrahim Gad, Assistant Professor of Pediatrics Faculty of
Medicine- Ain Shams University for her majestic generous help,
guidance, kind encouragement and great fruitful advice during
supervision of this work.

Also I'm deeply grateful to Dr. Heba Salah Abd
Alkhalek AIlAbd, Lecturer of Pediatrics Faculty of
Medicine- Ain Shams University for her valuable help,
assistance, encouragement and supporting me through devoting
her time to facilitate the production of this work.

I am deeply thankful to Qyr. Eman EL-Pesouky, Lecturer
of Cancer Epidemiology and Biostatistics, Clinical Oncology
Nutrition Institute, Cairo University for her great effort and
assistance to complete my results chapter successfully.

Finally, I would like to express my deepest thankfulness to
my Family special my parents, my fiancé and my friends for
their great help and support whom without | could do nothing.

Basma Ismail \






Table of Contents

List Of ADDIeVIAtioNS ...........cccccccccvvvvvreeesscesscce I
LiSt Of TADIES ... v
T A0 T [0S \/
INErOAUCTION ... 1
AIM OF Te STUAY ......ooooovosssnnnn 4
ReVIEW OF LITErature ...
- Chapter (1): Diabetes and Pregnancy ... 5
- Chapter (2): Infant of Diabetic Mother ... 18
- Chapter (3): Metabolomics in Neonatology..............c.cucee 32
Subjects and Methods ... 54
RESUITS. ... 66
D10 U7 (o] o Y 94
Summary and ConClUSION ..., 105
ReCOMMENALIONS.........ccccoooccvvvvvereeeeeeeeesessssesneeee s 109
RETEIEINCES........oooooooeenne 110

ATabIC SUMMANY ..o -



= ist of Apbreviation

List of Abbreviations

Abb. Meaning
ADA American Diabetes Association
AGE Advanced glycosylation end products
AIB Aminoisobutyrate
AMP Adenosinemonophosphate nucleoside
AMPK Adenosinemonophosphate nucleoside kinase
BALF Bronchoalveolar lavage fluid
BMI Body mass index
CO-Carnitine Free carnitine
C10:1 Decenoylcarnitine

C10-Carnitine | Decanoylcarnitine

C12-Carnitine | Dedecanoylcarnitine

C14:1 Tetradeconylcarnitine

C14:2 Tetradecadienoylcarnitine

C14-Carnitine | Tetra decanoylcarnitine

C14-OH 3-Hydroxy-tetradecanoylcarnitine

C16:1 Hexadecanoylcarnitine

C16-Carnitine | Hexadecanoylcarinitine

C16-OH 3-Hydroxy-hexadecanoylcarnitine

C18-carnitine | Octadecanoylcarnitine

C2-carinitine | Acetyl carnitine

C3 Propionylcarnitile

C4 - Carnitine | Butyrylcarnitine

C5- Carnitine | [sovalerylcarnitine

C6- carnitine Hexanoylcarnitine




= ist of Apbreviation

Abb.

Meaning

C8-carnitine

Octanoylcarntine

CNS

Thecentral nervous system

CVS Cardiovascular system

DM Diabetes mellitus

EA Experimental animals

ELBW Extreme low birth weight

FC Fold change

GA Gestational age

GC-MS Gas chromatography-mass spectrometry
GDM Gestational diabetes mellitus

GSEA Gene Set Enrichment Analysis

HA Human adults

HbA1C Glycated hemoglobin

HN Human newborns

IDM Infant of diabetic mother

IGF 1 Insulin like growth factor 1

IUGR Intrauterine growth restriction
LC-MS Liquid chromatography-mass spectrometry
LGA Large for gestational age

LPS Lipopolysaccharide

LSCS Lower segment caesarian section
MESA Metabolite Set Enrichment Analysis
MMA Methylmalonicacidemia

MVM Microvillous membrane

n Number




= ist of Apbreviation

Abb. Meaning
NADPH Nicotinamide adenine dinucleotide phosphate
NEC Necrotizingenterocolitis
NMR Nuclear magnetic resonance
NSCs Neural stem cells
NTDS Neural Tube Defect
NVD Normal vaginal delivery
OFC Occipitofrontal circumference
OHD Oral hypoglycemic drugs
oS Oxidative stress
PCA Principal Component Analysis
PGDM Pregestational diabetes mellitus
PLS-DA Partial Least Squares - Discriminant Analysis
PTH Parathyroid hormone
RDS Respiratory distress syndrome
ROS Reactive oxygen species
SD Standard deviation
SFT Skin fold thickness
SGA Gestational age
SGA Small for gestational age
TTN Transient tachypnea of the newborn
UPLC/MS The urine metabolomics
UPLC-Q-TOF- | Ultra-performance liquid chromatography-
MS quadrupole time-of-flight mass spectrometry
VIP Variable Importance in Projection




= Yist of Pables

List of Tables
Table Title Page

1 White’s classification of diabetes with pregnancy 7

5 Main fields of application of metabolomics in 44
neonatology

3 The demographic maternal characteristics of the 66
studied neonates

4 Different types of maternal diabetes and their 67
percentage

5 White’s classification of included diabetic 67
mothers

6 HbAlc of included diabetic mothers (n= 13 67
among PGDM, n=6 among GDM)

. Different types of maternal treatment used and 68
their percentage

8 Compliance of the mothers as regards treatment 68

9 Demographic and clinical characteristics of the 69
studied neonates

10 Important features identified by fold change 74
analysis

11 Important features identified by t-tests 76
Comparison between GDM and PGDM 78

12 according to the most important features
identified by t- test

13 Overall correlation between different features in 79
relation to the most feature of interest (C14:1)

14 Variables of each component formed by PCA 82
The conversion results i.e. different compound 90

15 names or identifiers at different data bases in the

metabolite set library




= Yist of Jrigures

List of Figures
Figure Title Page

1 Transposition of the large vessels 10

2 Spina bifida 10

3 Macrosomia 20

4 Opened left ventricle of heart 28

) Apgar score 57

6 The filter paper used in this study which was
supplied from the genetic unit, Pediatrics Hospital | 60
— Ain Shams University

7 Tandem mass spectrometry at genetic unit 61
(Pediatrics hospital — Ain Shams University)

8 The result paper of extended metabolic screening 62
using tandem mass spectrometry

9 Box plots and kernel density plots before and after -
normalization

10 Heat map show each feature level after
normalization at each case presented with different -
squares their colors ranges from red "high level” to
dark blue ”’low level”

11 Important features selected by fold-change analysis -
with threshold 2

12 Important features selected by t-tests with threshold -

0.05




= Yist of Jrigures

Figure

Title

Page

13

Correlation coefficient of each feature included in
this metabolomics study to each other, red squares=
reciprocal relation and blue squares= un-reciprocal
relation for example, C14:1 potentially correlated
with Histidine, Cit: Phe, Leu: Ala, Phe :Tyr and
Glutamic acid and potentially un correlated with
C18:1, C2 carnitine, C 14 carnitine C12 carnitine

81

14

Each component has its own ability to differentiate
between cases and controls till reach to component
no. 4 which carries no big difference between it
and component no. 5

83

15

Scree plot shows the wvariance explained by
principle components (PC)

84

16

Different components

85

17

Important features identified by PLS-DA. The
colored boxes on the right indicate the relative
concentrations of the corresponding metabolite in
each group under study, (1) for cases, (2) for
controls

87

18

correlation between compound concentration
profiles, X, and clinical outcomes, Y

92

VI




. CIntroduction S

Introduction

Women with diabetes mellitus or who develop diabetes
mellitus during pregnancy can present some particular
challenges for mothers and her infants. Gestational diabetes
mellitus is a condition in which women without previous
diagnosis as a case of diabetes exhibit high blood glucose levels
during pregnancy especially during 3™ trimester (Donovan,
2010).

Pregestational diabetes mellitus, gestational diabetes
mellitus may be associated with a variety of fetal effects
(diabetic fetopathy) including increased rate of spontaneous
abortion, intra uterine fetal death, congenital anomalies,
neurodevelopmental problems, and increase risk of perinatal
complications. Additional problems include fetal growth
disturbance causing increase or decrease birth weight,
hyperglycemia and hyperinsulinemia. Optimal control of
maternal blood glucose is known to reduce these changes
(Epub, 2011).

Fetal hypoxia and acidemia have been reported in
pregestational diabetic pregnancies in relation to poor glycemic
control, but it is still uncertain whether this is the cause in
apparently well controlled gestational diabetes (Bjog, 2009).
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The infants of gestational diabetic mothers sometimes
have increased umbilical blood glucose levels, reduction in
oxygen saturation and oxygen content together with increased
lactate concentration despite normal maternal glucose level
reflecting altered fetal metabolism. These data suggest that
good maternal metabolic control achieved by currently used
methods of monitoring glucose control is not sufficient to
ensure a normal oxygenation status and metabolic milieu for the

fetus in gestational diabetes mellitus pregnancies (Sacco, 2009).

The goal of infants of diabetic mothers’ screening is to
detect disorders that are threatening to life or long-term health
problems before they become symptomatic. Early treatment of
these disorders may significantly reduce mortality and
morbidity in affected infants. An infant may present with a
positive infant screen for one of the complication of infants of
diabetic mothers before clinical manifestations are present or

recognized (Pasquali and Longo, 2011).

Extended metabolic screening of infants of diabetic
mothers might disclose hidden metabolic disorders that can be
related to early or late complications in those neonates.
Metabolic profile of infants of diabetic mothers include
different markers include amino acid profile and acylcarintine
profile. Most amino acids (except argininosuccinic acid and

alloisoleucine) are present in the plasma within a normal range
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in healthy individuals. Mild elevations of 5 to 10 percent above
normal usually are not significant elevations are reported only

in groups of amino acids and specific disorders (Weiner, 2006).

Analysis of acylcarnitine conjugates is performed by
tandem mass spectrometry (MS/MS) as amino acids. It may
show abnormal increase or decrease in their levels in specific
disorders (Cleary and Green, 2005).
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Aim of the Study

The aim of this work is to study the metabolic profile
(amino acid, and acylcarnitine profile) among infants of
diabetic mothers to determine the infants outcome by

correlation of this profile with profiles of other diseases.
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Diabetes and Pregnancy

Diabetes is the most common metabolic disorder
affecting pregnancy. Its prevalence seems to be growing in
parallel with the epidemics of overweight and obesity.
Recognizing and treating diabetes or any degree of glucose
intolerance in pregnancy results in lowering maternal and fetal

complications (Negrato and Gomes, 2013).

Pre-gestational diabetes (ie, diabetes diagnosed before
pregnancy, type 1 or type 2 diabetes mellitus) comprises
approximately 13 percent of all diabetes in pregnancy, while
gestational diabetes mellitus (GDM) (ie., diabetes with onset or
first recognition in pregnancy) comprises the remaining 87
percent (Wier et al., 2010).

The prevalence of pre-gestational diabetes has been
increasing [due to the increasing prevalence of type 2 diabetes
in women of reproductive age. The prevalence of GDM is also
increasing, paralleling the increasing prevalence of obesity and
undiagnosed type 2 diabetes in these women (Shaw et al.,
2010).

The mainstay of the medical management of pre-
gestational diabetes involves frequent monitoring of blood
glucose levels with adjustment of diet and insulin therapy to

achieve normoglycemia. Normoglycemia is important because
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