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ABSTRACT

Type 2 Diabetes Mellitus (T2DM), one of the most prevailing non-communicable
diseases, is associated with high mortality and morbidity. It appears that alteration of
gut microbiota (i.e., dysbiosis) could be responsible for the development and
progression of T2DM. In order to better understand the pathogenesis of T2DM, a
systematic review was first conducted to critically appraise existing evidence of
differential gut microbiota composition between T2DM and control groups as well as
its correlation with metabolic parameters. Lactobacilli were found to predominate the
gut of T2DM patients and correlated positively with glycaemic parameters. In contrast,
butyrate producers dominated the gut of control group which can be seen by their
negative correlations with glycaemic parameters. The shortlisted studies varied in terms
of sample size, study design and population, which hindered meaningful general
conclusions to be made. A case-control study was then designed and carried out to
investigate the differential gut microbiota between T2DM patients and healthy control
at local setting. Findings from this local case-control study revealed that HbAlc
(p<0.001), fasting blood glucose (FBG) (p<0.001), glucose like peptide 1 (GLP-1)
(p<0.001), catalase (p=0.02) and glutathione (GSH) (p=0.03) were significantly higher
in the T2DM group while insulin (p=0.001), interleukin 10 (IL-10) (p<0.001), C-
reactive protein (CRP) (p=0.03), total cholesterol (TC) (p=0.04), low density
lipoprotein (LDL) (p=0.04) and superoxide dismutase (SOD) (p<0.001) levels were
significantly higher in the control group. Besides, the Firmicutes:Bacteroidetes (F:B)
ratio was significantly higher in T2DM when compared to control (p<0.001). The
Firmicutes lineages, which favour T2DM condition, showed positive associations with
glycaemic levels. The Bacteroidetes lineages, which favours healthy body state, showed
positive and negative correlations with SOD and MDA, respectively. The present case-
control findings are in line with the current systematic review in which increased
Firmicutes lineages and decreased Bacteroides spp. were found to be associated with
high glycaemic levels. Subsequently, a RCT which involved 100 T2DM patients who
were randomly assigned to receive either Probio-Tec® containing two viable strains,
Lactobacillus rhamnosus, LGG® (1x10° cfu) and B. animalis subsp. lactic, BB12®
(1x10° cfu) or placebo daily for 24 weeks was conducted. A subgroup analysis (n=20)
of faecal samples was also performed to determine the underlying mechanism(s) by
which gut microbiota in T2DM patients supplemented with probiotic may be restored
in favour of improved glycaemic control. The present findings revealed that probiotic
intake did not significantly change the levels of glycaemic parameters, but significantly
increased the level of IL-10 (p=0.04). Although probiotic intake did not exhibit any
significant change in the F:B ratio, it promoted healthy guts via the enhancement of
beneficial bacteria species such as M. elsdenii and L. ruminis while inhibited the growth
of harmful bacteria such as Ruminococcus spp. Furthermore, the increased relative
abundance of K. pneumoniae in the probiotic group could be due to their interaction
with probiotics and OHA in the gut. Altogether, the present findings suggested that
probiotic consumption, which could potentially alter the relative abundance of gut
microbiota, may serve as an important part of the blueprint of T2DM management.



TABLE OF CONTENTS

CONFIRMATION BY PANEL OF EXAMINERS
AUTHOR’S DECLARATION

ABSTRACT

ACKNOWLEDGEMENT

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

LIST OF UNITS

CHAPTER ONE INTRODUCTION
1.1  Research Background

1.2 Problem Statement

1.3 Research Questions

1.4 Objectives

CHAPTER TWO LITERATURE REVIEW
2.1 Diabetes Mellitus (DM): Overview
2.1.1 Classification of DM
2.1.2 Pathophysiology of T2DM
2.1.3 Management and Treatment of T2DM
2.2 Gut Microbiota: Overview
2.2.1 Gut Microbiota and T2DM
2.3 Probiotics
2.3.1 Probiotics and T2DM
2.4  Metagenomics
2.4.1 Current Challenges in T2DM Metagenomics Analysis
2.4.2 WGS Sequencing
2.4.3 Bioinformatics Analysis

Vi

Page
i

iii
Vi
Xii

Xiv

XXi

A DA W R R

© 00 ~N o o

12
13
18
21
30
30
31
32



ACKNOWLEDGEMENT

In the name of Allah, the Most Gracious and the Most Merciful. Alhamdulillah, thanks
to the Almighty Allah for His blessings of strength and patience upon me to complete
this thesis.

First and foremost, | would like to sincerely thank my main supervisor, Prof. Dr.
Kalavathy Ramasamy for the opportunity and trust to be involved in this research. |
appreciate all the discussions we had, her continuous encouragement, guidance and
reassurance throughout my study. Her advice has broadened my career prospective and
general outlook in life. A big thank you to my co-supervisor, Assoc. Prof. Dr. Lim Siong
Meng for his constant help, constructive comments and thorough review of my write-
up. Also, my heartfelt gratitude to Dr. Neoh Chin Fen for her enormous support,
guidance and directions during my PhD study. All the help and valuable suggestions
from the supervisory team are highly appreciated and the present work would not have
been possible without their active input. Special thanks to Dr. Nafiza Mat Nasir, Dr.
Noorhida Baharudin and Klinik 1 staffs from the Pusat Perubatan UiTM Selayang for
their patience, guidance and sharing of knowledge throughout the course of the clinical
trial. 1 would also like to thank Dr. David Bin-Chia Wu for his great help in assisting
me with statistical analyses.

| acknowledge receipt of financial support from both the Ministry of Education
Malaysia and UiTM throughout my PhD journey under the Long-Term Research Grant
Scheme (LRGS), Geran Insentif Penyeliaan (GIP), Fundamental Research Grant
Scheme (FRGS) and UiTM Postgraduate Teaching Assistance (UPTA) scheme. | also
acknowledge the generous sponsorship of probiotics (Bifidobacterium animalis subsp.
lactis, BB12® and Lactobacillus rhamnosus, LGG®) and placebo by Chr Hansen
Holding A/S, Denmark for use during the clinical trial.

| would also like to thank the Dean, Assoc. Prof. Dr. Shariza Sahudin, lecturers,
technical and supporting staffs (special mention to Mr. Shahrulrizal bin Ibrahim and
Ms. Nur Atielia binti Preshahdin) of the Faculty of Pharmacy, UiTM for their direct and
indirect contributions over the course of my postgraduate candidature. I am also grateful
to the Collaborative Drug Discovery Research (CDDR) laboratory members, in
particular Mdm. Nur Syakila binti Rohawi, Mdm. Faezah binti Sabirin, Mdm. Umi
Khalsom binti Mohd Bajuri, Dr. Yuganthini Vijayanathan, Ms. Naemah binti Md
Hamzah, Ms. Siti Hajar binti Rehiman, Dr. Syamimi binti Samah, and all other
laboratory mates for their cooperation, support and assistance throughout my study.

Finally, 1 wish to express my deepest gratitude to each of my family members,
especially my parents and siblings for their enthusiasm, patience, motivation,
encouragement and prayers. | sincerely appreciate my beloved parents: Mr. Mahamad
Hazaham bin Mahamud and Mdm. Zalomah binti Raja Ali for their endless love,
unceasing prayers as well as continuous moral, financial and emotional support. Their
support towards my research thesis is something | will be forever indebted for.



CHAPTER ONE
INTRODUCTION

1.1 Research Background

Diabetes mellitus (DM) is one of the most prevailing non-communicable
diseases that continues to increase in numbers. DM occurs either due to defects in
insulin secretion, insulin action or both, affecting every system in the body (Kerner &
Brickel, 2014). Weight loss, blurred vision and glycosuria are often reported in
individuals with DM (American Diabetes Association, 2018). Diabetes is associated
with macro- and microvascular complications that will eventually lead to premature
mortality (Hussein et al., 2015; World Health Organization, 2016a). Also, DM causes
substantial economic burden to individuals, their families and nations in the form of
increased medical costs and loss of productivity (World Health Organization, 2016a).

Type 2 diabetes mellitus (T2DM) is the most common form of diabetes (Dong
et al., 2016). It is a multifactorial disorder which involves complex interaction between
genetic and environmental risk factors (Wu et al., 2010). It occurs when there is
insufficient supply of insulin to maintain normal blood glucose level (National Institute
of Diabetes and Digestive and Kidney Diseases, 2016). Asians, especially those with
lower body mass index (BMI), are more vulnerable to develop T2DM when compared
to European ancestry due to their high predisposition to insulin resistance (Kodama et
al., 2018). On a more local front, the prevalence of T2DM in Malaysia had increased
from 13.4% in 2015 to 18.3% in 2019, denoting that one in five adults in Malaysia have
T2DM (National Institutes of Health, 2019). There has been an increasing incidence of
T2DM among adults aged 18 years and above (National Institutes of Health, 2019) .
This is mainly due to urbanisation, rapid socioeconomic growth, lifestyle habits and
increased accessibility to processed food (Daher et al., 2016). Oral hypoglycaemic
agents (OHA) are prescribed when lifestyle modifications fail to control diabetes.
However, the effectiveness of OHA is restricted by their mechanism of action, which
often focuses on the symptoms of diabetes rather than its underlying pathophysiology
(Marin-Pefalver et al., 2016). In addition, OHA may have undesirable side effects
(MOH, 2020).



