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ABSTRACT

The skeletal muscle (SM), the major tissue for disposal of excess blood glucose, plays a big
role in development of insulin resistance leading to type 2 diabetes mellitus (T2DM). Lipid
accumulation and decline in mitochondrial activity in SM has been observed in people with
T2DM. Several studies have demonstrated that exercise has the ability to increase SM lipid
oxidation and mitochondrial activity and hence is effective as a treatment strategy for people
with T2DM for improving blood glucose control and insulin sensitivity.

The SPIRIT study was the first clinical randomised exercise trial involving a cohort of
Polynesian New Zealanders with T2DM. The uniqueness of this study is that it is the first
clinical trial in Polynesian population with grade 3 obesity (n=18; BMI 43.8 + 9.5 kg/m?) and
T2DM. The SPIRIT cohort underwent 16 weeks of progressive resistance training (PRT) or
aerobic exercise (AER) training. The cohort showed no changes in HbAlc levels after 16
weeks of exercise and hence no improvement in their blood glucose control. This was an
unexpected result and led to the following hypothesis which underlines this PhD study — “In
skeletal muscle of SPIRIT cohort, metabolic adaptation to exercise is delayed due to
metabolic inflexibility”.

To investigate this hypothesis, mitochondrial function and morphology, lipid droplet
content and changes in gene expression pre and post exercise intervention were examined in
the SM. Since the SPIRIT cohort showed no changes in weight, waist circumference and
BMI, examination of the concentration of specific obesity markers pre and post exercise
training also occurred.

Mitochondrial function was examined pre and post 16 weeks exercise intervention by
measuring the SM activity of three key mitochondrial enzymes; citrate synthase (CS)
involved in Krebs cycle, beta-hydrxoyacyl-CoA dehydrogenase (BHAD) involved in fat
oxidation and cytochrome c¢ oxidase (COX) involved in electron transport chain. The PRT
cohort showed statistically significant increases in activity for COX (P=0.005) and CS
(P=0.007) with very large effect size (2.3 = 1.3 and 1.8 &+ 1.3 respectively). AER exercise led
to significant increases in the activity for all three enzymes COX (P=0.01), CS (P=0.03),
BHAD (P=0.03) with moderate effect size for both COX and CS activity but very large effect
for BHAD (6.7 = 1.2). For all three enzymes there were statistically significant differences
(P<0.05) between the AER and PRT groups. These results demonstrate increased

mitochondrial activity and functioning after 16 weeks of PRT or AER exercise.
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To further investigate the morphology of pre and post SM tissue the electron
microscope images were examined for quantification of intramyocellular triglyceride (IMTG)
content. There was a 48% statistically significant decrease (P=0.007) in IMTG (lipid droplets)
in the AER group and there was a 28% statistically significant decrease (P=0.04) in IMTG
content in the PRT group. The reduction in lipid droplet accumulation in the SM and
associated increase in skeletal muscle BHAD activity (enzyme involved in oxidation of fatty
acids in the mitochondria) demonstrates the benefit of exercise for the SPIRIT cohort.

The Ingenuity Pathways Analysis software was used to investigate the microarray
gene data obtained for the SM of the SPIRIT cohort. The results indicate changes in gene
expression associated with early phase connective tissue remodelling, for both forms of
exercise by upregulation of genes like IGF-1, TGFBR2, PDGFRB in the resistance training
group and COL4A1, COL3A1, MYHI11, BGN, ACTA2, CD300LG, A2M, GPR116 in the
aerobic training group. The AER training group also showed significant changes in SM
mRNAs associated with glucose and lipid handling. Two key mRNAs that had increased
expression after 16 weeks of AER exercise were PPARGCIA (gene encodes for PGCl-a, a
regulator of energy metabolism) and PPARG (gene encodes for protein peroxisome
proliferator-activated receptor gamma) regulates fatty acid storage and glucose metabolism.

Of the specific markers related to obesity that were examined only sex hormone
binding globulin (a marker of insulin sensitivity) showed a statistically significant increase
(P=0.01) in the PRT group. Seven of the nine PRT participants had an increase in SHBG
levels, indicating a possible improvement in insulin sensitivity for these individuals.
Statistically significant positive correlation of SHBG and statistically significant negative
correlation of cortisol were established with number of exercise sessions attended in both
groups meaning that greater exercise sessions may have positive impact on altering the

metabolic profile of the individual.

The results of this PhD study have shown that exercise has induced changes in the
skeletal muscle of the SPIRIT cohort. The increased mitochondrial enzyme activity and
function, decreased IMTG content, increased fat oxidation and improved functional plasticity
of the skeletal muscle are changes occurring at the functional, structural and genetic levels
which denounce the hypothesis that metabolic adaptation in the SPIRIT cohort was delayed
due to the SM being metabolically inflexible. These findings have demonstrated that exercise
enhances metabolic flexibility in tissue that could be metabolically inactive e.g. tissue such as

SM tissue in grade 3 obese individuals with T2DM.

1ii



ACKNOWLEDGEMENTS

Arriving from Pakistan, all alone and six months pregnant, I came to a strange country,
strange people and a strange field of research. It was a challenge to start and it was a bigger
challenge to complete the research and submit the thesis. Many times I was overwhelmed
with the demands of my family and health issues and wanted to return home. During this
period I survived because of some wonderful people. They made this scientific journey the
most wonderful experience of my life and is a great pleasure to thank everyone who helped
me write this thesis successfully.

First and foremost, I would like to extend my deep appreciation and sincere gratitude
to my chief supervisor, Associate Professor Rachel Page who was always readily available to
guide me with her extensive and in depth knowledge, coupled with a brilliant sense of humour
and positive thinking. I would also like to thank Dr. Page for her dedication, thoughtful
guidance, encouragement and constant inspiration throughout the course of my study. I have
learnt much from her about laboratory techniques, scientific data presentation and scientific
writing and I am in debt to her for her efforts.

I am immensely grateful to my first chief supervisor, Dr Bobby Cheema, the architect
of the SPIRIT study. He inspired and encouraged me to come to New Zealand and be a part of
this study for my doctoral thesis. A special thanks to Dr Isabelle Lys for stepping in after Dr
Cheema for her immense support during my full registration and approval of the PhD
proposal. Many thanks to Dr David Rowlands for his valuable time and guidance for the
statistical analysis and interpretation of the micro-arrays data. I am eternally indebted to
Professor Bernhard Breier for his invaluable advice, very comprehensive comments and in-
depth scientific discussions that really inspired and stimulated me for critical appraisal of
literature and information seeking.

I am obliged to many of my colleagues who supported me
e Very warm and sincere thanks to Mrs. Margaret Allison for helping me to settle in

Wellington and who always offered her support whenever I was in need. I have no

words to express my gratitude to her.

e Andy Hollings with his extensive biochemical knowledge was very helpful for the
optimization of the enzyme assays.

e Mrs. Marilyn Mabon and Mrs. Margaret McNeil for their guidance regarding
laboratory procedures.

e Karen McKeeman and Jill Brakensiek for administrative support.

iv



e Robyn McRae-Aoake, ICT analyst for installing the software for the IMTG analysis
and for her special friendship and care.
e Anne Copeland for her nice ideas.

e Librarian Lora Deacon for helping me with endnote, RSS feeds and data-base search.

I owe sincere and earnest thanks to Bill Sukala who initiated the SPIRIT study and to the
SPIRIT study participants who selflessly volunteered their time and effort for this study.
I cannot overstate my gratitude to the following organizations/ institutions:
e Higher Education Commission Pakistan for PhD scholarship
e Institute of Food, Nutrition and Human Health (IFNHH) Massey University at
Wellington for laboratory space , technical and financial support
e New Zealand Society of Endocrinology (NZSE) for travel award 2011
e New Zealand Society of Biochemistry and Molecular Biology(NZSBMB) for
presenting the prize of best researcher in Biochemistry in Wellington region 2011
I would like to thank the other post-graduate students for making the environment cheerful
and for the wonderful social gatherings.
I would specially like to mention and extend my thanks to the care giver of my babies and my
best friend, Naureen Baksh for always being there for them, day and night. She was always
willing, with a smile, to take care of my children, even at the odd times. I would also like to

say thanks to my friend Rehana for her support during during my pregnancy.

I do not have the words to extend my gratitude to my parents, Malik Muhammad Hayat and
Shaukat Hayat and my mother-in-law Razia Sultana and my father-in-law Dr Muhammad
Sharief. Thank you for your support, unconditional love and trust which gave me the
opportunity of doctoral study. I am proud to be a part of your family.

Last but not the least; I am deeply humbled and immensely grateful to my husband, Dr

Farooq Usman for his love, encouragement, understanding and patience.

I dedicate my thesis to my mother and my mother-in-law for their love and support and also
to my husband Farooq and my children Zainab and Hussain, the special gifts born to me

during my PhD. They always sacrificed their time with me for my study.




TABLE OF CONTENTS

PN 011 2T P
AcCKNOWIedgements. ......oouei e
Table Of CONENLS. .. ..ttt e e e e ea e
List Of Tables. ...,
LSt Of FIGUIS. ...ttt e
| R ) AN (0111 11 1

Chapter 1 Introduction

L1 INtroduction. ...o.ce e

1.2 SPIRIT StUAY . .. neeneeeeeeee e

1.3 Research Questions formy PhD.................o,

1.4 Thesis Chapter Outline............ooviiiiiiiiiiiiii i,
1.4.1 Chapter 1: Introduction... ................ccccceeee e veuvee e
1.4.2 Chapter 2: Literature Review ...
1.4.3 Chapter 3: Materials and Methods . .
1.4.4 Chapter 4: Investigation of Impact of ] 6 weeks of Exerczse
on Obesity Markers in New Zealand Pacific Peoples with Type 2
Diabetes and Grade 3 Obesity ... .
1.4.5 Chapter 5: Effect OfAeroblc And Reszstance Trammg On
The Skeletal Muscle Mitochondrial Morphology Function And
Fat Metabolism In The Spirit Study Cohort... . .
1.4.6 Chapter 6: mRNA expression changes in the skeletal
muscle of SPIRIT participants after 16 weeks of AER and PRT....
1.4.7 Chapter 7: Conclusion.................ccccocuviiiiiiiiiiinninan.

1.5 ReferenCes. . ...o.vvuitiit i

Chapter 2  Literature Review
2.1 INtrodUCtiON. .. .u e e
2.2 Obesity and ethnicity as key risk factors for T2DM.......................

2.3 Mechanisms linking obesity to insulin resistance and T2DM............

2.4 Exercise as therapeutic intervention.. .
2.4.1 Cross roads between exercise, obeszly T 2DM and the
mitochondria... . .
2.4.2. Skeletal muscle and mtramuscular trlglycerldes (]MT Gs) .
2.4.3 Transcriptional regulation of muscle cellular architecture
2.4.4 Effect of exercise on adipocytokines...................ccocceuue ...

2.5 SUIMMATY ..ottt et e e e e et et e e e e aeenaes

2.6 RETRIENCES. .. .ttt

Chapter 3 Experimental Material And Methods

3.1 INtrodUCHION. .. ue et
3.2 Details on SPIRIT study Experimental Procedures.......................

3.3 Biological Sample Collection..............coeviiiiiiiiiiiiiiiiiieaen,

3.3.1 Collection of blood samples and analysis... ........................
3.3.2 Collection of urine samples and analysis...........................

3.3.3 Collection of skeletal muscle tissue.................c.ccoevuve ...

12

12

12
13

19
20

24

32
35

36
39
40
41
44

56
56
56
57
57
57

vi



3.4 Determining Mitochondrial Enzyme Activity in SPIRIT study
skeletal MUSCle tISSUC. .....uineii e
3.4.1 Extraction of protein from skeletal muscle tissue................
3.4.2 Enzyme activity ...
3.4.2.1 Citrate Synthase Assay (EC 4 1 3 7) .........................
3.4.2.2 Cytochrome ¢ Oxidase (EC 1.9.3.1)........ccocvvininnnnn.
3.4.2.3. Beta-hydroxyacyl-CoA dehydrogenase (EC 1.1.1.35)...
3.4.3 Statistical analysis... .
3.5 Determination of Intramuscular Trlglycerlde (IMTG) Den51ty and
Examination of Mitochondrial Morphology................coociiiiiiiiiini.
3.5.1 Preparation of Skeletal muscle tissue...
3.5.2 Examination under Electron microscope...
3.5.3 Scanning and analysis using Adobe Photoshop CS5 5 and
IPKT... .
3.5.4 Exammatzon ofmltochondrlal morphology
3.5.5 Statistical analysis... .
3.6 Determination of mRNA expressmn in Skeletal Muscle Tlssue
Before and after 16 weeks Exercise..............c..cooiiiii
3.6.1 RNA extraction..
3.6.2 mRNA Expresszon Proflmg .
3.6.3 Statistical analysis and Blomformatlcs analyszs
3.7 References..

Chapter 4  Investigation Of The Impact Of 16 Weeks Of Exercise On
Obesity Markers In New Zealand Pacific Peoples With Type 2 Diabetes And
Grade 3 Obesity
4.1 INtrOAUCHION. ..ottt
4.2 MethOdS. .. .eeee e
A3 RESUILS. .ot
4.3.1 Overall mean results for obesity markers... .
4.3.2 mRNA expression of specific obesity marker related genes...
4.3.3 Examination of Correlations between obesity markers,
related outcome measures and exercise sessions attended............
4.3.4 Individual participant results..................cc. e cevev v v nn e
A4 DISCUSSION. . ..ttt et et et et
4.5 RETCICNCES. .. uettte it

Chapter 5 Effect Of Aerobic And Resistance Training On The Skeletal

Muscle Mitochondrial Morphology, Function And Fat Metabolism In The
Spirit Study Cohort

ST INtrOdUCTION. ... u e

S52Methods. .. .o

5.3 RESUILS. .

5.3.1 Optimisation of Method for Protein Extraction... ... ............

5.3.1.1 Determination of homogenisation technique...............

5.3.1.2 Determination of amount of tissue homogenised..........

5.3.1.3 Selection of the right detergent..............................

5.3.2 Optimisation of cytochrome oxidase activity... ...................

59

59
60
60
62
63
64
65

65
66
66

67
67

68
68
68
69
70

vii



5.3.2.1 CytoChrome C...vveeneieeiee e
5.3.2.2 Investigation of Linearity, Reproducibility and Precision
OF the COX ASSAY...tuiieiittit ettt eie e eeanenes

5.3.3 Optimisation of Citrate Synthase
5.3.4 Optimisation of BHAD...

ASSAY oo eev st

5.3.5 Final enzyme results for SPIR]T Study cohort
5.3.6 Intramyocellular Triglyceride (IMTG) content..
5.3.7 Examination of Mitochondrial Morphology......................

5.4 SUMMATY. ...

5.5 DISCUSSION . . . e vttt e e
5.0 RETEIEINCES. ..ttt e e

Chapter 6 mRNA Expression Changes In The Skeletal Muscle of Spirit

Participants After 16 Weeks of AER And PRT
6.1 Introduction...................oooiii

0.2 MEROAS. ..ottt

6.3 ReSUltS.coeeee e

0.4 DISCUSSION. ..ottt ettt e

6.5 RETOIINCES. .ottt e,

Chapter 7 Conclusion
7.1 Introduction.............coooeiiiiiiiiinnn..
7.2 Summary of Principal Findings............
7.3 Limitations and Difficulties.................

7.4 Consideration for Future Research..........coooviieiiiii i,

75Conclusion. ...

To0 RETEIEINCES. . vttt e e

Appendix A: SPIRIT Study Materials And Methods..
Appendix B: SPIRIT Participant Data Sheet...........
Appendix C: Buffers and solutions.......................
Appendix D: List Of Symbols Used In IPA Networks
Appendix E: Microarray Raw Data (Attached As CD)

121

125
129
134
138
140
142
142
148

154
155
157
168
176

183
184
188
190
191
192

195
204
208
211
213

viii



Table 1.1

Table 1.2

Table 1.3

Table 2.1

Table 2.2

Table 2.3

Table 2.4

Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 4.7

Table 4.8

Table 5.1

LIST OF TABLES

Inclusion criteria for SPIRIT Participants
Baseline subject characteristics for subjects completing the protocol

Summary of within and between group differences at 16 weeks for
primary and secondary outcome measure

Risk factors associated with type 2 diabetes mellitus (T2DM)
Diagnosed T2DM in adults, by ethnic group

Obesity for adults, by ethnic group

Sedentary behaviour for adults, by ethnic group

Normal Reference Ranges for Obesity Markers

Concentration of obesity markers at baseline and after 16 weeks of
exercise

Fold change within the group for skeletal muscle mRNA levels

Correlation between changes in serum leptin levels (week 16 —
week 0) and change score for metabolic outcome measures, exercise
sessions attended and other obesity

Correlation between changes in serum SHBG levels (week 16 —
week 0) and change score for metabolic outcome measures, exercise
sessions attended and other obesity markers

Correlation between changes in urinary cortisol levels (week 16 —
week 0) and change score for metabolic outcome measures, exercise
sessions attended and other obesity markers

Correlation between changes in serum CBG levels (week 16 — week
0) and change score for metabolic outcome measures, exercise
sessions attended and other obesity markers

Individual participant values for obesity biomarker concentrations
before and after 16 weeks of AER and PRT

Protein Concentration and COX activity for skeletal muscle tissue
homogenised for different periods of time

21

23

23

24

76

77

79

80

81

82

82

83

109

ix



Table 5.2

Table 5.3

Table 5.4

Table 5.5

Table 5.6

Table 5.7

Table 5.8

Table 5.9

Table 5.10

Table 5.11

Table 5.12

Table 5.13

Table 5.14

Table 5.15

Table 6.1

Table 6.2

Protein concentration and COX activity in rat skeletal muscle
Effect of different detergents on protein concentration and COX
activity

The effect of different detergents on the activities of three

mitochondrial enzymes in rat skeletal muscle

Protein Concentration and COX activity using different
concentrations of Brij-35 in the extraction buffer

Different periods of time for preparing reduced cytochrome c
Inter-Assay Coefficient of Variability for the COX assay
Cytochrome ¢ oxidase (COX) activity in human and rat skeletal
muscle

Inter-Assay Coefficient of Variability for the CS assay

Citrate Synthase (CS) activity in human and rat skeletal muscle

Inter-Assay Coefficient of Variability for the BHAD assay

Beta-hydroxyacyl-CoA dehydrogenase (BHAD) activity in human
and rat skeletal muscle

Effect of Aerobic and Resistance Training on Mitochondrial

Enzyme activity
The percentage of muscle area from the EM image (um?) occupied
by lipid droplets

Effect of exercise training expressed as standardised difference and
effect size

List of genes showing statistically significant change (ROBP< 0.005
and > 1.4 fold change) after 16 weeks of AER exercise

List of genes showing statistically significant change (ROBP< 0.005
and > 1.4 fold change) after 16 weeks of PRT exercise

111

114

115

117

120

122

125

126

129

131

133

136

139

140

158

159




Table 6.3

Table 6.4

Table 6.5

Table 6.6

Hub genes associated with the top-ranked functional networks
determining molecular regulation of skeletal muscle plasticity to
aerobic training in grade 3 obese T2DM adults

Hub genes associated with the top-ranked functional networks
determining molecular regulation of skeletal muscle plasticity to
resistance training in grade 3 obese T2DM adults

Predicted activation status of upstream regulatory factors associated
with the top-ranked functional networks determining molecular
regulation of skeletal muscle plasticity to aerobic training in grade 3
obese T2DM adults

Predicted activation status of upstream regulatory factors associated
with the top-ranked functional networks determining molecular
regulation of skeletal muscle plasticity to resistance training in
grade 3 obese T2DM adults

162

166

167

168

xi



Figure 1.1
Figure 2.1

Figure 2.2

Figure 2.3

Figure 2.4

Figure 2.5

Figure 2.6

Figure 2.7

Figure 3.1
Figure 3.2
Figure 3.3

Figure 3.4

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

LIST OF FIGURES

Exercise training schedules for SPIRIT study participant
Major cellular dysfunctions in type 2 diabetic skeletal muscle

Sources of inflammation associated with insulin resistance in skeletal
muscle

Proposed Model showing relationship between inflammation,
extracellular matrix, gene expression changes and mitochondrial
function in the skeletal muscle leading to insulin resistance

Potential role of decreased peroxisome proliferator-activated
receptor-y coactivator-1 (PGC1)

Role of intramyocellular lipid (IMCL) during exercise and in obesity

The schematic representation of pathophysiology involved in skeletal
muscle overloaded with fatty acids and exercise induced
improvements

Schematic illustration of the proposed effects of regular physical
exercise (training) in tissues of people with T2DM

Coupled Assay for Determination of Citrate Synthase Activity
Colorimetric change for determining COX activity
Conversion of Acetoacetyl-CoA by BHAD

Steps of quantification of IMTG in SPIRIT participant skeletal
muscle

The relationship between obesity, stress, leptin and insulin resistance
ultimately leading to type 2 diabetes

Mean values for the obesity markers in AER and PRT groups at 0
week and at 16 weeks after intervention

Serum leptin levels in (a) PRT group and (b) AER group at 0 week
and 16 weeks training

Urinary cortisol levels in (a) PRT group and (b) AER group at 0 week
and 16 weeks training

Serum cortisol binding globulin (CBG) levels in (a) PRT group and
(b) AER group at 0 week and 16 weeks training

25

27

28

29

37

43

62

63

67

75

84

xii



Figure 4.6

Figure 4.7

Figure 5.1

Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6

Figure 5.7

Figure 5.8

Figure 5.9

Figure 5.10

Figure 5.11

Figure 5.12

Figure 5.13

Figure 5.14

Serum sex hormone binding globulin (SHBG) levels in (a) PRT
group and (b) AER group at 0 week and 16 weeks training

Neuroendocrine background to abdominal obesity

Mitochondrial changes that occur with insulin sensitive (A) and
insulin resistant (B) states in the muscle cell

Flow diagram showing the optimisation process for extraction of
protein and detection of enzyme activity in the skeletal muscle

Optimisation of method for protein extraction

Flow diagram showing optimisation step by step process for the
selection of most suitable detergent for all three assays

Determination of most suitable detergent for all three enzyme assays

Determination of suitable concentration of Brij-35 in extraction
buffer

Comparison of COX activity using freshly prepared cytochrome ¢ or
overnight prepared cytochrome ¢

Effect of different volumes of reduced cytochrome ¢ on COX activity
in rat muscle homogenate

Three different experiments measuring COX activity to (a) determine
suitable amount of muscle protein homogenate for the assay (b)
examine reproducibility of the assay and (c) validate linearity of the
assay.

Comparison of activity in rat and human muscle protein homogenate

Three different experiments measuring CS activity to (a) determine
suitable amount of muscle protein homogenate for the assay (b)
examine reproducibility of the assay and (c) validate linearity of the
assay.

Comparison of CS activity in rat and human muscle protein
homogenate

Three different experiments measuring BHAD activity to (a)
determine suitable amount of muscle protein homogenate for the
assay (b) examine reproducibility of the assay and (c) validate
linearity of the assay

Comparison of BHAD activity in rat and human muscle protein
homogenate

88

94

106

107

110

113

116

117

119

121

123

124

127

128

132

133

xiii



Figure 5.15

Figure 5.16

Figure 5.17

Figure 5.18

Figure 6.1

Figure 6.2

Figure 6.3

Figure 6.4

Figure 6.5

Figure 7.1

Figure 7.2

Example of enzyme activity curves for measurement of (a) COX
activity (b) CS activity and (c) BHAD activity in skeletal muscle of
SPIRIT study participant in aerobic (AER) or progressive resistance
(PRT) intervention

Activity of key mitochondrial enzymes in Aerobic (AER) and
resistance groups (PRT) groups at baseline and at 16 weeks after
intervention

Changes in the muscle morphology after 16 weeks of exercise
training

Example of electron microscopic images of skeletal muscle (SM)
from AER and PRT participant at 0 weeks (A-1 to A-4 images) and
16 weeks (B-1 to B-4 images)

The disease module is fibrosis (regulation directional Z-Score -1.5,
function p-value 4.57E-03, brown) and functional remodelling
module is vasculogenesis (Z-score 2.2, p= 1.23E-06, green)

The disease module is glucose metabolism disorder (Z-Score 0.3, p=
1.10E-03, brown) and triglyceride content (Z-score -0.5, p= 1.2E-03,
green) the remodelling module is insulin resistance (Z-Score, 0.2, p=
1.36E-02, blue) ...

The disease module is fibrosis (regulation directional Z-Score -2.3,
function p-value 7.79E-08, blue) and functional remodelling module
is vasculogenesis (Z-score 2.3, p= 2.36E-06, green

The disease module is fibrosis (-2.3, function p-value 7.79E-08, blue)
and functional remodelling module is leukocyte migration (Z score
unspecified 2.5, p= 1.23E-06, green)

Aerobic and resistance training programmes regulate antifibrotic and
proangiogenic plasticity in skeletal muscle

Principal findings of SPIRIT cohort in relation to morphology,
function and genetic changes of skeletal muscle after 16 weeks of
AER or PRT exercise

Mechanisms at the cross roads of obesity, stress and T2DM working
in vicious cycle

135

137

138

141

160

161

164

165

169

187

190

xiv



IRM
ACSM
AER
ANOVA
BHAD
BMI
COX
CS

Cv
FFA
GLUT4
HbAlc
HOMAZ2-IR
IPA
PRT
QOL
T2DM
IMTG
IMCL
LD
GWR
SPIRIT

LIST OF ACRONYMS

1 Repetition Maximum

American College of Sports Medicine
Aerobic exercise

Analysis of Variance

Beta hydroxyacyl-CoA dehydrogenase
Body Mass Index

Cytochrome Oxidase

Citrare Synthase

Coefficient of Variability

Free Fatty Acids

Glucose Transporter 4th isoform
Haemoglobin Alc (glycated haemoglobin)
Homeostasis Model Assessment Insulin Resistance
Ingenuity Pathway Analysis
Progressive Resistance Training
Quality of life

Type 2 diabetes Mellitus
Intramuscular Triglyceride
Intramyocellular lipid

Lipid Droplet

Greater Wellington Region

South Pacific Islands Resist Diabetes with Intense Training

XV





