Effects of a Community-Based Exercise and Lifestyle
Intervention on Health Outcomes in Persons with Type-2
Diabetes Mellitus

Yvonne Paul

University of Pretoric

Submitted in Partial Fulfillment of the Requirements for the Degree
Doctor Philosophiae

in the
Department of Biokinetics, Sport and Leisure Sciences

University of Pretoria

Faculty of Humanities
Supervisor: Professor HJ van Heerden

Co-supervisor: Professor P Rheeder

November 2010

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qe VYUNIBESITHI YA PRETORIA

Declaration

[, Yvonne Paul, declare that the thesis, which | hereby submit for the degree of
Doctor Philosophiae at the University of Pretoria is my own work and has not

previously been submitted by me for a degree at another university.

Y Paul

Page | i



IVERSITEIT VAN PRETORIA
SITY OF PRETORIA
SITHI YA PRETORIA

Dedication

To my late beloved father, Dr Timothy Paul, whose motivation and numerous
sacrifices during the course of his life assisted me to strive to this doctoral degree

and

to my late uncle Maslamonie Paul, for his encouragement and support during my
years of studies.

Page | iii



.

W UNIVERSITEIT VAN PRETORIA
.‘ UMIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

Acknowledgements

| wish to express my thanks and gratitude to the following persons and institutions
for their guidance and assistance. Without their help this study would never have

been possible.

My Heavenly Father: First and foremost | would like to thank the Almighty for

bestowing on me the wisdom, knowledge and understanding to attain my goals.

Professor Johan van Heerden: For assisting me in choosing an appropriate
topic that has proved to be both rewarding for me and beneficial to the
multicultural South African society. Also for his invaluable help with language and

structure of the thesis.
Prof Paul Rheeder. For his continued support and positive input. The analysis of
the data was facilitated by his guidance, knowledge and expertise. His empathy

and intellectual vitality helped me to be productive.

Prof Abel Toriola: For his invaluable guidance, encouragement and unfailing

support at all times, and also for believing in me.

Dr Elton Joseph: For his expert advice, technical expertise and assistance

provided in the collation of the relevant data.

Mrs Agnes Mothomogolo: Dietician from the Mamelodi Hospital who conducted

the nutrition educational sessions.

Mr Shola Aderibrigbe: Resident Physiotherapist at the Mamelodi hospital who

assisted with the supervised exercise sessions.

Dorothy Kekana: For her assistance with phlebotomy and encouragement as
well as help during the data collection.

Page | iv



W UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

German Government (DAAD): For the financial assistance during the course of

my studies.

The Research Administration Departments of Tshwane University of
Technology: For the financial support and assistance to attend and present
papers based on this study at national and international congresses.

Participants of the Study: For the gracious hospitality extended to me by the
patients of the Mamelodi Hospital who so willingly provided valuable information
with regard to their diabetic condition. Their involvement and willingness made

this research study possible.

The Management of Mamelodi Hospital: For their approval to carry out this

study.

Third year and B-Tech Sport Science students from TUT: For their assistance
in supervising exercise sessions as well as Master’s students who assisted with

testing of physical parameters.

My mother: A formal testimonial is not adequate to express my gratitude and
appreciation to my mother Maya Paul for all her love, prayers and constant

encouragement and support in every endeavour.

Family and friends: For their consistent encouragement, motivation and

assistance.

My husband and children: To my husband, Elton, for his encouragement, loving
support and understanding on this journey with me. To my most wonderful
children, Ethan and Jadon, for their understanding when | had to work on my
“book”.

Page| v



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(0233-

TABLE OF CONTENTS

Declaration

Dedication

Acknowledgements

Table of Contents
List of Tables
List of Figures

List of Appendices

Publications and Presentations arising form this study

CHAPTER 1: GENERAL INTRODUCTION

1.1

1.2

1.3

1.4

1.5
1.6
1.7
1.8

Background, prevalence, impact and aetiology of

Diabetes Mellitus (DM)

General Exercise Guidelines in Type 2 DM

1.2.1 Guidelines for General Exercise Training and Prescription:
Effects on the Exercise Response

1.2.2 General Recommendations for Exercise Prescription

General Effects of Acute Exercise in Patients with type 2 DM

1.3.1 Blood Glucose Levels and Insulin Sensitivity

1.3.2 Hormone levels

1.3.3 Glucose Transport

General Long Term Effects of Exercise in Patients with type 2 DM

1.4.1 Metabolic Control and Insulin Sensitivity

1.4.2 Body Weight

1.4.3 Cardiovascular Risk Factors

Resistance Training for the Management of Type 2 DM

Statement of the Problem

Significance of the Study

Aims of the Study

Vi
Xi
Xiii
Xiv

XV

10
11
12
13

Page | vi



1.9

1.10
1.11
1.12

CHAPTER 2: HABITUAL PHYSICAL ACTIVITY AMONG AN AFRICAN

_‘"‘_

IVERSITEIT VAN PRETO

& .
W, UNIVERSITY OF PRET
Quu# VYUNIBES

RIA
ORIA
ITHI YA PRETORIA
Research Objectives
Delimitations of Research
Structure of the Thesis

References

13
13
14
15

COHORT OF TYPE-2 DIABETICS IN A SOUTH AFRICAN RESOURCE-POOR

COMMUNITY SETTING

2.1 Introduction

2.2  Materials and methods
2.2.1 Participants
2.2.2 Ethical Clearance

2.3  Study Design

2.4  Instrumentation

2.5  Statistical Analysis

2.6 Results

2.7  Discussion

2.8 References

26
27
27
28
28
28
30
30
37
43

CHAPTER 3: EFFECTS OF PROGRESSIVE RESISTANCE EXERCISE ON
GLYCOSYLATED HAEMOGLOBIN (HBA1C) AND LIPID PROFILES IN

PARTICIPANTS WITH TYPE 2 DIABETES MELLITUS

3.1
3.2
3.3

Introduction

Aims

Hypothesis

3.3.1 Primary Hypothesis
3.3.2 Secondary Hypothesis

49
54
54
54
54

Page | vi



3.4

3.5
3.6

3.7
3.8
3.9
3.10
3.11

.‘

Qi

IVERSITEIT VAN PRETOR
IVERSITY OF PRETOR
OR

NIBESITHI YA PRET

UN 1A
YU A
Methods and materials

3.4.1 Participants

3.4.2 Design, Randomisation and Procedures
Ethical Clearance

Intervention Programme

3.6.1 Dietary Intervention

3.6.2 Exercise intervention

3.6.3 Clinical Parameters

Sample Size

Statistical Analysis

Results

Discussion

References

54
54
55
56
56
57
57
59
59
62
62
68
74

CHAPTER 4: THE EFFICACY OF A 20-WEEK PROGRESSIVE RESISTANCE

TRAINING (PRT) PROGRAMME ON MORPHOLOGICAL,

MUSCULOSKELETAL AND AEROBIC FITNESS IN SUBJECTS WITH TYPE-2
DIABETES MELLITUS

4.1
4.2
4.3
4.4

4.5
4.6

4.7

Introduction

Aims

Hypothesis

Material and Methods

4.41 Participants

4.4.2 Design, Randomisation and Procedures
Ethical Clearance
Intervention Programme
4.6.1 Dietary Intervention
4.6.2 Exercise intervention
Sample Size

83
85
85
85
85
86
87
87
88
88
90

Page | viii



.

W UNIVERSITEIT VAN PRETORIA

«%P YUNIBESITHI YA PRETORIA
4.8 Physical Parameters 92
4.8.1 Morphology and Body Composition 92
4.8.2 Musculoskeletal Fitness 93
4.8.3 Cardio-respiratory fitness 96
4.9  Statistical Analysis 99
4.10 Results 99
4.11 Discussion 109
412 References 115

CHAPTER 5: INFLUENCE OF A DIETARY EDUCATION PROGRAMME ON
DIABETES CARE KNOWLEDGE AND ACTIVITIES AMONG TYPE-2
DIABETICS

5.1 Introduction 122
5.2  Materials and methods 123
5.2.1 Participants 123
5.3  Ethical Clearance 124
5.4  Study Design and Sampling 124
5.5 Intervention Programme 126
5.5.1 Dietary Intervention 126
5.2.2 Exercise intervention 127
5.6  Instrumentation 128

5.6.1 Assessment of Diabetes Self-care Activity Questionnaire 128

5.7  Statistical Analysis 129
5.8 Results 129
5.8.1 Dietary Habits 131
5.8.2 Glucose Monitoring 136
5.8.3 Medication Usage 137
5.9 Discussion 138
5.10 References 143

Page | ix



=

e
&
“ UNIVERSITEIT VAN PRETORI

ORIA
UNIVERSITY OF PRETORIA
Qu® VYUNIBESITHI YA PRETORIA

CHAPTER 6: SUMMARY, GENERAL CONCLUSIONS AND

RECOMMENDATIONS

6.1  Brief Description of the Study

6.2  Main Findings

6.3  General Conclusions

6.4 Recommendations for Future Research
6.5 Recommendations for Practice

6.6 References

146
147
151
151
152
153

Page |

X



_‘3‘_
et
W UNIVERSITEIT VAN PRETORIA
.‘ UMIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

LIST OF TABLES

Chapter 2

Table 1: Overall Categories for Physical Activity 30
Table 2: Categories for Physical Activity by Age 31
Table 3: Categories for Physical Activity by Gender 32
Table 4: Categories for Physical Activity by BMI 32
Table 5: Overall Energy Expenditure 33
Table 6: Energy Expenditure by Age 34
Table 7: Energy Expenditure by Gender 34
Table 8: Energy Expenditure by BMI 35
Table 9: Overall Physical Inactivity 35
Table 10: Physical Inactivity by Age 36
Table 11: Physical Inactivity by Gender 36
Table 12: Physical Inactivity by BMI 37
Chapter 3

Table 1: Frequency distribution of demographic variables 63
Table 2: Baseline Clinical Data 64
Table 3: Changes in Hba;. in Exercise and Control Groups 65

Table 4: High-Density Lipoprotein Values in Exercise and Control 65

Group
Table 5: Low Density Lipoprotein Values in the Exercise and Control 66
Groups
Table 6: Total cholesterol Values in the Exercise and Control Groups 67
Table 7: Triglycerides Values in the Exercise and Control Groups 67
Chapter 4
Table 1: Frequency Distribution of Demographic Variables 100
Table 2: Baseline Clinical Data 101

Page | xi



Table 3:

Table 4:

Table 5:

Table 6:
Table 7:
Table 8:
Table 9:
Table 10:

Table 11:

Table 12:

Table 13:

Chapter 5

Table 1:
Table 2:
Table 3:
Table 4:
Table 5:
Table 6:
Table 7:
Table 8:

_‘3‘_
=
W UNIVERSITEIT VAN PRETORI

ORIA
UMIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

Umbilicus Abdominal Circumference in the Exercise and
Control Groups

101

Anterior Abdominal Circumference in the Exercise and Control

Groups

Body mass index (BMI) in the Exercise and Control
Groups

Waist to Hip Ratio in the Exercise and Control Groups
Fat Percentage in the Exercise and Control Groups
Muscular Endurance in the Exercise and Control Groups
Muscular Strength in the Exercise and Control Groups
Flexibility (Sit and Reach Test) in the Exercise and
Control Groups

Six-Minute Walk Distance in the Exercise and Control
Groups

Perceived Exertion (Dyspnea) at 20 weeks in the
Exercise and Control Groups

Perceived Exertion (Fatigue) at 20 weeks in the Exercise
and Control Groups

Frequency distribution of demographic variables
Baseline Clinical Data

Adherence to Recommended Dietary Practices
Consumption of High-Fibre Foods

Consumption of High-Fat Foods

Consumption of Food High in Complex Sugars
Adherence/Frequency of Urine Tests
Adherence to Medication Usage

102

103
103
104
105
106

107

107

108

109

130
131
132
133
134
135
136
137

Page | xii



Chapter 1

Figure 1:

Chapter 3

Figure 1:

Chapter 4

Figure 1:

Figure 2:
Figure 3:

Figure 4a:
Figure 4b:
Figure 5a:
Figure 5b:
Figure 6a:
Figure 6b:
Figure 7:

Chapter 5

Figure 1:

é“%
.‘

Qi

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

LIST OF FIGURES

Pathogenesis of Type 2 Diabetes Mellitus.

Diagram Showing the Flow of Participants through Each
Stage of the Randomised Controlled Trial

Supervised Exercise Sessions Conducted On Participants
Using Therabands
Modified Wall Push-Ups Done By Diabetic Participants

61

90
90

Flow of Participants through Each Stage of the Randomized

Trial

Abdominal Crunches-Start Position

In the Motion of Executing the Movement

Wall Squats-Start Position

End Position

Sit and Reach-Start Position with a Sit and Reach Box
In the Motion of Executing the Reach Movement

In the Motion of Walking the Six Minute Walk Test

91
94
94
95
95
96
96
97

Flow of Participants through Each Stage of the Randomised

Controlled Trial

125

Page | xiii



&5
b

“ UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
Qo ORIA

YUNIBESITHI YA PRET

List of Appendices

Appendix 1

International Physical Activity Questionnaire
Appendix 2

Diabetes Self Care Activity Questionnaire
Appendix 3

Participation Information Letter

Appendix 4

Ethical Approval and Protocol Number
Appendix 5

Exercise Sheet

154

152

156

163

165

Page | xiv



_‘3‘_
=
W UNIVERSITEIT VAN PRETORI

ORIA
UMIVERSITY OF PRETORIA
Qo YUNIBESITHI YA PRETORIA

Publications and Presentations Arising from this Study

Articles Submitted

Habitual Physical Activity among an African Cohort of Type-2 Diabetics in a South
African Resource-Poor Community Setting. Submitted to the Journal of Public
Health Nutrition. (Chapter 2).

Effects Of Progressive Resistance Exercise On Glycosylated Haemoglobin
(HbA1c) And Lipid Profiles In Subjects With Type 2 Diabetes Mellitus. Submitted
to the British Medical Journal. (Chapter 3).

The Efficacy of a 20-Week Progressive Resistance Training (PRT) Programme on
Morphological, Musculoskeletal and Aerobic Fitness in Subjects with Type-2
Diabetes Mellitus. Submitted to the Journal of Exercise Science and Fitness.
(Chapter 4).

Influence of a Dietary Education Programme on Diabetes Care Knowledge and
Activities among Type-2 Diabetics. Submitted to the International Journal of
Diabetes in Developing Countries. (Chapter 5).

Page | xv



.‘

Qi

IVERSITEIT VAN PRETOR
IVERSITY OF PRETOR
OR

NIBESITHI YA PRET

UN 1A
UN | A
Yu I A

Papers Presented

12th Asian Federation of Sports Medicine Congress, 1-6 December 2009,
Amritsar India. Habitual Physical Activity among an African Cohort of Type 2
Diabetics in a South African Resource-Poor Community Setting.

12th Asian Federation of Sports Medicine Congress, 1-6 December 2009,
Amritsar, India. Influence of a Dietary Education Program on Diabetes Care

Knowledge and Activities among Type 2 Diabetics.

Pre-Olympic Conference on Science, Education and Medicine in Sport, 1-5
August 2008, Guangzhou, China.  Effect of Resistance Exercise on HbA;; and

Lipid Profiles in Subjects with Type 2 Diabetes Mellitus.

South African Sports Medicine Association Biennial International Conference, 15
& 16 November 2007, Pretoria, South Africa. Efficacy of Progressive Resistance
Training on Morphology and Musculoskeletal Fitness in People with Type 2
Diabetes.

South African Sports Medicine Association Biennial International Conference, 15
& 16 November 2007, Pretoria, South Africa. Efficacy of Resistance Training on
Aerobic Function and Perceived Exertion in Patients with Type 2 Diabetes
Mellitus.

South African Society for Endocrinology and Metabolic Diseases (SEMDSA)
Congress, 30 June - 2 July 2007, Bloemfontein, South Africa. Effects of
Progressive Resistance Exercise on Glycosylated Haemoglobin (HBA1c) and Lipid
Profile in Black Subjects with Type 2 Diabetes Mellitus (DM).

South African Sports Medicine Association Biennial International Congress, 28- 30
September 2005, Johannesburg, South Africa. Habitual Exercise Practices
among African Women with Type 2 Diabetes Mellitus in SA: Mamelodi Diabetes

Project.

Page | xvi



	FRONT
	Title page
	Declaration
	Dedication
	Acknowledgements
	Table of contents
	List of tables
	List of figures
	Publications and Presentations Arising from this Study

	Chapters 1-2
	Chapter 3
	Chapter 4
	Chapters 5-6
	Appendices

