
Diabetes and Physical Activity

D
ow

nl
oa

de
d 

by
: 

19
4.

20
6.

6.
23

7 
- 

9/
25

/2
01

4 
9:

37
:0

5 
A

M

Matériel protégé par le droit d'auteur



Medicine and Sport Science

Vol. 60

Series Editors

Dennis J. Caine Grand Forks, N. Dak.

Andrew P. Hills Brisbane, Qld.

Timothy Noakes Cape Town

D
ow

nl
oa

de
d 

by
: 

19
4.

20
6.

6.
23

7 
- 

9/
25

/2
01

4 
9:

37
:0

5 
A

M

Matériel protégé par le droit d'auteur



Diabetes and 
Physical Activity

Volume Editors

Julia H. Goedecke Cape Town

Edward O. Ojuka Cape Town

15 figures, and 8 tables, 2014

Basel  ·  Freiburg  ·  Paris  ·  London  ·  New York  ·  Chennai  ·  New Delhi  ·  

Bangkok  ·  Beijing  ·  Shanghai  ·  Tokyo  ·  Kuala Lumpur  ·  Singapore  ·  Sydney

D
ow

nl
oa

de
d 

by
: 

19
4.

20
6.

6.
23

7 
- 

9/
25

/2
01

4 
9:

37
:0

5 
A

M

Matériel protégé par le droit d'auteur



Bibliographic Indices. This publication is listed in bibliographic services, including Current Contents®.

Disclaimer. The statements, opinions and data contained in this publication are solely those of the individual authors and contributors and not of 
the publisher and the editor(s). The appearance of advertisements in the book is not a warranty, endorsement, or approval of the products or 
services advertised or of their effectiveness, quality or safety. The publisher and the editor(s) disclaim responsibility for any injury to persons or 
property resulting from any ideas, methods, instructions or products referred to in the content or advertisements.

Drug Dosage. The authors and the publisher have exerted every effort to ensure that drug selection and dosage set forth in this text are in accord 
with current recommendations and practice at the time of publication. However, in view of ongoing research, changes in government regulations, 
and the constant flow of information relating to drug therapy and drug reactions, the reader is urged to check the package insert for each drug for 
any change in indications and dosage and for added warnings and precautions. This is particularly important when the recommended agent is a 
new and/or infrequently employed drug.

All rights reserved. No part of this publication may be translated into other languages, reproduced or  utilized in any form or by any means electronic 
or mechanical, including photocopying, recording, microcopying, or by any information storage and retrieval system, without permission in writing 
from the publisher.

© Copyright 2014 by S. Karger AG, P.O. Box, CH-4009 Basel (Switzerland)
www.karger.com
Printed in Germany on acid-free and non-aging paper (ISO 9706) by Kraft Druck GmbH, Ettlingen
ISSN 0254–5020
e-ISSN 1662–2812
ISBN 978–3–318–02576–7
e-ISBN 978–3–318–02577–4 

Library of Congress Cataloging-in-Publication Data

Diabetes and physical activity / volume editors, Julia H. Goedecke, Edward
O. Ojuka.
   p. ; cm. --  (Medicine and sport science, ISSN 0254-5020 ; vol. 60)
 Includes bibliographical references and indexes.
 ISBN 978-3-318-02576-7 (hard cover : alk. paper) -- ISBN 978-3-318-02577-4
(electronic version)
 I. Goedecke, Julia H., editor. II. Ojuka, Edward O., editor. III. Series:
Medicine and sport science ; v. 60. 0254-5020 
 [DNLM: 1.  Diabetes Mellitus--prevention & control. 2.
Exercise--physiology. 3.  Exercise Therapy--methods. 4.  Physical Fitness.
W1 ME649Q v.60 2014 / WK 815]
 RC661.E94
 616.4’620642--dc23
                                                     2014024296

Julia H. Goedecke 
Non-Communicable Disease Research Unit
South African Medical Research Council
Francie van Zijl Drive
Parowvallei, Cape Town
South Africa
and UCT/MRC Research Unit for
Exercise Science & Sports Medicine
Department of Human Biology 
University of Cape Town
P.O. Box 115
Newlands, 7725
South Africa

Edward O. Ojuka
UCT/MRC Research Unit for
Exercise Science & Sports Medicine
Department of Human Biology 
University of Cape Town
P.O. Box 115
Newlands, 7725
South Africa

Medicine and Sport Science

Founded 1968 by E. Jo, kl, Lexington, Ky.
Honorary Series Editors: J. Borms, Brussels; M. Hebbelinck, Brussels

D
ow

nl
oa

de
d 

by
: 

19
4.

20
6.

6.
23

7 
- 

9/
25

/2
01

4 
9:

37
:0

5 
A

M

Matériel protégé par le droit d'auteur



V

Contents

 VII Preface

  Ojuka, E.O.; Goedecke, J.H. (Cape Town) 

 1 The Relationship between Exercise, Nutrition and Type 2 Diabetes

  Stephenson, E.J. (Memphis, Tenn.); Smiles, W. (Fitzroy, Vic.); Hawley, J.A. (Fitzroy, Vic./Liverpool)

 11 Sedentary Behavior as a Mediator of Type 2 Diabetes

  Hamilton, M.T.; Hamilton, D.G.; Zderic, T.W. (Baton Rouge, La.)

 27  Increasing Prevalence of Type 2 Diabetes in Sub-Saharan Africa: Not Only a Case of 

Inadequate Physical Activity

  Ojuka, E.O.; Goyaram, V. (Cape Town)

 36 Exercise Interventions to Prevent and Manage Type 2 Diabetes: Physiological Mechanisms

  Dela, F.; Prats, C.; Helge, J.W. (Copenhagen)

 48 Relationships between Exercise, Mitochondrial Biogenesis and Type 2 Diabetes

  Joseph, A.-M. (Gainesville, Fla.); Hood, D.A. (Toronto, Ont.)

 62 Interaction between Lipid Availability, Endurance Exercise and Insulin Sensitivity

  Newsom, S.A. (Aurora, Colo.); Schenk, S. (La Jolla, Calif.)

 71 Mechanisms in Exercise-Induced Increase in Glucose Disposal in Skeletal Muscle

  Ojuka, E.O.; Goyaram, V. (Cape Town)

 82 The Effect of Exercise on Obesity, Body Fat Distribution and Risk for Type 2 Diabetes

  Goedecke, J.H. (Cape Town); Micklesfield, L.K. (Johannesburg/Cape Town)

 94 Gene-Physical Activity Interactions and Their Impact on Diabetes

  Kilpeläinen, T.O. (Copenhagen); Franks, P.W. (Malmö/Umeå/Boston, Mass.)

 104 Physical Activity and Gestational Diabetes Mellitus

   van Poppel, M.N.M. (Amsterdam); Ruchat, S.-M. (Sherbrooke, Que./Saguenay, Que.); 

Mottola, M.F. (London, Ont.)

 113 Physical Activity in Children: Prevention of Obesity and Type 2 Diabetes

  Rush, E. (Auckland); Simmons, D. (Cambridge)

 122 Diabetes and Exercise in the Elderly

  Ferriolli, E.; Pessanha, F.P.A.S.; Marchesi, J.C.L.S. (Ribeirão Preto)

D
ow

nl
oa

de
d 

by
: 

19
4.

20
6.

6.
23

7 
- 

9/
25

/2
01

4 
9:

37
:0

5 
A

M

Matériel protégé par le droit d'auteur



VI Contents

 130  Public Health Recommendations for Physical Activity in the Prevention of Type 2 

Diabetes Mellitus

  Lambert, E.V. (Cape Town); Bull, F. (Crawley, W.A.)

 141 Exercise for People with Type 1 Diabetes

  Gallen, I.W. (Reading)

 154 Author Index

 155 Subject Index

D
ow

nl
oa

de
d 

by
: 

19
4.

20
6.

6.
23

7 
- 

9/
25

/2
01

4 
9:

37
:0

5 
A

M

Matériel protégé par le droit d'auteur



VII

Diabetes, a chronic metabolic disease character-
ized by high blood glucose, occurs when cells are 
resistant to the action of insulin and the pancre-
atic β-cells are unable to adequately compensate 
for the resistance (type 2 diabetes, T2D) or when 
the β-cells are not able to produce insulin (type 1 
diabetes). In 2013, the worldwide prevalence of 
diabetes was estimated to be 8.3%, and was pro-
jected to increase dramatically, affecting over 380 
million persons by 2025. There is, however, 
marked heterogeneity in the magnitude and geo-
graphic distribution of T2D. Although the preva-
lence of T2D is currently lower in most develop-
ing countries, it is estimated that it will be 69% 
higher in 2030, compared to 20% in developed 
countries. The disease is one of the world’s lead-
ing causes of morbidity, mortality, disability, and 
economic loss. Global health expenditure to treat 
and prevent T2D and its complications was ap-
proximately USD 232 billion in 2007, a figure that 
is projected to exceed 302 billion by 2025. Ap-
proximately one half of patients with T2D die 
prematurely of a cardiovascular cause, and ap-
proximately 10% die of renal failure. Global ex-
cess mortality attributable to T2D in adults was 
estimated to be 3.8 million deaths.

More than half a century of evidence from ep-
idemiological, experimental and clinical trials in-
dicates that physical inactivity and some dietary 
practices (i.e. high-fat and/or high-sugar diets) 
are strongly linked to T2D. Indeed, in most na-
tions of the world, physical activity and a healthy 

diet are promoted as the primary therapy for the 
prevention and/or treatment of T2D. This book, 
containing 14 chapters by a broad range of lead-
ing scientists and clinicians in the fields of diabe-
tes, nutrition and physical activity, examines var-
ious aspects of how physical activity impacts on 
T2D and its precursor, insulin resistance in dif-
ferent populations and age groups. In the first 
chapter, scientific evidence that physical activity 
and dietary modification can improve or, in some 
cases, reverse some features of T2D, is provided. 
The second chapter examines the role of seden-
tary behavior, in which the majority of people 
spend most of their waking day, as a risk factor for 
T2D, metabolic syndrome and cardiometabolic 
risk factors. Further, this chapter explores the rel-
evance of low-intensity physical activity, as op-
posed to the often-studied moderate-to-vigorous 
activity, on T2D risk. Chapter 3 explores the as-
sociation between physical activity and the preva-
lence of T2D in sub-Saharan Africa, where high 
levels of physical activity are typically reported, 
but where the prevalence of T2D is increasing 
with urbanization. The next 4 chapters address is-
sues related to mechanisms underlying the effect 
of physical activity on T2D risk. In chapter 4, the 
physiological mechanisms that explain why phys-
ical activity interventions prevent and treat T2D 
are presented, while the recent findings in the 
fields of mitochondrial biogenesis and T2DM are 
discussed in chapter 5. Chapter 6 concerns the in-
terplay between lipid availability and skeletal 
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VIII Ojuka · Goedecke

muscle lipid metabolism as key regulators of in-
sulin sensitivity in obesity, and how exercise 
modulates this relationship. Current knowledge 
of the mechanisms through which exercise in-
creases glucose disposal in skeletal muscle, with 
emphasis on how the various signaling pathways 
converge to translocate GLUT4-containing vesi-
cles to the plasma membrane, are reviewed in 
chapter 7. An examination of how exercise, obe-
sity and body fat distribution interact and alter 
the risk of T2D is presented in chapter 8. In chap-
ter 9, recent advances in the genetics of T2D are 
introduced and the current evidence for gene-
physical activity interactions in T2D risk is pre-
sented. The following 3 chapters address the in-
terplay between physical activity and T2D 
through the life course, including discussions on 
gestational diabetes (chapter 10), children (chap-
ter 11) and the elderly (chapter 12). The final 2 
chapters provide an overview of the public health 
recommendations for the control of T2D (chap-
ter 13) and the role of physical activity in the con-
trol of type 1 diabetes (chapter 14).

The contributors to this book are recognized 
scholars in the fields of physical activity, nutri-
tion, insulin resistance, and/or diabetes. The 
chapters they have contributed not only provide 
current evidence-based information regarding 
the effects of physical activity/inactivity and nu-
trition on insulin resistance and diabetes, but also 
the underlying mechanisms to explain the ob-
served effects. The editors are indebted to them 
for the time they have put into the articles and the 
high-quality contributions.

This book has much to offer to a variety of 
population groups including research scientists, 
clinicians, biokineticists, exercise physiologists, 
graduate students, patients with diabetes and the 
general public. The extensive references cited al-
low the interested reader to undertake additional 
and in-depth studies where necessary.

Edward O. Ojuka
Julia H. Goedecke
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