Tilburg University

Physical activity and psychological outcomes in type 2 diabetes
van der Heijden, M.M.P.

Publication date:
2013
Document Version
Publisher's PDF, also known as Version of record
Link to publication in Tilburg University Research Portal

Citation for published version (APA):
van der Heijden, M. M. P. (2013). Physical activity and psychological outcomes in type 2 diabetes. Ridderprint.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 08. jan.. 2023

Physical activity and psychological
outcomes in type 2 diabetes

Physical activity and psychological outcomes in type 2 diabetes
© 2013, M. van der Heijden, the Netherlands
All rights reserved: No parts of this thesis may be reproduced, stored in a retrieval system,
or transmitted in any form or by any means, without the written permission from the
author, or, when appropriate, from the publishers of the publications.
ISBN: 978-90-5335-721-7
Cover: Joscha Weiand
Printing: Ridderprint BV, Ridderkerk

Physical activity and psychological
outcomes in type 2 diabetes

Proefschrift

ter verkrijging van de graad van doctor aan
Tilburg University
op gezag van de rector magnificus, prof. dr. Ph. Eijlander,
in het openbaar te verdedigen ten overstaan van een
door het college voor promoties aangewezen commissie
in de aula van de Universiteit op
vrijdag 4 oktober 2013 om 10:15 uur
door
Marion Maria Petronella van der Heijden
geboren op 3 september 1983 te Eindhoven.

Promotores: 		
			

Prof. dr. F. Pouwer
Prof. dr. V.J.M. Pop

Promotiecommissie:
			
			
			
			
			

Prof. dr. J.K.L. Denollet
Prof. dr. R.A. de Bie
Prof. dr. J.B. Ruige
Dr. H.M. de Morree
Dr. P.H.L.M. Geelhoed-Duijvestijn
Dr. A.E.M. Lucas

Table of contents
Chapter 1

General introduction

7

Chapter 2

Associations between specific symptoms of depression and the
level of physical activity in people with type 2 diabetes

21

Chapter 3

Effects of exercise training on quality of life, symptoms of
depression, symptoms of anxiety, and emotional well-being in type
2 diabetes mellitus. A systematic review

35

Chapter 4

Psychometric properties of the Exercise Self-efficacy Scale in Dutch
primary care patients with type 2 diabetes mellitus

67

Chapter 5

Testing the effectiveness of a self-efficacy based exercise
intervention for inactive people with type 2 diabetes mellitus:
design of a controlled clinical trial

83

Chapter 6

Effects of an individually tailored exercise intervention for people
with type 2 diabetes mellitus and a low level of physical activity

99

Chapter 7

General discussion

115

Samenvatting (Summary)

129

Dankwoord (Acknowledgments)

135

Over de auteur - About the author

141

6

Chapter 1

General introduction

Chapter 1

8

General introduction

“A measuring glass filled with water from the bird pond, elderberry, fibers of the asit plant,
fresh milk, beer-swill, flower of the cucumber, and green dates.” This is the oldest treatment
for diabetes, that was described “to eliminate urine which is too plentiful” in about 1550
BC.1 Later on, this disorder became known as diabetes mellitus. Diabetes was considered
very rare until the first centuries AD.1 Nowadays it is often referred to as a worldwide
epidemic, with particularly type 2 diabetes being the most prevalent form of diabetes.2 Over
the centuries, the knowledge of diabetes and how to treat it has evolved at a great pace.
Although not directly referring to diabetes, Hippocrates (460-370 BC) already postulated
that diseases are the product of diet and living habits such as physical activity.3 Today a
widening array of pharmacological agents is available for people with type 2 diabetes, yet,
one of the crucial elements of the treatment for type 2 diabetes still is physical activity.4

Diabetes Mellitus
According to a recent estimation, the worldwide prevalence of diabetes was 366 million
in 2011. This is expected to increase up to 552 million by 2030.5 In the Netherlands the
prevalence of diabetes was estimated to be 882,000 in 2011 and is expected to increase up
to 1,095,000 in 2030.5
Diabetes is a chronic disorder characterized by elevated blood glucose levels as a result
of islet β-cells being unable to adequately secrete insulin.6 There are two main types of
diabetes, type 1 diabetes and type 2 diabetes. Type 1 diabetes primarily results from β-cells
destruction usually as a result of an autoimmune reaction, which in turn leads to an absolute
insulin deficiency. Type 1 diabetes is usually diagnosed before the age of 30 but can occur at
any age. Type 2 diabetes -the focus of this thesis- affects approximately 90% of the people
with diabetes. It results from a progressive insulin secretory defect from the β-cells combined
with insulin resistance. Opposite to type 1 diabetes, it is usually diagnosed after the age
of 40 and can stay undiagnosed for years.2 Examples of symptoms of untreated diabetes
are excessive excretion of urine, thirst, constant hunger, weight loss, vision changes and
fatigue.2,7 In the longer term, people with type 2 diabetes often suffer from (severe) microand macro-vascular complications such as cardiovascular disease, retinopathy, neuropathy,
and kidney disease.8 Approximately 72% of the people with type 2 diabetes have at least
one micro- or macro-vascular complication.9 For example, 60-70% of people with diabetes
have a mild to severe form of nervous system damage, and heart disease and stroke were
reported on respectively 68% and 16% of the diabetes-related death certificates in 2004
in the United States.10 Global mortality attributable to diabetes and its complications, was
estimated to be 2.9 million people in 2000, 5.2% of all deaths.11
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Besides the burden for the patient, diabetes also imposes a burden on the health care
system. In the Netherlands approximately 1 billion Euros (1.4% of total health care costs)
was spent on diabetes care in 2007.12
Lifestyle modification including physical activity, healthy eating and weight control form
the backbone of type 2 diabetes treatment. In addition to this, oral agents and/or insulin
therapy are often required.4

Psychological aspects of type 2 diabetes
Besides micro- and macro-vascular complications, type 2 diabetes can also contribute to
emotional problems such as depression. The prevalence of depression (major depressive
disorder or high levels of symptoms of depression) in people with type 2 diabetes is estimated
to be nearly twice as high compared with people without diabetes (19% vs. 11%).13 This cooccurrence of depression and type 2 diabetes is related to adverse health outcomes such as
poorer quality of life,14 an increased risk for diabetes complications (r=0.25),15 an increased
risk of all-cause mortality (HR 1.5),16 and hyperglycemia.17
People with diabetes also tend to report relatively low to moderate levels of quality of
life.18 This level of quality of life is poorer compared with people without a chronic illness.19
In particular people with diabetes that have complications report a lower quality of life
compared with people with diabetes without complications.20
A review showed that, in addition to a higher prevalence of depression and lower quality
of life, a higher prevalence of general anxiety disorder was found in people with diabetes
who participated in clinical studies (14%) compared with the general population (3-4%).
Moreover, a prevalence as much as 40% of elevated symptoms of anxiety was found in these
people with diabetes.21

The importance of physical activity
Physical activity can be defined as bodily movement produced by skeletal muscle
contractions that increase energy expenditure above the basal level. When physical activity
is planned, structured and contains repetitive bodily movement, with the intention to
improve or maintain one or more components of physical fitness it is frequently referred
to as “exercise training”.22 Physical activity can vary in intensity, which can be expressed in
many ways, such as the metabolic equivalent (MET). The MET expresses the energy cost of
physical activities as a multiple of the resting metabolic rate, which is obtained during quiet
sitting. METs can be used to divide physical activities into three categories of intensity: light,

10

General introduction

moderate and vigorous.23 Besides intensity, physical activity and exercise training can also
differ in mode, i.e. aerobic activity, resistance activity or combined activity. Aerobic training
aims to improve the efficiency of aerobic energy producing systems, resistance training aims
to improve strength, power and muscle endurance, and combined training comprises both
aerobic and resistance training.22
Biomedical effects of physical activity
Mounting evidence indicates that physical activity has a wide range of beneficial effects
in the general population, while being inactive can have adverse effects. For example, 15
minutes a day or 90 minutes a week of at least moderate intensity physical activity, reduces
the risk of all cause mortality and extends a lifespan by an average of 3 years.24 Moreover,
physical inactivity is one of the major risk factors for type 2 diabetes.25-27
Also in people with type 2 diabetes, physical activity has numerous beneficial effects. A
large body of literature states that a major effect of physical activity is enhanced metabolic
control.28-33 Already after a single bout of exercise, an increased uptake of glucose in the
active muscle cells and an increased transport of glucose occurs.28 In a meta-analysis of 23
studies, structured exercise training was associated with a clinically relevant decline in HbA1c
(glycated hemoglobin) of 0.67% (95% CI -0.84% to -0.49%).33 In addition, increased physical
activity is also associated with a positive influence on, for example, blood pressure,29,34
triglycerides 34 and muscle strength/mass 28,29 in people with type 2 diabetes. Moreover,
moderate or high levels of physical activity were associated with decreased total and
cardiovascular mortality in a study on 3,708 people with type 2 diabetes, in a follow-up
period of 19 years. This protective effect of physical activity was independent of body mass
index, blood pressure, total cholesterol, and smoking.35
Physical activity and psychological outcomes
Multiple studies from areas other than diabetes show that physical activity is not only
related to biomedical outcomes but is also associated with psychological outcomes. For
example, it was shown that older healthy men and women who regularly participate
in physical activity of at least moderate intensity had a better health-related quality of life
compared with those who were less physically active.36 Another example is the finding that
there was a negative association between regular physical activity and the prevalence of
major depression (OR 0.75) and anxiety disorders (e.g. panic attacks OR 0.73), in a large
sample of U.S. adults.37
These findings are in line with cross-sectional findings in people with type 2 diabetes. Several
cross-sectional studies in people with type 2 diabetes showed that a better health-related
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quality of life was related to higher levels of physical activity,38,39 even after controlling for
sex, age, and body mass index.40 Moreover, a review of cross-sectional research showed
that people with type 2 diabetes who are inactive were 1.72 to 1.75 times more likely to
be depressed than the more active ones.41 Supplementary, in a Dutch primary care cohort
the odds for being physically inactive were almost doubled for people with type 2 diabetes
having symptoms of depression compared with those people with type 2 diabetes without
symptoms of depression.42
Depression is a rather heterogeneous syndrome. According to the Diagnostic and Statistical
Manual, fourth edition (DSM-IV) the concept of major depressive disorder consists of nine
symptoms of which at least five should be present for at least two weeks including one of
the two core symptoms (anhedonia and dysphoria).43 Therefore the cluster of symptoms
can vary widely between people diagnosed with a major depressive disorder. Yet, little is
known about the association between physical activity and the symptoms of depression
separately in people with type 2 diabetes.
While cross-sectional studies show an apparent relationship between physical activity
and psychological factors in people with type 2 diabetes, less is known from longitudinal
and intervention studies. Systematic reviews of intervention studies in healthy and clinical
groups showed, however, that there is not only an association between physical activity and
psychological outcomes, but that these psychological outcomes can be positively influenced
by exercise training. For example, it was shown in a meta-analysis of studies in healthy
and rehabilitation groups, there was a small but significant improvement of quality of life
following exercise training.44 Also, two systematic reviews and one meta-analysis found that
increased levels of physical activity can lower depression rates and reduce symptoms of
depression in the short term in elderly.45-47 The latter is supported by the finding of a recent
Cochrane meta-analysis that exercise seems to lower depressive symptoms in people with
a diagnosis of depression.48 A final example is the finding that physical activity interventions
can decrease symptoms of anxiety among healthy adults.49 To date, however, the effects of
exercise interventions on psychological outcomes in people with type 2 diabetes are not yet
summarized in a systematic review.

A sufficient amount of physical activity
Physical activity guidelines
The World Health Organization advises adults between 18 and 64 years old to be physically
active (aerobic physical activity) for at least 150 minutes a week with moderate intensity,
or at least 75 minutes/week with vigorous intensity, or an equivalent combination of
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moderate and vigorous intensity activity. In addition, muscle-strengthening activities should
be done involving major muscle groups on two or more days a week.50 In the Netherlands
one of the commonly used guidelines is De Nederlandse Norm Gezond Bewegen (NNGB,
Dutch guideline for healthy physical activity). The NNGB advises adults to have moderate
intensity physical activity for at least 30 minutes a day, on at least five days a week. 51 These
guidelines for the general population show large resemblance with the diabetes specific
guideline published in the 2012 Standard of Medical Care from the American Diabetes
Association; people with type 2 diabetes are advised to have at least 150 minutes a week of
moderate intensity aerobic physical activity (50–70% of maximum heart rate) spread over
at least three days a week with no more than two consecutive days without exercise. In
addition, resistance training should be performed at least two times a week in the absence
of contraindications.52
Compliance with the physical activity guidelines
Despite physical activity being an important part of diabetes management,4 a large
proportion of the people with type 2 diabetes do not follow the physical activity
guidelines. For example, in the Canadian ALEXANDRA (Alberta Longitudinal Exercise and
Diabetes Research Advancement) study, only 30-40% of the people with type 2 diabetes
were sufficiently active.53 This low percentage was confirmed in other large studies such
as the NHANES survey (National Health and Nutrition Examination Survey) in which only
28% of the adults with diabetes had the recommended level of physical activity 54 and the
BRFSS (Behavioural Risk Factor Surveillance System) national survey in which only 25% of
the people with diabetes were sufficiently active.55 These numbers are also relatively low
compared with the general population. For example, in a large national survey in the U.S. it
was found that only 39% of the people with diabetes were physically active compared with
58% of those people without diabetes.56 Moreover, it was estimated that in the worldwide
general population, 69% of the adults met one of the guidelines for physical activity.57
Likewise, only 44% of the adults with type 2 diabetes living in the Netherlands, met the
criteria of the NNGB.58 This is substantially lower than the 58% of all people aged 12 or over
and 70% of all people between 55 and 75 years old in the general Dutch population that
appeared to have a sufficient level of physical activity.59
Physical activity behavior and the role of self-efficacy
The level of physical activity of a person is determined by many factors. In the general
population there is substantial evidence that for example older age, female sex and a lower
previous level of physical activity are related to a lower current level of physical activity.60
Also in people with type 2 diabetes, numerous factors are thought to influence physical
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activity behavior such as the presence of somatic disabilities related to complications in
diabetes (neuropathy, foot amputation, and retinopathy) and socio-demographic aspects
(low income, high age 56,61).
One of the psychological constructs that is believed to be an important predictor of physical
activity behavior is (exercise-)self-efficacy.62 Self-efficacy is a construct derived from the
Social Cognitive Theory, and is the “belief in one’s capabilities to organize and execute the
courses of action required to produce given attainments”,63 which can be applied to multiple
behaviors such as having a sufficient amount of physical activity or exercise. According to
Bandura’s theory, self-efficacy beliefs are based on four dimensions: “enactive mastery
experience”, “vicarious experience”, “verbal persuasion and allied types of social influences”,
and the “physiological and affective state of a person”.63 In people with type 2 diabetes,
there appears to be a strong relationship between exercise self-efficacy and physical activity
behavior: the level of exercise self-efficacy is predictive of the initiation and maintenance of
exercise over time.64

Improving physical activity behavior
Despite the known benefits of physical activity and the increasing knowledge about physical
activity behavior, a large proportion of people with type 2 diabetes still has a physical
activity level that does not meet the prescribed standard. Particularly long-term compliance
to a sufficient amount of physical activity is a major concern.28 Exercise interventions have
the potential to be part of the solution for this problem. Existing interventions differ at
a range of dimensions such as frequency, duration, mode of exercise, underlying theory
and effects.65 Past research has shown that several intervention elements are thought to
increase the success rate of an exercise intervention. For example, in research in the general
population and in people with type 2 diabetes it was shown that an intervention should
imply more than education only,66 should endorse an individually tailored exercise plan,
67,68
make use of a gradual increase in physical activity,68 and should use multiple behavioral
components such as goal-setting, problem solving and feedback.65,69
Given the relationship between exercise self-efficacy and physical activity behavior in people
with type 2 diabetes,64,70 people with high levels of exercise self-efficacy might benefit from
a program with a lower level of supervision while those with low levels of exercise selfefficacy preferentially might need a program with a more intensive level of supervision.
However to the best of our knowledge, until now no intervention in people with diabetes, or
any other sample, was evaluated that used the previous mentioned elements that increase
the success rate of an exercise intervention such as an individually tailored exercise plan,
while taking levels of exercise self-efficacy into account.
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Exercise self-efficacy can be measured by means of a questionnaire, such as the 18-item
Exercise Self-efficacy Scale developed by Bandura.71 Although this questionnaire previously
has been validated in a few studies,72-74 it was done only once in people with diabetes 74
and there is no consensus yet about the dimensional structure of the scale.72-74 Assessment
of the psychometric properties of the Exercise Self-efficacy Scale is desirable in order to
enhance empirical and clinical use.

Aims & outline of this thesis
The general aim of this thesis is to gain more insight in the relationship between physical
activity/exercise and psychological factors in people with type 2 diabetes and to evaluate
the effectiveness of an individually tailored exercise intervention in people with type 2
diabetes treated in Dutch primary care taking aspects of exercise self-efficacy into account.
Little is known about the association between physical activity and the symptoms of
depression. Therefore, in chapter 2 we explored the association between the presence of
the nine symptoms of depression separately, measured with the self-report 9-item Patient
Health Questionnaire and self-reported physical activity in a sample of people with type 2
diabetes.
Until now, only one narrative review 75 has been conducted to investigate whether exercise
training has beneficial effects on quality of life and/or emotional well-being in people with
type 2 diabetes. In chapter 3 we therefore conducted a systematic review of randomized
controlled trials in order to assess the effects of exercise training on quality of life, symptoms
of depression, symptoms of anxiety and emotional well-being in people with type 2 diabetes.
Exercise self-efficacy has a prominent role in physical activity behavior of people with type
2 diabetes and can be assessed with the 18-item Exercise Self-efficacy Scale. The research
objective of chapter 4 was therefore to assess the psychometric properties of the 18-item
Exercise Self-Efficacy scale in a sample of people with type 2 diabetes treated in primary
care.
Chapter 5 describes the design of a controlled clinical trial in primary care. The goal of
the trial was to evaluate a newly developed, individually tailored exercise intervention for
people with type 2 diabetes, which takes levels of exercise self-efficacy into account. The
results of this intervention are shown in chapter 6.
Finally in chapter 7 the main findings of this thesis are summarized. Furthermore, clinical
implications of the findings and directions for future research are discussed.

15

1

Chapter 1

References
1.

Sanders LJ. From thebes to Toronto and the 21st 13. Roy T, Lloyd CE. Epidemiology of depression and
diabetes: a systematic review. J Affect Disord
century: An incredible Journey. Diabetes Spectrum
2012;142 Suppl:S8-21.
2002;15:56-8.

2.

Heine RJ, Tack CJ. Handboek Diabetes Mellitus. 14. Eren I, Erdi Ö, Sahin M. The effect of depression
on quality of life of patients with type II diabetes
Enschede: De Tijdstroom Uitgeverij; 2004.
mellitus. Depress Anxiety 2008;25:98-106.
Hawley JA, Gibala MJ. What’s new since

3.

4.

5.

6.

7.

Hippocrates? Preventing type 2 diabetes by physical 15. de Groot M, Anderson R, Freedland KE, Clouse RE,
Lustman PJ. Association of depression and diabetes
exercise and diet. Diabetologia 2012;55:535-9.
complications: a meta-analysis. Psychosom Med
Inzucchi SE, Bergenstal RM, Buse JB, et al.
2001;63:619-30.
Management of hyperglycaemia in type 2 diabetes:
a patient-centered approach. Position statement of 16. van Dooren FE, Nefs G, Schram MT, Verhey F,
Denollet J, Pouwer F. Depression and risk of
the American Diabetes Association (ADA) and the
mortality in people with diabetes mellitus: a
European Association for the Study of Diabetes
systematic review and meta-analysis. PloS One
(EASD). Diabetologia 2012;55:1577-96.
2013;8:e57058.
Whiting DR, Guariguata L, Weil C, Shaw J. IDF

diabetes atlas: global estimates of the prevalence 17. Lustman PJ, Anderson RJ, Freedland KE, de Groot
M, Carney RM, Clouse RE. Depression and poor
of diabetes for 2011 and 2030. Diabetes Res Clin
glycemic control: a meta-analytic review of the
Pract 2011;94:311-21.
literature. Diabetes Care 2000;23:934-42.
Nolan CJ, Damm P, Prentki M. Type 2 diabetes across

generations: from pathophysiology to prevention 18. Glasgow RE, Ruggiero L, Eakin EG, Dryfoos J,
Chobanian L. Quality of life and associated
and management. Lancet 2011;378:169-81.
characteristics in a large national sample of adults
Fact Sheet Diabetes. 2012. (Accessed at http://
with diabetes. Diabetes Care 1997;20:562-7.
www.who.int/mediacentre/ factsheets / fs312 /
19. Rubin RR, Peyrot M. Quality of life and diabetes.
Diabetes Metab Res Rev 1999;15:205-18.
Alberti KG, Zimmet PZ. Definition, diagnosis
and classification of diabetes mellitus and its 20. U.K. Prospective Diabetes Study Group. Quality
of life in type 2 diabetic patients is affected by
complications. Part 1: diagnosis and classification
complications but not by intensive policies to
of diabetes mellitus provisional report of a WHO
improve blood glucose or blood pressure control
consultation. Diabet Med 1998;15:539-53.
(UKPDS 37). Diabetes Care 1999;22:1125-36.
Williams R, Van Gaal L, Lucioni C. Assessing the
en/.)

8.

9.

impact of complications on the costs of Type II 21. Grigsby AB, Anderson RJ, Freedland KE, Clouse RE,
Lustman PJ. Prevalence of anxiety in adults with
diabetes. Diabetologia 2002;45:S13-7.
diabetes: a systematic review. J Psychosom Res
10. National diabetes fact sheet: national estimates and
2002;53:1053-60.
general information on diabetes and prediabetes
in the United States, 2011. U.S. Departement of 22. U.S. Department of Health and Human Services.
Physical Activity and Health: A Report of the
Health and Human Services, Centers for Disease
Surgeon General. Atlanta, GA. US Department of
Control and Prevention, 2011. (Accessed at http://
Health and Human Services, Centers for Disease
www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf)
Control and Prevention, National Center for Chronic
11. Roglic G, Unwin N, Bennett PH, et al. The burden
Disease Prevention and Health Promotion.; 1996.
of mortality attributable to diabetes: realistic
estimates for the year 2000. Diabetes Care 23. Ainsworth BE, Haskell WL, Herrmann SD, et al.
2011 Compendium of Physical Activities: a second
2005;28:2130-5.
update of codes and MET values. Med Sci Sports
12. Hoeveel zorg gebruiken patiënten met diabetes
Exerc 2011;43:1575-81.
mellitus en wat zijn de kosten? In: Volksgezondheid

Toekomst
Verkenning,
Nationaal
Kompas 24. Wen CP, Wai JP, Tsai MK, et al. Minimum amount
of physical activity for reduced mortality and
Volksgezondheid. RIVM, 2012. (Accessed at http://
extended life expectancy: a prospective cohort
www.nationaalkompas.nl.)
study. Lancet 2011;378:1244-53.

16

General introduction
25. Hu FB, Manson JE, Stampfer MJ, et al. Diet, lifestyle, 37. Goodwin RD. Association between physical activity
and mental disorders among adults in the United
and the risk of type 2 diabetes mellitus in women.
States. Prev Med 2003;36:698-703.
N Engl J Med 2001;345:790-7.
26. Hu G, Lindstrom J, Valle TT, et al. Physical activity, 38. Green AJ, Fox KM, Grandy S. Impact of Regular
Exercise and Attempted Weight Loss on Quality of
body mass index, and risk of type 2 diabetes
Life among Adults with and without Type 2 Diabetes
in patients with normal or impaired glucose
Mellitus. J Obes 2011; doi 10.1155/2011/172073.
regulation. Arch Intern Med 2004;164:892-6.
27. Sullivan PW, Morrato EH, Ghushchyan V, Wyatt 39. Imayama I, Plotnikoff RC, Courneya KS, Johnson JA.
Determinants of quality of life in type 2 diabetes
HR, Hill JO. Obesity, inactivity, and the prevalence
population: the inclusion of personality. Qual Life
of diabetes and diabetes-related cardiovascular
Res 2011;20:551-8.
comorbidities in the U.S., 2000-2002. Diabetes
Care 2005;28:1599-603.
40. Eckert K. Impact of physical activity and bodyweight
on health-related quality of life in people with
28. American College of Sports Medicine and the
type 2 diabetes. Diabetes Metab Syndr Obes
American Diabetes Association. Exercise and type 2
2012;5:303-11.
diabetes: American College of Sports Medicine and
the American Diabetes Association: joint position 41. Lysy Z, Da Costa D, Dasgupta K. The association of
statement. Med Sci Sports Exerc 2010;42:2282physical activity and depression in Type 2 diabetes.
303.
Diabet Med 2008;25:1133-41.

29. Marwick TH, Hordern MD, Miller T, et al. Exercise 42. Koopmans B, Pouwer F, de Bie RA, van Rooij ES,
training for type 2 diabetes mellitus: impact on
Leusink GL, Pop VJ. Depressive symptoms are
cardiovascular risk: a scientific statement from
associated with physical inactivity in patients with
the American Heart Association. Circulation
type 2 diabetes. The DIAZOB Primary Care Diabetes
2009;119:3244-62.
study. Fam Pract 2009;26:171-3.
30. Snowling NJ, Hopkins WG. Effects of different 43. American Psychiatric Association. Diagnostic and
modes of exercise training on glucose control
statistical manual of mental disorders, fourth
and risk factors for complications in type 2
edition, text revision. Washington, DC: American
diabetic patients: a meta-analysis. Diabetes Care
Psychiatric Association; 2000.
2006;29:2518-27.
44. Gillison FB, Skevington SM, Sato A, Standage M,
31. Boule NG, Haddad E, Kenny GP, Wells GA, Sigal RJ.
Evangelidou S. The effects of exercise interventions
Effects of exercise on glycemic control and body
on quality of life in clinical and healthy populations;
mass in type 2 diabetes mellitus: a meta-analysis of
a meta-analysis. Soc Sci Med 2009;68:1700-10.
controlled clinical trials. JAMA 2001;286:1218-27.
45. Blake H, Mo P, Malik S, Thomas S. How effective
32. Thomas DE, Elliott EJ, Naughton GA. Exercise for
are physical activity interventions for alleviating
type 2 diabetes mellitus. Cochrane Database Syst
depressive symptoms in older people? A systematic
Rev 2006;3:CD002968.
review. Clin Rehabil 2009;23:873-87.
33. Umpierre D, Ribeiro PAB, Kramer CK. Physical 46. Sjosten N, Kivela SL. The effects of physical
activity advice only or structured exercise training
exercise on depressive symptoms among the
and association with Hba1c levels in type 2
aged: a systematic review. Int J Geriatr Psychiatry
diabetes. A systematic review and meta-analysis.
2006;21:410-8.
JAMA 2011;305:1790-9.
47. Bridle C, Spanjers K, Patel S, Atherton NM, Lamb
34. Chudyk A, Petrella RJ. Effects of Exercise on
SE. Effect of exercise on depression severity in
Cardiovascular Risk Factors in Type 2 Diabetes: A
older people: systematic review and meta-analysis
meta-analysis. Diabetes Care 2011;34:1228-37.
of randomised controlled trials. Br J Psychiatry
2012;201:180-5.
35. Hu G, Jousilahti P, Barengo NC, Qiao Q, Lakka TA,
Tuomilehto J. Physical activity, cardiovascular risk 48. Rimer J, Dwan K, Lawlor DA, et al. Exercise
factors, and mortality among Finnish adults with
for depression. Cochrane Database Syst Rev
diabetes. Diabetes Care 2005;28:799-805.
2012;7:CD004366.
36. Acree LS, Longfors J, Fjeldstad AS, et al. Physical 49. Conn VS. Anxiety outcomes after physical activity
activity is related to quality of life in older adults.
interventions: meta-analysis findings. Nurs Res
Health Qual Life Outcomes 2006;4:37.
2010;59:224-31.

17

1

Chapter 1
50. Global Strategy on Diet, Physical Activity and
Health. Physical Activity and Adults., 2010.
(Accessed at http://www.who.int/dietphysical
activity/factsheet_adults/en/index.html.)
61.
51. Kemper HGC, Ooijendijk WTM, Stiggelbout M.
Consensus over de Nederlandse Norm voor Gezond
Bewegen. Tijdschr Soc Gezondheidsz 2000;78:1803.

Martin BW. Correlates of physical activity: why
are some people physically active and others not?
Lancet 2012;380:258-71.
Nelson KM, Reiber G, Boyko EJ. Diet and exercise
among adults with type 2 diabetes: findings from
the third national health and nutrition examination
survey (NHANES III). Diabetes Care 2002;25:17228.

52. American Diabetes Association. Standards of 62. Trost SG, Owen N, Bauman AE, Sallis JF, Brown
W. Correlates of adults’ participation in physical
medical care in diabetes-2012. Diabetes care
activity: review and update. Med Sci Sports Exerc
2012;35 Suppl 1:S11-63.
2002;34:1996-2001.
53. Plotnikoff RC, Johnson ST, Loucaides CA, Bauman

AE, Karunamuni ND, Pickering MA. Population- 63. Bandura A. Self-efficacy: the exercise of control.
New York: Freeman; 1997.
based estimates of physical activity for adults with
type 2 diabetes: a cautionary tale of potential 64. Allen NA. Social cognitive theory in diabetes
confounding by weight status. J Obes 2011; doi:
exercise research: an integrative literature review.
10.1155/2011/561432.
Diabetes Educ 2004;30:805-19.
54. Resnick HE, Foster GL, Bardsley J, Ratner RE. 65. Avery L, Flynn D, van Wersch A, Sniehotta FF,
Achievement of American Diabetes Association
Trenell MI. Changing physical activity behavior in
clinical practice recommendations among U.S.
type 2 diabetes: a systematic review and metaadults with diabetes, 1999-2002: the National
analysis of behavioral interventions. Diabetes Care
Health and Nutrition Examination Survey. Diabetes
2012;35:2681-9.
Care 2006;29:531-7.
66. Marcus BH, Williams DM, Dubbert PM, et al.
55. Zhao G, Ford ES, Li C, Balluz LS. Physical activity in
Physical activity intervention studies: what we
u.s. Older adults with diabetes mellitus: prevalence
know and what we need to know: a scientific
and correlates of meeting physical activity
statement from the American Heart Association
recommendations. J Am Geriatr Soc 2011;59:132Council on Nutrition, Physical Activity, and
7.
Metabolism (Subcommittee on Physical Activity);
Council on Cardiovascular Disease in the Young;
56. Morrato EH, Hill JO, Wyatt HR, Ghushchyan V,
and the Interdisciplinary Working Group on Quality
Sullivan PW. Physical activity in U.S. adults with
of Care and Outcomes Research. Circulation
diabetes and at risk for developing diabetes, 2003.
2006;114:2739-52.
Diabetes Care 2007;30:203-9.
57. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell 67. Kahn EB, Ramsey LT, Brownson RC, et al. The
effectiveness of interventions to increase physical
W, Ekelund U. Global physical activity levels:
activity. A systematic review. Am J Prev Med
surveillance progress, pitfalls, and prospects.
2002;22:73-107.
Lancet 2012;380:247-57.
58. Diabetespatiënt is vaak wat ouder, man en te 68. Praet SF, van Loon LJ. Optimizing the therapeutic
benefits of exercise in Type 2 diabetes. J Appl
zwaar. Centraal Bureau voor de Statistiek, 2010.
Physiol 2007;103:1113-20.
(Accessed at http://www.cbs.nl/nl-NL/menu/
themas/gezondheid-welzijn/publicaties/artikelen / 69. Simons-Morton DG, Calfas KJ, Oldenburg B, Burton
archief/2010/2010-3077-wm.htm.)
NW. Effects of interventions in health care settings
on physical activity or cardiorespiratory fitness. Am
59. Lichamelijke activiteit samengevat. Hoeveel
J Prev Med 1998;15:413-30.
mensen zijn voldoende lichamelijk actief?
In: Volksgezondheid Toekomst Verkenning, 70. Dutton GR, Tan F, Provost BC, Sorenson JL, Allen
Nationaal Kompas Volksgezondheid. 2012.
B, Smith D. Relationship between self-efficacy
(Accessed at http://www.nationaalkompas.nl/
and physical activity among patients with type 2
gezondheidsdeterminanten/leefstijl/lichamelijkediabetes. J Behav Med 2009;32:270-7.
activiteit/
hoeveel-mensen-zijn-voldoende71. Bandura A. Guide for constructing self-efficacy
lichamelijk- actief/.)
scales. In: Pajares F, Urdan T, eds. Self-efficacy
60. Bauman AE, Reis RS, Sallis JF, Wells JC, Loos RJ,
beliefs of adolescents. Greenwich: Information Age

18

General introduction
74. Noroozi A, Ghofranipour F, Heydarnia AR, Nabipour
I, Tahmasebi R, Tavafian S. The Iranian version of the
72. Everett B, Salamonson Y, Davidson PM. Bandura’s
exercise self-efficacy scale (ESES): Factor structure,
exercise self-efficacy scale: validation in an
internal consistency and construct validity. Health
Australian cardiac rehabilitation setting. Int J Nurs
Educ J 2011;70:21-31.
Stud 2009;46:824-9.
Publishing; 2006:307-37.

73. Shin Y, Jang H, Pender NJ. Psychometric evaluation 75. Zanuso S, Balducci S, Jimenez A. Physical activity,
a key factor to quality of life in type 2 diabetic
of the exercise self-efficacy scale among Korean
patients. Diabetes Metab Res Rev 2009;25 Suppl
adults with chronic diseases. Res Nurs Health
1:S24-8.
2001;24:68-76.

19

1

20

Chapter 2

Associations between specific
symptoms of depression and
the level of physical activity in
people with type 2 diabetes

Van der Heijden MMP, Pop VJM, Wijnands-van Gent CJ, Pouwer F.
Submitted

Chapter 2

Abstract
Objective: Type 2 diabetes is often accompanied by depression, which can contribute to
adverse health outcomes. One of the mechanisms that can link depression to poor health
outcomes is a lower level of physical activity. Since depression is a rather heterogeneous
syndrome and little is known about the association between each specific symptom of
depression and the level of physical activity, we explored these associations in people with
type 2 diabetes.
Methods: Baseline data from a controlled clinical trial in Dutch primary care were used. The
nine symptoms of depression were assessed with the 9-item Patient Health Questionnaire
(PHQ-9). The level of leisure-time physical activity was assessed with the Short Questionnaire
to ASsess Health enhancing physical activity (SQUASH). Ordinal regression analyses were
conducted to explore the associations.
Results: Of 682 participants included in the analyses, 141 (21%) participants had a PHQ-9
score ≥7 and 280 (41%) reported one or more symptoms on the PHQ-9. ‘Fatigue’ (OR 0.5,
95% CI 0.3-0.7) and ‘lack of interest’ (anhedonia) (OR 0.5, 95% CI 0.3-0.8) were significantly
(p<0.05) related to a lower level of physical activity. The symptoms ‘suicidal ideation’ (OR 0.5,
95% CI 0.3-1.02) and ‘appetite problems’ (OR 0.7 95% CI 0.4-1.03) were also associated with
a lower level of physical activity at a 90% significance level, p=0.06 and p=0.07, respectively.
Conclusions: In people with type 2 diabetes, particularly the symptoms ‘fatigue’, ‘lack of
interest’ (anhedonia), ‘suicidal ideation’ and ‘appetite problems’ were associated with a
lower level of physical activity.
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Introduction
Depression is common in people with type 2 diabetes. To date, the prevalence of depression
(syndromal depression or high levels of depressive symptoms) in people with diabetes is
estimated to be 19%, compared to 11% in those without.1 Furthermore, people with type 2
diabetes have a 24% increased risk of developing depression compared to people without
type 2 diabetes.2 This coexistence of depression in people with type 2 diabetes has been
associated with poor health outcomes. For example, it is associated with impaired quality
of life,3 sub-optimal glycemic control,4 an increased risk for diabetes complications 5 and an
increased mortality risk.6
Physical activity might have a mediating role in the association between depression and
type 2 diabetes. A recent review of ten cross-sectional studies showed that inactive people
with type 2 diabetes were 1.72 to 1.75 times more likely to be depressed than the more
active ones.7 People with type 2 diabetes suffering from a depression were in turn 1.22 to
1.9 times more likely to be physically inactive than the non-depressed.7 In a large cohort
of Dutch primary care patients with type 2 diabetes these findings were confirmed; the
odds for being physically inactive were almost doubled in people with type 2 diabetes and
symptoms of depression compared to people with type 2 diabetes without symptoms of
depression.8
In addition, physical activity also plays an important role in linking depression to other poor
health outcomes. In a prospective cohort study of outpatients with stable coronary heart
disease, it was recently shown that the association between symptoms of depression and
adverse cardiovascular events was largely explained by life style habits (including medication
non-adherence), with physical inactivity in particular.9 Similar results were found in people
with diabetes. For example, Chiu et al.10 found that health behaviors including exercise,
accounted for 13% of the link between symptoms of depression and glycemic control, which
in turn is related to adverse health outcomes.
In the Diagnostic and Statistical Manual, fourth edition (DSM-IV) the concept of major
depressive disorder consists of nine symptoms of which at least five should be present
for at least two weeks. This cluster must at least include one of the two core symptoms:
anhedonia (a lack of interest or pleasure in activities) and dysphoria (a depressed mood). The
other seven symptoms of depression are ‘sleeping problems’ (hypersomnia or insomnia),
‘fatigue’, ‘appetitive problems’ (overeating with weight gain or decreased appetite with
substantial weight loss), ‘feelings of worthlessness’, ‘concentration problems’, ‘psychomotor
agitation/retardation’ and ‘suicidal ideation’.11 Thus, the cluster of symptoms can vary
widely between people diagnosed with a major depressive disorder. However, until now
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research on the relationship between the level of physical activity and depression in people
with type 2 diabetes did not take this heterogeneous nature of depression into account. As
a consequence, little is known about a possible association between the level of physical
activity and the nine symptoms of depression separately.
An increased physical activity level might reduce some, but not all, specific symptoms of
depression. On the other hand, people with type 2 diabetes with some specific symptoms
of depression such as fatigue might be more prone to have an inactive lifestyle. Since only
30-40% of people with type 2 diabetes are sufficiently active,12,13 this can be of importance
for the treatment of people with type 2 diabetes of which physical activity is one of the
cornerstones.14 Increased knowledge of a possible association between physical activity and
the nine symptoms of depression separately in people with type 2 diabetes is therefore
warranted. The aim of this study is to explore the association between each of the nine
symptoms of depression separately and the level of physical activity, both measured with a
self-report questionnaire, in a sample of people with type 2 diabetes.

Methods
Design and sample
For this study, baseline data from a controlled clinical trial were used, that aimed to evaluate
the efficacy of an individually tailored exercise intervention for people with type 2 diabetes.15
People were asked to fill out a questionnaire at baseline when they were diagnosed with
type 2 diabetes and were between 18 and 80 years old. Recruitment took place within
PoZoB, a primary care organization of approximately 200 general practitioners and practice
nurses in the south of the Netherlands. The study is described in more detail elsewhere.15
Written informed consent was obtained from all participants. Ethical approval was obtained
from the Medical Ethics Committee of the St. Elisabeth Hospital in Tilburg, the Netherlands.
Measurements
A booklet of questionnaires was sent out by mail, along with a stamped return envelope.
The questionnaire included questions on sociodemographic and lifestyle characteristics,
type 2 diabetes regimen, symptoms of depression and physical activity. Body mass index
(BMI) was calculated either based on self-reported length and weight in the questionnaire
(control group) or was assessed during the first physiotherapy consultation that was part
of the exercise intervention, using length and weight measurements (intervention group).
Symptoms of depression
Symptoms of depression were assessed with a widely used and validated measure: the
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9-item Patient Health Questionnaire (PHQ-9). This self-report questionnaire was used as
it includes the nine symptoms of the DSM-IV, related to the past two weeks, i.e. ‘lack of
interest’ (anhedonia), ‘depressed mood’ (dysphoria), ‘sleeping difficulties’, fatigue’, ‘appetite
problems’, ‘worthlessness’, ‘concentration problems’, ‘psychomotor agitation/retardation’,
and ‘suicidal ideation’. The items are scored on a four-point scale, ranging from 0 (not at all)
to 3 (almost every day). For the analyses, we dichotomized the PHQ-9 sum score (PHQ-9
sum score ≥7 versus PHQ-9 sum score <7). Participants with a PHQ-9 sum score ≥7 were
classified as people having a ‘high PHQ-9 score’, since a sum score ≥7 was found to be a
reliable indicator of major depressive disorder (91% sensitivity) in people with diabetes
treated in primary care.16 In order to classify a symptom as present or not-present we used
a cut-off of ≥2 for all items with the exception of suicidal ideation (≥1).17
Physical activity
The level of physical activity was assessed with the Short Questionnaire to ASsess Health
enhancing physical activity. This self-report measure proved to be a reliable and valid
measure in adults.18 Participants were asked to indicate their level of physical activity during
an average week in the past month concerning activity at work (if applicable), commuting
activities (if applicable), household activities (if applicable) and leisure-time. Both the
frequency of activities (days/week), and the duration (average time/day) were measured
as was the experienced intensity of these activities. Each activity was represented by its
metabolic equivalent (METs), which expresses the cost of energy from physical activities as
multiples of the resting metabolic rate. Activities were divided into three categories: light
(2.0 to < 4.0 METs), moderate (4.0 to < 6.5 METs) and vigorous (≥ 6.5 METs) intensity for
people aged between 18 and 55 years old, and light (2.0 to < 3.0 METs), moderate (3.0 to <
5.0 METs) and vigorous (≥ 5.0 METs) intensity for people aged 56 and older.18 The minutes
a week of moderate and vigorous physical activity were calculated for leisure-time physical
activity (including commuting activities).
Statistical analyses
Participants with one or more missing items on the PHQ-9 or no data on the level of physical
activity were excluded from the analyses. First, sample characteristics were examined
(mean, standard deviation, frequencies). In addition, participants with a ‘high PHQ-9
score’ (sum score ≥7) were compared to participants with a ‘low PHQ-9 score’ (sum score
<7) by means of a T-test or Mann-Whitney U test for continuous variables, or χ2 test for
categorical variables. Phi coefficients where calculated for the dichotomized nine symptoms
of depression as a measure for the strength of the associations between the symptoms. Phi
coefficients are similar in interpretation to the Pearson’s correlation coefficient.
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Preliminary analyses showed that the variable ‘minutes a week of moderate to vigorous
leisure-time physical activity’ had a non-normal distribution. In addition, transformation of
this variable did not result in a normal distribution. Therefore, the variable was split into
four subgroups for further analyses. Since a frequently used guideline for physical activity is
to have at least 150 minutes a week of moderate to vigorous physical activity 14 we defined
the following categories ‘≤150 minutes/week’, ‘151-350 minutes/week’, ‘351-750 minutes/
week’, and ‘>750 minutes/week of moderate to vigorous leisure-time physical activity’
(which almost corresponded with the quartiles).
Ten consecutive unadjusted ordinal regression models were used to explore the relationship
between the independent variable which was either the presence of a ‘high PHQ-9 score’
or the presence of one of the nine symptoms of depression and the dependent variable
‘minutes/week of moderate to vigorous leisure-time physical activity’ (four subgroups).
These models were subsequently adjusted for the potential confounders age, sex, having a
partner and educational level.
Odds ratios (ORs), their 95% confidence intervals (95% CI) and p-values were reported. An
OR of less than 1.00 indicates that those with ‘a high PHQ-9 score’ / presence of a specific
symptom are more likely to be in a lower category of ‘minutes/week of moderate to
vigorous leisure-time physical activity’. We made no adjustments for multiple testing since
we performed exploratory analyses.19 Data were analyzed using the Social Package for Social
Sciences (SPSS version 18.0, IBM, Chicago, Illinois, USA).

Results
Of the 1996 people with type 2 diabetes who were invited to fill out the baseline questionnaire,
747 (37%) filled out the questionnaire. A total of 682 participants had complete data on
both PHQ-9 and the SQUASH, and were included in the analyses.
Sample characteristics
Table 1 shows the sample characteristics. 141 (21%) participants had a ‘high PHQ-9 score’
(sum score ≥7). Participants with a ‘low PHQ-9 score’ (sum score <7, n=541, 79%) were
significantly older, had more frequently a partner, had a lower BMI, differed in occupational
level and were more physically active compared to those participants with a ‘high PHQ-9
score’.
Of 682 participants, 280 participants (41%) reported one or more symptom(s) of depression
on the PHQ-9. ‘Sleeping problems’ and ‘fatigue’ were the most frequently reported
symptoms of depression, 23% and 19%, respectively.
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3% (17 / 514)

Insulin
390 (150-780) (682)

420 (180-795) (541)

12% (52 / 421)

3% (12 / 421)

62% (262 / 421)

23% (95 / 421)

a

Including ‘commuting’ activities (cycling and walking)
* p<0.05, compared to ‘PHQ-0 score <7’
Abbreviations: PA: physical activity; PHQ-9: 9-items Patient Health Questionnair; IQR: Interquartile range.

Minutes/week moderate to
vigorous intensity leisure-time PA:
median (IQR)

13% (67 / 514)

61% (313 / 514)

Tablets and insulin

23% (117 / 514)

29.9 (5.4) (514)

30.2 (5.5) (638)

Tablets

7.9 (7.2) (445)

9% (47 / 513)

13% (71 / 530)

12% (62 / 523)

34% (180 / 523)

35% (184 / 523)

19% (97 / 523)

7.8 (7.1) (566)

No treatment / diet

Treatment %

Years since diabetes diagnosis:
mean (SD) years
Body Mass Index: mean (SD) kg/m2

10% (63 / 649)

11% ( 74/ 660)

Academic education

Alcohol use (≥14/week) %

34% (224 / 660)

Middle education
13% (89 / 669)

37% (241 / 660)

Smoker %

18% (121 / 660)

20% (105 / 527)

23% (150 / 662)

Lower education

56% (293 / 527)

25% (129 / 527)

85% (454 / 535)

58% (313 / 541)

PHQ-9 score <7 (n/N)
64.2 (8.6) (541)

52% (342 / 662)

Primary school

Highest educational level %

Miscellaneous

Retirement

Paid employment

26% (170 / 662)

83% (558 / 673)

Occupation %

57% (386 / 682)

Having a partner %

Total sample (n/N)
63.4 (9.0) (682)

Male %

Mean age (SD) years

Table 1 Sample characteristics

240 (75-645) (141)*

16% (15 / 93)

5% (5 / 93)

55% (51 / 93)

24% (22 / 93)

31.6 (5.8) (124)*

7.4 (6.9) (121)

12% (16 / 136)

13% (18 / 139)

9% (12 / 137)

32% (44 / 137)

42% (57 / 137)

18% (24 / 137)

33% (45 / 135)

36% (49 / 135)

30% (41 / 135)*

75% (138 / 141)*

52% (73 / 141)

PHQ-9 score ≥7 (n/N)
60.4 (9.9) (141)*
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‘Psychomotor agitation/retardation’ was the least frequently reported symptom of
depression (4%), followed by ‘suicidal ideation’ (5%) and ‘depressed mood’ (6%) (Table 2).
Phi coefficients ranged between 0.15 (‘psychomotor agitation/retardation’ and ‘sleeping
problems) and 0.46 (‘worthlessness’ and ‘depressed mood’; ‘suicidal ideation’ and
‘depressed mood’). All Phi coefficients were significant at the p < 0.01 level (two tailed,
Table 3).
Table 2 Prevalence of symptoms of depression in 682 participants
PHQ-9 items
Lack of interest

n (%)
72 (11%)

Depressed mood

40 (6%)

Sleeping problems

156 (23%)

Fatigue

127 (19%)

Appetitive problems

89 (13%)

Worthlessness

54 (8%)

Concentration problems

66 (10%)

Psychomotor agitation/retardation

25 (4%)

Suicidal ideation

37 (5%)

Abbreviations: PHQ-9: 9-items Patient Health Questionnair

Regression analyses
Unadjusted ordinal regression analyses showed that a ‘high PHQ-9 score’ (sum score ≥7,
OR 0.6, 95% CI 0.4-0.8) was significantly associated with a lower level of physical activity.
Moreover, the symptoms ‘fatigue’ (OR 0.4, 95% CI 0.3-0.6), ‘suicidal ideation’ (OR 0.5, 95%
CI 0.2-0.9), ‘lack of interest’ (OR 0.5, 95% CI 0.3-0.8) and ‘appetite problems’ (OR 0.5, 95% CI
0.3-0.7) all were significantly associated with a lower level of physical activity. The presence
of the symptoms ‘depressed mood’ (OR 0.7), ‘psychomotor agitation/retardation’ (OR 0.5)
or ‘sleeping problems’ (OR 0.8) were not significantly related to the level of physical activity.
After adjustment for the potential confounders age, sex, partner and educational level, a
‘high PHQ-9 score’ remained significantly associated with a lower level of physical activity
(OR 0.7, 95% CI 0.5-0.98). Also, the symptoms ‘fatigue’ (OR 0.5, 95% CI 0.3-0.7) and ‘lack
of interest’ (OR 0.5, 95% CI 0.3-0.8) remained significantly associated with a lower level of
physical activity. The presence of the symptoms ‘suicidal ideation’ (OR 0.5, 95% CI 0.3-1.02)
and ‘appetite problems’ (OR 0.7, 95% CI 0.4-1.03) were significantly associated with a lower
level of physical activity at a 90% significance level, p = 0.06 and p = 0.07 respectively. None
of the other symptoms remained significantly associated with the level of physical activity
after adjustment for the potential confounders (Table 4).
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0.35*
0.46*

0.28*

0.38*

0.37*

0.34*

0.36*

Appetite problems

Worthlessness

Concentration problems
Psychomotor agitation/
retardation
Suicidal ideation

*p<0.01

0.45*

0.42*

Fatigue
0.46*

0.31*

0.38*

0.28*

0.28*

0.42*

Depressed mood

Depressed
mood

Sleeping problems

Lack of
interest

0.16*

0.15*

0.25*

0.22*

0.29*

0.39*

Sleeping
problems

0.27*

0.25*

0.38*

0.36*

0.43*

Fatigue

Table 3 Associations between nine symptoms of depression (Phi coefficient, n=682)

0.25*

0.30*

0.32*

0.35*

Appetite
problems

0.34*

0.35*

0.42*

Worthlessness

0.32*

0.33*

Concentration
problems

0.23*

Psychomotor agitation/
retardation
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Table 4 Results from 10 separate ordinal regression analyses, with as independent variable a high
PHQ-9 score (sum score ≥7) or the presence of one of the nine symptoms of depression, and with
levels of physical activitya as dependent variable (n=658)
Model 1

High PHQ-9 score (≥7)
Presence of symptom of
depressionb
Lack of interest

Model 2

OR

95% CI

p-value

OR

95% CI

p-value

0.6

0.4-0.8

0.001

0.7

0.5-0.98

0.04

0.5

0.3-0.8

0.003

0.5

0.3-0.8

0.005

Depressed mood

0.7

0.4-1.2

0.15

0.8

0.4-1.4

0.37

Sleeping problems

0.8

0.6-1.1

0.16

0.9

0.7-1.3

0.74

Fatigue

0.4

0.3-0.6

<0.001

0.5

0.3-0.7

<0.001

Appetite problems

0.5

0.3-0.7

0.001

0.7

0.4-1.03

0.07

Worthlessness

0.6

0.3-0.95

0.03

0.8

0.5-1.3

0.32

Concentration problems

0.6

0.4-0.96

0.03

0.8

0.5-1.2

0.25

Psychomotor agitation/
retardation

0.5

0.2-1.05

0.07

0.6

0.3-1.2

0.14

Suicidal ideation

0.5

0.2-0.9

0.01

0.5

0.3-1.02

0.06

Model 1: Unadjusted
Model 2: Adjusted for age, sex, having a partner and education.
Abbreviations: PHQ-9: 9 item Patient Health Questionnaire; OR: Odd Ratio, 95% CI: 95% confidence interval
a
Self-reported ‘minutes a week of moderate to vigorous physical activity’, divided into four categories ‘≤150 minutes/week’, ‘151-350 minutes/week’, ‘351-750 minutes/week’, and ‘>750 minutes/week’.
b
Measured with the PHQ-9. In order to classify a symptom as present or not-present we used a cut-off of ≥2 for
all items with the exception of suicidal ideation (≥1).
An OR of less than 1.00 indicates that those with ‘a high PHQ-9 score’ / presence of a specific symptom are more
likely to be in a lower category of physical activity.

Conclusions
According to the DSM-IV, the concept of major depressive disorder comprehends nine
symptoms including two core symptoms (anhedonia and dysphoria).11 This study aimed to
explore the associations between these nine symptoms of depression separately and levels
of moderate to vigorous leisure-time physical activity in a sample of 682 people with type
2 diabetes, treated in Dutch primary care. Particularly the depression symptoms ‘lack of
interest’ (anhedonia) and ‘fatigue’, and to a lesser degree ‘suicidal ideation’ and ‘appetite
problems’ appeared to be associated with lower levels of physical activity. The other
symptoms of depression ‘depressed mood’ (dysphoria), ‘sleeping problems’, ‘concentration
problems’, ‘psychomotor agitation/retardation’ and ‘worthlessness’ were not significantly
associated with level of physical activity.
In the current study, 41% of the participants reported one or more symptom(s) of depression.
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This is in line with the finding by Bot et al.20 who showed that 45% of their type 1 and type
2 patients of tertiary diabetes clinics reported at least one symptom of depression. One
out of five participants in our sample of people with type 2 diabetes reported the symptom
‘fatigue’ on more than half of the days. In addition, we found that the presence of the
symptom ‘fatigue’ was associated with lower levels of physical activity. The associations
between fatigue and physical activity are complex. A meta-analysis of studies in both clinical
and general samples, showed that chronic exercise programs increased feelings of energy
and decreased feelings of fatigue.21 Conversely, being tired is one of the key barriers to
participate in physical activity.22,23 Like fatigue, lack of interest is also a known major barrier
to physical activity. In a study in middle-aged, elderly women, it was noted that inactive
women reported higher levels of lack of interest compared to those who remained active or
increased their physical activity level over a period of six months.23 Accordingly, we found the
presence of the core symptom ‘lack of interest’ (anhedonia) to be associated with a lower
level of physical activity in our sample. We did not find a significant association between
the presence of the other core symptom, i.e. ‘depressed mood’ (dysphoria), and the level
of physical activity. Recently this distinction between the two core symptoms of depression
in people with type 2 diabetes was also found in relation to glycemic control. Nefs et al.24
found that anhedonia rather than a depressed mood was associated with glycemic control.
This is in contrast to the finding by Bot et al.20 who found a significant relation between
glycemic control and the presence of the symptom ‘depressed mood’ (dysphoria) but not
the symptom ‘lack of interest’ (anhedonia).
The presence of the symptom ‘suicidal ideation’ showed a negative association with a high
level of physical activity at 90% significance level (p = 0.06), possibly as a result of limited
statistical power. In a sample of almost fifteen thousand adolescents it was shown that as
sports participation increased, the odds of having suicidal ideation decreased by 12%.25
Although our sample differs in many aspects and leisure-time physical activity includes more
than sports, this supports our finding concerning the symptom ‘suicidal ideation’. Similarly,
the presence of the symptom ‘appetite problems’ (overeating or decreased appetite)
showed a negative association with the level of physical activity at 90% significance level
(p = 0.07). It is commonly accepted that type 2 diabetes is related to obesity, which can be
related to overeating. Although a high body mass index is related to the level of physical
activity in de general population 12 and in some type 2 diabetes studies,26 other studies show
that this relationship might not exist in people with type 2 diabetes.27 The explanation for
the association between physical activity and the symptom ‘appetite problems’ is therefore
only partially explained by obesity. An increased sensitivity of the appetite control system,
adjusted macronutrient preferences or food choices and enhanced pleasure derived from
food consumption,28 are examples of mechanisms that are linked to increased physical

31

2

Chapter 2

activity and may therefore be part of the relation between physical activity and appetite
problems.
Having ‘sleeping problems’ was the most frequently reported symptom of depression in
the current sample. This is in line with earlier research reporting on the high prevalence of
sleeping problems in people with type 2 diabetes,29 although it is a very commonly reported
problem in elderly in general.30 Other researchers already linked quality of sleep,31 length of
sleep 32 and daytime sleepiness 33 to the level physical activity. Interestingly, in the present
study the presence of the symptom ‘sleeping problems’ was not significantly associated
with physical activity, having an OR of 0.9. One explanation for this can be the fact that
the PHQ-9 symptom ‘sleeping problems’ is a double-barreled question. Both ‘hypersomnia’
and ‘insomnia’ are being described in one PHQ-9 item, which limited us to draw definite
conclusions.
Among the strengths of our study is that to the best of our knowledge, this is the first study
to explore the differential associations of symptoms of depression and physical activity in
people with type 2 diabetes. Several limitations of this study should also be mentioned.
Firstly, the measurement of physical activity was by means of a self-report questionnaire.
Self-reported physical activity tends to result in an overestimation of levels of activity
and different activity patterns compared to more objective estimates.34 However, the
SQUASH showed moderate correlations with data from more objective measurements
with an accelerometer.18 Secondly, we had only access to cross-sectional data. Therefore,
no conclusions regarding causality could be inferred. Thirdly, part of the participants in
our sample consisted of people with type 2 diabetes who volunteered to participate in an
exercise intervention conducted in primary care, which limits the generalizability of our
results.
To conclude, we found that particularly the presence of the symptoms ‘fatigue’ and ‘lack
of interest’ (anhedonia) as well as the presence of the symptoms ‘suicidal ideation’ and
‘appetite problems’ were associated with lower levels of physical activity (leisure-time). Our
study underlines that depression as a syndrome should be regarded as a heterogeneous
concept. Future research is also warranted to replicate our study in other (longitudinal)
studies. Such research might contribute to the efforts of improving the way effectiveness of
exercise interventions for people with type 2 diabetes and symptoms of depression could
be evaluated.
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Abstract
Aims/hypothesis: Psychological problems are relatively common in people with type 2
diabetes. It is unclear whether exercise training exerts an effect on quality of life, symptoms
of depression, symptoms of anxiety, and emotional well-being in people with type 2
diabetes. The aim of this study was to conduct a systematic review to assess the effects of
exercise training on these outcomes in people with type 2 diabetes.
Methods: MEDLINE, PsycINFO, Embase and ClinicalTrials.gov databases were searched.
The review included randomized controlled trials (RCTs) of at least 4 weeks’ duration in
people with type 2 diabetes that evaluated the effect of exercise training on quality of life,
symptoms of depression, symptoms of anxiety and/or emotional well-being compared with
usual care.
Results: Of 1,261 retrieved articles, 20 RCTs were included with a total of 1,719 participants.
Quality of life was assessed in 16 studies. Between-group comparisons showed no significant
results for aerobic training with the exception of one study, and mixed results for resistance
and combined training. Symptoms of depression were assessed in four studies. In only one
study did the intervention decrease symptoms of depression. Emotional well-being was
evaluated in four studies, which also showed conflicting results. Symptoms of anxiety were
evaluated in one study, which showed a significant improvement.
Conclusions/interpretation: The effects of exercise training on psychological outcomes
in people with type 2 diabetes are conflicting. Therefore, there is a need for further high
quality RCTs in order to gain greater insight into the role of exercise training in people with
type 2 diabetes.
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Introduction
Physical inactivity is one of the major risk factors for the development of type 2 diabetes and
its complications.1 Therefore, an important goal in type 2 diabetes management is achieving
and/or maintaining an appropriate level of physical activity.2 One of the mechanisms
responsible for the positive effect of physical activity is improved glycemic control.3 In
addition, appropriate levels of physical activity are associated with a reduced risk of total
and cardiovascular mortality.4,5
Previous systematic reviews and meta-analyses regarding the effects of physical activity in
type 2 diabetes have mainly focused on biomedical outcomes such as glycemic control, body
mass and blood pressure.3,6-8 Type 2 diabetes is however also associated with psychological
problems. For example, the prevalence of depression is elevated in people with type 2
diabetes compared with those without diabetes (18% and 10%, respectively).9 People with
type 2 diabetes also have a 24% increased risk of developing depression compared with
non-diabetic individuals.10 Furthermore, compared with the general population, people
with diabetes tend to report poorer quality of life 11 and a higher prevalence of general
anxiety disorder (14%).12 In addition, cross-sectional studies in people with type 2 diabetes
have shown that higher levels of physical activity are associated with fewer symptoms of
depression 13 and improved quality of life.14-16
Results from systematic reviews of intervention studies in healthy and clinical samples
showed that exercise training can be used to improve not only biomedical, but also
psychological outcomes. For example, a meta-analysis of 56 trials showed that in both
healthy and rehabilitation groups, there was a small but significant improvement in quality
of life following exercise training.17 In two systematic reviews and one meta-analysis that
studied the effects of physical activity interventions on symptoms of depression in elderly
people, it was found that increased levels of physical activity can lower depression rates and
reduce symptoms of depression in the short term.18-20 Also, a meta-analysis on the effects
of physical activity interventions in healthy adults showed that some interventions can
decrease symptoms of anxiety.21
To the best of our knowledge, only one (narrative) review 22 has been conducted to investigate
whether exercise training has beneficial effects on quality of life and/or (emotional) wellbeing in people with type 2 diabetes. The aim of this study was therefore to conduct a
systematic review of randomized controlled trials (RCTs) in order to assess the effects of
exercise training on quality of life, symptoms of depression, symptoms of anxiety, and
emotional well-being in people with type 2 diabetes.
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Methods
Search strategy
MEDLINE (PubMed), PsycINFO, Embase and ClinicalTrials.gov databases were electronically
searched to the end of March 2012. The search comprised the terms ‘randomized controlled
trial’, ‘type 2 diabetes mellitus’, ‘exercise’, ‘quality of life’, ‘depression’, ‘well-being’, ‘anxiety’
and related entry terms (Electronic supplementary material [ESM] Methods). We used a
sensitive search strategy for RCTs.23,24 In addition, reference lists of identified articles and
related reviews were searched manually. Two raters (MMPH and FEPD) independently
reviewed titles, abstracts and entire texts for potentially relevant articles. Disagreements
were resolved by consensus or by a third rater (FP). Agreement between raters was assessed
using Cohen’s kappa (к).
Eligibility criteria
The pre-specified inclusion criteria applied were as follows: (1) RCTs comparing exercise
training with usual care, sham exercise or a minimal educational intervention (exercise
training was defined as planned, structured and repetitive bodily movement, with the
intention to improve or maintain one or more components of physical fitness 25); (2) exercise
was prescribed for at least 4 weeks; (3) participants were adults (≥18 years) and classified
as having type 2 diabetes; and (4) the study included assessment of quality of life and/or
symptoms of depression and/or symptoms of anxiety, and/or emotional well-being. There
was no language restriction or restriction on the year of publication. However, studies in
which exercise training was part of an intervention with multiple components (e.g. combined
with a diet intervention) were excluded.
Data extraction and analyses
Data on sample characteristics, intervention characteristics and study results were extracted.
Home-based exercise interventions were considered ‘individual’ interventions. Exercise
training was divided into three modes: aerobic (training to improve the efficiency of aerobic
energy producing systems 25); resistance (training to improve strength, power and muscle
endurance 25); and a combination of both. One investigator (MMPH) performed the data
extraction, which was checked by a second investigator (FEPD). If possible, standardized
mean differences (SMDs) were calculated. SMDs of 0.2 were considered a small effect,
0.5 a moderate effect and 0.8 a large effect.26 Positive signs reflect better outcomes, i.e.
better quality of life, fewer symptoms of depression, fewer symptoms of anxiety and greater
emotional well-being in the intervention group compared with the control group. Because
of the heterogeneity of exercise training and outcome measurements, data pooling was not
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possible.
Assessment of risk of bias
The risk of bias was assessed in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement.27 The assessment included adequate
sequence generation, allocation concealment, blinding of outcome assessors (related to
outcomes addressed in the current systematic review), description of losses and exclusions,
and use of intention-to-treat analysis. A study was considered to use intention-to-treat
analysis when participants were analyzed in the group to which they were randomized
regardless of the intervention they actually received and when there were no missing data
or when appropriate imputation of missing data was performed. Two raters (MMPH and
FEPD) independently assessed the risk of bias. Disagreements were resolved by consensus
or by a third rater (FP).

Results
Description of studies
Overall, 1,261 articles were retrieved from electronic databases and manual searches, 161
articles were included based on review of the title, 33 based on review of the abstract, and
20 28-47 based on review of the full text article (ESM Fig 1). The κ agreement between raters
for article selection was 0.78.
A total of 1,719 people with type 2 diabetes were included in the studies. Sample sizes
ranged from 18 30 to 84 32 participants, with the exception of Reid et al 44 (n=218) and
Nicolucci et al 42 (n=606). The mean age of the participants ranged from 43 years 30 to 70
years 46. The mean BMI ranged from 25 kg/m2 28 to 40 kg/m2 31, mean HbA1c ranged from 6.4%
(46 mmol/mol) 32 to 9.0% (75 mmol/mol) 37 (Table 1). In none of the studies was low quality
of life or low emotional well-being, or suffering from symptoms of depression or anxiety, an
inclusion criterion.
Four studies compared two or three modes of exercise training with a control
group.28,34,38,44 Including these studies, a total of ten studies examined the effect of aerobic
training,28,30,33-35,38,39,41,44,45 five the effect of resistance training,28,31,40,43,44 and ten the effect of
combined training.29,32,34,36-38,42,44,46,47 In studies examining aerobic training, (Nordic) walking
was the most common exercise training.28,33-35,45 Other forms of aerobic training were
treadmills and/or bicycle ergometers 44 and circuit training.38 In three studies, the specific
form of aerobic training was not specified.30,39,41
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40

n

IG: 63 (59-64)
CG: 61 (58-64)
(median; 25-75
percentile)

IG: 20
CG: 30

IG: 22
CG: 22

IG: 51
CG: 52

IG: 20
CG: 20

Fritz et al
201133

Gram et al
201034

Reid et al
201044

Shenoy et
al 201045

IG: 53 ± 4.4
CG: 51 ± 5.4

IG: 54 ± 6.4
CG: 55 ± 6.9

IG: 62 ± 10
CG: 61 ± 10

IG: 43 ± 6.7
CG: 45 ± 11.8

IG: 9
CG: 9

Age in years
(mean ± SD)

Bello et al
201130

Aerobic exercise

Source

IG: 27.6 ± 2.9
CG: 26.3 ± 1.5

IG: 34.3 ± 5.9
CG: 33.2 ± 5.5

IG: 31.4 ± 4.3
CG: 32.8 ± 4.0

IG: 30.5
(27.5-34)
CG: 29.5
(28-34)
(median; 25-75
percentile)

IG: 28.3 ± 4.2
CG: 26.1 ± 3.5

BMI kg/m2
(mean ± SD)

Sample characteristics

Table 1 Sample and intervention characteristics

IG: 7.3 ± 1.0
CG: 7.6 ± 0.9

IG: 7.7 ± 0.9
CG: 7.7 ± 0.9

IG: 7.2 ± 1.0
CG: 7.8 ± 1.3

IG: 7.0
(6.4-7.7)
CG: 6.7
(6.2-7.1)
(median; 25-75
percentile)

IG: 8.2 ± 1.7
CG: 7.9 ± 2.5

HbA1c %
(mean ± SD)

Individual |
Unsupervised

NR |
Supervised

Group vs.
individual |
Supervision

NR |
Partially
supervised

Walking using a
pedometer and heart NR | Superrate monitor. Progres- vised
sive 50-70% HRMax.

Treadmills and/or
bicycle ergometers.
Progressive 60-75%
HRMax.

Nordic walking. >40% NR |
VO2Max.
Supervised

Nordic walking.

Individually
prescribed aerobic
training. 50-75%
HRmax.

Exercise

8 weeks

Program
duration

NR | TG: 0

Adherence |
Dropouts

Up to 35-40
min | 5x/wk.

15-45 min |
3x/wk.

Mean
attendance rate:
63.5% | IG: 1
CG: 0

8 weeks

NR | TG: 0

6 months Median exercise
training
attendance 80%
| IG: 5 CG: 5
(missing data)

≥30 min|
4 months
Month 1-2: 2x/
wk. Month 3-4:
1x/wk.

Total: 5 hours/ 4 months 50% of
wk. | NR
participants
performed ≥80%
(4h/wk.) of
the prescribed
Nordic walking |
TG: 10

30 min |
3x/wk.

Exercise session durationa
| Frequency

Intervention characteristics
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IG: 52 ± 9.3
CG: 58 ± 1.8

IG: 52 ± 8.3
CG: 58 ± 8.7

TG: 52

IG: 64 ± 5.4
CG: 62 ± 5.4

IG: 54 ± 8.0
CG: 55 ± 8.8

IG: 10
CG: 10

Lambers et IG: 18
al 200838
CG: 11

McKay et al IG: 38
200141
CG: 40

Ligtenberg IG: 30
et al 199839 CG: 28

Kaplan et al IG: 19
198735
CG: 19

Arora et al
200928

Age in years
(mean ± SD)

n

Source

IG: 89.2 ± 21.1
CG: 92.2 ± 21.8
(Weight, kg)

IG: NR
CG: NR

IG: NR
CG: NR

IG: 30.9 ± 4.0
CG: 30.4 ± 4.3

IG: 26.2 ± 3.2
CG: 25.0 ± 3.0

BMI kg/m2
(mean ± SD)

Sample characteristics

IG: 8.2 ± 3.4
CG: 8.2 ± 1.5

IG: NR
CG: NR

IG: NR
CG: NR

IG: 7.4 ± 1.7
CG: 6.7 ± 1.0

IG: NR
CG: NR

HbA1c %
(mean ± SD)

Table 1 Sample and intervention characteristics (continued)

30 min |
3x/wk.
50 min |
3x/wk.

NR |
Supervised
NR |
Supervised

Walking. 60-70%
VO2max.

Aerobic training. 6080% VO2Max.

60 min |
3x/wk.
45-60 min.
| Exercise
sessions: 1x/
wk.
Home-based:
2x/wk.

NR|
Supervised
Group |
Supervised

Focus on
national
guidelines: 30
min | ≥5x/wk.

Exercise session durationa
| Frequency

Group vs.
individual |
Supervision

Personalized internet Individual |
PA program, based
Supervised
on a multilevel
(online)
social-ecological
model of diabetes
self-management and
follow-up support
for behavior change.
Five steps action
plan. Including online
support area.

Circuit training:
Treadmill walking or
jogging, stationary
bicycles cycling and
stepping. Progressive
60-85% HRmax.

Walking.

Exercise

Intervention characteristics

NR | TG: 0

Adherence |
Dropouts

NR | TG: 7 de

IG: 1.1 logons/
participant/wk.
CG: 0.3 logons/
participant/wk.
| IG: 3 CG: 7 de

10 weeks Mean
attendance rate
≥80% | TG: 2 bc

6 weeks

8 weeks

3 months All participants
performed
minimal 34
maximal 40
training sessions
| IG: 1 CG: 5 bc

8 weeks

Program
duration
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41

42

n

IG: 55 ± 12
CG: 54 ± 12

IG: 55 ± 7.6
CG: 55 ± 6.9

IG: 50 ± 5.2
CG: 58 ± 1.8

IG: 27
Plotnikoff
et al. 201043 CG: 21

IG: 58
CG: 52

IG: 10
CG: 10

Reid et al
201044

Arora et al
200928

Lincoln et
al. 201140

IG: 66 ± 7.9
CG: 67 ± 7.4

Age in years
(mean ± SD)

IG: 29
CG: 29

Resistance exercise

Source

IG: 27.0 ± 4.1
CG: 25.0 ± 3

IG: 32.9 ± 5.6
CG: 33.2 ± 5.5

IG: 35 ± 8
CG: 36 ± 5

IG: 30.9 ± 5.7
CG: 31.2 ± 5.9

BMI kg/m2
(mean ± SD)

IG: NR
CG: NR

IG: 7.7 ± 0.9
CG: 7.7 ± 0.9

IG: 6.9 ± 1.5
CG: 6.8 ± 0.8

IG: NR
CG: NR

HbA1c %
(mean ± SD)

Sample characteristics

Table 1 Sample and intervention characteristics (continued)

NR |
Partially
supervised

Individual |
Partially
supervised

NR |
Supervised

Group vs.
individual |
Supervision

7 exercises for major NR |
muscle groups. Use of Supervised
dumb-bells, pulleys,
lateral pull down and
quadriceps table.
Progressive 60-100%
1RM.

8 different exercises
on weight machines.
Progressive.

Home-based. Eight
exercise. Use of
multigym apparatus
and dumb-bells.
Progressive 50-85%
1RM.

Exercises on Five
pneumatic resistance
training machines.
Progressive 60-80%
1RM

Exercise

Adherence |
Dropouts

16 weeks NR | NR

Program
duration

3x10 rep/
exercise | 2x/
wk.

2/3 x 8 rep/
exercise | 3x/
wk.

8 weeks

NR | IG: 1 CG: 0 c

6 months Median
attendance rate
85% | IG: 6 CG:
5 (missing data)

2x10-12 to
16 weeks Mean
3x 8-10 rep/
adherence rate
exercise + two
71%| IG: 4 CG: 3
recovery weeks
with 2x 8-10
rep/exercises |
3x/wk.

3x8 rep/
exercise, 35
min | 3x/wk.

Exercise session durationa
| Frequency

Intervention characteristics
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Age in years
(mean ± SD)

IG: 59 ± 8.7
CG: 62 ± 6.7

n

IG: 20
CG: 17

IG: 59 ± 10
CG: 61 ± 10

Gram et al
201034

IG: 24
CG: 22

IG: 66 ± 7.6
CG: 68 ± 8.4

IG: 44
FerrerGarcia et al CG: 40
201132

Combined exercise

Cheung et
al 200931

Source

IG: 32.4 ± 4.1
CG: 32.8 ± 4.0

IG: 31.3 ± 6.2
CG: 32.2 ± 6.4

IG: 39.7 ± 9.0
CG: 37.7 ± 9.2

BMI kg/m2
(mean ± SD)

Sample characteristics

IG: 7.2 ± 0.9
CG: 7.8 ± 1.3

IG: 6.4 ± 1.5
CG: 6.5 ± 0.8

IG: 7.2 ± 1.6
CG: 7.4 ± 1.0

HbA1c %
(mean ± SD)

Table 1 Sample and intervention characteristics (continued)

Aerobic: Different
types of activities,
outdoor and indoor.
Resistance: Circuits,
major muscle groups.
Progressive 75-95% of
maximum repetitions
in 40 seconds.
Individually
tailored. Access to
ergometer cycles,
rowing machines,
step machines and
strength training
machines. >40%
VO2Max.

Exercise sessions
and home-based. 4
upper body and 3
lower body exercises.
Use of exercisebands. Progressive,
increasing tension of
the band.

Exercise

NR | Aerobic:
≥ 1x/wk.
Resistance: ≥
2x/wk.

≥ 30 min |
4 months Mean
Month 1-2: 2x/
attendance rate:
wk. Month 3-4:
64.6% | TG: 0
1x/wk.

Individual |
Unsupervised

NR |
Supervised

24 weeks PA: 3.71 ± 2.32
days/wk., 43.81
± 14.70 min/day
| IG: 4 CG: 6 e

4 months Subjects
achieved 90%
of prescribed
training | IG: 1
CG: 2 bc

2x12 rep/
exercise,
30 min |
Supervised
sessions:
fortnightly in
first month
and monthly
for remainder
of the study;
Home based:
5x/wk.

Adherence |
Dropouts

Supervised
sessions:
group; Home
based:
individual.
| Partially
supervised

Program
duration

Exercise session durationa
| Frequency

Group vs.
individual |
Supervision

Intervention characteristics
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43

44

IG: 18
CG: 18

Aylin et al
200929

IG: 51 ± 2.0
CG: 56 ± 1.5

IG: 28.5 ± 1.0
CG: 31.3 ± 1.1

IG: 33.7 ± 6.1
CG: 33.2 ± 5.5

IG: 53 ± 7.2
CG: 55 ± 6.9

IG: 57
CG: 52

(mean ± SD)

BMI kg/m2

Reid et al
201044

Age in years
(mean ± SD)
IG: 31.2 ± 4.6
CG: 31.9 ± 4.6

n

Nicolucci et IG: 303 IG: 59 ± 8.6
CG: 303 CG: 59 ± 8.5
al 201142

Source

Sample characteristics

IG: 7.7 ± 0.4
CG: 6.8 ± 0.3

IG: 7.7 ± 0.9
CG: 7.7 ± 0.9

IG: 7.1 ± 1.4
CG: 7.2 ± 1.4

HbA1c %
(mean ± SD)

Table 1 Sample and intervention characteristics (continued)

Aerobic: Home-based
walking. 60-79%
HRmax.
Resistance: Eight
exercises using free
weights. 50-60% 1RM.

Aerobic: Treadmills
and/or bicycle
ergometers.
Progressive 60-75%
HRMax.
Resistance: Eight
different exercises
on weight machines.
Progressive.

Aerobic: Treadmill,
step, elliptical, arm
or cycle ergometer.
Resistance: 4 exercises
and 3 stretching
exercises. Progressive.

Exercise

Aerobic:
Individual,
Resistance:
Group |
Aerobic:
Unsupervised
Resistance:
Supervised

NR |
Partially
supervised

Group vs.
individual |
Supervision
NR |
Supervised

Median
attendance
rate 80.3% |
IG: 15 CG: 28 bc
Complete data
on 260 (IG)
and 278 (CG)
participants
used for SF36
analyses.

Adherence |
Dropouts

Mean
attendance rate
96% | IG: 1 CG:
1bc

6 months Median exercise
training
attendance 86%
| IG: 6 CG: 5
(missing data)

12
months

Program
duration

Aerobic:
8 weeks
10-40 min
Resistance:
2x8-10 rep/
exercise,
30-45 min |
Aerobic: ≥ 2x/
wk. Resistance:
2x/wk.

Aerobic: 15
to 45 min.
Resistance:
2/3 x 8 rep/
exercise | 3x/
wk.

Exercise session durationa
| Frequency
Total 150 min/
wk. | 2x/wk.

Intervention characteristics
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IG: 28
CG: 25

Lam et al
200837

Lambers
IG: 17
et al 200838 CG: 11

IG: 37
CG: 39

n

KrouselWood et al
200836

Source

IG: 56 ± 9.7
CG: 58 ± 8.7

IG: 63 ± 8.6
CG: 61 ± 12.2

TG: 57 ± 9.6

Age in years
(mean ± SD)

IG: 28.9 ± 2.8
CG: 30.4 ± 4.3

IG: 32.4 ± 6.7
CG: 32.0 ± 6.3

IG: 38.2 ± 8.2
CG: 37.0 ± 7.1

(mean ± SD)

BMI kg/m2

Sample characteristics

IG: 7.4 ± 1.5
CG: 6.7 ± 1.0

IG: 8.5 ± 1.2
CG: 9.0 ± 1.4

IG: 7.4 ± 1.5
CG: 8.0 ± 1.5

HbA1c%
(mean ± SD)

Table 1 Sample and intervention characteristics (continued)

Group |
Supervised

Circuit training:
NR |
Supervised
Treadmill walking
or jogging, elbow
flexion and extension,
stationary bicycles
cycling, knee flexion
and extension and
stepping. Progressive.
Aerobic: 60-85%
HRmax. Resistance:
60-85% 1RM

Type 2 diabetes
specific Tai-chi.

Home-based. Video
taped exercise
instruction. Using
chair and hand
weights. Progressive
3-6 METs.

Exercise

Group vs.
individual |
Supervision
Individual |
Unsupervised

Aerobic:
30 min
Resistance:
3x10-15 rep/
exercise, 20
min | 3x/wk.

NR | IG: 7 CG: 3
(7 of which are
not included in
final analysis)
3 months All participants
performed
minimal 34
maximal 40
training sessions
| IG: 2 CG: 5 bc

1 hour |
6 months
Month 1-3: 2x/
wk.; Month
4-6: 1x/wk.

Adherence |
Exercise sesProgram
Dropouts
sion durationa
duration
| Frequency
10-30 min | Up 3 months Use of
to 5x/wk.
videotape:
approximately
4x/wk. for an
average of 85
min/wk. | IG: 8
CG: 10 bc

Intervention characteristics
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IG: 18
CG: 20

IG: 30.7 ± 5.4
CG: 29.4 ± 3.7

IG: 33.7 ± 5.0
CG: 30.9 ± 7.2

BMI kg/m2
(mean ± SD)

IG: 7.5 ± 1.2
CG: 7.3 ± 1.7

IG: 7.1 ± 0.9
CG: 6.9 ± 0.9

HbA1c%
(mean ± SD)

Aerobic: Rapid walk.
Resistance: Exercises
of major muscle
groups. Progressive
35-59% to 60-79%
HRMax.

Type 2 diabetes
specific Tai-chi.

Exercise

NR |
Supervised

Group |
Supervised

Group vs.
individual |
Supervision

Aerobic:
20 min,
Resistance:
2x20 rep/
exercise, 20
min | 3x/wk.

45 min | 2x/
wk.

Exercise session durationa
| Frequency

Intervention characteristics
Adherence |
Dropouts

16 weeks >90% of
participants
present at each
exercise session
| IG: 5 CG: 1 bc

16 weeks Median
attendance rate
100% | IG: 1
CG: 0

Program
duration

b

Warming up and cooling down not included
Dropouts not included in baseline statistics
c
Dropouts not included in analysis
d
Unclear whether dropouts are included in baseline statistics
e
Unclear whether dropouts are included in analyses
To convert values for HbA1c in % into mmol/mol, subtract 2.15 and multiply by 10.929;
Abbreviations: CG: control group; HRmax: maximum heart rate; IG: intervention group; METs: metabolic equivalent, which expresses the cost of energy from physical
activities as a multiple of the resting metabolic rate, which is obtained during quiet sitting; NR: not reported; PA: physical activity; rep: repetition; 1RM: 1 repetition
maximum; TG: intervention and control group together; VO2max: maximal oxygen uptake

a

IG: 66 ± 8
CG: 65 ± 8

n

IG: 69 ± 4.2
CG: 70 ± 5.1

Age in years
(mean ± SD)

Tessier et al IG: 19
CG: 20
2000 46

Tsang et al
200747

Source

Sample characteristics

Table 1 Sample and intervention characteristics (continued)
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Studies examining resistance training all followed a progressive schedule, using pneumatic/
weight resistance training machines,40,44 multigym apparatus/dumb-bells 28,43 or exercise
bands.31 Combined training consisted of t’ai chi 37,47 or a combination of aerobic (e.g.
walking, treadmills, outdoor activities) and resistance training (e.g. circuit training, weight
machines).29,32,34,36,38,42,44,46 In one study the aerobic training 33 and in two studies the combined
training 32,36 was not supervised (Table 1).
The duration of the training sessions varied from 10 min 29,36 to 60 min.35,37,39 The frequency
of the training sessions varied from once a week 34,37 to (at least) five times a week.31,36,41,45
The duration of the total training period varied from 6 weeks 39 to 12 months 42 (Table 1).
Adherence rates were reported in 14 studies.29,31-36,38,41-44,46,47 Drop-outs were (partially)
reported in all but one study.40 None of the studies had a drop-out rate >20% (Table 1).

3

Outcomes
Quality of life
Six studies examined the effect of aerobic training on quality of life.30,33-35,38,44 Adequate
random sequence generation was performed in four studies,30,33,38,44 adequate allocation
concealment in three studies,30,33,44 and blinding of outcome assessment in two studies.38,44
All studies gave an adequate description of losses and exclusions.30,33-35,38,44 An intention-totreat analysis was performed in four studies 30,33,34,44 (ESM Table 1).
Three studies used the 36-item Short-Form Health Survey (SF36),34,38,44 one the abbreviated
version of the World Health Organization Quality of Life questionnaire (WHOQol-BREF),30
one the Swedish Health-Related Quality of Life questionnaire (SWED-QUAL) 33 and one
the Quality of Well-Being scale.35 Reid et al 44 did not perform a statistical test to compare
the mean scores on the SF36 mental component scale of the participants who received
supervised aerobic training and those who received usual care (respectively, baseline
52.4±9.3 and 47.3±9.6, post intervention 54.5±9.6 and 54.0±9.6; SMD 0.05; n=103). The
same was true for the SF36 physical component scale (respectively, baseline 49.7±7.2 and
49.2±7.4, post intervention 49.9±7.5 and 48.8±7.5; SMD 0.15; n=103). Four smaller studies
(sample sizes between 18 30 and 44 34) reported no significant effects of aerobic training on
quality of life compared with usual care 30,34,38 or education 35 immediately post intervention.
SMDs could be computed for two of these studies varying from -0.68 (‘general health’ SF36
subscale) 38 to 0.69 30. Two studies performed an additional follow-up measurement. Gram
et al 34 evaluated Nordic walking during 4 months with follow-up after 1 year. Kaplan et al 35
also evaluated walking during 10 weeks with follow-up after 6, 12 and 18 months. Neither
found any significant effects of exercise. However, Fritz et al 33 also evaluated a 4 month
Nordic walking intervention (n=50) and found significant positive effects compared with

47

Chapter 3

usual care on two of 13 subscales, i.e. ‘satisfaction with physical health’ (p=0.03, reported
effect size 0.7) and ‘sleep’ (p=0.03, reported effect size 0.5) (Table 2).
Four studies examined the effect of resistance training on quality of life.31,40,43,44 Adequate
random sequence generation, allocation concealment, blinding of outcome assessment
and intention-to-treat analysis were performed in two studies.43,44 Three studies gave an
adequate description of losses and exclusions 31,43,44 (ESM Table 1).
Three studies used the SF36 31,40,44 and one used the 12-item Short-Form Health Survey
(SF12),43 all immediately post intervention. Results were mixed for the mental component
scale of the SF36/SF12. Lincoln et al 40 examined the effect of 16 weeks training and found
a significant positive effect of resistance training compared with usual care (p<0.001; SMD
1.15; n=58). However, Reid et al 44 reported a significant positive effect favoring usual care
(p<0.001; SMD -0.38; n=110) compared with 6 months’ training on exercise machines.
Plotnikoff et al 43 found no significant effect of their home-based training (SMD 0.58; n=48).
Results on the physical component scale of the SF36/SF12 were also mixed. Reid et al 44
found no significant effect on the physical component scale (SMD 0.32; n=110), which is in
line with the finding of Plotnikoff et al 43 (SMD 0.12; n=48). Cheung et al 31 found a significant
positive effect of home-based training with exercise bands compared with usual care in
their sample with the highest mean BMI (intervention group 39.7 kg/m2), on the subscale
‘general health’ (p=0.02; SMD of change scores 0.87; n=37) (Table 2).
All ten studies examining the effect of combined training assessed quality of life.29,32,34,36Adequate random sequence generation was performed in five studies.37,38,42,44,47
adequate allocation concealment in four studies,37,42,44,47 and blinding of outcome
assessment in three studies.37,38,44 All studies gave an adequate description of losses and
exclusions.29,32,34,36-38,42,44,46,47 An intention-to-treat analysis was performed in three studies
34,44,47
(ESM Table 1).

38,42,44,46,47

Eight studies used the SF36,29,34,36-38,42,44,47 one the European Quality of Life questionnaire
(EuroQoL),32 and one a combination of the Diabetes Quality of Life-Diabetes Control and
Complications Trial (DCCT) Research Group questionnaire and the Modified Quality of Life
Measure for Youths.46 Results were mixed. Five studies with sample sizes between 28 38
and 76 36 participants found no significant effects of combined training on quality of life
compared with usual care.34,36-38,46 SMDs could be computed for four of these studies varying
from -0.63 (‘social function’ SF36 subscale) 38 to 0.43 36. However, Nicolucci et al 42, who
studied the largest sample (n=606) and had the intervention with the longest duration (12
months), found positive effects of intensive combined training on all subscales of the SF36
(SMDs between 0.67 for ‘physical functioning’ and 0.94 for ‘general health’).
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3, 6, 12 and 18
months

Kaplan et al 198735

Lincoln et al 201140

16 weeks

SF36

3 months

Lambers et al 200838

Resistance exercise

SF36

3 and 6 months

Reid et al 201044

0.69

Standardized mean difference

No significant between group differences.

No significant between group differences.

NR

No significant between group differences.

NATC

Physical function 0.21; Physical role 0.20;
Emotional role 0.49; Social function 0.18; Bodily
pain -0.63; Mental health 0.26; Vitality 0.22;
General Health -0.68

Physical component scale 3 months 0.05, 6
months 0.15; Mental component scale 3 months
0.15, 6 months 0.05

NATC

Significant between group differences for the
NATC (effect sizes reported by authors:
subscales satisfaction with physical health
Satisfaction with physical health 0.7; Sleep 0.5)
(p=0.03) and sleep (p=0.03).
No significant between group differences for the
subscales physical function, pain, role limitation
attributable to physical health, role limitation
attributable to emotional health, positive affect,
negative affect, cognitive functioning, general
health perception, family functioning, marital
functioning and sexual functioning.

No significant between group difference.

Results

SF36 Mental com- Significant between group differences (p<0.001), 1.15
ponent summary adjusted for insulin and oral hypoglycemic
score
therapies.

Quality of wellbeing scale

SF36

SWED-QUAL

4 months

4 months and
1 year

WHOQoL-BREF

Evaluation test

8 weeks

Interval

Gram et al 201034

Fritz et al 2011

33

Bello et al 201130

Aerobic exercise

Source

Table 2 Quality of life, results
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Interval

4 months

Cheung et al 200931

EuroQoL, EuroQoL VAS

SF36

24 weeks

12 months

Nicolucci et al 201142

SF36

SF36

SF12

Evaluation test

Ferrer-Garcia et al
201132

Combined exercise

3 and 6 months

Reid et al 201044

Plotnikoff et al 201043 16 weeks

Source

Table 2 Quality of life, results (continued)

Physical function -0.15; Physical role -0.41;
Emotional role 0.07; Social function 0.09; Bodily
pain -0.25; Mental health -0.04; Vitality -0.37;
General health 0.87 (SMD change scores)

Physical component scale 3 months 0.32, 6
months 0.32; Mental component scale 3 months
-0.15, 6 months -0.38

Physical component scale 0.12; Mental
component scale: 0.58

Standardized mean difference

Significant between group differences for all the
subscales, and the physical and mental
component scale, adjusted for the baseline
score, age, sex and BMI.

Physical function 0.67; Physical role 0.83;
Emotional role 0.72; Social function 0.74; Bodily
pain 0.82; Mental health 0.86; Vitality 0.89;
General health 0.94 Physical component scale
0.85; Mental component scale: 0.81

Significant differences between baseline and
EuroQoL 0.49; EuroQol VAS 0.71
post-intervention scores on the EuroQoL
(p=0.030) and the EuroQoL VAS (p=0.045), within
the intervention group.
No significant differences within the control
group.

Significant between group difference for the
subscale general health (p=0.02).
No significant between group differences for the
subscales physical function, physical role,
emotional role, social function, bodily pain,
mental health and vitality.

Significant between group difference at 6
months, for the mental component scale
(p<0.001) favoring the control group, adjusted
for age, sex, baseline HbA1c and BMI.
No significant between group difference at 6
months, for the physical component scale,
adjusted for age, sex, baseline HbA1c and BMI.

No significant between group differences for
both the physical and mental component scales,
adjusted for baseline scores.
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SF36

SF36

SF36 Physical
function sub-scale
SF36

3 and 6 months

8 weeks

3 months

6 months

3 months

Reid et al 201044

Aylin et al 200929

Krousel-Wood et al
200836

Lam et al 200837

Lambers et al 200838
SF36

SF36

4 months and 1
year

Gram et al 201034

Evaluation test

Interval

Source

Table 2 Quality of life, results (continued)

No significant between group differences.

No significant between group differences.

Physical function 0.44; Physical role 0.49;
Emotional role 0.24; Social function -0.52; Bodily
pain 0.49; Mental health 0.17; Vitality 0.33;
General health 0.49

Significant between group differences for the
subscales emotional role (p=0.03), mental health
(p=0.02) and vitality (p<0.001), adjusted for
baseline scores.
No significant between group differences for the
subscales physical function, physical role, social
function, bodily pain and general health.
No significant between group differences.

Physical function 0.20; Physical role 0.04;
Emotional role -0.37; Social function -0.63; Bodily pain -0.50; Mental health -0.41; Vitality 0.28;
General health -0.33

Physical function 0.11; Physical role 0.08;
Emotional role -0.07; Social function 0.14; Bodily
pain -0.22; Mental health -0.21; Vitality -0.06;
General health -0.03

0.43

Physical component scale 3 months 0.01, 6
months 0.12; Mental component scale 3 months
0.04, 6 months -0.17

NATC

Standardized mean difference

Significant between group difference at 6
months, for the mental component scale
(p<0.001) favoring the control group, adjusted
for age, sex, baseline HbA1c and BMI.
No significant between group difference at 6
months, for the physical component scale,
adjusted for age, sex, baseline HbA1c and BMI.

No significant between group differences.
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52

16 weeks

16 weeks

Tsang et al 200747

Tessier et al 200046

Significant between group difference (p=0.04),
unadjusted. When adjusted for % body fat and
physical activity, no significant between group
difference.

Results

Combination of
No significant between group differences.
Diabetes Quality of Life DCCT
Research Group
and the Modified
Quality of Life
Measure for
Youths

SF36 Social function sub-scale

Evaluation test

-0.33

0.13

Standardized mean difference

Abbreviations: NR: Not reported; NATC: Not able to compute; WHOQoL-BREF: abbreviated version of the World Health Organization Quality of Life questionnaire;
SWED-QUAL: SWEDish health-related QUALity of life questionnaire; SF36: MOS 36-item Short-Form Health Survey; SF12: 12 item Short-Form Health Survey; EuroQoL: European Quality of Life questionnaire; VAS: Visual Analogue Scale; BMI: Body Mass Index; SMD: Standardized mean difference.

Interval

Source

Table 2 Quality of life, results (continued)
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Aylin et al 29 found significant positive effects of resistance training combined with homebased walking compared with usual care on three of seven subscales of the SF36, i.e.
‘emotional role’ (p=0.03; SMD 0.24), ‘mental health’ (p=0.02; SMD 0.17) and ‘vitality’
(p<0.001; SMD 0.33) in their sample of 36 participants. Furthermore, Tsang et al 47 found a
significant positive effect of 16 weeks of t’ai chi training compared with sham exercise on
the only SF36 subscale (‘social function’) they assessed (p=0.04; SMD 0.13; n=38). After
correction for percentage of body fat however, there was no longer a significant effect. Reid
et al 44 also found no significant effect on the physical component scale of the SF36 (SMD
0.12; n=109). They did, however, find a positive significant effect on the mental component
scale favoring usual care (p<0.001; SMD -0.17) compared with combined training. FerrerGarcia et al 32 only tested for within-subject effects of combined training on quality of life in
the sample with the best glycemic control (intervention group, HbA1c 6.4%/46 mmol/mol) in
the included studies. They found significant improvements in the combined training group
but not in the usual care group (SMD EuroQol 0.49; SMD EuroQol Visual Analogue Scale 0.71;
n=84). Gram et al 34 were the only group to assess quality of life 8 months post intervention
(n=44). They found no significant effect of individually tailored combined training on quality
of life compared with usual care (Table 2).
Both Fritz et al 33 and Reid et al 44 noted that baseline quality of life scores of the intervention
participants did not differ from those of people without type 2 diabetes. Plotnikoff et al 43
also remarked that quality of life scores were relatively high at baseline compared with
those of the general adult population in their province. This phenomenon of the ‘healthy
volunteer’ was also addressed by Tessier et al 46.
Symptoms of depression
Four studies examined the effects of exercise training on symptoms of depression.29,39-41
Adequate random sequence generation and adequate allocation concealment was
performed in one study.41 It was unclear in all studies whether blinding of outcome
assessment was performed.29,39-41 One study did not have an adequate description of losses
and exclusions,40 and in none of the studies was an intention-to-treat analysis performed or
it was unclear whether one was done 29,39-41 (ESM Table 1).
Two studies tested whether aerobic training affected symptoms of depression.39,41 McKay et
al 41 assessed the effects of an 8 week internet physical activity intervention on symptoms
of depression, using the ten-item Center for Epidemiologic Depression Scale (CES-D), and
found no significant effect (SMD 0.37; n=78). Similarly, Ligtenberg et al 39 found no significant
positive effect on the ‘depression’ subscale of the General Well-Being Questionnaire of their
6 weeks’ training program in 58 participants.
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Lincoln et al 40 examined the effects of training with pneumatic resistance machines
on symptoms of depression. They found that the intervention decreased symptoms of
depression (p<0.001; SMD 1.51; n=58), assessed with the Geriatric Depression Scale
immediately post intervention, compared with usual care.
Aylin et al 29 found no significant effect of home-based walking combined with resistance
training compared with usual care, assessed with the CES-D immediately post intervention
(SMD 0.21; n=36) (Table 3).
Lincoln et al 40 were the only investigators who reported the number of participants with
elevated levels of depressive symptoms: 52% of their participants had levels of symptoms of
depression that were likely to indicate clinically relevant distress at baseline.
Table 3 Symptoms of depression, results
Standardized
mean difference

Source

Interval

Evaluation test

Results

Aerobic exercise
McKay et al 200141

8 weeks

CES-D

Ligtenberg et al 199839

6 weeks

General Well-Being (22
items), including depression subscale

No significant between
0.37
group difference, adjusted
for sex.
No significant between
NATC
group difference.

Resistance exercise
Lincoln et al 201140

Combined exercise
Aylin et al 200929

16 weeks Geriatric Depression Scale Significant between group 1.51
difference (p<0.001), adjusted for insulin and oral
hypoglycemic therapies.
8 weeks

CES-D

No significant between
group difference.

0.21

Abbreviations: CES-D: 10-item Centre for Epidemiologic Depression Scale; NATC: Not able to compute.

Symptoms of anxiety
Ligtenberg et al 39 examined the effect of 6 weeks’ aerobic training on symptoms of anxiety.
They gave an adequate description of losses and exclusions, but for the other domains it was
unclear whether there was a high or a low risk of bias (ESM Table 1). These researchers found
that aerobic training significantly reduced symptoms of anxiety compared with education
(p=0.007; SMD 0.66; n=58), assessed using a subscale of the Well-Being Questionnaire
immediately post intervention (Table 4).

54

General Well-Being (12 items)
General Well-Being (22 items)

8 weeks

8 weeks

6 weeks

8 weeks

3 and 6 months

3 and 6 months

Shenoy et al 201045

Arora et al 200928

Ligtenberg et al 199839

Resistance exercise
Arora et al 200928

Reid et al 201044

Combined exercise
Reid et al 201044

Abbreviations: NATC: Not able to compute; NR: Not reported; BMI: Body Mass Index.

Slightly modified Well-Being Questionnaire (12 items)

Slightly modified Well-Being
Questionnaire (12 items)

General Well-Being (22 items)

General Well-Being (22 items),
including symptoms of anxiety
subscale

Slightly modified Well-Being Questionnaire (12 items)

3 and 6 months

Aerobic exercise
Reid et al 201044

Evaluation test

Interval

Source

Table 4 Emotional well-being and symptoms of anxiety, results

3 months: 0.32; 6 months: 0.26

Standardized mean difference

Total emotional well-being 0.69.
Subscales: anxiety 0.66; positive wellbeing 0.55; energy 0.54; depression
NATC

Significant between group
differences for total emotional wellbeing (p=0.023) and the subscales
anxiety (p=0.007), positive well-being
(p=0.014), and energy (p=0.03).
No significant between group difference for the subscale depression.

3 months 0.33; 6 months 0.31

3 months 0.56; 6 months 0.13

No significant between group
difference at 6 months, adjusted for
age, sex, baseline HbA1c and BMI.

No significant between group
difference at 6 months, adjusted for
age, sex, baseline HbA1c and BMI.

Significant between group difference 1.33
(p<0.05).

0.39

No significant between group
difference.

Significant between group difference 2.26
(p<0.001).

NR
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Emotional well-being
Of the four studies that examined the effects of exercise training on emotional wellbeing,28,39,44,45 two performed an adequate random sequence generation and an intentionto-treat analysis.44,45 Adequate allocation concealment and blinding of outcome assessment
were performed in one study.44 All studies gave an adequate description of losses and
exclusions 28,39,44,45 (ESM Table 1).
All four studies used (different versions of) the General Well-Being Questionnaire,
immediately post intervention, and addressed the effects of aerobic training on emotional
well-being,28,39,44,45 Two studies found significant positive effects of aerobic training on
emotional well-being 39,45; Shenoy et al 45 evaluated the effect of 8 weeks of walking using
a pedometer compared with usual care (p<0.001; SMD 2.26; n=40); and Ligtenberg et al
39
evaluated 6 weeks of aerobic training compared with education (p=0.023; SMD 0.69;
n=58). However, Arora et al 28 found no significant effect of walking compared with usual
care (SMD 0.39; n=20). Reid et al 44 did not perform a statistical test to compare the mean
scores on the Well-Being Questionnaire of the participants who received aerobic training
with those who received usual care (respectively, baseline 25.6±5.2 and 24.6±5.3, post
intervention 27.3±5.3 and 25.9±5.4; SMD 0.26; n=103). Two studies addressed the effects
of resistance training on emotional well-being compared with usual care, immediately post
intervention.28,44 Reid et al 44 found no significant effect (SMD 0.31; n=110), while Arora et al
28
found a significant positive effect despite a considerably smaller sample size (SMD 1.33;
n=20). Reid et al 44 also evaluated the effects of combined training compared with usual care
on emotional well-being, finding no significant effect (SMD 0.13; n=109), immediately post
intervention (Table 4).

Discussion
This is the first systematic review focusing on the effects of exercise training on quality of
life, symptoms of depression, symptoms of anxiety, and emotional well-being in people with
type 2 diabetes (n=1,719). The 20 included studies were rather heterogeneous in terms of
type of intervention, target population, instruments used to measure the outcomes and
risk of bias. This heterogeneity was reflected in the mixed results that were found. Aerobic
training did not seem to have positive effects on quality of life or symptoms of depression,
but a positive effect was found on anxiety (although this was measured in only one study),
and effects on emotional well-being were mixed. The effects of resistance training on quality
of life and well-being were also mixed. Resistance training reduced symptoms of depression,
yet this was assessed in only one study. Studies evaluating combined training found mixed
effects on quality of life and no effects on symptoms of depression or emotional well-
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being. Because of the small number of studies, especially concerning symptoms of anxiety,
symptoms of depression, and well-being, these results should be interpreted with caution.
A positive effect of exercise training on quality of life in people with type 2 diabetes was
expected. In this review, however, the effects of exercise training on quality of life were
mixed and were almost absent for aerobic training. There are several explanations for these
mixed results. Apart from the heterogeneity of exercise training and participants, there are
also different operationalizations of the concept of quality of life. This is reflected in the
variety of quality of life subscales that were used in the studies included in the current
review. Also, diabetes-specific quality of life might have a stronger association with exercise
training than health-related/general quality of life. For example, it was found that a
decrease in HbA1C, which is related to physical activity,3 was not associated with improved
health-related quality of life but was associated with improved diabetes-specific quality of
life.48 However, only one study included in the current review partially assessed diabetesspecific quality of life.46 In addition, studies included in this review predominantly measured
outcomes immediately post intervention. Quality of life is, however, adversely associated
with complications of diabetes 49,50 but is not associated with short-term diabetic control,50
both of which are related to physical activity.1,3 Therefore, the expected positive effect of
exercise training on quality of life might be more prominent in the long term. It should
however be mentioned that the required long-term compliance with exercise is still of major
concern.51
One study that was included in the current review, with 52% of the participants having
clinically relevant levels of depressive symptoms, found positive effects of exercise training.40
This is in line with earlier reported positive effects of exercise training in depressed elderly
20
and depressed adults.52 However, three studies in the current review that did not report
on the number of participants with clinical depression, nor had it as an inclusion criterion,
found no positive effect. This might suggest that exercise training could have a positive effect
on clinical depression and clinically meaningful levels of depressive symptoms, but not on
subclinical levels of depression. The mechanisms that might link exercise to improvements
in (symptoms of) depression are still uncertain. A few of the proposed mechanisms for the
relationship between exercise and depression are via improvement in mood as a result of
improved fitness,52 enhanced self-efficacy and the release of endorphins.53
As anxiety can influence daily life to a large extent, it is important to investigate possible
treatment modalities. However, symptoms of anxiety were assessed and reported in only
one of the included studies.39 Although the positive results of that study are in line with
results of a review on the effects of physical activity in healthy people with symptoms of
anxiety,21 no conclusion can be drawn based on only one study.
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Four of five studies that assessed emotional well-being showed positive effects of exercise
training. Because of the limited number of studies addressing emotional well-being,
this finding should be interpreted with caution. In addition, people with type 2 diabetes
face specific diabetes-related problems that might influence their well-being. The use of
a diabetes-specific well-being questionnaire might lead to different results. However, no
study using such a questionnaire was included.
Floor- and ceiling effects can occur when there is little room for improvements due to very
low or very high scores at baseline. This might be a partial explanation for the lack of clear
effects of exercise training on psychological outcomes in this review. In none of the studies
was it an inclusion criterion to have low quality of life or emotional well-being, or to suffer
from symptoms of depression or anxiety. In addition, ‘the healthy volunteer’ 46 might be
more willingly to participate in an exercise intervention. For example, having symptoms of
depression predicts subsequent non-adherence to self-care, such as exercise, in patients
with type 2 diabetes.54 In several of the included studies this issue was addressed as an
explanation for a lack of positive effects.33,43,44,46 Lincoln et al 40 were the only investigators
to find a positive effect on symptoms of depression, but they were also the only ones
who reported that 52% of their participants had levels of clinically relevant symptoms of
depression at baseline.
There are several limitations that restricted us in drawing conclusions. We were not able
to retrieve a sufficient number of homogenous studies, as a consequence of which it was
decided that statistical pooling by means of a meta-analysis was not feasible. However, in
order to make some comparisons, we divided the studies into three modes of exercise:
aerobic, resistance and combined exercise. Furthermore, only a few studies addressed
symptoms of depression, symptoms of anxiety or emotional well-being. Although there
appears to be increasing attention to the psychological effects of physical activity in type 2
diabetes, as reflected by the fact that the majority of the included studies were published
in the past 5 years, still the main focus of research in type 2 diabetes and physical activity is
on biomedical outcomes.3,6-8 Also, a substantial number of the studies had a relatively small
sample size, resulting in a possible lack of power to detect significant changes in outcomes.
Moreover, as is the case with all systematic reviews, there is a risk of publication bias.
The inconclusive results in this study underline the need for future research into the effects
of exercise training on psychological outcomes in people with type 2 diabetes. It is unclear
which elements of exercise training might have contributed to positive effects in some of
the studies. For example, in this review no answer is given to the question whether physical
activity itself or the attention of caregivers and contact with peers might have led to some
of the positive findings. This requires more well-described, high-quality RCTs (with sufficient
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power) that also evaluate the level of physical activity; this was done in approximately only
half of the included studies. More research on this topic would also enable the performance
of a meta-analysis and an assessment of the effects of different modes, intensities and
durations of exercise training. We conclude that this first systematic review of the literature
showed that the effects of exercise training on quality of life, symptoms of depression,
symptoms of anxiety, and emotional well-being in people with type 2 diabetes are conflicting;
therefore, more research is warranted.
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ESM Methods Search strategy Medline
((“Diabetes Mellitus, Type 2”[Mesh]) OR (((Diabetes[tiab]) OR (Diabetic[tiab]))
AND ((“Type II”) OR (“Type 2”) OR (“Non?Insulin?Dependent”) OR (“Noninsulin
Dependent”)
OR
(“adult?onset”)
OR
(“ketoacidosis?resistant”)
OR
(“ketosis?resistant”) OR (“mature?onset”) OR (“maturity?onset”))) OR (NIDDM))
AND
(((Exercise therapy[mesh]) OR (Exercise movement techniques[mesh]) OR
(exercise[mesh])) OR ((Exercise[tiab]) OR (Exercising[tiab]) OR (Exercises[tiab]))
OR ((exertion[tiab]) OR (walking[tiab]) OR (walk[tiab]) OR (“weight bearing”[tiab]) OR
(“weight lifting”[tiab])) OR (((physical*[tiab]) OR (physical [tiab]) OR (strength[tiab])
OR (strengthening[tiab]) OR (resistance[tiab]) OR (circuit[tiab]) OR (aerobic[tiab])
OR (isometric[tiab])) AND ((activity[tiab]) OR (activities[tiab]) OR (active[tiab]) OR
(training[tiab]) OR (therapy[tiab]) OR (therapies[tiab]) OR (performance[tiab]) OR
(Program[tiab]) OR (Programme[tiab]) OR (Programs[tiab]) OR (intervention [tiab]))))
AND
((randomized controlled trial[pt] OR controlled clinical trial[pt] OR randomized
controlled trials[mh] OR random allocation[mh] OR double-blind method[mh] OR singleblind method[mh] OR clinical trial[pt] OR clinical trials[mh] OR (“clinical trial”[tw]) OR
((singl*[tw] OR doubl*[tw] OR trebl*[tw] OR tripl*[tw]) AND (mask*[tw] OR blind*[tw]))
OR (“latin square”[tw]) OR placebos[mh] OR placebo*[tw] OR random*[tw] OR research
design[mh:noexp] OR comparative study[mh] OR evaluation studies[mh] OR follow-up
studies[mh] OR prospective studies[mh] OR cross-over studies[mh] OR control*[tw] OR
prospectiv*[tw] OR volunteer*[tw]) NOT (animal[mh] NOT human[mh])) AND ((((Quality
of life[MeSH]) OR (“quality?of?life”) OR (QOL)) OR ((“well?being”) OR (“wellbeing”))
OR ((health status[mesh]) OR (“health status”) OR (“health level”) OR (“health levels”)))
OR ((Depressive disorder[mesh]) OR (Depression[mesh]) OR (“depressive disorder”) OR
(depression) OR (depressions) OR (depressive) OR (depressed) OR (mood)) OR (“emotional
distress”) OR ((anxiety[mesh]) OR (anxiety disorder[mesh]) OR (anxiety) OR (“post traumatic
stress disorder”) OR (tension) OR (panic) OR (phobia) OR (phobic) OR (worry)))
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ESM Figure 1 Identification and selection of articles
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ESM Table 1 Risk of Bias

Source

Random
sequence
generation

Allocation
concealment

Blinding of
outcome assessment

Description
of losses and
exclusions

Intention-totreat analysis

Arora et al 2009 28

Unclear

Unclear

Unclear

Low risk

High risk

Aylin et al 2009 29

Unclear

Unclear

Unclear

Low risk

High risk

Bello et al 2011

Low risk

Low risk

Unclear

Low risk

Low risk

Cheung et al 2009 31

Unclear

Unclear

Unclear

Low risk

High risk

Unclear

Unclear

Unclear

Low risk

Unclear

Low risk

Low risk

Unclear

Low risk

Low risk

Unclear

Unclear

Unclear

Low risk

Low risk

30

Ferrer-Garcia et al 2011
Fritz et al 2011 33
Gram et al 2010

34

32

Unclear

Unclear

Unclear

Low risk

High risk

Krousel-Wood et al 2008 36 Unclear

Unclear

Unclear

Low risk

High risk

Low risk

Low risk

Low risk

Low risk

High risk

Low risk

Unclear

Low risk

Low risk

High risk

Kaplan et al 1987
Lam et al 2008

35

37

Lambers et al 2008

38

Unclear

Unclear

Unclear

Low risk

Unclear

Lincoln et al 2011 40

Unclear

Unclear

Unclear

High risk

Unclear

McKay et al 2001

Ligtenberg et al 1998

39

Low risk

Low risk

Unclear

Low risk

Unclear

Nicolucci et al 2011 42

Low risk

Low risk

Unclear

Low risk

High risk

Plotnikoff et al 2010

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

41

Reid et al 2010 44

43

Low risk

Unclear

Unclear

Low risk

Low risk

Tessier et al 2000 46

Unclear

Unclear

Unclear

Low risk

High risk

Tsang et al 2007 47

Low risk

Low risk

Unclear

Low risk

Low risk

Shenoy et al 2010

45
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Chapter 4

Abstract
Purpose: Exercise self-efficacy is believed to influence physical activity behavior. The purpose
of this study is to assess the psychometric aspects of the Exercise Self-efficacy Scale (ESS) in
a type 2 diabetes Dutch primary care sample.
Methods: Type 2 diabetes patients (n=322; <80 years old) filled in the ESS and the Short
Questionnaire to ASsess Health enhancing physical activity (SQUASH). The structural validity
of the ESS was assessed by means of principal axis factor analysis and confirmatory factor
analysis. In addition reliability and concurrent validity with the SQUASH outcomes ‘total’
and ‘leisure-time minutes/week of moderate to vigorous intensity physical activity’ were
evaluated. T-tests and ANOVAs were used to examine ESS scores in subgroups. In addition a
13-item version of the ESS was developed.
Results: Analyses were performed on complete cases (n=255). Exploratory factor analysis
suggested one underlying factor (total explained variance 54%), with good internal
consistency (α=0.95). Confirmatory factor analysis showed a poor fit, as did a three-factor
model suggested in earlier research. Therefore a 13-item ESS was developed with one
underlying factor (total explained variance 59%), and good internal consistency (α=0.95).
Both the 18-item and 13-item ESS correlated significantly with total- and leisure-time
physical activity. ESS scores differed significantly between categories of educational level
and physical activity level.
Conclusions: The 13-item ESS had sound psychometric properties in a large sample of
primary care type 2 diabetes patients. The 13-item ESS could be useful in (intervention)
research on physical activity in type 2 diabetes patients.
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Introduction
Type 2 diabetes mellitus often results in (severe) micro- and macro-vascular complications,
such as cardiovascular problems, retinopathy, neuropathy and kidney failure.1 Approximately
72% of patients with type 2 diabetes have at least one complication.2 Insufficient physical
activity is an important contributor to these type 2 diabetes-related complications.3
Therefore, achieving and/or maintaining an appropriate level of exercise is an important
goal in diabetes management,4 since it can lower the risk of complications by enhancing
metabolic control.5 Moreover, appropriate levels of physical activity are associated with
increased cardio-respiratory fitness, lower total and cardiovascular mortality, and increased
health-related quality of life.5,6
Despite the beneficial effects of regular physical activity, it is estimated that only 30-40%
of type 2 diabetes patients are sufficiently active.7,8 This percentage is significantly lower
compared to that in persons without type 2 diabetes.7 Apart from somatic disabilities
related to complications in diabetes (neuropathy, foot amputation, retinopathy) and
socio-demographic aspects (low social economic status, low educational level, high age 7,9)
psychological aspects have been shown to be related to low physical activity. One of the
psychological constructs that is believed to be an important predictor of physical activity
behavior, is ‘self-efficacy’.10 Self-efficacy, a construct derived from the Social Cognitive
Theory, is the “belief in one’s capabilities to organize and execute the courses of action
required to produce given attainments”.11 Also, in patients with type 2 diabetes, there
appears to be an important relationship between self-efficacy and exercise behavior: a high
level of self-efficacy is predictive of the initiation and maintenance of exercise over time.12
Self-efficacy for exercise can be measured by means of questionnaires, such as the 18-item
Exercise Self-efficacy Scale developed by Bandura.13 There are only a few studies that have
studied the psychometric properties of the Exercise Self-efficacy Scale in different samples.
Both a one-factor structure and a three-factor structure were found in previous research. In
addition, the questionnaire appears to be positively correlated with the level of exercise and
shows good psychometric properties.14-16
Further assessment of the psychometric properties of the Exercise Self-efficacy Scale in
primary care type 2 diabetes patients is desirable in order to enhance empirical and clinical
use. For example, exercise self-efficacy measurements, such as the Exercise Self-efficacy
Scale, may play a role in discriminating between type 2 diabetes patients who are in need
of extra support with regard to physical activity (those with low levels of self-efficacy), and
those who can be helped with a less intensive exercise program (those with high levels of
self-efficacy).
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Therefore, the purpose of the current study is to assess the psychometric aspects of a Dutch
version of the Exercise Self-efficacy Scale in a sample of primary care patients with type 2
diabetes.

Methods
Participants were recruited from rural areas around the city of Eindhoven, the Netherlands,
within the framework of a large cohort (Diabetes Care Zuidoost Brabant, DIAZOB) of over
2500 people with type 2 diabetes. DIAZOB is an ongoing diabetes management project in
general practice.17 DIAZOB participants -of general practitioners co-operating in the current
study- who met the inclusion criteria for the current study (type 2 diabetes, <80 years old)
were invited to complete a questionnaire. A total of 322 patients filled in the questionnaire,
255 (79%) of whom without missing values. Therefore, data analysis refers to these 255
patients. Participants with one or more missing values were significantly older (mean age
65 ± 8.8 years), were more frequently woman (64%) and had more frequently no partner
(38%). Yet, there were no differences with respect to education, occupation, Exercise Selfefficacy Scale score, minutes a week of moderate to vigorous leisure-time physical activity
and minutes a week of total moderate to vigorous physical activity. Written informed
consent was obtained from all participants. Ethical approval was obtained from the Medical
Ethics Committee of the St. Elisabeth Hospital in Tilburg, the Netherlands.
As well as the Exercise Self-efficacy Scale and Short Questionnaire to ASsess Health
enhancing physical activity, the self-administered questionnaire contained items relating
to the socio-demographic characteristics of participants, such as gender, age, educational
level, and marital and occupational status.
Exercise self-efficacy
Exercise self-efficacy was assessed by means of the Exercise Self-efficacy Scale, developed
by Bandura.13 The questionnaire contains 18 items that describe situations during which it
could be difficult to adhere to an exercise routine, for example: “when I am feeling tired”
or “during bad weather”. Participants were asked to rate their degree of confidence to
continue with regular exercise in the listed situations. The Exercise Self-efficacy Scale uses a
100-point scale for each item, ranging from 0 (“I cannot do this at all”) to 100 (“I am certain
that I can do it”), the higher scores reflecting higher levels of self-efficacy. The Exercise Selfefficacy Scale total score was calculated as the mean of all the items. The English version of
the questionnaire was translated into Dutch, and subsequently translated back into English
and adapted – where necessary – until identical questions were achieved. Since a relatively
high percentage of patients with type 2 diabetes are retired –45% in the current sample–
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the original item “When I am feeling under pressure from work” was adapted to “When I
am feeling under pressure”.
Physical activity
The level of physical activity was assessed using the Short Questionnaire to ASsess Health
enhancing physical activity, which has been shown to be a reliable and valid measure in
adults.18 Participants were asked to indicate their level of physical activity during an average
week in the past month, with regard to activity at work (if applicable), commuting activities (if
applicable), household activities (if applicable) and leisure-time. The frequency of activities
(days/week), as well as the duration (average time/day) and experienced intensity of these
activities, was measured. Each activity was represented by its metabolic equivalent. The
metabolic equivalent expresses the cost of energy from physical activities as multiples of
the resting metabolic rate. For further analysis, activities were divided into three categories:
light (2.0 to < 4.0 metabolic equivalents), moderate (4.0 to < 6.5 metabolic equivalents)
and vigorous (≥ 6.5 metabolic equivalents) intensity.18 The minutes/week of moderate and
vigorous activity were calculated for leisure-time physical activity and total physical activity.
Statistical analyses
AMOS 20.0 was used for confirmatory factor analyses; all other analyses were performed
using the Social Package for Social Sciences (SPSS version 18.0, IBM, Chicago, Illinois, USA).
First, item characteristics were examined (mean, standard deviation). Next, inter-item
correlations were calculated by means of Pearson correlation coefficients, and floor and
ceiling effects analyzed. If more than 15% of the participants achieved a score between 0-5
or 95-100, respectively, a floor or ceiling effect would be considered to be present.19
In addition, a principal axis factor analysis (including the Kaiser-Meyer-Olkin measure
of sampling adequacy and Bartlett’s test of sphericity) was conducted to evaluate the
structural validity of the Exercise Self-efficacy Scale in which the Cattell’s scree test was used
to determine the number of underlying factors. Furthermore, item-rest correlations were
calculated. Internal consistency was established by calculating the Cronbach’s α coefficient
and Guttman’s lambda-2.
We compared our model resulting from the exploratory factor analysis with the model found
by Noroozi et al.,16 by using confirmatory factor analysis. The model proposed by Noroozi
et al. 16 contains three factors, i.e. (1) a ‘Situational/interpersonal’ sub factor consisting of
item 11, 12, 13, 16, 17, and 18; (2) a ‘Competing demands’ sub factor consisting of item
4, 8, 9, 10, 14, and 15; and (3) an ‘Internal feelings’ sub factor consisting of item 1, 2, 5,
6 and 7. Item 3 (“bad weather”) was left out of their model. They allowed error terms to
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correlate between “feeling depressed” and “feeling anxious” and between “recovering from
injury” and “recovering from illness”. The three factors were allowed to correlate and were
related to a higher order factor.16 We employed maximum likelihood estimation. Since the
χ2 is very sensitive to a large sample size, we additionally examined the fit statistics Root
Mean Squares Error of Approximation (RMSEA), Non-Normed Fit Index/Tucker-Lewis Index
(TLI), and the Comparative Fit Index (CLI). A RMSEA <0.08, TLI ≥0.090 and CFI ≥0.090 are
considered an acceptable model fit.20
Also a shortened version of the Exercise Self-efficacy Scale was developed. In order to
reduce the number of items, we examined factor loadings (cutoff 0.4), residuals between
the observed and reproduced correlations (cutoff 0.2/-0.2) and inter-item correlations
(cutoff 0.8). In addition we used Mokken scale analysis, which is based on the principles of
item response theory and is a non-parametric equivalent of exploratory factor analyses,21 to
reduce the number of items.
Thereafter, the concurrent validity of the (shortened) Exercise Self-efficacy Scale was
evaluated with the Short Questionnaire to ASsess Health enhancing physical activity outcomes
‘total’ and ‘leisure-time minutes/week of moderate to vigorous intensity physical activity’.
Since the scores of the Short Questionnaire to ASsess Health enhancing physical activity
and the residuals showed a skewed distribution, spearman rank correlation coefficients
were calculated. A correlation around 0.1 corresponds with a small effect size, a correlation
around 0.2 corresponds with a medium effect size and a correlation around 0.3 corresponds
with a large effect size.22 The total scores of the (shortened) Exercise Self-efficacy Scale and
its residuals showed a normal distribution and therefore T-tests and ANOVAs were used to
compare differences in mean scores between (sub) groups of age (quartiles), gender, marital
status, occupation, educational level and physical activity. For each T-test we reported the
Cohen’s d (a d of 0.2 is considered a small effect, of 0.5 a medium effect and of 0.8 a large
effect).23 For each ANOVA we reported the eta squared, η2 (an η2 of 0.01 is considered a small
effect, of 0.06 a medium effect and of 0.14 a large effect).23 Since a frequently used guideline
for physical activity is to at least have 150 minutes a week of moderate to vigorous physical
activity,4 we divided ‘total’ and ‘leisure-time physical activity’ into 4 categories; i.e. ‘0-150
minutes/week’, ‘151-300 minutes/week’, ‘301-450 minutes/week’ and ‘>450 minutes/week
of moderate to vigorous intensity physical activity’.

Results
Sample characteristics
Table 1 presents the participants’ characteristics, whose mean age was 61 years. A total
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of 43% of the participants was female, 83% had a partner, 45% were retired and in 19%
primary school was the highest level of education achieved. The mean total score on the
Exercise Self-efficacy Scale was 42 (min-max: 0 to 94; standard deviation 19). The median of
minutes/week of leisure-time moderate to vigorous physical activity was 300 minutes/week
(Inter Quartile Range: 120-570). The median of minutes/week of total moderate to vigorous
physical activity was 420 (180-915).
Table 1 Participant characteristics
Age: mean (SD) years

61 (9)

Gender: n (%)
Male

145 (57)

Female

110 (43)

Marital status: n (%)
Partner

212 (83)

No partner

43 (17)

Occupation: n (%)
Paid employment

72 (28)

Retirement

115 (45)

Miscellaneous

68 (27)

4

Highest educational level: n (%)
Primary school

48 (19)

Lower education

92 (36)

Middle education

89 (35)

Academic education

26 (10)

Exercise Self-efficacy Scale: mean (SD)

42 (19)

Minutes/week moderate to vigorous intensity PA: median (IQR)
Leisure time

300 (120-570)

Total time

420 (180-915)

Abbreviations: SD: standard deviation; n: number; PA: Physical activity; IQR: inter quartile range

Item characteristics
The item characteristics of the Exercise Self-efficacy Scale are summarized in Table 2. Mean
scores of the Exercise Self-efficacy Scale items varied between 33 and 56, with a standard
deviation varying from 22 to 28. All items varied from 0 to 100, with no floor or ceiling
effect. Inter-item correlations varied between 0.22 (“other interesting things” and “during a
vacation”) and 0.798 (“recovering from injury” and “recovering from illness”).
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Exploratory factor analysis
The principal axis factor analysis of the Exercise Self-efficacy Scale items clearly suggested
one underlying factor with an Eigenvalue of 10.2 (Eigenvalue second factor: 1.2) with
a Kaiser-Meyer-Olkin measure of sampling adequacy of 0.95, Bartlett’s test of sphericity
p < 0.001, explaining 54% of the total variance. Factor loadings varied between 0.45 and
0.86. The item-rest correlations varied between 0.44 and 0.83. (see Table 2) The Exercise
Self-efficacy Scale demonstrated good internal consistency with a Cronbach’s α coefficient
of 0.95 and a Lambda-2 of 0.95.
Confirmatory factor analysis
Both the one-factor structure derived from the exploratory factor analysis and the threefactor structure proposed by Noroozi et al.16 were validated using confirmatory factor
analysis. The correlated hierarchical three-factor structure proposed by Noroozi et al.16
resulted in an inadequate fit; χ2 (df) = 421.7 (114) p < 0.001, RMSEA = 0.103 (0.093-0.114),
CFI = 0.90 and TLI = 0.89. The one-factor structure derived from the exploratory factor
analysis also showed an inadequate fit; χ2 (df) = 618.5 (135) p < 0.001, RMSEA = 0.119
(0.109-0.128), CFI = 0.86 and TLI = 0.84.
Shortened Exercise Self-efficacy Scale
Since the 18-item Exercise Self-efficacy Scale presented with a bad fit in confirmatory factor
analysis and the high Cronbach’s α coefficient suggested that there might be redundant
items, we examined the possibility to shorten the questionnaire. None of the items had a
factor loading below 0.4, neither could items be excluded based on their residuals between
the observed and reproduced correlations. Moreover, only the item “recovering from
injury” and the item “recovering from illness” had a high inter-item correlation (0.798),
although not exceeding 0.8. There were no items that could be excluded when analyses
were repeated in well-defined sub-samples based on gender, age and/or physical activity.
In Mokken scale analysis (using the Automatic Item Selection Procedure, with a lower
bound of the H-coefficient set to 0.3 21) all 18 items were scaled to one factor. However,
with the lower bound set to 0.6 21, five items became un-scalable (“bad weather”, “physical
discomfort”, “too much work at home”, “during vacation” and “other time commitments”).
Two pairs of two items (“feeling tired”/“under pressure” and “visitors”/”other interesting
things”) were allocated to a second and third factor. Since this second and third factor both
consisted of only two items, we considered the 13 remaining items to be one factor.
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5.5
4.7

4.7
7.8

40 (27)
42 (26)
44 (24)
41 (26)
46 (26)
44 (26)
36 (23)
56 (25)
47 (25)
34 (26)
41 (25)
44 (24)
52 (27)
42 (28)
33 (24)
42 (26)

3. During bad weather

4. After recovering from an injury that caused me to
stop exercising
5. During or after experiencing personal problems

6. When I am feeling depressed

7. When I am feeling anxious

8. After recovering from an illness that caused me
to stop exercising
9. When I feel physical discomfort when I exercise

10. After a vacation

11. When I have too much work to do at home

12. When visitors are present

13. When there are other interesting things to do

14. If I don’t reach my exercise goals.

15. Without support from my family or friends

16. During a vacation

17. When I have other time commitments

18. After experiencing family problems

0.67
0.71
0.71
0.75
0.86
0.79
0.83
0.84
0.72
0.78
0.73
0.63
0.71
0.82
0.76
0.45
0.58
0.81

2.0
3.1
3.9
2.4
2.7
2.4
3.9
1.2
5.9
3.5
1.6
2.7
1.2
4.3
2.4
1.2
2.4

PAF factor
loading

0.79

0.58

0.44

0.74

0.80

0.69

0.62

0.71

0.77

0.71

0.81

0.81

0.76

0.83

0.73

0.69

0.69

0.65

Item-rest
correlation

18-item ESS

1.2

Abbreviations: SD: standard deviation; ESS: Exercise Self-efficacy Scale; PAF: Principal axis factor analysis.

7.5

11.4

9.0

5.1

4.7

6.7

13.7

3.5

2.7

4.7

7.5

7.1

5.1

39 (25)

2. When I am feeling under pressure

4.7

37 (22)

Mean (SD)

1. When I am feeling tired

Item

% minimum scores % maximum scores
(0-5 score)
(95-100 score)

Table 2 Item characteristics and factor analysis of the 18-item and 13-item Exercise Self-efficacy Scale

0.82

-

-

0.77

0.82

0.69

0.58

-

0.78

-

0.83

0.85

0.82

0.88

0.74

-

0.72

0.67

PAF factor
loading

0.79

-

-

0.74

0.79

0.68

0.57

-

0.76

-

0.81

0.83

0.79

0.85

0.71

-

0.69

0.65

Item-rest
correlation

13-item ESS
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The principal axis factor analysis of these 13 items showed a one-factor structure with
an eigenvalue of 8.1 (eigenvalue second factor: 0.97), a Kaiser-Meyer-Olkin measure of
sampling adequacy of 0.94, Bartlett’s test of sphericity p < 0.001, explaining 59% of the
variance. Factor loadings ranged between 0.58 and 0.88. Item-rest correlation ranged from
0.57 to 0.85 (see Table 2). The 13-item Exercise Self-efficacy Scale demonstrated good
internal consistency with a Cronbach’s α coefficient of 0.95 and a Lambda-2 of 0.95.
We confirmed this one-factor structure with confirmatory factor analysis. Based on the two
sets of two items that clustered into separate factors, we added two pairs of correlatederror terms (“feeling tired”/“under pressure” and “visitors”/”other interesting things”)
to the model. Moreover, based on the height of the modification index and conceptual
meaning we allowed the error terms of the items “recovering from injury” and “recovering
from illness” to correlate. This 13-item model possessed an adequate fit; χ2 (df) = 137.2
(62), p < 0.001, RMSEA = 0.069 (0.053-0.085), CFI = 0.97 and TLI = 0.96. All freely estimated
unstandardized parameter regression weights and variances were significant, as was the
covariance between the paired error-terms. The explained variance (R2) of the items varied
between 31% (“visitors”) and 74% (“feeling anxious”).
Concurrent validity
Next, the concurrent validity was assessed. The Spearman rank correlation coefficients
between the 18-item Exercise Self-efficacy Scale and the Short Questionnaire to ASsess
Health enhancing physical activity outcomes ‘total’ and ‘leisure-time minutes/week of
moderate to vigorous intensity physical activity’ were 0.17 (p = 0.008) and 0.23 (p < 0.001)
respectively, which are equal to small to moderate effect sizes. Exercise Self-efficacy Scale
total scores did not differ between males and females (t(253) = 1.39, p = 0.17; d = 0.17),
or across occupational status (F(2,252) = 0.75, p = 0.47; η2 = 0.01), marital status (t(253)
= 1.16 p = 0.25; d = 0.20), or quartiles of age (F(3,251) = 0.73, p = 0.53; η2=0.01). Exercise
Self-efficacy Scale total scores were significantly lower in those with primary school as
the highest level of education compared to those with middle education (F(3,251) = 4.26,
p = 0.006; η2=0.05). Examining ‘leisure-time physical activity’, the Exercise Self-efficacy Scale
total scores for participants in the category ‘≤ 150 minutes/week’ were significantly lower
compared to those in the ‘301-450 minutes/week’ and ‘≥ 451 minutes/week’ category
(F(3,251) = 6.17, p < 0.001; η2=0.07). In addition, for ‘total time physical activity’ the Exercise
Self-efficacy Scale total scores were significantly lower for participants in the category ‘≤ 150
minutes/week’ compared to those in the ‘≥ 451 minutes/week’ category (F(3,251) = 3.73,
p=0.01; η2=0.04). (see Table 3)
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Table 3 Exercise Self-efficacy Scale scores according to participant characteristics and
physical activity
18-item ESS
Mean (SD)

Test result

13-item ESS
Mean (SD)

Age (quartiles) in years
< 25th: ≤ 56

44.7 (20)

45.8 (21)

25-50th: 56.1-62

42.6 (18)

43.9 (19)

50-75th: 62.1-68

40.4 (19)

41.5 (20)

> 75 : ≥ 68.1

40.6 (18)

th

41.2 (19)
t(253)=1.39,
p=0.17, d=0.17

Gender

t(253)=1.44,
p=0.15, d=0.18

Male

43.6 (19)

44.8 (20)

Female

40.3 (19)

41.2 (20)
t(253)=1.16,
p=0.25, d=0.20

Marital status

t(253)=1.17,
p=0.25, d=0.20

Partner

42.8 (19)

43.9 (20)

No partner

39.1 (18)

40.0 (19)
F(2,252)=1.10,
p=0.34, η2=0.01

F(2,252)=0.75,
p=0.47, η2=0.01

Occupation
Paid employment

44.4 (20)

46.1 (21)

Retirement

41.7 (18)

42.4 (19)

Miscellaneous

40.7 (19)

41.5 (20)
F(3,251)=4.26,
p=0.006, η2=0.05

Educational level

F(3,251)=4.80,
p=0.003, η2=0.05

Primary school

34.8 (16)

35.3 (17)

Lower education

42.8 (19)

43.5 (20)

Middle education
Scientific education
Leisure time minutes/week moderate to
vigorous intensity PA
≤ 150 (n=82)
151-300 (n=53)
301-450 (n=33)
≥ 451 (n=87)
Total minutes/week moderate to vigorous
intensity PA
≤ 150 (n=55)
151-300 (n=42)

Test result
F(3,251)=0.81,
p=0.49, η2=0.01

F(3,251)=0.73,
p=0.53, η2=0.01

46.3 (19)

48.2 (20)

39.5 (18)

40.1 (19)
F(3,251)=6.17,
p<0.001, η2=0.07

F(3,251)=5.51,
p=0.001, η2=0.06

36.7 (20)

37.8 (21)

39.0 (16)

39.9 (17)

47.4 (20)

49.2 (21)

47.3 (18)

48.1 (19)
F(3,251)=3.73,
p=0.01, η2=0.04

F(3,251)=3.14,
p=0.03, η2=0.04

36.6 (20)

37.7 (21)

40.5 (15)

41.6 (16)

301-450 (n=37)

39.7 (20)

41.0 (21)

≥ 451 (n=121)

46.1 (18)

47.0 (20)

Abbreviations: ESS: Exercise Self-efficacy Scale; PA: physical activity; SD: standard deviation; F: F-ratio ANOVA; ƞ2:
eta squared; t: T-statistic independent t-test; d: Cohen’s d.
An d of 0.2 is considered a small effect size, of 0.5 a medium effect size and of 0.8 a large effect size. An ƞ2 of 0.01
is considered a small effect size, of 0.06 a medium effect size and of 0.14 a large effect size.
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The correlations of the 13-item Exercise Self-efficacy Scale with the Short Questionnaire
to ASsess Health enhancing physical activity outcomes ‘total-’ and ‘leisure-time minutes/
week of moderate to vigorous intensity physical activity’ were 0.15 (p = 0.02) and 0.22 (p
< 0.001) respectively, which are equal to small to moderate effect sizes. In addition, the
13-item Exercise Self-efficacy Scale scores were compared between various subgroups. The
outcomes were comparable to the subgroup analysis with the 18-item Exercise Self-efficacy
Scale. (see Table 3)

Discussion
The current study evaluated the psychometric properties of the Exercise Self-efficacy Scale in
a sample of patients with type 2 diabetes treated in primary care. Exploratory factor analysis
showed a one-factor structure, with good internal consistency. This one-factor model had
however an inadequate fit when evaluated with confirmatory factor analysis, as did the
three-factor model suggested by Noroozi et al.16 We therefore developed a 13-item Exercise
Self-efficacy Scale, with an adequate structural validity (one-factor) and good internal
consistency. Both the 18-item and 13-item Exercise Self-efficacy Scales were significantly
and comparably associated with self-reported physical activity. Exercise Self-efficacy Scale
total scores differed between the educational level and physical activity level, but were not
related to age, gender, occupational or marital status. The characteristics of our sample
were comparable to those of the total sample of over 2500 type 2 diabetes patients who are
currently being followed in our area.24
The findings from the analyses into structural validity are partially in line with the results
of previous studies.14-16 Although Noroozi et al.16 concluded that there was a three-factor
structure, we could not confirm this three-factor structure in our sample. However, Everett
et al.14 and Shin et al.15 concluded that there was a one-factor structure with no factor
loadings below 0.4. The exploratory factor analysis in the current study showed the same
result, yet confirmatory factor analysis revealed a poor fit of this model. In addition, all three
studies concluded that the Exercise Self-efficacy Scale had an excellent internal consistency
14-16
and Everett et al.14 also found that the Exercise Self-efficacy Scale was not susceptible
to floor or ceiling effects. Moreover, based on those previous studies, the strong correlation
(0.798) between the items “recovering from an illness” and “recovering from an injury”
was expected. In our study, we renamed the item “When I am feeling under pressure from
work” as “When I am feeling under pressure”, since a large percentage of the participants
is retired. This had already been suggested by Everett et al.14, who found a high number of
missing values on that specific item.
The 13-item Exercise Self-efficacy Scale showed comparable psychometric properties to the
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18-item Exercise Self-efficacy Scale, but with a better fit when analyzed with a confirmatory
factor analysis. Moreover, the finding that the Cronbach’s α hardly decreased when the
18-item Exercise Self-efficacy Scale was reduced to the 13-item Exercise Self-efficacy Scale
suggests that several questions in the 18-item version are superfluous, although none of the
inter-item correlations exceeded 0.8.
Both the 18-item Exercise Self-efficacy Scale and the 13-item Exercise Self-efficacy
Scale correlated significantly positively with ‘total’ and ‘leisure-time physical activity’.
The correlations found in the current study (r 0.15 to 0.23) were in line with the earlier
documented correlation of 0.28 between the six-minute walking distance and the change
in Exercise Self-efficacy Scale scores after 6 weeks of cardiac rehabilitation.14 Although the
correlations found in the current study are significant, they were equivalent to only small to
moderate effect sizes. However, exercise behavior is a very complex behavior which depends
on many other determinants next to exercise self-efficacy such as demographic-, biological-,
social-, behavioral,- cultural- and other psychological factors.10
In addition, in the current study, both 18-item and 13-item Exercise Self-efficacy Scale total
scores appeared to be lower in type 2 diabetes patients with a lower level of education and
in type 2 diabetes patients with a lower level of physical activity. This discriminating property
was also noted by Shin et al.15 Also, the current study showed no significant association
between exercise self-efficacy and age, which is in line with the findings from Shin et al.15
Yet, in contrast to Shin et al.15 there was a lack of difference in Exercise Self-efficacy Scale
scores according to gender. One explanation for this contrasting finding might be cultural
differences. Our finding is on the other hand in line with the findings by Clark et al. who also
found no significant association between gender and exercise self-efficacy in their sample
of 1944 people aged 65 or over.25 This might suggest that a higher exercise self-efficacy in
males may not persist in the elderly, which was true in the current study (75% >56 years
old). A possible mechanism for this remains yet unclear and further theoretical specification
is needed.
Several limitations of the study should be mentioned. Firstly, the measurement of physical
activity was by means of self-report. Although the Short Questionnaire to ASsess Health
enhancing physical activity shows moderate correlations with data from accelerometer
measurements,18 self-reported physical activity tends to result in an overestimation of levels
of activity and different activity patterns compared to more objective estimates.26 Secondly,
all psychometric analyses were performed in the same sample on the same dataset, while
this should preferentially be carried out in separate samples and datasets. Thirdly, since we
only had access to cross-sectional data, a test-retest reliability analysis could not be done.
Finally, we included only complete cases in our analyses. Participants with one or more
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missing values on any of the variables differed in some of the demographic variables which
limits the generalizability of our findings.
Despite these limitations, the results of the current study show that the 18-item Exercise
Self-efficacy Scale has a good internal consistency, confirms most of the results of earlier
studies concerning concurrent validity but performed less in terms of structural validity
in a sample of primary care type 2 diabetes patients. Contrary, the 13-item Exercise Selfefficacy Scale performed well in terms of structural validity with additionally a good internal
consistency, and concurrent validity which is comparable to that of the 18-item version.
Additional validation of both the 18-item Exercise Self-efficacy Scale and its shortened 13item version in other samples will elucidate further on the reliability of these scales, for
example, in secondary care settings.
Exercise self-efficacy is an important topic, not only in observational research that investigates
the role of exercise self-efficacy in physical activity behavior, but also in intervention research.
It is thought that exercise interventions that take exercise self-efficacy into account may
result in stronger effects. In fact, exercise self-efficacy is thought to mediate the relationship
between an exercise intervention and physical activity.27 Therefore, it is not surprising that
an increasing number of exercise interventions are being underpinned by the self-efficacy
theory.28 The 13-item Exercise Self-efficacy Scale might be useful in this kind of (intervention)
research.
In conclusion, this study assessed the psychometric properties of the Exercise Self-efficacy
Scale in a large sample of Dutch primary care type 2 diabetes patients. In addition, a 13-item
Exercise Self-efficacy Scale was developed with good psychometric properties. Although
promising, additional research is needed to confirm the psychometric properties of the 13item Exercise Self-efficacy Scale and to explore its clinical application further.
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Abstract
Background: Sufficient exercise is important for people with type 2 diabetes mellitus, as it
can prevent future health problems. Despite, it is estimated that only 30-40% of people with
type 2 diabetes are sufficiently active. One of the psychosocial constructs that is believed
to influence physical activity behavior, is exercise self-efficacy. The goal of this study is to
evaluate a patient-tailored exercise intervention for people with type 2 diabetes that takes
exercise self-efficacy into account.
Methods/Design: This study is conducted as a non-randomized controlled clinical trial.
Patients are eligible when they are diagnosed with type 2 diabetes, exercise less than advised
in the American Diabetes Association guideline of 150 min/week of moderate intensity
aerobic physical activity, have a body mass index >25 and are between 18 and 80 years old.
Recruitment takes place at a primary care organization of general practitioners and practice
nurses in the south of the Netherlands. Participants are allocated to three groups: An advice
intervention -for participants with a high exercise self-efficacy score- in which participants
receive a patient-tailored exercise intervention, an intensive intervention -for participants
with a low exercise self-efficacy score- in which participants receive a patient-tailored
exercise intervention accomplished by a group based intervention, and a control group in
which participants receive regular Dutch diabetes care. The primary outcome measure of
this study is physical activity. Secondary outcome measures are health status, (symptoms
of) depression, exercise self-efficacy, body mass index, blood pressure and glycemic control.
Discussion: We aimed to design an intervention that can be implemented in primary care,
but also to design an easy accessible program. This study is innovative as it is -to our best
knowledge- the first study that takes level of exercise self-efficacy of people with type 2
diabetes into account by means of giving extra support to those with the lowest exercise
self-efficacy. If the program succeeds in increasing the amount of physical activity it can be
implemented in regular primary care.
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Background
Diabetes mellitus is a chronic, metabolic disorder characterized by hyperglycemia as a
result of a defect in insulin secretion and/or insulin resistance.1 In 2000 the worldwide
prevalence of diabetes was 171 million. This is expected to increase up to 366 million in
2030.2 Approximately 90% of the people with diabetes have type 2 diabetes.3
Type 2 diabetes often results in (severe) micro- and macro- vascular complications, such as
cardiovascular problems, retinopathy, neuropathy and kidney failure.1 Approximately 72%
of the people with type 2 diabetes have at least one of these complications.4 Besides the
burden for the patient, this also imposes a burden on the health care system: people with
one or more micro- and/or macro vascular type 2 diabetes complication(s) cost 70-250%
as much a year compared to patients without type 2 diabetes complications.4 In addition,
global mortality attributable to diabetes was estimated to be 2.9 million people in 2000,
5.2% of all deaths.5
Physical inactivity is one of the major risk factors for type 2 diabetes and related
complications, independent of body mass index (BMI).6-8 Increasing physical activity reduces
the risk for type 2 diabetes and its complications by enhancing metabolic control. Moreover,
appropriate levels of physical activity are associated with increased cardio-respiratory
fitness, increased health related quality of life and a reduced risk of total- and cardiovascular
mortality.9-11 The American Diabetes Association advises people with type 2 diabetes to have
at least 150 min/week of moderate intensity aerobic physical activity (50–70% of maximum
heart rate) to maximize the effects of physical activity. In addition, resistance training should
be performed three times per week in the absence of contraindications.12
Because of its beneficial effects, achieving and/or maintaining an appropriate level
of exercise is an important goal in diabetes management.12 Despite, it is estimated that
only 30-40% of people with type 2 diabetes are sufficiently active.13,14 This percentage
appeared to be stable in recent decades 15 and is significantly lower compared to people
without type 2 diabetes.13,16 Physical activity levels might be increased by means of an
exercise intervention. Several intervention elements are thought to increase the success
rate of such an intervention. To start with, an exercise intervention should imply more
than just education.17 In addition, a patient-tailored exercise plan optimizes the effect of
the intervention and can increase adherence to the exercise routine.18,19 A gradual increase
in physical activity 19 can avoid injuries. Also, the use of multiple behavioral components
such as goal-setting, problem solving and feedback can further increase the (long-term)
success of the intervention.20 In addition, the American College of Sports Medicine and the
American Diabetes Association advised in their 2010 joint statement on Exercise & Diabetes
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to focus exercise interventions on self-efficacy.10
Self-efficacy is derived from the Social Cognitive Theory, which states that a behavioral
change is made possible by a personal sense of control. Self-efficacy is one of the main
constructs of this theory and is the “belief in one’s capabilities to organize and execute
the courses of action required to produce given attainments”.21 Self-efficacy for exercise/
physical activity (exercise self-efficacy) is believed to influence physical activity behavior.22-24
In people with type 2 diabetes a high level of exercise self-efficacy is thought to be predictive
of exercise initiation and maintenance over time,25 and is thought to mediate the relationship
between an exercise intervention and physical activity.26 Also, an increased level of exercise
self-efficacy makes it more likely that participants indeed use strategies to improve their
physical activity levels.27
A patient-tailored exercise intervention with a gradual increase in physical activity and
multiple components such as goal setting, has the potential to increase the physical activity
level of people with type 2 diabetes. This can be provided by means of several individual
physiotherapy consultations in which a patient tailored exercise plan is provided and
progression evaluated. Because of its important predictive and mediating role, exercise selfefficacy has the potential to discriminate between subjects who can be helped with such
individual physiotherapy consultations, and those who are in need of extra support because
of their low exercise self-efficacy. Extra support can be given by providing an additional
group-based program. A group-based program gives room to verbal persuasion by the
physiotherapist and/or group members and vicarious experiences which are sources of selfefficacy 28 and can therefore increase the level of exercise self-efficacy.
Objectives and hypotheses
The goal of this study is to evaluate a patient-tailored exercise program for people with type
2 diabetes that takes levels of exercise self-efficacy into account. If the program succeeds in
increasing the amount of physical activity it can be implemented in regular primary diabetes
care.
The primary outcome measure of this study is physical activity. We hypothesize that the
intervention will significantly increase the level of physical activity in the intervention groups
compared to the control group. In addition, we will examine which determinants contribute
to a successful change of the amount of physical activity. Most literature seems to agree that
a high age, 15,16,22,29,30 low education 15,22,30 and being female 16,22,30, are associated with a lower
level of physical activity. Although a higher BMI seems to correlate with physical activity
among adults ,22 the results of studies on people with type 2 diabetes are conflicting.13,15,29 In
addition a low exercise self-efficacy,22 low social support,22 a depressed mood 31 and a type D
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personality 32 are thought to be determinants of a low level of physical activity. We therefore
hypothesize that a young age, high education, being male, low BMI, a high level of exercise
self-efficacy, a high level social support, the absence of a depressed mood and not having a
type D personality contribute to a successful change of the level of physical activity.
Secondary outcome measures are health status, (symptoms of) depression, exercise selfefficacy, BMI, blood pressure and glycemic control.
In line with the Look AHEAD trial 33 and the DARE study 34 we hypothesize that our
intervention will significantly improve the physical component of health status - but not the
mental component-, compared to the control group.
In two systematic reviews 35,36 on the effects of physical activity on depressive symptoms in
elderly people, it was found that increased levels of exercise can lower depression rates and
reduce depressive symptoms in the short term. In accordance, we therefore hypothesize
that the intervention of the current study will significantly reduce depressive symptoms,
compared to the control group.
The intervention is thought to provide participants personal mastery experiences which is
a source of self-efficacy.28 We therefore hypothesize that the intervention will significantly
increase exercise self-efficacy, compared to the control group. We additionally hypothesize
that the change of exercise self-efficacy will be larger in those with low exercise self-efficacy
at baseline as they will receive additional support.
Glycemic control is assessed by means of hemoglobin A1C. As physical activity is thought to
improve glycemic control 37-39 we hypothesize that our intervention will significantly reduce
hemoglobin A1C, compared to the control group.
Based on literature, an effect of increased physical activity on body mass or BMI cannot
be expected.37,38 We therefore hypothesize that the intervention will not lead to significant
decrease in BMI, compared to the control group.
Literature on the effect of physical activity on blood pressure is somewhat ambiguous. In
the review of Thomas et al.37 no effect on diastolic or systolic blood pressure was found.
The American College of Sports Medicine and American Diabetes Association concluded
in their joint statement on Exercise and Diabetes that only slight reductions of systolic
blood pressure can be expected.10 However, in a meta-analysis by Snowling et al.40 small to
moderate effects of aerobic or a combination of aerobic and resistance exercise on blood
pressure were found. We therefore hypothesize that the intervention of the current study
will significantly reduce systolic blood pressure in those with an elevated blood pressure,
compared to the control group.
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Finally, diabetes self-efficacy and quality of sleep are explorative outcome measures. We
therefore have no hypotheses regarding these outcome measures.

Methods/Design
Study design
This study is conducted as a non-randomized controlled clinical trial. Participants are
allocated to three groups: An advice intervention in which participants receive a patienttailored exercise intervention, an intensive intervention in which participants receive a
patient-tailored exercise intervention accomplished by a group based intervention, and a
control group in which participants receive regular Dutch diabetes care.
Eligibility
Patients are eligible when they are diagnosed with type 2 diabetes, exercise less than advised
in the American Diabetes Association guideline of 150 min/week of moderate intensity
aerobic physical activity,12 have a BMI >25 and are between 18 and 80 years old. Patients
are excluded when they recently participated in an exercise program on an indication other
than diabetes or suffer from a serious diabetes complication or other disabling co-morbidity
(e.g. unstable angina pectoris, heart failure, extremely high blood pressure (systolic>200,
diastolic>120), cerebrovascular accident, serious neuropathy, kidney failure, diabetic foot
ulcer(s), proliferative retinopathy, a serious form of cancer, orthopedic constraints, serious
exertion hypertension, unstable coronary ischemia). Patients with silent myocardial ischemia
are also excluded. Silent myocardial ischemia is defined as an objective documentation of
myocardial ischemia in the absence of angina or angina equivalents.41 The prevalence of
silent myocardial ischemia varies from 9% up to 57% in people with type 2 diabetes,42 and
can be verified by a electrocardiogram exercise stress test.
Recruitment
Participants are recruited in rural areas surrounding the city of Eindhoven, the Netherlands.
Recruitment takes place at a primary care organization of general practitioners and
practice nurses in the south of the Netherlands, PoZoB. Eligibility is checked by the general
practitioner and/or the practice nurse.
Allocation procedure
For practical reasons, seven areas are pointed out as ‘intervention area’. People outside
these areas are invited for the control group. Participants of the intervention are allocated
to the intensive intervention or the advice intervention after filling out the baseline
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questionnaire. Allocation is based on their score on the Exercise Self-efficacy Scale (ESS)
that has been developed by Bandura.43 Since there is to the best of our knowledge no
other study that uses the ESS to discriminate between people with type 2 diabetes in an
exercise intervention, we use the median score on the ESS to split the group of intervention
participants approximately in two equal halves: Participants with a score between 0 and 40
are allocated to the intensive intervention. Participants with a score between 41 and 100 are
allocated to the advice intervention.
Intervention
The interventions’ duration is 36 weeks, with a follow-up period of one year. In the advice
intervention (for participants with a high exercise self-efficacy), the intervention starts with
an intake consultation with a physiotherapist. During this intake, information about the
intervention and ‘Diabetes and exercise’ is provided. Next, the current physical condition
in terms of aerobic power, muscle strength, blood pressure, BMI and waist-circumference
is established. Exercise tolerance is assessed with the six minute walk test.44 The test is
suitable for elderly 45 and a proper reflection of activities of daily living.46 Muscle strength
is assessed with one repetition maximum tests for the abdominal, back, arm and leg
muscles. One repetition maximum tests are a widely spread and valid way to asses muscle
strength in vivo.47 In addition, the goals and the exercise preferences of the participant
are discussed. Subsequently, a patient-tailored exercise plan is drafted. The exercise plan
consists of a combination of aerobic and resistance exercise, replenished by balance and
flexibility drills, with the aim of exercising three hours a week, with a gradual increase in
intensity, difficulty and duration. When applicable, at-home drills are taught. An information
folder with the exercise plan, written prescription of the drills, an exercise journal and
information on ‘diabetes and exercise’ are provided. Also, an information session with a
dietician is scheduled, in order to provide information on nutrition, diabetes and exercise.
In consultations after 4, 12, 24 and 36 weeks, progression is assessed and the exercise plan
is evaluated. Also, feedback is given and possible barriers to exercise and their conceivable
solutions are discussed. If necessary, the exercise plan can be adapted. In the consultations
after 24 and 36 weeks, additionally, relapse prevention and the continuation of exercise
after the intervention are discussed.
Participants of the intensive intervention (for participants with a low exercise self-efficacy)
receive a similar intervention as do participants of the advice intervention, but in addition
they receive physiotherapist guided group training. Groups consist of eighth participants
maximally. The 24 group trainings contain aerobic, resistance, balance, and flexibility drills.
From week one up to week eight there are two group sessions of one hour a week. From
week nine up to week sixteen there is one group session a week. During these sixteen
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weeks, the participant is expected to exercise home-based to meet the requirements of
their exercise plan. After, participants are expected to follow up their exercise plan homebased.
Data collection
The assessments of the self-reported data take place at baseline, at 36 weeks, at 1 year and
at 1 year and 36 weeks. The intervention participants receive two additional questionnaires
at 12 weeks, and 24 weeks. Questionnaires will be sent out by post, along with a stamped
ballot paper envelope.
Biomedical parameters BMI, blood pressure and hemoglobin A1C are assessed as part of
regular care up to four times a year. In addition, intervention participants will receive a
BMI and blood pressure assessment at baseline, at 12 weeks, at 24 weeks, and at 36 weeks
during their physiotherapy consultations. (Table 1)

Table 1 Measurements and time points
Intervention group
T0

Control group

T1

T2

T3

T4

T5

T0

T1

T2

T3

T4

T5

Concept (questionnaire)
Demographic variables

x

Physical activity (SQUASH)

x

x

x

x

x

x

x
x

x

x

x

Health Status (SF12)

x

x

x

x

x

x

x

x

x

x

Depressive symptoms (PHQ-9)

x

x

x

x

x

x

x

x

x

x

Exercise self-efficacy (ESS)

x

x

x

x

x

x

x

x

x

x

Social support

x

x

Type D (DS14)

x

Diabetes self-efficacy

x

x

x

x

x

x

x

x

x

x

Quality of sleep

x

x

x

x

x

x

x

x

x

x

x

x

x

Patient satisfaction

x

Clinical measurements
BMI

x

x

x

x

Part of regular diabetes carea

Blood pressure

x

x

x

x

Part of regular diabetes carea

Glycemic control (hemoglobin A1C)

Part of regular diabetes carea

Part of regular diabetes carea

up to 4 times a year
Abbreviations: T0: baseline; T1: after 12 weeks; T2: after 24 weeks; T3: after 36 weeks (end of intervention); T4:
after 1 year (post intervention); T5: after 1 year and 36 weeks (post intervention); SQUASH: Short QUestionnaire
to ASsess Health enhancing physical activity; SF12: Short Form Health Survey 12; PHQ-9: 9 item Patient Health
Questionnaire; ESS: Exercise self-efficacy scale; DS14: Type D Scale-14.

a
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Outcome parameters
Primary outcome measure
Physical activity
The level of physical activity is assessed by means of self-report using the Short QUestionnaire
to ASsess Health enhancing physical activity (SQUASH). This questionnaire has been proved
to be a reliable and valid measurement in adults.48 Participants are asked to indicate their
level of physical activity during an average week in the past month, with regard to activity at
work (if applicable), commuting activities (if applicable), household activities (if applicable),
and leisure-time. The frequency of activities (days/week), as well as the duration (average
time/day) and experienced intensity of these activities (light, moderate, vigorous), are
measured. Each activity is represented by a metabolic equivalent (MET). MET expresses the
cost of energy from physical activities as multiples of the resting metabolic rate. Activities
can be divided into three categories of intensity based on their MET: light (2.0 to < 4.0
METs), moderate (4.0 to < 6.5 METs) and vigorous (≥ 6.5 METs) intensity.48
Secondary outcome measures
Health status
Health status is assessed using the Short Form Health Survey 12 (SF12), a shortened version
of the Short Form Health Survey 36.49 The SF12 is a self-report questionnaire and consists
of twelve items with two component summary scores: physical health (PCS) and mental
health (MCS). Both components are scored on a scale from 0 to 100, with a higher score
representing a better health status.50
Depressive symptoms
Depressive symptoms are assessed with the self-report Patient Health Questionnaire-9
(PHQ-9). The questionnaire contains nine items derived from the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV), related to the past two weeks. The
items are scored on a four point scale, ranging from 0 (not at all) to 3 (almost every day).51
Exercise self-efficacy
Exercise self-efficacy is assessed with the ESS.43 This self-report questionnaire contains
eighteen items that describe situations during which it could be difficult to adhere to an
exercise routine, for example: “when I am feeling tired” or “during bad weather”. Participants
are asked to rate their degree of confidence to continue with regular exercise in the listed
situations. The ESS uses a 100-point scale for each item, ranging from 0 (“I cannot do this
at all”) to 100 (“I am certain that I can do it”), the higher scores reflecting higher levels of
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exercise self-efficacy. The total ESS score is calculated as the mean of all the items. The ESS
appeared to have a single factor solution.52,53 The questionnaire is positively correlated with
the frequency of exercise,52 has no floor or ceiling effects, good internal consistency with an
Cronbach’s α coefficient of 0,95 and has good responsiveness to change.53 Since a relatively
high percentage of people with type 2 diabetes are retired, the original item ‘When I am
feeling under pressure from work’ is in the current study adapted to ‘When I am feeling
under pressure’.
BMI, blood pressure and hemoglobin A1C
Biomedical parameters (laboratory tests and physical examination) are assessed as part
of regular care up to four times a year and performed by the Diagnostic Centre in (areas
surrounding the city of) Eindhoven, the Netherlands. To assess glycemic control we retrieve
data from their files on hemoglobin A1C. In addition, data on BMI and blood pressure (systolic
and diastolic) are retrieved from the files. Participants of the intervention receive additional
BMI and blood pressure measurements as part of the physiotherapist consultations.
Explorative outcome measures
Diabetes self-efficacy
Twelve self-report items are used to quantify diabetes self-efficacy. The participants are
asked to rate their level of confidence to execute diabetes self-care behaviors. The items
are scored on a six-point likert scale, from 0 (‘totally disagree’) to 5 (‘totally agree’) and
concern ‘prevention of high blood sugars’, ‘healthy diet’, ‘avoid/reduce obesity’, ‘proper use
of medication’, ‘enough exercise’, ‘no smoking’, ‘no alcohol’, ‘ask for help when necessary’,
‘follow up appointments with caregivers’, ‘follow up life-style advice in special situations’,
‘ask for clarification regarding type 2 diabetes when things are unclear’ and ‘accepting type
2 diabetes’.
Quality of sleep
Thirteen self-report items assess various aspects of quality of sleep, related to the past
week. The items concern the length of sleep, difficulty of getting to sleep or staying a sleep,
overall quality of sleep, resting during the day, sleeping during the day, difficulty staying
awake during the day and sleep-related medications.
Additional measures
Demographic and clinical variables
Age, gender, nationality, marital status, living arrangements, education, work situation,
smoking behavior, alcohol behavior and year of diabetes diagnosis are assessed by means of
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a self-report questionnaire at baseline. Co-morbidities, medication and diabetes treatment
(diet and/or tablets and/or insulin) are retrieved from (electronic) medical records when
possible.
Social support
Social support not only has a main effect on the level of physical activity, a study with older
adults with multiple illnesses showed that social support also has a synergistic effect with
exercise self-efficacy.54 Social support is measured by four questions that are rated on a five
point scale (0=no support, 4=much support).
Type D personality
People with a Type D personality have a general tendency towards increased negative
affectivity and inhibit these emotions in social situations. People with a type D personality
adhere less to the physical activity norm.32 Type D personality is measured by the Type D
Scale-14 (DS14). The DS14 comprises fourteen items and is scored on a five point scale
(0=false, 4=correct). The DS14 consists of two subscales for which sum scores are calculated:
negative affectivity and social inhibition. Both scales are internally consistent (Cronbach’s α
coefficient of 0.88 and 0.86 respectively) and are independent of mood and health.55
Patient satisfaction
Participants of the intervention are asked to rate their satisfaction with treatment by means
of a self-report questionnaire regarding the organization of the intervention, supervision of
the physiotherapist and the content of the intervention. In addition, it is assessed whether
the participant intends to continue the level of physical activity after the intervention.
Statistical analyses
Sample size and power calculation
The intervention of this study consists of two groups (an intensive group and an advice group)
to which participants are allocated based on their exercise self-efficacy score. Therefore, for
analyses, the control group participants will also be allocated to a low exercise self-efficacy
control group (ESS ≤40) and a high exercise self-efficacy control group (ESS > 40).
Fisher’s exact test was used to calculate the number of subjects that have to be included
in this study. We expect 50% of the intervention participants and 25% of the control group
participants to meet the requirement of 150 minutes a week of moderate intensity physical
activity at the end of the intervention (36 weeks). Taken into account a power of 0.9, an alpha
of 0.05, an expected drop-out rate of 25% in the intervention and 50% in the control group,
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94 participants need to be included in the intensive intervention group, 94 participants in
the advice intervention group, 142 participants in the high exercise self-efficacy control
group, and 142 participants in the low exercise self-efficacy control group. To be able to
perform cross-validation and perform analysis in (equally sized) subgroups, an inclusion of
366 participants in the intervention and 586 participants in the control group is desirable.
Planned analyses
Analyses will be performed using the latest version of the Social Package for Social Sciences
(IBM, Chicago, Illinois, USA). Assumptions for parametric analyses will be checked for all
analyses, and tests will be performed with a significance level of 5%. Differences in patient
characteristics between groups will be checked be means of T-tests and χ2 tests, or their
non-parametric equivalents.
Repeated measures analysis of variance and multilevel analysis for longitudinal data will
be used to examine longitudinal differences between groups on primary and secondary
outcome measures. To test which determinants contribute to a successful change in the
level of physical activity, linear/logistic regression analyses will be used. Participants will be
analyzed within the group to which they were allocated.
Ethical principles
The study protocol has been approved by the medical ethical committee of the St. Elisabeth
Hospital, Tilburg, the Netherlands. Written consent will be obtained from all participants.

Discussion
The number of people with type 2 diabetes is rapidly rising up to 366 million in 2030.2 As
physical activity can - among other things- improve glycemic control, people with type 2
diabetes are advised to have at least 150 min/week of moderate intensity aerobic physical
activity.12 Unfortunately only 30-40% of people with type 2 diabetes are sufficiently
active.13,14 An important predictor of exercise initiation and maintenance in people with type
2 diabetes, is exercise self-efficacy.25 We therefore designed a patient-tailored intervention
that aims to increase the level of physical activity of the participants, in which extra support
is given to those with the lowest exercise self-efficacy.
In this study we aim not only to design an intervention that can directly be implemented
in primary care, but also to design an easily accessible program. We chose to use a multicenter approach with seven physiotherapist practices, so that participants’ travelling time
is minimized. This approach also allows participants to meet other participants from the
neighborhood, which might stimulate the continuation of exercise after the intervention.
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Also, the physical condition and preferences of the participants are taken into account in the
patient-tailored exercise plan. As a result the exercise plan is suitable for the participant, the
risk of injuries is minimized, and adherence might be increased.
This study has several strengths. First, this study is innovative as it is -to the best of our
knowledge- the first study that takes levels of exercise self-efficacy of people with type 2
diabetes into account, giving extra support to those with the lowest exercise self-efficacy.
Secondly, the large number of participants that will be included. As the intervention is
embedded in regular diabetes care, we are confident that we will be able to include the
required number of participants. Thirdly, as a large portion of the studies on physical
activity in people with type 2 diabetes focuses on clinical outcomes, we also included
psychosocial outcomes such as perceived health status and depressive symptoms. Finally,
this study focuses on primary care patients. Primary care patients tend to have less severe
co-morbidities compared to secondary care patients, so prevention of future co-morbidities
might be possible.
Several limitations of the design of this study also need to be addressed. This study is not
randomized. This may lower the validity of our findings. However, by using a matched control
group (age and gender) and correcting for baseline differences, we will try to minimize the
shortcoming of a non-randomized study. Another limitation is the determination of the
ESS cut-off point for participant allocation, as it is based on a median score. It is possible
that post hoc analyses might suggest that other cut-off points should have been used. Also,
glycemic control will be measured only as part of regular diabetes care, as are BMI and
blood pressure for the control group participants. As a consequence, the measurement
time points of the questionnaires may not correspond with these laboratory assessments.
However, BMI and hemoglobin A1C are rather stable biological markers of type 2 diabetes
and we aimed to design an easily accessible intervention, which includes minimization of the
participants’ burden. Finally, for practical reasons the measurement of physical activity is by
means of self-report. Self-reported physical activity tends to result in an overestimation of
levels of activity and different activity patterns compared to more objective estimates.56 Yet,
the SQUASH shows moderate correlations with data from accelerometer measurements.48
Conclusion
In conclusion, the need to increase the level of physical activity in people with type 2
diabetes is evident, in which exercise self-efficacy can play an important role. In the present
study we will evaluate a patient-tailored exercise program for people with type 2 diabetes
that takes levels of exercise self-efficacy into account.

95

5

Chapter 5

References
1.

2.

3.

4.

5.

6.

7.

8.

9.

2011;34 Suppl 1:S11-61.
Alberti KG, Zimmet PZ. Definition, diagnosis
and classification of diabetes mellitus and its 13. Morrato EH, Hill JO, Wyatt HR, Ghushchyan V,
complications. Part 1: diagnosis and classification
Sullivan PW. Physical activity in U.S. adults with
of diabetes mellitus provisional report of a WHO
diabetes and at risk for developing diabetes, 2003.
consultation. Diabet Med 1998;15:539-53.
Diabetes Care 2007;30:203-9.
Wild S, Roglic G, Green A, Sicree R, King H. Global 14. Plotnikoff RC, Johnson ST, Loucaides CA, Bauman
prevalence of diabetes: estimates for the year
AE, Karunamuni ND, Pickering MA. Population2000 and projections for 2030. Diabetes Care
based estimates of physical activity for adults with
2004;27:1047-53.
type 2 diabetes: a cautionary tale of potential
Fact sheet No 312 Diabetes. 2011. Accessed at
http://www.who.int/mediacentre/factsheets/
fs312/en/.
15.
Williams R, Van Gaal L, Lucioni C. Assessing the
impact of complications on the costs of Type II
diabetes. Diabetologia 2002;45:S13-7.
16.
Roglic G, Unwin N, Bennett PH, et al. The burden
of mortality attributable to diabetes: realistic
estimates for the year 2000. Diabetes Care
2005;28:2130-5.

confounding by weight status. J Obes 2011;doi:
10.1155/ 2011/561432.
Zhao G, Ford ES, Li C, Mokdad AH. Compliance with
physical activity recommendations in US adults
with diabetes. Diabet Med 2008;25:221-7.

Zhao G, Ford ES, Li C, Balluz LS. Physical activity in
u.s. Older adults with diabetes mellitus: prevalence
and correlates of meeting physical activity
recommendations. J Am Geriatr Soc 2011;59:1327.

Hu FB, Manson JE, Stampfer MJ, et al. Diet, lifestyle, 17. Marcus BH, Williams DM, Dubbert PM, et al.
Physical activity intervention studies: what we
and the risk of type 2 diabetes mellitus in women.
know and what we need to know: a scientific
N Engl J Med 2001;345:790-7.
statement from the American Heart Association
Hu G, Lindstrom J, Valle TT, et al. Physical activity,
Council on Nutrition, Physical Activity, and
body mass index, and risk of type 2 diabetes
Metabolism (Subcommittee on Physical Activity);
in patients with normal or impaired glucose
Council on Cardiovascular Disease in the Young;
regulation. Arch Intern Med 2004;164:892-6.
and the Interdisciplinary Working Group on Quality
Sullivan PW, Morrato EH, Ghushchyan V, Wyatt
of Care and Outcomes Research. Circulation
HR, Hill JO. Obesity, inactivity, and the prevalence
2006;114:2739-52.
of diabetes and diabetes-related cardiovascular
18.
Kahn EB, Ramsey LT, Brownson RC, et al. The
comorbidities in the U.S., 2000-2002. Diabetes
effectiveness of interventions to increase physical
Care 2005;28:1599-603.
activity. A systematic review. Am J Prev Med
Marwick TH, Hordern MD, Miller T, et al. Exercise
2002;22:73-107.
training for type 2 diabetes mellitus: impact on
cardiovascular risk: a scientific statement from 19. Praet SF, van Loon LJ. Optimizing the therapeutic
benefits of exercise in Type 2 diabetes. J Appl
the American Heart Association. Circulation
Physiol 2007;103:1113-20.
2009;119:3244-62.

10. American College of Sports Medicine and the 20. Simons-Morton DG, Calfas KJ, Oldenburg B, Burton
NW. Effects of interventions in health care settings
American Diabetes Association. Exercise and type 2
on physical activity or cardiorespiratory fitness. Am
diabetes: American College of Sports Medicine and
J Prev Med 1998;15:413-30.
the American Diabetes Association: joint position
statement. Med Sci Sports Exerc 2010;42:2282- 21. Bandura A. Self-efficacy: the exercise of control.
New York: Freeman; 1997.
303.
11. Hu G, Jousilahti P, Barengo NC, Qiao Q, Lakka TA, 22. Trost SG, Owen N, Bauman AE, Sallis JF, Brown
W. Correlates of adults’ participation in physical
Tuomilehto J. Physical activity, cardiovascular risk
activity: review and update. Med Sci Sports Exerc
factors, and mortality among Finnish adults with
2002;34:1996-2001.
diabetes. Diabetes Care 2005;28:799-805.
12. American Diabetes Association. Standards of 23. Delahanty LM, Conroy MB, Nathan DM.
Psychological predictors of physical activity in the
medical care in diabetes-2011. Diabetes Care

96

Testing the effectiveness of an exercise intervention: Design
diabetes prevention program. J Am Diet Assoc
2006;106:698-705.

are physical activity interventions for alleviating
depressive symptoms in older people? A systematic
review. Clin Rehabil 2009;23:873-87.

24. McAuley E, Jerome GJ, Elavsky S, Marquez DX,
Ramsey SN. Predicting long-term maintenance 36. Sjosten N, Kivela SL. The effects of physical
exercise on depressive symptoms among the
of physical activity in older adults. Prev Med
aged: a systematic review. Int J Geriatr Psychiatry
2003;37:110-8.
2006;21:410-8.
25. Allen NA. Social cognitive theory in diabetes
exercise research: an integrative literature review. 37. Thomas DE, Elliott EJ, Naughton GA. Exercise for
type 2 diabetes mellitus. Cochrane Database Syst
Diabetes Educ 2004;30:805-19.
Rev 2006;3:CD002968.
26. Dutton GR, Tan F, Provost BC, Sorenson JL, Allen
B, Smith D. Relationship between self-efficacy 38. Boule NG, Haddad E, Kenny GP, Wells GA, Sigal RJ.
Effects of exercise on glycemic control and body
and physical activity among patients with type 2
mass in type 2 diabetes mellitus: a meta-analysis of
diabetes. J Behav Med 2009;32:270-7.
controlled clinical trials. JAMA 2001;286:1218-27.
27. Anderson ES, Winett RA, Wojcik JR, Williams
DM. Social cognitive mediators of change in a 39. Umpierre D, Ribeiro PAB, Kramer CK. Physical
activity advice only or structured exercise training
group randomized nutrition and physical activity
and association with Hba1c levels in type 2
intervention: social support, self-efficacy, outcome
diabetes. A systematic review and meta-analysis.
expectations and self-regulation in the guide-toJAMA 2011;305:1790-9.
health trial. J Health Psychol 2010;15:21-32.

28. Bandura A. Self-efficacy: toward a unifying theory 40. Snowling NJ, Hopkins WG. Effects of different
modes of exercise training on glucose control
of behavioral change. Psychol Rev 1977;84:191and risk factors for complications in type 2
215.
diabetic patients: a meta-analysis. Diabetes Care
29. Nelson KM, Reiber G, Boyko EJ. Diet and exercise
2006;29:2518-27.
among adults with type 2 diabetes: findings from

the third national health and nutrition examination 41. Cohn PF, Fox KM, Daly C. Silent myocardial
ischemia. Circulation 2003;108:1263-77.
survey (NHANES III). Diabetes Care 2002;25:17228.
42. Janand-Delenne B, Savin B, Habib G, Bory M, Vague
P, Lassmann-Vague V. Silent myocardial ischemia
30. Plotnikoff RC, Taylor LM, Wilson PM, et al. Factors
in patients with diabetes: who to screen. Diabetes
associated with physical activity in Canadian adults
Care 1999;22:1396-400.
with diabetes. Med Sci Sports Exerc 2006;38:152634.
43. Bandura A. Guide for constructing self-efficacy
31. Lysy Z, Da Costa D, Dasgupta K. The association of
physical activity and depression in Type 2 diabetes.
Diabet Med 2008;25:1133-41.

scales. In: Pajares F, Urdan T, eds. Self-efficacy
beliefs of adolescents. Greenwich: Information Age
Publishing; 2006:307-37.

32. Mommersteeg PM, Kupper N, Denollet J. Type D 44. Butland RJ, Pang J, Gross ER, Woodcock AA,
Geddes DM. Two-, six-, and 12-minute walking
personality is associated with increased metabolic
tests in respiratory disease. Br Med J (Clin Res Ed)
syndrome prevalence and an unhealthy lifestyle in
1982;284:1607-8.
a cross-sectional Dutch community sample. BMC
Public Health 2010;10:714.
45. Enright PL, McBurnie MA, Bittner V, et al. The 6-min
walk test: a quick measure of functional status in
33. Williamson DA, Rejeski J, Lang W, Van Dorsten
elderly adults. Chest 2003;123:387-98.
B, Fabricatore AN, Toledo K. Impact of a weight
management program on health-related quality of 46. Solway S, Brooks D, Lacasse Y, Thomas S.
life in overweight adults with type 2 diabetes. Arch
A qualitative systematic overview of the
Intern Med 2009;169:163-71.
measurement properties of functional walk tests
used in the cardiorespiratory domain. Chest
34. Reid RD, Tulloch HE, Sigal RJ, et al. Effects of aerobic
2001;119:256-70.
exercise, resistance exercise or both, on patientreported health status and well-being in type 2 47. Verdijk LB, van Loon L, Meijer K, Savelberg HH.
diabetes mellitus: a randomised trial. Diabetologia
One-repetition maximum strength test represents
2010;53:632-40.
a valid means to assess leg strength in vivo in
humans. J Sports Sci 2009;27:59-68.
35. Blake H, Mo P, Malik S, Thomas S. How effective

97

5

Chapter 5
48. Wendel-Vos GC, Schuit AJ, Saris WH, Kromhout 52. Shin Y, Jang H, Pender NJ. Psychometric evaluation
of the exercise self-efficacy scale among Korean
D. Reproducibility and relative validity of the
adults with chronic diseases. Res Nurs Health
Short QUestionnaire to ASsess Health-enhancing
2001;24:68-76.
physical activity. J Clin Epidemiol 2003;56:1163-9.
49. Wee CC, Davis RB, Hamel MB. Comparing the 53. Everett B, Salamonson Y, Davidson PM. Bandura’s
exercise self-efficacy scale: validation in an
SF-12 and SF-36 health status questionnaires in
Australian cardiac rehabilitation setting. Int J Nurs
patients with and without obesity. Health Qual Life
Stud 2009;46:824-9.
Outcomes 2008;6:11.
50. Ware J, Jr., Kosinski M, Keller SD. A 12-Item Short- 54. Warner LM, Ziegelmann JP, Schuz B, Wurm S,
Schwarzer R. Synergistic effect of social support
Form Health Survey: construction of scales and
and self-efficacy on physical exercise in older
preliminary tests of reliability and validity. Med
adults. J Aging Phys Act 2011;19:249-61.
Care 1996;34:220-33.
51. Spitzer RL, Kroenke K, Williams JB. Validation and 55. Denollet J. DS14: standard assessment of negative
affectivity, social inhibition, and Type D personality.
utility of a self-report version of PRIME-MD: the
Psychosom Med 2005;67:89-97.
PHQ primary care study. Primary Care Evaluation
of Mental Disorders. Patient Health Questionnaire. 56. Hagstromer M, Oja P, Sjostrom M. Physical activity
JAMA 1999;282:1737-44.
and inactivity in an adult population assessed by
accelerometry. Med Sci Sports Exerc 2007;39:15028.

98

Chapter 6

Effects of an individually tailored
exercise intervention for people
with type 2 diabetes mellitus and
a low level of physical activity

Van der Heijden MMP, Pop VJM, Wijnands-van Gent CJ, Pouwer F.
Submitted

Chapter 6

Abstract
Background: Physical activity is important in type 2 diabetes management, since it has
numerous beneficial effects. Despite these benefits, a large number of people with type 2
diabetes have a low level of physical activity. An individually tailored exercise intervention
might improve the level of physical activity of overweight adults with type 2 diabetes and a
low level of physical activity.
Methods: In this controlled clinical trial, intervention participants were compared to
participants receiving usual care. The intervention with a duration of 36 weeks consisted
of five individual consultations with a physiotherapist. For those with a low exercise selfefficacy this was accompanied by additional group-training in the first 16 weeks. Selfreported outcomes were: 1) minutes/week of moderate to vigorous intensity leisure-time
physical activity, 2) health status, and 3) symptoms of depression.
Results: A total of 99 people participated in the intervention of whom 45 completed
the intervention. 54 people participated in the usual care group of whom 29 filled out
the questionnaire at 36-weeks. Participants of the intervention showed an increase in
physical activity at 12-weeks, 24-weeks and 36-weeks compared with baseline (p<0.001).
Between group comparisons (using the baseline and 36-weeks assessment), showed a
small, non- significant difference between participants of the intervention and usual care
group regarding physical activity (p=0.32, Cohen’s d=0.26) and no effects on the secondary
outcomes (depression and health status).
Conclusion: Although people with type 2 diabetes participating in an individually tailored
exercise intervention increased their level of physical activity over time, we found no
significant differences with usual care. Further research is needed to individually tailor
exercise programs and improve physical activity behavior in people with type 2 diabetes
treated in primary care.
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Introduction
Physical activity is one of the backbones of type 2 diabetes management,1 since it has
numerous beneficial effects in people with type 2 diabetes such as an enhanced metabolic
control.2 Likewise, moderate or high levels of physical activity are associated with decreased
total and cardiovascular mortality, independent of body mass index (BMI).3 Although results
of randomized controlled trials on the effects of exercise training on psychological outcomes
are conflicting,4 higher levels of physical activity in people with type 2 diabetes are related to
less symptoms of depression 5,6 and a better quality of life 7,8 in cross-sectional studies. These
associations between physical activity and psychological outcomes are important, since the
prevalence of depression (clinical depression or high levels of depressive symptoms) in
people with type 2 diabetes is estimated to be nearly twice as high (19%) compared with
people without diabetes (11%).9 Moreover, compared with people without a chronic illness,
people with diabetes tend to report poorer quality of life.10
People with type 2 diabetes are advised to have at least 150 minutes a week of moderate
intensity aerobic physical activity. In addition, resistance training should be performed
at least two times per week in the absence of contraindications.1 Despite the benefits of
physical activity, in the Netherlands only 44% of the adults with type 2 diabetes achieve a
sufficient level of physical activity.11 This percentage is lower than in the general population;
approximately 60% to 70% of the Dutch people have a sufficient level of physical activity.12
An exercise intervention might support people with type 2 diabetes with low levels of
physical activity to increase their level of physical activity. Previous research indicates that in
order to increase the success rate of an intervention, such an exercise intervention should
imply more than just education,13 have an gradual increase in physical activity,14 use multiple
behavioral components such as goal-setting, problem solving and feedback,15,16 and be
individually tailored.14,17
Part of the individual tailoring of an exercise intervention is to fit the exercise plan to the
current physical status (e.g. muscle strength and aerobic capacity) of the participant.14
Moreover, research in cardiac rehabilitation patients has shown that the improvement of
physical capacity after an exercise intervention is best preserved when the activities in the
exercise plan match the individual preferences (e.g. walking or cycling) of the participant.18 In
addition, a high level of exercise self-efficacy is predictive of the initiation and maintenance
of exercise over time.19 Information about the individual’s level of exercise self-efficacy
might therefore be used to distinguish between those who are in need of extra support in
order to follow-up with their exercise plan, and those who can follow-up their individually
tailored exercise plan with less support.
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To the best of our knowledge, an individually tailored exercise intervention for people with
type 2 diabetes and a low level of physical activity, that has a gradual increase in physical
activity, that contains multiple behavioral components, and also takes levels of exercise
self-efficacy into account has not been examined yet. The aim of this study was therefore
to evaluate such an exercise intervention in Dutch primary care. We hypothesized that
the intervention would significantly increase the level of physical activity. Moreover, we
hypothesized an improvement of quality of life and a decrease of symptoms of depression.

Methods
This study was conducted as a non-randomized controlled clinical trial and designed to fit
into regular primary diabetes care. The study protocol has been approved by the medical
ethical committee of the St. Elisabeth Hospital, Tilburg, the Netherlands. Written informed
consent was obtained from all participants. A comprehensive overview of the study design
was published elsewhere.20
Participants
Participants were recruited from a primary care organization (PoZoB) of general practitioners
and practice nurses in a rural area in the south of the Netherlands. Participants were
eligible when they were diagnosed with type 2 diabetes, had no more than 150 minutes
a week of leisure-time moderate to vigorous intensity physical activity, had a BMI > 25
and were between 18 and 80 years old. Participants who suffered from a serious diabetes
complication or other disabling co-morbidity and those who already participated in another
medical exercise program were not included. Practice nurses of participating general
practices performed the initial selection of intervention participants. A secondary selection
was based on information from baseline questionnaires and physiotherapist assessments.
Potential control group participants received a questionnaire when they were diagnosed
with type 2 diabetes and were between 18 and 80 years old. Further eligibility was checked
based on their baseline questionnaire.
Allocation procedure
Intervention participants were recruited in seven areas, each with a physiotherapy practice.
Usual care control group participants were recruited in another, larger, area.
Intervention participants were allocated to one of two exercise programs; an advice
program or an intensive program, based on their score on the Exercise Self-efficacy Scale21,22
at baseline. Participants with a mean score ≤40 were allocated to the intensive program,
those with a mean score between 41 and 100 were allocated to the advice program. All
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participants received usual diabetes care, which among other things includes a consult with
a practice nurse four times a year.
Intervention
The advice program consisted of five individual consultations with a physiotherapist. During
the first consultation, information about ‘Diabetes and exercise’ and the exercise program
was provided, the current physical condition of the participant was assessed and the goals
and exercise preferences of the participant were discussed. Subsequently, an individually
tailored exercise plan was drafted containing a combination of aerobic and resistance
exercise, replenished by balance and flexibility drills, with the aim of exercising at least three
hours a week, with a gradual increase in intensity, difficulty and duration. In consultations
after 4, 12, 24, and 36 weeks, progression was assessed and evaluated. Possible barriers to
exercise and their conceivable solutions, relapse prevention and continuation of exercise
after the program were discussed.
Participants of the intensive program received a similar program, in addition to which they
received physiotherapist guided group training. Frequency of group trainings varied from
two times a week (week 1-8), to one time a week (week 9-16). Each training lasted one hour
comprising aerobic, resistance, balance, and flexibility drills. During these sixteen weeks, the
participants were expected to exercise self-dependently to meet the requirements of their
exercise plan. After these 16 weeks, participants were expected to follow up their exercise
plan self-dependently. All intervention participants received one group consultation with a
dietician.
Measures
A booklet of questionnaires was sent out by postal mail, along with a stamped ballot
paper envelope at baseline and after 36 weeks (end of the intervention). In addition,
intervention participants received a questionnaire 12 weeks and 24 weeks after baseline.
The booklets included questions on socio-demographic and lifestyle characteristics, type 2
diabetes treatment regimen and the Exercise Self-efficacy Scale. The booklet also included
questionnaires regarding the primary outcome physical activity, and the secondary outcomes
symptoms of depression and health status.
BMI of the control group was calculated based on self-reported length and weight in the
questionnaire. BMI of the intervention group was assessed during the first physiotherapy
consultation, which was part of the exercise intervention, using length and weight
measurements.
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Physical activity
The self-report Short Questionnaire to ASsess Health enhancing physical activity (SQUASH)
was used to measure the level of physical activity. This self-report measure proved to be
a reliable and valid measure in adults.23 Participants were asked to indicate their level of
physical activity (frequency, duration, experienced intensity) during an average week in the
past month. Activities were divided into three categories based on their metabolic equivalent
(MET, the cost of energy as a multiple of the resting metabolic rate): light (2.0 to < 4.0 METs),
moderate (4.0 to < 6.5 METs), and vigorous (≥ 6.5 METs) intensity for people aged between
18 and 55 years, and light (2.0 to < 3.0 METs), moderate (3.0 to < 5.0 METs), and vigorous
(≥ 5.0 METs) intensity for people aged 56 and older. For further analyses we summed the
minutes a week of moderate and vigorous intensity leisure-time physical activity, including
commuting activities.
Health status
Health status was assessed using the self-report Short Form Health Survey 12 (SF12). The
SF12 consists of twelve items, which can be summarized in two component summary scores,
physical health and mental health. Both component scores were calculated (ranging from 0
to 100), with a higher score representing a better health status.24
Symptoms of depression
Symptoms of depression were assessed with the self-report Patient Health Questionnaire-9
(PHQ-9). The questionnaire contains nine items derived from the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV)25, referring to the past two weeks. The
items are scored on a four point scale, ranging from 0 (not at all) to 3 (almost every day),
which are summed in order to retrieve a total score.26
Data analyses
Data were analyzed using the Social Package for Social Sciences (SPSS version 18.0, IBM,
Chicago, Illinois, USA).
Between group comparisons
For comparisons between the participants of the control group and the intervention
group, we used data from those participants who filled out both the baseline and 36week questionnaire. First, sample characteristics of both groups were examined. T-test for
independent samples, the Mann-Whitney U test and χ2 test were used to examine possible
baseline differences between intervention participants and control group participants.
ANOVA’s using change scores were used to evaluate the effects of the exercise intervention
over time compared with usual care. A p-value <0.05 was considered statistically significant.
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Cohen’s d using change scores was reported (a d of 0.2 is considered a small effect, of 0.5 a
medium effect, and of 0.8 a large effect).27
Physical activity within the intervention group
For analysis of the level of physical activity over time within the intervention group, we
used data from intervention participants who completed all four questionnaires. Friedman’s
test was used to examine the overall effect. We used Wilcoxon signed rank tests in order to
examine differences between the four measurements, applying the Bonferroni correction
(p<0.008).

Results
Recruitment and attrition
Primary selection of intervention participants
A total of 958 people with type 2 diabetes were found eligible by the practice nurse and
invited by the researcher to participate in the intervention. A total of 348 people agreed to
participate in the intervention (36%) and 610 declined (64%). Besides those who gave no
reason for their decline (20%), the main reasons to decline were the opinions that he/she
already had a sufficient level of physical activity (25%), no interest in an exercise intervention
(13%), and a lack of time (10%) (Figure 1).
Secondary selection of intervention participants
Based on baseline questionnaires and BMI assessment by the physiotherapist during the
intake consultation, it appeared that a subsample of the intervention participants did
not fulfill the inclusion criteria regarding BMI (n=30) or level of physical activity (n=219).
Therefore these participants were excluded from further analyses, as a result of which 99
participants were finally included at baseline (Figure 1).
Selection of control group participants
A total of 1038 people with type 2 diabetes were invited by the researcher to participate
in the control group. The baseline questionnaire was filled out by 364 (35%) participants.
Consecutively 310 participants were excluded for further analyses since they did not fulfill
the inclusion criteria regarding participating in another medical exercise program (n=57),
BMI (n=73), or level of physical activity (n=180). A total of 54 participants were included in
the usual care control group (Figure 1).
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Figure 1 Flow chart
Drop-outs
Of the 99 intervention participants, 54 participants dropped-out during the intervention
(reason unknown n=22; medical reason n=16; no longer interested n=3, no time: n=6,
other n=7). The drop-outs were equally spread over the intensive program (29 of 55) and
the advice program (19 of 44). Of the 45 participants who completed the intervention, 35
participants filled out the 36-week questionnaire and 29 filled out all questionnaires (Figure
1).
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Of the 54 usual care control group participants, 11 did not give permission for sending the 36week questionnaire, an additional 14 participants did not return the 36-week questionnaire
and 29 completed the 36-week questionnaire (Figure 1).
Participants who dropped out of the intervention and/or did not return the 36-week
questionnaire (n=89) had a significant (p=0.02) lower SF12 mental component score
(40.7±12.4) compared with those who completed the intervention and/or returned the 36week questionnaire (45.4±11.1). There were no statistically significant differences on any of
the other demographic, clinical, or outcome variables at baseline.
Table 1 Sample characteristics
Age: mean (SD) years

IG (n/N)

IC (n/N)

61.0 (10.5) (35)

59.9 (11.2) (29)

p-valuea
0.68

Male %

37% (13 / 35)

52% (15 / 29)

0.24

Having a partner %

86% (30 / 35)

76% (22/ 29)

0.32

46% (15 / 33)

41% (12 / 29)

0.85

Occupation
Paid employment
Retirement

36% (12 / 33)

35% (10/ 29)

Miscellaneous

18% (6 / 33)

24% (7 / 29)

18% (6 / 34)

21% (6 / 29)

Highest educational level
Primary school
Lower education

41% (14 / 34)

35% (10 / 29)

Middle education

32% (11 / 34)

28% (8 / 29)

Academic education
Smoker %
Alcohol use (>14/week) %
Years since diabetes diagnosis:
median (IQR) years
Body Mass Index:
median (IQR) kg/m2
Treatment

0.74

9% (3 / 34)

17% (5 / 29)

12% (4 / 34)

21% ( 6/ 28)

0.30

9% (3 / 33)

7% (2 / 28)

0.78

6 (4.3-9.8) (28)

4 (2.0-7.3) (26)

0.16

31.3 (27.1-35.4) (35)

30.9 (28.7-34.9) (29)

0.79

6

0.20

No treatment / Diet

13% (3 / 24)

31% (8 / 26)

Tablets

75% (18/ 24)

46% (12 / 26)

Insulin

4% (1 / 24)

3% (1 / 26)

Tablets and insulin

8% (2 / 24)

17% (5 / 26)

a
Intervention group compared with control group.
χ2-test for categorical variables, T-test or Mann-Whitney U test for continuous variables
Abbreviations: IG: intervention group; CG: control group; IQR: Interquartile range.
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Between group comparisons
Primary outcome; physical activity
There were no statistically significant differences between the intervention group (n=35)
and the control group (n=29) at baseline on the demographic, clinical (Table 1), or outcome
variables.
As did the intervention group (p<0.001), also the usual care group (p=0.005) showed a
significant increase in physical activity at 36-weeks compared with baseline. ANOVA analysis
showed no significant difference (p=0.32) between the two groups concerning physical
activity over time. The effect of the exercise intervention was small (d=0.26) (Table 2).
Table 2 Median (inter quartile range) scores and between group comparisons

Measure
Min/wk physical
activity (SQUASH)
Symptoms of
depression (PHQ-9)
Physical component
score (SF12)
Mental component
score (SF12)

Group

n

Baseline
median (IQR)

36 weeks
median (IQR)

IG

35

60 (0-120)

180 (60-345)*

CG

29

60 (0-120)

105 (25-240)*

IG

33

5 (1.5-6.5)

4 (1-7.5)

CG

28

3 (1.3-6.8)

3 (0.3-6.8)

IG

30

45.0 (38.1-50.0)

51.3 (39.9-55.2)*

CG

26

41.3 (34.3-51.3)

45.1 (37.1-53.6)*

IG

30

46.8 (37.8-53.6)

49.0 (31.9-53.7)

CG

26

48.4 (40.3-56.3)

51.2 (40.9-56.3)

ANOVA with
change scores

Effect
size a

F

p-value

1.0

0.32

0.26

<0.01

0.99

0.003

0.38

0.54

0.16

0.09

0.77

0.08

Cohen’s d of change scores
*Effect of time within group p<0.05
Abbreviations: IG: intervention group; CG: control group; IQR: Interquartile range; SQUASH: Short Questionnaire
to ASsess Health enhancing physical activity; PHQ-9: Patient Health Questionnaire-9; SF12: Short Form Health
Survey 12.

a

Secondary outcomes; health status and symptoms of depression
The SF12 physical component score significantly increased in both the intervention group
(p=0.01) and the control group (p=0.03) at 36-weeks compared with baseline, but this was
not the case for the other secondary outcomes at 36-weeks. ANOVA analyses showed that
there were no significant differences between the intervention group and the control group
over time concerning PHQ-9 scores (p=0.99, d=0.003), the SF-12 physical component scores
(p=0.54, d=0.16), and the SF12 mental component scores (p=0.77, d=0.8) (Table 2).
Physical activity within the intervention group
Intervention participants who completed all four questionnaires (n=29) showed a significant
change of minutes a week of physical activity over time (χ2(3)=26.1, p<0.001). At baseline
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the median (Inter Quartile Range [IQR]) minutes a week of physical activity was 60 (15-120).
Compared with baseline, minutes a week of physical activity were significantly increased at
12-weeks (300 (120-585), p <0.001), 24-weeks (210 (90-375), p=0.001), and 36-weeks (180
(60-338), p<0.001). Although at 24-weeks and at 36-weeks the minutes a week of physical
activity were significantly lower compared with 12-weeks (both p=0.02) at the p<0.05
level, after applying the Bonferonni correction this should not be considered statistically
significant. There was no significant difference between the level of physical activity at
24-weeks and the level of physical activity at 36-weeks (p=0.3) (Figure 2).

Figure 2 Level of physical activity (median) of intervention participants (n=29)
*p <0.008, when compared with baseline
#
p between 0.008 and 0.05, when compared with 12-weeks.

6

Discussion
This study aimed to evaluate an individually tailored exercise intervention for people with
type 2 diabetes treated in Dutch primary care. Participants who completed the intervention
showed an increase in physical activity over time. There was however no significant
difference between the participants of the intervention and those in the usual care group
at 36-weeks. In addition, there were no significant differences between the intervention
and usual care regarding effects on the secondary outcomes symptoms of depression and
health status.
A recent meta-analysis of seventeen RCTs showed that behavioral interventions have the
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potential to increase physical activity.16 This is in line with our finding of an increase in
physical activity in intervention participants on all three measurement points compared with
baseline. However, we found no significant difference when the intervention participants
were compared with usual care participants (at 36-weeks). This absence of difference
between the intervention and usual care group was also shown in a recent non-randomized
life style intervention (including a physical activity program and dietary advice) in people
with (pre) diabetes treated in Dutch primary care.28 Part of the explanation for this lack
of a significant difference in our study is that the usual care group showed an increase in
physical activity from baseline to 36-weeks. This increase in physical activity in the control
group was also shown in a large trial (n=606) by Balducci et al. 29 examining the effects of
an intensive exercise intervention in people with type 2 diabetes, although they did find a
significant difference between the intervention and usual care.29 This surprising increase in
physical activity in the control group might be the result of usual care, but might also be the
result of a seasonal effect; an increase in leisure-time energy expenditure during spring and
summer.30 While intervention participants were included year-round in the current study,
control-group participants were not. Due to time constraints all participants of the control
group filled out the baseline questionnaire in winter and the follow-up questionnaire at the
end of summer.
Although we did find a significant increase in physical activity in the intervention group,
we found no significant difference between the intervention and usual care participants
over time. The calculated minimum of participants that needed to be included to detect a
significant difference in the level of physical activity between the intervention and control
group was 94 in the intervention group and 142 in the control group.20 However, a relatively
large number of participants had to be excluded and the drop-out rate was higher than
expected in the intervention group (54%). In a recent meta-analysis on the effects of physical
activity behavior interventions in type 2 diabetes, attrition rates ranged from <1% to 37%.16
One explanation for our relatively high drop-out rate might be that we were rather strict;
participants were not allowed to skip any of the individual physiotherapy consultations.
Therefore, we might have faced a lack of power to detect a significant difference between
the intervention and usual care group with regard to physical activity.
We found no significant differences between the intervention and usual care regarding the
effect on health status. This finding is in line with two trials that also did not find significant
differences in health status between combined training and usual care.31,32 In the trial by
Balducci et al.29,33 a significant effect of a combined exercise intervention compared with
usual care was found on both the physical and mental component scale of the SF36.29,33
Contrary to our study, this large intervention resulted in a significant increase in physical
activity compared with usual care,29 which might explain the divergence of results. Worth
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mentioning is that in this study by Balducci et al.29 the significant difference between the
intervention and control group concerning physical component scores partly resulted from
a worsened score in their control group.29 In the current study, both the intervention group
and control group showed an increase in the physical component score from baseline to
36-weeks.
There were no improvements of depression scores in both the intervention and control
group. This might be due to a floor-effect, which occurs when there is little room for
improvement due to low scores at baseline. We know of one trial examining the effects
of resistance exercise in people with type 2 diabetes, that did find a positive effect on
symptoms of depression. They reported, however, that 52% of their participants had levels
of clinically relevant symptoms of depression at baseline.34
Our study has several limitations. The current study was designed as a controlled clinical trial
rather than as a randomized controlled trial. This could have led to bias since control group
participants where only asked to fill-out a questionnaire, while intervention participants
had to agree to participate in a more demanding exercise intervention. However, we
expect no major differences between people with type 2 diabetes living in the intervention
recruitment regions and those living in the control group recruitment region. In addition
no baseline differences where found between the two groups. Furthermore, all outcomes
were self-reported. Self-reported physical activity might lead to an overestimation of levels
of physical activity and different physical activity patterns compared with more objective
estimates,35 despite the finding that the used physical activity questionnaire shows moderate
correlations with objective accelerometer measures.23 The possibility to extrapolate our
findings to other patient settings, is limited since this trial was conducted in rural, southern
areas of the Netherlands in a primary care setting.
Part of the individually tailored approach in the current study was the use of level of exercise
self-efficacy. Due to the design of the study we were not able to quantify whether the
assignment of participants to the advice or the intensive program was optimal. Moreover,
although exercise self-efficacy is an important predictor of physical activity over time,19 we
did not use information on other predictors such as motivation.36 Because of the complexity
of physical activity behavior, more research is needed to discover the possibilities of
assigning people with type 2 diabetes to the most optimal exercise intervention in terms
of benefits for the participant and health care costs. Keeping a balance between feasibility
and the individual tailoring of an intervention is essential for subsequent successful
implementation in daily practice. With diabetes care costing 1.4% of total health care costs
in 2007 in the Netherlands 37 and the increasing number of people with type 2 diabetes
38
there is a pressing need to further improve interventions aiming to improve life style,
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including physical activity, in people with type 2 diabetes.
In conclusion, people with type 2 diabetes participating in an individually tailored exercise
intervention increased their level of physical activity over time. Despite the small effect
of the intervention, we found no significant differences between the participants of the
exercise intervention and usual care regarding the level of physical activity. We also found
no effect of the intervention on symptoms of depression and health status compared with
usual care. Further research is needed to individually tailor exercise programs and improve
physical activity behavior in people with type 2 diabetes treated in primary care.
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Main results and conclusions
Type 2 diabetes is often accompanied by (symptoms of) depression.1 Depression is in turn
associated with lower levels of physical activity in people with type 2 diabetes.2,3 Though
depression is a rather heterogeneous syndrome, little is known about the associations
between each specific symptom of depression and the level of physical activity in people
with type 2 diabetes. In chapter 2 we therefore explored the associations between
physical activity and depression at an individual symptom level. We used cross-sectional
data of 682 people with type 2 diabetes of whom 41% reported at least one symptom of
depression (measured with the self-report 9-item Patient Health Questionnaire, PHQ-9).
‘Sleeping problems’ appeared to be the most prevalent symptom (23%) in this sample.
Ordinal regression analyses showed that after adjustment for age, sex, having a partner and
educational level, particularly the symptoms ‘fatigue’ (OR 0.5, 95% CI 0.3-0.7) and ‘lack of
interest’ (anhedonia, OR 0.5, 95% CI 0.3-0.8) were associated with a lower level of physical
activity. At a 90%-significance level also the symptoms ‘suicidal ideation’ (OR 0.5, 95% CI 0.31.02) and ‘appetite problems’ (OR 0.7, 95% CI 0.4-1.03) were associated with a lower level
of physical activity. This study therefore underlined that depression as a syndrome should
be regarded as a heterogeneous construct and that the individual symptoms of depression
have different associations with levels of physical activity.
So far, systematic reviews and meta-analyses regarding the effects of physical activity in
type 2 diabetes have mainly focused on biomedical outcomes.4-7 However, type 2 diabetes
is also associated with for example elevated levels of symptoms of depression,1,8 a poor
quality of life,9 and an increased prevalence of general anxiety disorder.10 In chapter
3 we therefore conducted a systematic review of the literature in order to investigate
whether exercise interventions have an effect on psychological outcomes in people with
type 2 diabetes. Included were randomized controlled trials of at least 4 weeks duration,
that evaluated the effect of exercise training on quality of life, symptoms of depression,
symptoms of anxiety, and/or emotional well-being, compared with usual care in people with
type 2 diabetes. Twenty studies were included with a total sample size of 1,719. The designs
of the interventions were rather heterogeneous, therefore we decided that data pooling
using meta-analysis was not possible. Exercise frequencies varied between once a week
to at least five times a week and session durations varied between 10 and 60 minutes. The
exercise program duration varied between 6 weeks and 12 months. Ten studies examined
the effect of aerobic training, which did not seem to have positive effects on quality of life
or symptoms of depression, but a positive effect was found on anxiety, although this was
measured in only one study. Effects on emotional well-being were mixed. The effects of
resistance training were examined in five studies. Effects on quality of life and well-being
appeared to be mixed. Resistance training reduced symptoms of depression, yet this was
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assessed in only one study. Ten studies evaluated combined training and found mixed
effects on quality of life but no effects on symptoms of depression or emotional well-being.
We concluded that the effects of exercise training on psychological outcomes in people with
type 2 diabetes are conflicting and that there is a need for further high-quality randomized
controlled trials in order to gain greater insight into the role of exercise training in people
with type 2 diabetes.
‘Exercise self-efficacy’ is believed to be predictive of the initiation and maintenance of
exercise over time,11 and this construct can be measured by means of the 18-item Exercise
Self-efficacy Scale developed by Bandura.12 In chapter 4 the psychometric properties of this
scale were evaluated in 255 people with type 2 diabetes. None of the 18 items showed
floor or ceiling effects. The exploratory factor analysis suggested that the scale had one
underlying factor. Moreover, it had a good internal consistency (α=0.95). However, this
one-factor model had an inadequate fit when it was evaluated with confirmatory factor
analysis, as did the three-factor model that was suggested by Noroozi et al.13 We therefore
developed a shortened Exercise Self-efficacy Scale using Mokken scale analysis. The
resulting 13-item scale had an adequate structural validity (one-factor) with an adequate
fit when examined with confirmatory factor analysis (χ2 (df) = 137.2 (62), p < 0.001, RMSEA
= 0.069 (0.053-0.085), CFI = 0.97 and TLI = 0.96). Moreover, the 13-item scale had a good
internal consistency (α=0.95). Both the 18-item and 13-item Exercise Self-efficacy Scale
were significantly associated with physical activity (r 0.15 to 0.23). We concluded that the
13-item Exercise Self-efficacy Scale had sound psychometric properties and could be useful
in research on physical activity in people with type 2 diabetes.
Achieving and/or maintaining an appropriate level of exercise is an important goal in diabetes
management.14 However, it is estimated that only 30-40% of the people with type 2 diabetes
are sufficiently active.15,16 Chapter 5 therefore described the design of an individually tailored
exercise intervention. The study was designed as a non-randomized controlled clinical trial,
that compared the effect of an individually tailored exercise intervention for people with
type 2 diabetes who are treated in Dutch primary care, had a low level of physical activity
and a Body Mass Index ≥25, with a control group that received usual care. We used exercise
self-efficacy scores to allocate participants of the intervention to either the lower-intensity
advice program or to the intensive program. The aim of the study was to increase the level
of physical activity of the participants. All intervention participants received five individual
consultations with a physiotherapist within 36 weeks. Participants of the intensive program
additionally participated in 24 physiotherapist guided group trainings in the first 16 weeks
of the intervention.
In chapter 6 the effects of this exercise intervention were presented. A total of 99 participants
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were included in the intervention of whom 45 completed the intervention. 54 participants
were included in the control group. Participants of the intervention who completed the
intervention and filled out all questionnaires (n=29), significantly increased their selfreported minutes a week of moderate to vigorous intensity leisure-time physical activity over
time (assessed at 12-weeks, 24-weeks and 36-weeks) compared with baseline (p<0.001).
When participants of the intervention group who completed the 36-weeks questionnaire
(n=35, median (IQR): baseline 60 (0-120), 36-weeks 180 (60-345)) were compared with
participants who received usual care and completed the 36-weeks questionnaire (n=29, 60
(0-120) and 105 (25-240), respectively), there were no significant differences with regard to
physical activity. Moreover, the effect of the intervention was small (d 0.26). No significant
differences between the intervention and the usual care group were found regarding the
secondary outcomes symptoms of depression and health status.

Methodological considerations
Design
Both in chapter 2 and 4, cross-sectional data were used. As a result, no conclusions regarding
causality could be inferred in chapter 2 concerning the relationship between specific
symptoms of depression and physical activity. However, despite its exploratory character
we were able to show that a possible association between physical activity and depression
differed between the individual symptoms of depression. In chapter 4, no test-retest
reliability analysis could be done with regard to the psychometric properties of the Exercise
Self-efficacy Scale. In addition, all psychometric analyses in chapter 4 were performed in the
same sample, while this should ideally be carried out in independent datasets. Yet, although
further analysis preferentially should be done to confirm our results, the shortened (13item) Exercise Self-efficacy Scale showed good psychometric properties.
In chapter 3 we performed a systematic review of the literature. It was decided that statistical
pooling by means of a meta-analysis was not feasible since the studies were heterogeneous
and the number of included studies was relatively low. The division of the interventions into
three modes of exercise (aerobic, resistance and combined exercise) allowed us, however,
to make some comparisons between interventions.
Although a randomized controlled trial is in general considered to be the best design to
evaluate an intervention, the study in which we examined the exercise intervention (chapter
5 and 6) was designed as a controlled clinical trial. An advantage of this design was that all
eligible participants in a particular intervention recruitment region were assigned to the
intervention, which facilitated the formation of exercise groups. Moreover, randomization
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can lead to a lower participation rate, since people might not be willing to take the risk to
be allocated to a usual care control group. Though, this lack of randomization could have
led to sampling bias. Although we cannot exclude unmeasured confounding, no baseline
differences were found between the intervention and the usual care control group. In
addition, we presumably suffered from a lack of power in chapter 6 to identify significant
differences between the intervention group and the usual care group. Despite this, we were
able to show a significant increase in physical activity in the intervention group on all time
points.
Measures
The lack of a standardized method to monitor physical activity 17 that balances between
practical use and reliability is a point of concern. For practical reasons we chose to measure
physical activity by means of a self-report questionnaire. Opposed to more objective measures
of physical activity such as an accelerometer, a self-report measure is more susceptible to
several forms of bias. The questionnaire used in this thesis (the Short Questionnaire to
ASsess Health enhancing physical activity, SQUASH 18) might suffer from recall bias,19 since it
refers to physical activity in a regular week in the past month. Self-reported physical activity
also tends to result in an overestimation of levels of physical activity and different physical
activity patterns compared with more objective estimates.20 However, the SQUASH showed
moderate correlations with accelerometer data.18
Another limitation is the way we performed analyses with the variable physical activity in
chapter 2 and 4. We used categories of minutes a week of physical activity instead of using
it (solely) as a continuous scale. This has resulted in a loss of information. However, the
international guideline of 150 minutes a week 21 was taken into account when creating the
categories.
We chose to use leisure-time physical activity instead of the total amount of physical
activity in chapter 2 and 6. As a consequence we eliminated household and occupational
physical activity. We did this assuming that leisure-time physical activity is more receptive
to change than household and occupational physical activity. Moreover, it appears that
the domains household and occupational physical activity are more sensitive to generate
an overestimation of physical activity compared with leisure-time physical activity, when
measured with a self-report questionnaire.19
A diagnostic interview is indispensable when diagnosing a major depressive disorder. This is
however a time-consuming and expensive method. As was done by the studies included in
the systematic review (chapter 3), we therefore used a self-report questionnaire to measure
symptoms of depression (9-item Patient Health Questionnaire, PHQ-9,22 chapter 2 and 6).
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The PHQ-9 scores all nine symptoms of depression according to the Diagnostic and Statistical
Manual, fourth edition (DSM-IV).23 Though, when using this questionnaire we did not take
into account that some participants might have scored high on the questionnaire, but did
not have one of the core symptoms of depression i.e. “lack of interest” and “a depressed
mood”. If not, participants might suffer from a condition other than a depressive disorder
resulting in a high score on the questionnaire. Moreover, three questions of the PHQ-9 are
double barreled. However, in people with diabetes treated in primary care the PHQ-9 with
the cut-off value ≥7 had a high sensitivity for major depression (91%), suggesting that this
scale accurately reflects the presence of depression.24
Sample
The focus of this thesis -with exception of the systematic review in chapter 3- is on people
with type 2 diabetes living in southern, rural areas of the Netherlands. This makes it difficult
to generalize the findings to the entire type 2 diabetes population, especially those living in
large cities. Also, most of the people with type 2 diabetes that are treated in Dutch primary
care are people with uncomplicated diabetes. It is only when difficulties occur for example
concerning glycemic control 25 that patients are referred to secondary care. As a result, our
findings can also not be generalized to secondary diabetes care settings.

Practical and clinical implications
Based on the research in this thesis and currently available literature, some recommendations
can be made for practical and clinical purposes.
The use of exercise interventions to improve psychological outcomes
It was shown in previous research that exercise interventions have a positive influence on
biomedical outcomes.4-7 However, the results of the systematic review (chapter 3) and exercise
intervention (chapter 6) show that the effects of exercise interventions on psychological
outcomes in people with type 2 diabetes are less obvious. These conflicting results and
sometimes even absence of positive results are not in line with cross-sectional findings in
people with type 2 diabetes, suggesting that higher levels of physical activity are for example
associated with a better quality of life 26-28 and less symptoms of depression 2,3 which was
also shown in chapter 2. In addition, the results of chapter 3 and 6 are in contradiction
to earlier reported positive effects of exercise interventions, such as an improvement of
quality of life in both healthy and rehabilitation groups,29 reduction of depression severity
in depressed elderly 30 and improvement of depressive symptoms in depressed adults.31
However, having poor psychological functioning at baseline was not an inclusion criterion
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in the studies included in the review or in the exercise intervention evaluated in this thesis.
The current existing studies examining the effects of exercise interventions on psychological
outcomes in people with type 2 diabetes are also (very) limited in number (in particular
those concerning symptoms of anxiety, symptoms of depression and emotional well-being)
and heterogeneous. It is therefore premature to draw conclusions whether it is beneficial
to offer an exercise intervention when specifically aiming to improve these outcomes or
whether exercise interventions might be beneficial for, for example, only clinical levels of
psychological co-morbidity in people with type 2 diabetes.
Measuring and using exercise self-efficacy
We used the median score on the 18-item Exercise Self-efficacy Scale to assign participants
to one of the two exercise programs in our intervention (chapter 5 and 6). Due to the design
of the study we were not able to quantify whether this assignment of participants to the
advice or the intensive program was optimal. We cannot rule out that participants would
have performed better or worse when they were assigned to the other program or whether
other cut-offs of the Exercise Self-efficacy Scale should have been used. Therefore, more
research is needed before the Exercise Self-Efficacy Scale can be used in daily practice
with the aim to assign participants to an exercise program. Moreover, we shortened the
18-item Exercise Self-Efficacy Scale to a 13-item version since the structural validity of the
18-item questionnaire appeared to be suboptimal (chapter 4). Although the psychometric
properties of the 13-item version need to be examined and confirmed in other samples, we
recommend the use of the 13-item version for further scientific research in people with type
2 diabetes treated in primary care.
Long-term adherence
Although we did find an increase in physical activity within the intervention group over
time (chapter 6), we also faced a high attrition rate (55%) in the intervention group. This
attrition was relatively high when compared with attrition rates reported in a recent metaanalysis on the effects of physical activity behavior interventions in type 2 diabetes (<1% up
to 37%).17 This is an illustration of the ongoing problems with long-term adherence to an
appropriate level of physical activity.32
In the general population it was shown that initiatives to increase social support for physical
activity within communities and neighborhoods are successful in improving the level of
physical activity.33 One of the preconditions for a preservation of long-term adherence
and successful implementation of exercise interventions in usual diabetes care might
therefore be to improve the transition of participants from an exercise program to local
exercise initiatives and sports clubs. This requires collaboration between primary care and
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communities/local sports clubs, and the knowledge and equipment of local sports clubs to
guide people with type 2 diabetes.

Future directions
With this thesis more insight is gained in the relationship between physical activity/exercise
and psychological factors in people with type 2 diabetes. Furthermore, the effectiveness
of an individually tailored exercise intervention in people with type 2 diabetes treated in
Dutch primary care was evaluated. However, it has also become clear that there are some
distinct gaps in current literature and that there are some possibly valuable lines of research
to follow-up.
The relationship between psychological factors and physical activity
As noted before, research into the effects of different exercise interventions on psychological
outcomes is limited (especially concerning symptoms of depression, symptoms of anxiety
and emotional well-being) and inconclusive. As a result, no clear answer can be given whether
specific components of exercise interventions have resulted in substantial improvements
of psychological outcomes in some of the existing studies. Even more, poor psychological
functioning was usually not an inclusion criterion in the existing studies, including the
exercise intervention evaluated in this thesis. In order to further explore the possibilities of
using exercise interventions to benefit psychological outcomes, more research is therefore
warranted taking these limitations into consideration. Within this research area, two specific
points of interest are the heterogeneity of some psychological constructs and the difference
between generic measures and diabetes specific psychological measures.
Heterogeneity of constructs
The terms quality of life, health related quality of life and health status are frequently used
interchangeably, while there are some clear distinctions regarding the domains to which
they relate and whether or not they take the person’s evaluation of his/her own functioning
into account.34 In order to enhance the comparability of results across studies, future
research should use these terms in a more consistent way.
Depression is also a very heterogeneous construct and the specific cluster of symptoms
of depression can even vary widely between people diagnosed with a major depressive
disorder. However, only a few studies so far examined (clusters of) symptoms of depression
separately.35-38 Moreover, to the best of our knowledge we were the first to show that in
people with type 2 diabetes some symptoms of depression were associated with a lower
level of physical activity, while others were not. It might therefore be interesting and clinically
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relevant to examine whether there are specific symptoms of depression that can be affected
by exercise interventions, while others might be less receptive to change.
Generic versus diabetes specific psychological measures
Of the included studies in the systematic review in chapter 3 only one used a diabetes
specific questionnaire 39 and no such diabetes specific questionnaire was used in our
exercise intervention (chapter 5 and 6). However, people with type 2 diabetes might face
specific diabetes related problems 40 that might not be adequately captured by generic
measures. Several studies have already shown that generic and diabetes specific measures
of quality of life,41 and generic depression measures and diabetes distress measures 42 are
differently related to for example HbA1c. It has also been suggested that generic depression
scales and measures of diabetes distress differ in the way they are related to the level of
physical activity.43 Therefore, we urge to use both generic and diabetes specific measures
when examining the effects of exercise interventions on psychological outcomes in people
with type 2 diabetes.
Improving the level of physical activity
The latest position statement of the American Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD), is a plea for a patient-centered approach in
the management of hyperglycemia in type 2 diabetes.14 In this statement physical activity
is considered as one of the cornerstones of type 2 diabetes management which should
be promoted as much as possible. However, despite their recommendation that highly
motivated patients with fairly good glycemic control should be given the opportunity to
engage in physical activity for six months before embarking on oral agents, no further
recommendation is given on how to do this and how to personalize physical activity
promotion.14 This is despite the advice that was given in several reviews to personalize
an exercise program in order to increase the success rate.44,45 In the exercise intervention
examined in this thesis (chapter 5 and 6) we took the physical activity preferences (e.g.
walking or cycling) and physical fitness of the participant into account when drafting an
individually tailored exercise plan. Moreover, we used the level of exercise self-efficacy to
assign participants to an advice program or an intensive program. However, physical activity
behavior is a complex behavior and depends on many factors other than exercise selfefficacy,46,47 such as motivation.48 More research is therefore needed in order to examine
how to further optimize exercise interventions for different groups of participants and assign
participants to a suitable exercise intervention, for example by creating participant profiles.
Since the prevalence of type 2 diabetes among adolescents is increasing 49 and the use
of internet is increasing among elderly,50 internet-based exercise programs might be a
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valuable addition when aiming to personalize exercise programs for people with type 2
diabetes. A recent meta-analysis of 34 studies in adults of the general population showed
that internet-delivered programs have a significantly stronger effect on improving physical
activity compared with usual care (d=0.14).51 Moreover, internet based programs are easily
accessible and might require less therapist time.
While individual tailoring of exercise interventions seems a valuable line of research,
feasibility and cost-effectiveness should always be taken into account when considering
implementing such interventions in diabetes care. Furthermore, although physical activity is
an important component of diabetes management it is only part of a larger set of self-care
behaviors with which people with type 2 diabetes are confronted such as healthy eating and
medication adherence.21 Therefore, exercise interventions for people with type 2 diabetes
should be positioned within this complex self-management regimen.

Conclusion
Many people with type 2 diabetes have a low level of physical activity, which is associated
with poor (psychological) outcomes. This thesis has amplified the knowledge on the
relationship between psychological outcomes and physical activity in people with type 2
diabetes. We found that current existing literature on the effects of exercise interventions
on psychological outcomes showed conflicting results, and we showed that the associations
between specific symptoms of depression and the level of physical activity are of variable
strength in people with type 2 diabetes. Moreover, we developed a shortened Exercise Selfefficacy Scale and presented the effects of an individually tailored exercise intervention
for people with type 2 diabetes who are treated in primary care. Yet this thesis has also
demonstrated that there are still many aspects that need -and deserve- to be examined
concerning psychological outcomes and physical activity in people with type 2 diabetes.
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Introductie
Diabetes mellitus is een veel voorkomende aandoening. In Nederland hadden in 2011 circa
882.000 mensen diabetes en verwacht wordt dat dit aantal zal stijgen naar ruim 1 miljoen
in 2030. Diabetes is een chronische ziekte waarbij het glucosegehalte in het bloed niet goed
gereguleerd wordt en er onvoldoende van het hormoon insuline aanwezig is of het lichaam
hier onvoldoende op reageert. Er zijn verschillende typen diabetes, waarvan diabetes type
2 het meest voorkomend is (ongeveer 90% van alle mensen met diabetes). Dit proefschrift
heeft betrekking op mensen met diabetes type 2. Op de lange termijn kan diabetes type
2 leiden tot complicaties, zoals hart- en vaatziekten en een verminderde werking van de
nieren. Mensen met diabetes type 2 hebben echter ook een grotere kans op psychologische
problemen, zoals depressie klachten en een verminderde kwaliteit van leven.
Een belangrijk onderdeel van de behandeling van diabetes type 2 is een gezonde leefstijl,
inclusief voldoende lichamelijke activiteit. Voldoende lichamelijke activiteit (minimaal 30
minuten per dag, op minimaal 5 dagen per week) is voor iedereen belangrijk, omdat het
allerlei gunstige effecten heeft op de gezondheid. Juist voor mensen met diabetes type 2
is voldoende lichamelijke activiteit van belang, omdat het bijvoorbeeld de regulering van
het glucosegehalte in het bloed verbetert. Bovendien gaat voldoende lichamelijke activiteit
vaak samen met minder psychologische problemen. Zo is de kans op het hebben van een
depressie lager bij mensen met diabetes type 2 wanneer ze voldoende bewegen, dan
wanneer ze dit niet doen.
Hoewel algemeen bekend is hoe belangrijk voldoende lichamelijke activiteit is, zijn helaas
nog veel mensen onvoldoende lichamelijk actief. Er wordt geschat dat van de mensen
met diabetes type 2 slechts 30-45% voldoende lichamelijke actief is. Beweegprogramma’s
kunnen mogelijk een rol spelen in het verbeteren van beweeggedrag.
Er zijn veel factoren die bepalen of iemand wel of niet voldoende lichamelijke actief is,
zoals de leeftijd en lichamelijke gezondheid. Een andere belangrijke factor is ‘exercise selfefficacy’. Exercise self-efficacy is de mate waarin mensen zichzelf in staat achten om de
dingen te doen die nodig zijn om voldoende te gaan/blijven bewegen.
Het doel van dit proefschrift is om meer inzicht te krijgen in het verband tussen lichamelijk
activiteit en psychologische factoren bij mensen met diabetes type 2. Ook vindt een evaluatie
plaats van een beweegprogramma voor mensen met diabetes type 2, dat is toegesneden op
het individu en rekening houdt met de mate van exercise self-efficacy van de deelnemers.
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Het onderzoek
Depressie kan verschillende uitingsvormen hebben. Hierdoor kan het zijn dat twee mensen
bij wie een depressie is vastgesteld, verschillende symptomen of symptoomclusters hebben.
Tot nu toe werd er vooral onderzoek gedaan naar depressie als geheel, zonder naar de
specifieke symptomen te kijken. In hoofdstuk 2 van dit proefschrift hebben we daarom
gekeken of bij mensen met diabetes type 2 lichamelijke activiteit sterker samenhangt met
bepaalde symptomen van depressie. Van de negen mogelijke symptomen van depressie
bleken vooral ‘vermoeidheid’ en een ‘gebrek aan interesse’ samen te hangen met minder
lichamelijke activiteit. In mindere mate hingen ook ‘eetproblemen’ en ‘suïcidale gedachten’
samen met minder lichamelijke activiteit. Het is daarom belangrijk om bij toekomstig
onderzoek meer rekening te houden met de verschillende symptomen van depressie en
mogelijke combinaties daarvan, en niet alleen te kijken naar depressie als geheel.
Veel van het onderzoek naar de effecten van beweegprogramma’s bij mensen met diabetes
type 2 richt zich op zaken als bloeddruk en gewicht, en minder op psychologische uitkomsten,
zoals depressie en kwaliteit van leven. Om meer informatie te krijgen over het bestaande
onderzoek naar de effecten van beweegprogramma’s op psychologische uitkomsten bij
mensen met diabetes type 2, hebben we in hoofdstuk 3 gekeken naar wat er in de literatuur
over dit onderwerp bekend is. Er bleken twintig onderzoeken te zijn die de effecten bekeken
van een beweegprogramma van minimaal vier weken op kwaliteit van leven, symptomen
van depressie, symptomen van angst en/of emotioneel welzijn bij mensen met diabetes type
2. Het effect op kwaliteit van leven werd onderzocht in 16 onderzoeken. Kwaliteit van leven
leek niet te verbeteren door duurtraining. De effecten van krachttraining of een combinatie
van kracht- en duurtraining op kwaliteit van leven waren wisselend. Slechts in één van vier
onderzoeken naar het effect van een beweegprogramma op symptomen van depressie,
leidde het beweegprogramma tot vermindering van symptomen van depressie. Ook in de
vier onderzoeken naar het effect op emotioneel welzijn waren de resultaten wisselend. In
het enige onderzoek waarin het effect werd onderzocht op symptomen van angst werd een
vermindering van de klachten gevonden. Aangezien de literatuur niet eenduidig is, is het
van belang om meer onderzoek te doen naar bijvoorbeeld de succesfactoren van sommige
beweegprogramma’s .
Exercise self-efficacy is een belangrijke factor die mede bepaalt hoe lichamelijk actief iemand
is. De mate van exercise self-efficacy kan worden gemeten met de Exercise Self-efficacy
Schaal, die bestaat uit 18 vragen. In hoofdstuk 4 hebben we -binnen een groep mensen
met diabetes type 2 die voor diabetes onder behandeling waren bij de huisarts- gekeken
wat de psychometrische eigenschappen zijn van deze vragenlijst. De analyses resulteerden
in een verkorte vragenlijst van 13 vragen. Deze 13-item vragenlijst bleek valide te zijn en
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bruikbaar voor toekomstig onderzoek bij mensen met diabetes type 2. Verder onderzoek is
echter wel wenselijk om de psychometrische eigenschappen van deze 13-item vragenlijst te
bevestigen.
Aangezien nog veel mensen met diabetes type 2 onvoldoende lichamelijke actief zijn,
hebben we een beweegprogramma ontwikkeld, uitgevoerd en het effect ervan onderzocht.
In hoofdstuk 5 werd de opzet van het beweegprogramma beschreven. Mensen met
diabetes type 2 die voor diabetes werden behandeld door de huisarts, die onvoldoende
lichamelijke actief waren, maximaal 80 jaar oud waren en overgewicht hadden, namen
deel aan het beweegprogramma of aan de controlegroep die de gebruikelijke diabetes
zorg ontving, maar geen beweegprogramma kreeg aangeboden. Mensen die deelnamen
aan het beweegprogramma werden op basis van hun score op de Exercise Self-efficacy
Schaal ingedeeld in een intensief programma (mensen met een lage score) of een advies
programma (mensen met een hoge score). Deelnemers van zowel het intensieve als het
advies programma kregen vijf individuele consulten met een fysiotherapeut in 36 weken
tijd. Deelnemers van het intensieve programma deden daarnaast ook nog mee aan 24
groepstrainingen in de eerste 16 weken.
In hoofdstuk 6 werden de resultaten van het beweegprogramma beschreven. Deelnemers
van het beweegprogramma waren meer lichamelijk actief na 12 weken, na 24 weken en na
36 weken in vergelijking met vòòr de start van het beweegprogramma. Echter, wanneer we
de deelnemers van het beweegprogramma vergeleken met mensen in de controlegroep,
bleken er geen verschillen te zitten in de verandering in lichamelijke activiteit na 36 weken.
Er waren ook geen verschillen tussen de deelnemers van het beweegprogramma en de
controlegroep na 36 weken wat betreft gezondheidstoestand en symptomen van depressie.

Discussie
Er zijn veel verschillen tussen de bestaande onderzoeken -inclusief het onderzoek in
dit proefschrift- naar het effect van lichamelijke activiteit en beweegprogramma’s op
psychologische uitkomsten bij mensen met diabetes type 2. Er bestaan bijvoorbeeld
verschillen wat betreft de selectie van deelnemers en inhoud van de beweegprogramma’s.
Dit is mogelijk één van de oorzaken voor de wisselende resultaten en het is daarom van
belang om nog meer onderzoek te doen naar de verschillende beweegprogramma’s.
Hierbij is het belangrijk om rekening te houden met de diversiteit van constructen (zoals de
verschillende symptomen van depressie) en het verschil tussen generieke meetinstrumenten
en meetinstrumenten die speciaal zijn ontwikkeld voor mensen met diabetes type 2. Met
het oog op het bewerkstelligen van een blijvende gedragsverandering is het bovendien
belangrijk om verder onderzoek te doen naar het creëren van deelnemer-specifieke
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profielen (bijvoorbeeld door niet alleen naar ‘exercise self-efficacy’ te kijken, maar ook naar
motivatie) om zo mensen het juiste beweegprogramma te kunnen aanbieden. Ook is het
interessant om de mogelijkheden van internetinterventies te onderzoeken. Hierbij moet
niet vergeten worden dat voldoende lichamelijke activiteit slechts een onderdeel is van het
complexe zelfmanagement waar mensen met diabetes type 2 mee te maken hebben. Ook
een samenwerking tussen eerstelijns zorgverleners en de lokale gemeenschap kan mogelijk
verdere doorstroming van deelnemers aan beweegprogramma’s naar lokale sport- en
beweegclubs bevorderen.
Dit proefschrift heeft de kennis over de relatie tussen lichamelijke activiteit en psychologische
factoren bij mensen met diabetes type 2 verder vergroot. Het heeft echter ook laten zien dat
er nog veel aspecten zijn rond lichamelijke activiteit, psychologische factoren en diabetes
type 2 die nader onderzoek verdienen.
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De afgelopen vier jaar zijn voorbij gevlogen. Tegelijkertijd lijkt het al weer zo lang geleden
dat ik onzeker het universiteitsterrein op liep voor het sollicitatie gesprek en me afvroeg hoe
het zou zijn om op de universiteit werken en een proefschrift te schrijven. Nu weet ik het:
ik heb ontzettend veel geleerd, veel leuke en soms lastige momenten gehad en uiteindelijk
ben ik de trotse eigenaar van dit proefschrift. Dat was me niet gelukt zonder de hulp van
heel veel mensen die ik graag wil bedanken. Want het is waar, een cliché is niet voor niets
een cliché: Promoveren doe je niet alleen.
Allereerst mijn dank aan mijn twee promotoren, Professor Frans Pouwer en Professor Victor
Pop, bij wie ik de afgelopen vier jaar altijd terecht kon. Frans, ik heb bewondering voor jouw
passie voor de wetenschap. Bedankt dat je bijna iedere week de tijd nam om al wandelend
door het bos te overleggen en daarnaast altijd de deur open had voor het beantwoorden
van een ‘tussendoor-vraag’. Victor, voor jouw vermogen om praktijk en wetenschap met
elkaar te verbinden heb ik enorm veel respect, waarvan ik veel geleerd heb. Je doortastende
manier van werken heeft me vaak geholpen de afgelopen jaren. Beiden bedankt voor alle
hulp.
Ik wil graag mijn commissieleden Professor De Bie, Professor Ruige, Professor Denollet, Dr.
Geelhoed-Duijvestijn, Dr. Lucas en Dr. De Morree bedanken voor de tijd en moeite die zij
hebben genomen om dit proefschrift te beoordelen en me op 4 oktober te bevragen.
Een grote dank aan alle mensen die deel hebben genomen aan het beweegprogramma
of aan de controlegroep. Zonder hen had het beweegprogramma niet bestaan. Het
beweegprogramma had ook niet kunnen bestaan zonder de inzet van de praktijkondersteuners
en huisartsen van PoZoB en vooral niet zonder de enorme inzet van de fysiotherapeuten;
Fysio- en manuele therapie van Hoof, Fysiotherapie Praktijk Nummer 1, Fysiotherapie De
Schutboom, Fysio Maarheeze, Fysiotherapie Maas en Fysiotherapie Retera. Een speciale
dank gaat uit naar Frank Beelen die onderdeel uitmaakte van de projectgroep en mijn
houvast was op de momenten dat het de fysiotherapie betrof.
CZ wil ik bedanken voor het beschikbare stellen van de financiële middelen.
Niels van Elderen, Arnold Romeijnders en Colette Wijnands-van Gent, bedankt voor jullie
hulp in de afgelopen jaren, jullie vertrouwen in mij en dank voor de plek die ik binnen PoZoB
heb gekregen. Arnold, bedankt voor je nauwe betrokkenheid bij het beweegprogramma
en het kijkje in de keuken van de (huisartsen)zorg dat je me daarbij meer dan eens gaf.
Colette, het werken met data heb ik altijd al leuk gevonden, maar jij hebt dat vuurtje verder
aangewakkerd. In de afgelopen jaren heb ik veel van je geleerd, waarvoor dank en bovenal
“Goeie bal!”.
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Een dank ook aan mijn collega’s van de universiteit en van PoZoB. Bedankt voor alle
momenten dat ik jullie om hulp kon vragen voor bijvoorbeeld statistische vraagstukken
(Wobbe bedankt!), hulp bij het bellen van deelnemers (Mirna, bedankt dat je de laatste
loodjes van me overnam), vragenlijsten versturen, vragenlijsten invoeren en andere
Promotie-Perikelen. In het speciaal ben ik mijn vele kamergenoten en lunch-wandelaars
(Aly, Antoinette, Annelieke, Colette, Corinne, Erla, Esther, Jenny, Jolanda, Fleur, Helma,
Hetje, Giesje, Lianne, Marieke, Mariëlle, Mariska, Martha, Moniek, Noor en Olga ) dankbaar
voor alle hulp en welkome afwisselingen binnen en buiten werktijd.
Martha, een speciale dank aan jou voor je ontzettend goede hulp in de begintijd van het
beweegprogramma waar jij mede de opstart van hebt gedaan. Zonder jou had ik nooit op
die rijdende trein kunnen springen en was ik er vast ook heel vaak vanaf gevallen.
Mariska en Mariëlle, mijn fijne kamergenootjes van de ‘Mari-kamer’. Bedankt voor de
stiekeme momenten dat we heerlijk eventjes klaagden over alles wat niet goed was, om
er vervolgens toch weer de schouders onder te zetten. Bedankt ook voor jullie oneindige
gezelligheid, snoepjes en kantine bezoekjes, de leuke en leerzame gesprekken, (statistische)
hulp, en het delen van de behoefte om dicht bij de praktijk te staan.
Lianne en Giesje, mijn paranimfen, wat ben ik blij dat jullie op 4 oktober achter me zullen staan.
Giesje, bedankt voor je hulp, je luisterend oor en alle theemomentjes. In de
laatste ¾ jaar kwam ik bovendien bij jou op de kamer die je met Olga deelt. Beiden
bedankt voor deze ‘crisis-opvang’ in dat turbulente jaar waarin we alle drie ons
proefschrift moesten inleveren. En mocht je ooit nog iets willen onderzoeken
met betrekking tot diabetes in de smurfen populatie dan weet je me te vinden…
Lianne, ook jij bedankt voor je hulp en de welkome gesprekken over 1001 onderwerpen (van
katten tot het nut van een NAS en alles wat er tussen zit). Net als ik heb jij een ‘praktisch
project’ uitgevoerd, waardoor je meer dan eens een daadkrachtige oplossing of advies
had wanneer ik een ‘projectmanagent-probleem’ had. Terwijl ik dit schrijf ben je zelf je
proefschrift aan het afronden, en toch blijf je steeds aan mij vragen of je nog iets voor mijn
proefschrift kan doen. Kenmerkend en oh zo waardevol, bedankt.
Lieve vrienden en (schoon)familie. Naast werk is er ook veel vrije tijd, die ik vaak met
jullie doorbreng. Vooral de vele etentjes (de potjes Pictionary en het Great Garlic Gala zijn
legendarisch) en vele thee-momenten zijn me erg dierbaar. Ik ben heel blij dat ik zo’n fijne
groep mensen om mij heen heb. Dank jullie wel. Dorien, een speciale dank aan jou. Ik denk
dat ik mijn proefschrift sowieso wel had afgekregen, maar de enorme doos met fireballen
heeft er voor gezorgd dat daar geen twijfel meer over bestond.

138

Dankwoord

Wat is het fijn om een goede basis te hebben om altijd op te kunnen terugvallen. Yvonne
en Maarten, ook al wonen jullie iets verder weg in jullie prachtig opgeknapte huis, ik ben zo
trots als een ‘grote zus’ maar kan zijn. Lieve papa en mama, wat ben ik blij dat we zo’n fijn en
ook sterk gezin vormen. En papa, het is waar: “wij zijn nieuwsgierige mensen”, wat er mede
voor gezorgd heeft dat dit proefschrift nu bestaat.
Lieve Niels, bedankt dat je er altijd voor me bent. Je was er als het goed ging, als ik (lichtjes)
chagrijnig was en als ik een schop onder mijn kont nodig had. Wat ben ik ongelofelijk blij dat
jij altijd weer naast mij staat en hopelijk ooit naast me zit, hand in hand in het park, als we
grijs en gerimpeld zijn.

Bedankt.

Marion, juli 2013
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