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Chapter 2

CHAPTER 2

LITERATURE OVERVIEW

INTRODUCTION

Type 2 DM Mellitus (Type 2 DM) is a rapidly increasing, complex chronic and
costly disease. It is difficult to prevent, although lifestyle changes, such as,
healthy eating habits and increased physical activity, may delay its onset.
The disease has many social consequences. It affects the emotions, way of
lifestyle and the financial situation and therefore the quality of life of the
individual with diabetes.

Furthermore, Type 2 DM is associated with dysfunction and failure of various
organs, especially the cardiovascular system. Essential hypertension is
associated with diabetes and prevalence thereof can be as high as 60% in
Type 2 diabetics.®® The disease has serious long-term complications: the
development of which is unpredictable in individual patients. Retinopathy
(visual disturbances), neuropathy (neuritis, etc.), angiopathy (atherosclerosis,

vascular occlusion) and nephropathy are the most common.*

Current available therapies will not cure diabetes, but will delay or prevent the
onset of complications. While several studies have investigated exercise
interventions for African-American women with Type 2 DM, the data on

exercise interventions for South African black women are limited.

This literature review therefore, aims to investigate all the relevant information
necessary to plan an exercise intervention for black female patients with Type
2 DM in the South African context.
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This literature review is limited to the study of Type 2 DM and related
complications. Due to the many publications available in the field, only recent
randomised controlled trials and prospective observational epidemiological
studies, where physical activity was used as an intervention and which
included women in the sample, are included. Studies including only men
were reviewed to a limited extent. Furthermore, studies with participants
younger than 30 and older than 65 years were excluded.

A brief overview of the aetiology and the epidemiology of Type 2 DM will be
followed by a discussion of the possible risk and causal factors of the disease.
The review also aims to examine the evidence that is cu rrently available in the
field of preventative diabetes care, with a critical focus on physical activity and
exercise. Recent interventions regarding glycaemic control by means of
multifactorial interventions are discussed. The role of exercise and physical

activity in diabetes care is evaluated.

Keywords used for the literature search were: Type 2 DM mellitus: exercise;
haemoglobin Aic; physical activity; Africa; South Africa: health-related quality
of life; knowledge; attitudes; health beliefs and cultural aspects.

Information sources that were used for this review consisted of journal
articles, books, conference proceedings and other reports. Internet, CD-ROM
and online databases: Medline, Sabinet and African Health Anthology were
also visited. The literature review was limited to English and Afrikaans
sources, dating from 1970 to 2003.

The first objective of this literature review is to investigate the aetiology and
epidemiology of Type 2 DM. The role of physical activity and/or exercise in
the prevention and control of hyperglycaemia is examined. General
guidelines for exercise training in diabetes and hypertension are reviewed,

followed by a review of ways to change exercise behaviours.
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Cultural aspects of patients with diabetes are investigated. Finally a short
overview on the influence of diabetes care on quality of life outcomes is
provided. In order to understand the role of exercise in diabetes, the disease
itself must be understood.

PATHOGENESIS OF TYPE 2 DM

Type 2 DM is the most prevalent form of diabetes and was previously referred
to as non-insulin-dependent diabetes or adult-onset diabetes. Type 2 DM

develops gradually and mostly later in life. It affects all races, but some more
than others. *®

The specific aetiology of Type 2 DM is not known, but auto-immune
destruction of B-cells does not occur. *® It is characterised by disorders of
insulin action and insulin secretion.*’ Insulin is synthesised by the £ cells, the
predominant cells of the Islets of Langerhans. Insulin receptors are located
within the cell membrane. Insulin affects the carbohydrate, fat and protein
metabolism. The principle stimulus for insulin secretion is a rise in the plasma

glucose concentration above 4.5 millimol per litre.*®

Hyperinsulinism and impaired glucose tolerance (IGT) precede the
development of Type 2 DM. ¥ Hyperinsulinism indicates insulin resistance,
which is defined as an inappropriately high level of insulin, which is required to
maintain metabolic homeostasis.>®

Insulin resistance shows familial aggregation and is associated with both
obesity and physical inactivity. It precedes the development of IGT in many
populations. As insulin resistance worsens, glucose tolerance deteriorates
and IGT eventually occurs. The insulin level is increased in response to
increasing intracellular insulin resistance. The circulating glucose levels

increase, which results in further increases in insulin levels, 373
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Type 2 DM develops when the g-cells fail to sense and respond normally to
hyperglycaemia. When the g-cells no longer maintain a sufficiently high rate
of insulin secretion to offset the insulin resistance, increased hepatic glucose
output occurs. This is a direct result of insulin deficiency. Fasting

hyperglycaemia develops as a result and Type 2 DM ensues. ¥

Complications of Type 2 DM primarily affect the vascular system and lead to
coronary heart disease, renal disease and failure, retinopathy and blindness.
Other complications are peripheral vascular disease, neuropathy and

amputation. %37

These complications contribute to an increase in direct economic costs for
treatment of the disease and indirect economic costs of morbidity, disability

and premature mortality. '

The increasing cost of diabetes care directly
influences the limited public health resources in South Africa. Primary
prevention of the disease or effective management of the disease can,
however, reduce the burden of diabetes. '* It is therefore important to know

the prevalence and incidence of the disease in South Africa.

EPIDEMIOLOGY OF TYPE 2 DM

The incidence data on Type 2 DM are scarce and therefore, prevalence data
must be used to describe the occurrence of the disease in human
populations.  The diversity in the development of diabetes between
populations and the high number of undiagnosed cases makes it difficult to
estimate the total number of persons living with the disease. ?

PREVALENCE
King et al ' estimated that between 1995 and 2025 there will be a 27%

increase in the worldwide prevalence of adult diabetes in developed countries.

For the developing countries, this percentage will be 48%.
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It is furthermore, estimated that 75% of all people with diabetes will be in the
developing countries by 2025. For sub-Saharan Africa the greatest numbers
and the greatest prevalence increase are in the age groups 20 to 44 and 45 to
65 years respectively.

It is estimated that 588 000 urban people in South Africa will have diabetes of
whom 282 000 will be female. These figures are, however, based on many
extrapolations world-wide due to lack of suitable survey data, especially in the

sub-Saharan African countries and more specifically South Africa.

PREVALENCE IN SOUTH AFRICA

To date few epidemiological studies based on World Health Organisation
(WHO) criteria and methodology have been carried out in Africa. Therefore

evidence for the prevalence of diabetes is sparse.***'

A recent 10-year prospective population study on the incidence of Type 2 DM
in South African Indians has shown an increased incidence of the disease.*?
However data on the African population is scarce and dates back to the
1990's with reported prevalence rates of 5% to 8%.° Motala,*® is of the
opinion that the moderate—to-high prevalence of impaired glucose tolerance,
especially in those populations with a low prevalence of Type 2 DM, is a
possible indicator of the early stage of a diabetes epidemic.

PREVALENCE IN WOMEN

Omar et al * furthermore, reported that it would appear that increases in body
mass index and obesity constitute important risk factors in the emergence of
diabetes among black women. Skene and co-workers ** conducted an
epidemiological study of 299 black patients attending the Garankuwa Diabetic
Clinic to establish a management baseline and identify specific problem
areas. Their results revealed female predominance in diabetes, problems
with control of overweight patients, a high incidence of hypertension and a low
percentage of patients being controlled by diet only.
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Levitt et al*®

also investigated the prevalence of Type 2 DM and its risk factors
in a South African working class peri-urban community. The sample
consisted of 974 participants of whom 56% was women and 27.9% of the

women fell into the age group 45 to 64 years.

They reported that the total energy expenditure was lower at all ages in the
women compared to the men, with the highest prevalence of low activity
levels occurring between the ages of 15 to 24 years and after the age of 55
years. The prevalence of Type 2 DM was 8.1% in the women, with a higher
prevalence amongst the more inactive women. Type 2 DM also occurred

more frequently in women with prior gestational diabetes mellitus. 44’

RISK FACTORS

Incidence studies also provide important data for identifying risk factors and
possible causes for the disease. Our current understanding is therefore, that
Type 2 DM probably results from an interaction of genetic and environmental

factors.

While a genetic link is most likely a forerunner to the disease a number of
environmental factors and lifestyle behaviours, including obesity, lack of

physical activity and diet also influence the development of the disease. 22

Increased obesity and reduced physical activity contribute to insulin
resistance, which appears to be a critical component in the pathogenesis of
Type 2 DM.*" Cross-sectional studies in several ethnic groups have shown
that the prevalence of diabetes in physically-inactive individuals are two to
three times higher than among physically-active people in the same
population.”® The frequency of the disease however varies in different ethnic
groups. *°
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FAMILY HISTORY

Positive evidence for a family history of Type 2 DM in first-degree relatives is
always an indication that at least 50% of relatives will inherit the genetic
predisposition to diabetes.’ The frequency, ranging from 50 to 90%, is
however, much higher in identical twins than in non-identical twins, siblings

and first-degree relatives. 2

Evidence of genetic factors in South Africa is scarce. Omar and Asmal 7
reported a positive family history in less than 10% of subjects in South Africa
in 1983. The past 20 years have seen marked social change in the country,
which may influence these factors considerably. *°

According to the American Diabetes Association*® the incidence of Type 2 DM
in children and adolescents has increased dramatically in the last decade and
this increase is linked to lifestyle choices related to modernisation. The
increase in obesity among children is presumably related to physical inactivity.
Girls become less active than boys, and indications are that obese children
and adolescents have a high risk of becoming obese adults, where obesity is
related to coronary heart disease, hypertension and diabetes.*® However, no
recent comparable figures are available for South Africa.

ENVIRONMENTAL FACTORS

Both Zimmet *° and Songer ? have reported that the development of Type 2
DM is influenced substantially by environmental factors and the degree of
modernisation. High unemployment, poverty, poor education, illiteracy, lack
of housing, poor sanitation and rapid urbanisation in South Africa contribute to
the prevalence of Type 2 DM in South Africa.®’ These factors can contribute
to a decrease in physical activity and a change in eating patterns, which have
been shown to be forerunners for the development of the disease. ™

People, who are better educated, are more physically active.>?
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WESTERNISATION

The traditional lifestyle is abandoned for a more westernised lifestyle. The risk
of developing Type 2 DM is further associated with age, hypertension,
hyperlipidemia, lack of physical activity, dietary habits and smoking. ***'
Hypertension is common in black diabetics, especially in obese female
patients.*> People become obese, because the traditional diet is being
replaced by a more westernised “junk food” intake, so-called “Coca-

4

colonisation”.> Urban, black women no longer take part in hard physical

work, for example working the fields or plastering of walls. %

From this literature review it is clear that Type 2 DM is prevalent under the
South African black female population. The disease results from the
interaction of genetic and environmental factors. There will be an increase in
the number of women with Type 2 DM in future. These women are usually

older, hypertensive and mostly obese and physically inactive.

Environmental factors and lifestyle behaviours, lack of physical activity and
obesity influence the progress of the disease in this population. It is also clear
that increased obesity and reduced physical activity both promote the

development of insulin resistance and therefore the development of Type 2
DM.

From the literature reviewed so far, it can be concluded that Type 2 DM is a
chronic disease that requires continuing medical care and also patient self-
management, as well as education to prevent diabetes-related complications.
Diabetes care is complex and involves many factors, which should be
addressed to manage the disease successfully. Fundamental to the medical

management of Type 2 DM is good blood glucose control. 2°
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THE IMPORTANCE OF BLOOD GLUCOSE CONTROL

Prospective randomised clinical trials such as the Diabetes Control and
Complications trial ®> and the U.K. Prospective Diabetes Studies *® *” have
shown that improved blood glucose control is associated with sustained

decreased rates of retinopathy, nephropathy and neuropathy.

Furthermore, epidemiological studies showed that intensive blood glucose

control could reduce cardiovascular disease. *°7

Blood glucose is also the only nutrient that normally can be used by the brain,
retina and germinal epithelium of the gonads in sufficient quantities to supply
these organs optimally with their required energy.®® It is therefore, important
to maintain the blood glucose at a sufficient high level to provide this

necessary nutrition.

Too high blood glucose concentrations can cause considerable cellular
dehydration and loss of glucose in the urine. This can deplete the body of its
fluids and electrolytes. Long-term increases in blood glucose may cause
damage to many tissues, especially blood vessels and lead to an increased
risk for heart attack, stroke, end-stage renal disease and blindness. These
acute and long-term complications affect health-related quality of life and life

expectancy of people with diabetes.

Individuals with Type 2 DM face an increasing financial burden because of
their long-term medical care needs. If the prevalence of the disease rises, the
direct and indirect costs will also rise with serious consequences for the
annual health budget of the country. Strategies focusing more on prevention
of complications and public education could make better use of available
resources.

The question arising from the review so far is, whether control of

hyperglycaemia will limit morbidity and mortality in these patients?
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Most recently the United Kingdom Prospective Diabetes Study %° showed that
each 1% increase in HbA+., averaged over 10 years of follow-up (p<0.0001),
was associated with a 16% increase in myocardial infarction. There was a
25% reduction in microvascular endpoints and a 12% reduction of any
diabetes-related endpoint in the group, who had an intensive glucose control
policy. There was also a reduction of 21% of risk for retinopathy at 12 years.
This is a very important finding, which must be translated to clinical care for
diabetics. There is therefore, no doubt that good blood glucose control is

essential in the management of the individual with Type 2 DM.
HOW SHOULD BLOOD GLUCOSE BE CONTROLLED?

Because of the large body of evidence on interventions to improve diabetes

25

outcomes, the American Diabetes Association compiled standards of

‘medical care for Type 2 DM.

The Association states that glycaemic control by means of hypoglycaemic
agents is fundamental to the management of diabetes, and that an HbA,. of
lower than 7.0% is recommended to reduce the microvascular and
neuropathic complications of diabetes. Furthermore, self-monitoring of blood
glucose, medical nutrition therapy and a regular physical activity programme,
adapted to any complications that may have developed, are recommended for
all patients with diabetes. Recommendations with regard to the prevention
and management of the complications of Type 2 DM include blood pressure

control, lipid management, use of aspirin therapy and cessation of smoking.

Diabetes management is therefore, based on four cornerstones of treatment:

glycaemic control, education, medical nutrition therapy and physical activity. 2

The Department of National Health (DoH) of South Africa also accepts this
approach. However, it has not been implemented at all levels of health care in
South Africa. Due to a lack of human and physical resources the approach
has not been fully implemented at primary care level. ®
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The aims of the DoH are to create awareness of the disease in the community
and among the health care professionals at primary care level and to provide
adequate facilities for diagnosis, treatment and follow-up. Education of
patients in self-care is an important aim of this programme. Although the goal
is to deliver quality diabetes care in South Africa, it has to go hand in hand
with other improvements such as socio-economic upliftment of the historically
disadvantaged. ®

Due to the progressive nature of the disease, hypoglycaemic or insulin
therapy becomes necessary to control the blood glucose.

PHARMACOLOGICAL AGENTS

The Standards of Medical Care for patients with Diabetes Mellitus states that
treatment regimens that reduce average HbA. to at least 7% are associated
with fewer long-term microvascular and other complications. 2 Oral
hypoglycaemic agents, medical nutrition therapy and physical activity are
recommended to obtain this goal. Initial therapy is nearly always by means of
diet, weight loss and exercise. Oral hypoglycaemic or insulin therapy is
added later to achieve glycaemic control. Two important studies contributed
evidence to the use of hypoglycaemic therapy in the management of Type 2
DM. The UKPDS *" and Kumamoto ®° studies provided evidence to the

importance of control of glycaemia by means of pharmacological
interventions.

THE UNITED KINGDOM PROSPECTIVE DIABETES STUDY °’

This study was conducted from 1977 to 1997 and was designed to investigate
whether intensive (compared to conventional) control of blood glucose could

lower the incidence of complications in newly diagnosed diabetics.
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The study recruited 5102 individuals, of whom 3867 individuals were
randomised to conventional treatment with diet alone or intensive treatment,
either with sulphonylurea or insulin. Another 342 overweight individuals were
randomised to metformin. The study was not blinded. The results of the
study demonstrated that good glycaemic control of Type 2 DM would reduce
morbidity. There was a 25% reduction in microvascular endpoints and a 12%
reduction of any diabetes related endpoints in the group, which had an

intensive glucose control policy.

In the sub-group treated with a tight blood pressure control policy, achieving a
blood pressure of 144 over 82 mmHg, or less, diabetes-related deaths were
reduced by 32% and diabetes related endpoints by 24%. In those subjects
with blood pressures more than 150 mmHg and HbA.. larger than 8%, a
fivefold increase in risk for any diabetes-related endpoints, when compared to
those whose blood pressure was lower than 130 mmHg and HbA:. smaller

than 6% was reported.

However, the intensive therapy was associated with significant increases in
body mass and an increased risk of hypoglycaemia. Patients who had
hypoglycaemic reactions reported a lower health-related quality of life. This
study demonstrated beyond any reasonable doubt that good glycaemic
control of Type 2 DM would reduce morbidity.

KUMAMOTO STUDY

The results of the Kumamoto study were confirmed in a recent follow-up to an
eight year-report by Shichiri M et al. ®® The study, which was also prospective
and randomised, tested whether intensive glycaemic control could prevent or
slow the worsening of microvascular diabetic complications in Type 2 DM
subjects. The sample consisted of 110 patients: fifty-five subjects with no
retinopathy and 55 subjects with ‘simple’ retinopathy. Both groups were
randomised to treatment with insulin, which differed in frequency of injections
and the types of insulin used.

21
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The researchers concluded that treatment of blood glucose to near normal

levels, lowered the risk and progression of the renal and retinal complications
of diabetes.

Although the effectiveness of hypoglycaemic agents has been proven in the
treatment of Type 2 DM, the cost of these agents places a large burden on
the health budget of the country. Furthermore, other risk factors for diabetes-

related complications, such as obesity, should also be treated.

MEDICAL NUTRITION THERAPY

The prevalence of obesity-related co morbid conditions in individuals with
Type 2 DM and the increased mortality associated with obesity in the disease,

make medical nutrition therapy (MNT) an integral component of diabetes

management and education. %°

Weight loss and increased physical activity decrease insulin resistance;

improve glucose tolerance and glycaemic control. It furthermore, reduces the

risk of cardiovascular disease. '*

Obesity is also particularly prevalent among South African black women. ® It
has been shown that a weight loss of as little as 5% of body mass has
resulted in improved metabolic control.’" There is, however, some suggestion
that people with diabetes find it harder to lose weight than non-diabetics do

and that pharmacological therapy for diabetes may promote weight gain.®?

META-ANALYSIS BY BROWN ET AL &

The authors of this article reviewed 89 studies involving 1800 subjects with
Type 2 DM. They reviewed five different types of weight loss strategies and

combinations thereof and found that dietary strategies alone produced the
greatest weight loss.
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The meta-analysis reviewed literature up to 1994. The data were limited to six
(6) months post-intervention and the majority of the studies used a pre-
test/post-test design instead of an experimental design.

It was focused on weight and glycated haemoglobin outcomes by means of a
very low calorie diet, which may explain the large weight loss effects
observed. Since 1994, there have been substantially more research studies

on the roles of diet and exercise in achieving weight loss.

EXPERT PANEL ON IDENTIFICATION, EVALUATION AND TREATMENT OF
OVERWEIGHT AND OBESITY IN ADULTS

In 1998 this panel published clinical guidelines based on research from 1980
to 1997. They recommended a combination of a low-calorie diet and physical

activity, since it produced greater weight loss than did either diet or physical

activity in isolation.

The authors also reported that, while no one behaviour therapy seemed
superior to any other in effects on weight loss, behaviour therapy in totality

only provides additional benefits in achieving weight loss in the short term.

Since 1997, several studies have demonstrated the long-term effectiveness of
weight loss and increased physical activity on diabetes prevention. These
studies will be described under the heading: The use of exercise in the
prevention of Type 2 DM.

Another cornerstone of the diabetes treatment regimen is increased physical
activity and or exercise. Exercise is often prescribed along with diet and oral
hypoglycaemic agents in the management of Type 2 DM. There is also
strong evidence that regular physical exercise protects high-risk populations
against the development of the disease. Whether exercise is used as a
preventative or a therapeutic intervention, its effectiveness must be taken into
consideration.
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EXERCISE

‘Exercise tends to lower the blood sugar in the diabetic in whose body there
is an adequate supply of insulin whether this be of endogenous or exogenous
origin. This effect is so striking and so beneficial that exercise along with diet
and insulin is now accorded a definite and prominent place in the everyday

treatment of diabetes”.?’

PHYSIOLOGY OF EXERCISE IN TYPE 2 DM

Regular exercise was recognised as an important part of the treatment of
diabetes as early as the 18" century.®® After the discovery of insulin, exercise
was strongly recommended as a cornerstone in the treatment of diabetes,

because it decreased insulin requirements.®’

Benefits of regular exercise for patients with Type 2 DM included lower blood
glucose concentrations during and after exercise, lower basal and
postprandial insulin concentrations and improved insulin sensitivity.*® Other
documented benefits of regular exercise are reduction in cardiovascular risk
factors, improvement in mild to moderate hypertension and increased energy
expenditure.  Exercise also results in improved lipid profile and lower
glycosylated haemoglobin levels. More general benefits are: increased
muscle strength and flexibility, improved joint mobility and sense of well-

being, as well as enhanced health-related quality of life.

EXERCISE IMPROVES MUSCLE GLUCOSE TRANSPORT

Exercise can have both short and long term effects on insulin action. An acute
session of exercise improves muscle glucose transport, which reverses
rapidly after exercise is stopped.®*® This is then replaced by a marked
increase in the sensitivity of muscle glucose transport and glycogen synthesis
to insulin.”
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Mayer-Davies et al’’ showed a significant association between moderate- and
vigorous-intensity physical activity and insulin sensitivity among individuals
with and without Type 2 DM.

Duncan et al *°

investigated the effect of aerobic exercise, without
concomitant weight loss on insulin sensitivity. They reported that regular
aerobic exercise improves insulin sensitivity, independent of changes in body
mass index. Repeated bouts of exercise, of sufficient intensity and duration,

lower muscle glycogen stores and therefore the blood glucose level.

EXERCISE CONTRIBUTES TO CENTRAL FAT LOSS

Furthermore, exercise may prevent, delay or correct the development of
physiological changes that occur with a sedentary lifestyle. ** An increase in
abdominal fat accumulation is linked to insulin resistance.”?> Exercise can
contribute to loss of fat from the central regions, and should therefore,
contribute significantly to decreasing insulin resistance related to excess body

fat through improved insulin action.

EXERCISE DEVELOPS MUSCLE MASS

Although loss of fat has been found to have a significant effect on insulin
action, there is also evidence that loss of muscle mass is highly associated

with the development of insulin resistance. %°

Skeletal muscle is the largest mass of insulin-sensitive tissue in the body and
therefore, reduction in muscle mass can reduce the effectiveness of insulin to
clear glucose from the circulation. *® After the age of 50 years a steady
decline in muscle mass occurs in individuals who are not physically active. &
Therefore, strength training is important to increase muscle mass and thereby
the available glucose storage area.”
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EXERCISE IMPROVES SKELETAL MUSCLE BLOOD FLOW

Insulin has been shown to cause vasodilatation in skeletal muscle and to
increase limb blood flow.” This increased limb blood flow correlates
positively with total body glucose uptake and accounts for 50% of the
increased limb glucose uptake under hyperinsulinaemic conditions.”® Aerobic

exercise training increases skeletal muscle blood flow and therefore, glucose

uptake.

Dela et al™ trained individuals with Type 2 DM for 10 weeks and reported a
significant improvement in limb glucose clearance. This was found under

both sub maximal and maximal insulin-stimulating concentrations.

EXERCISE INCREASES INSULIN RECEPTORS

Insulin action is initiated through hormone binding to cell surface insulin
receptors. Insulin-sensitive tissues such as muscle tissue have an

overabundance of these insulin receptors. &

A reduced number of insulin receptors have been observed in blood cells from
obese and individuals with Type 2 DM.”” An increase in insulin receptor
numbers has been documented in studies on rats, but not in humans.”® It is,
however, possible that exercise can increase the number of insulin receptors

and therefore, insulin responsiveness. %
EXERCISE INCREASES GLUT4 PROTEIN LEVELS

Aerobic exercise training has been shown to increase GLUT4 protein levels in
the skeletal muscles of individuals with Type 2 DM.”® GLUT4 isoform is a
glucose transporter, which is located intracellularly and which is translocated
to the sarcolemma by the action of insulin.
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Glucose transport is the penetration of glucose through the plasma
membrane.  The increased GLUT4 levels correlate significantly with

improvements in insulin-stimulated glucose transport and limb glucose
uptake.

EXERCISE INCREASES PHOSPHORYLATION OF GLUCOSE

Once the glucose is inside the cell, it is rapidly phosphorylated by hexokinase
to form glucose-6-phosphate (G-6-P). In the skeletal muscle this is rapidly
converted to glycogen or oxidised.* Insulin-stimulated glucose oxidation and
storage is impaired in individuals with Type 2 DM.®’

The enzymes responsible for the phosphorylation, storage and oxidation of
glucose are increased after exercise training. Therefore, an increase in the
capacity of muscle to transport and dispose of glucose takes place after

exercise training. °

EXERCISE INCREASES TYPE lla MUSCLE FIBRES

Skeletal muscle is composed of Type | (slow twitch) and Type Il (fast twitch)
fibres. Type | fibres have a high oxidative, low glycolytic capacity and high
capillary density. Type Il fibres can be further classified as Type lla and Type
llb fibres. Type lla fibres have metabolic characteristics that are between that

of Type | and lIb fibres. Type Ilb fibres have a low oxidative, high glycolytic
capacity and low capillary density. &

Type | fibres have a higher insulin sensitivity and responsiveness than Type
IIb fibres. Individuals with Type 2 DM have more Type Ilb muscle fibres.®?
Hickey et al®® reported that individuals with Type 2 DM and obesity had a
lower percentage of Type | muscle fibres than merely obese or non-obese
groups. The insulin-stimulated glucose transport was significantly lower in the

obese groups.
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Aerobic training cannot increase Type | fibres, but can increase Type lla
muscle fibres and reduce the percentage of Type IIb fibres.®* Therefore, an
increase in Type lla fibres can result in an increase in numbers of the muscle
insulin receptors and GLUT4 protein levels. This in turn can result in

increased muscle insulin sensitivity and responsiveness. %°

EXERCISE INCREASES MUSCLE CAPILLARY DENSITY

It has also been shown that aerobic exercise can increase muscle capillary
density, which will enhance diffusion of glucose from the capillary lumen to the

muscle cell membrane and therefore, insulin action and glucose uptake.®

EXERCISE MAY DECREASES ADIPOCYTE SIZE

Adipocyte hypertrophy accompanies the development of obesity. ® The
inability of insulin to effectively regulate plasma free fatty acids (FFA)
concentration appears to be due to a diminished insulin suppression of fatty

acid release from the adipose tissue.®

Insulin-stimulated glucose transport and oxidation is inversely related to the
size of the adipocyte.” Increased circulating FFA can lead to increased
gluconeogenesis and hepatic glucose output. It can also result in inhibition of
insulin-stimulated muscle glucose uptake.®® It is possible that exercise can

cause a reduction in adipocyte size and therefore improve plasma glucose

control. 5

CONCLUSION

Beneficial effects of exercise training occur at both the systemic and cellular
levels. However, exercise benefits appear to subside rapidly when training is
stopped. Studies have shown that the beneficial effects of exercise wane

within three to 10 days and therefore, training must take place on a regular
basis.®
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Furthermore, exercise training; involving the large muscle groups may have
the best effect on insulin resistance. ® Exercise reduces the need for
medication, as well as reduces risk factors for diabetic complications such as

hypertension and weight loss. '4%°

It also represents positive health advice to patients, since most of the other
recommendations to patients, are in the nature of negative advice, such as
not to eat high-fat food and to consume smaller portions. '* Foster et al '®
also say the following: “ Since people are infamous for ignoring negative
advice the value of using a positive recommendation, that may indirectly lead

the patient to discontinue bad behaviours, can hardly be overstated.”

Willey and Singh '° agree with this viewpoint as they are of the opinion that,
prescribed diet is often perceived as' negative and difficult by patients.
Diabetics especially find it hard to change eating habits, which have been
established over a lifetime. Solid evidence exists that exercise alone is able
to significantly enhance insulin sensitivity and glucose homeostasis in the
absence of any change in body mass or composition. '*'® Exercise is
therefore, an effective non-pharmacological therapy and it is relatively
inexpensive.

The physiological role of exercise in the treatment of diabetes has been
established in this review. What then, is the evidence for the therapeutic use
of exercise in the prevention of the disease?

THE USE OF EXERCISE IN THE PREVENTION OF TYPE 2 DM
CROSS-SECTIONAL STUDIES

Several studies support the concept that physical activity contributes to the
prevention of Type DM. The strongest predisposing factor for Type 2 DM is
obesity, which is linked to a sedentary lifestyle. However, physical inactivity
increases the risk of diabetes independent of obesity. '
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A number of cross-sectional studies found that the prevalence of diabetes
was higher among sedentary individuals than among their more active
counterparts. This was independent of age and body mass index.®*®' Such
studies must be interpreted with caution, because it is difficult to establish
cause and effect in cross-sectional studies. Many variables in addition to
physical activity, including modifications in diet and other lifestyle factors,
undergo change in these studies. Indirect evidence for the positive effect of
exercise is also provided by descriptive comparisons of the prevalence of

Type 2 DM in active and inactive urban populations by Zimmet et al.®

Studies by Manson °

* and Perry * showed that the degree of protection
against diabetes was the same, irrespective as to whether exercise was of a
vigorous or a moderate intensity. There are however, discrepancies in terms
of the relationship between the risk of Type 2 DM and the frequency and
intensity of physical activity in these studies. The effect of physical activity on
individuals at either high or low risk of Type 2 DM is also not clear in these

studies. Furthermore, the subjects in the studies were mainly male.

In 2001 Kriska et al *° published the results of a cross-sectional survey to
determine the prevalence of Type 2 DM and its associated risk factors in the
Sandy Lake native community. They found that both physical activity and
fitness were significantly associated with fasting insulin concentrations in men.
It was however, not the case with the women in the sample. They postulated
that women were engaging in lower-intensity activities like walking, childcare
and housework, which are relatively more difficult to assess and less
reproducible. Of importance is the observation of the authors that women
were less willing or able than the men to maximise their effort on the sub
maximal step test, used to estimate cardiovascular fitness.

30



University of Pretoria etd — Van Rooijen, A J (2006)

EPIDEMIOLOGICAL EVIDENCE

Cohort studies show that physical activity is related to the incidence of Type 2
DM. Kriska et al®® reviewed a large number of epidemiological studies on the
effect of changes in diet and decreased physical activity on the prevalence of
Type 2 DM. They reported that changes in diet and physical inactivity were
frequently associated with increased prevalence of the disease. These
changes involved increased consumption of processed foods.

Helmrich and associates <’

conducted a study among 5990 University of
Pennsylvania alumni and assessed the incidence of diabetes over nearly

100 000 person-years of follow-up. They reported that age-adjusted risk for
the development of diabetes decreased by 6% for each 500-kcal increase in
weekly leisure time and physical activity energy expenditure. This protective
effect was higher in obese subjects. In addition, the protective effect of

physical activity was strongest in persons at the highest risk for diabetes. %

Manson and colleagues *'°° have conducted three prospective studies on the
association between physical activity and the development of Type 2 DM. In

1991 Manson and co-workers 9107102

prospectively examined the association
between the frequency of vigorous physical activity and the subsequent
incidence of clinical diabetes in a cohort of 87 253 women over an eight-year
period in the Nurses’ Health study. They reported a reduced incidence of
Type 2 DM among women who exercised regularly compared to their
sedentary peers (after adjustment for age and body mass index). Physical
activity was however only assessed by means of questionnaires and not

physically tested.

The authors then examined the effect of participation in vigorous exercise on
the risk for the development of diabetes in 21 271 US male physicians.®
Their results showed that vigorous exercise performed five or more times per
week reduced the relative risk to 0.58 compared to 0.77 for vigorous exercise
performed once per week.
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Hu et al ® sought to clarify the role of moderate-intensity activity, such as
walking, on the risk of developing Type 2 DM. More than 70 000 females
from the Nurses' Health Study, who did not have diabetes or other ilinesses at
baseline, were considered. Risk of Type 2 DM by quintile of metabolic
equivalent score, based on time spent per week on each of eight common

physical activities, was calculated.

Follow-up results over eight years and more than 500 000 person-years of the
Nurses' Health study in 1999 * indicated that the relative risks of developing
Type 2 DM decreased progressively as activity patterns increased. The most
active group demonstrated a 50% reduction in risk, compared to the least
active group. A similar pattern for reduction in diabetes incidence was
observed among women who did not perform vigorous activity. Faster than
usual walking pace was independently associated with decreased risk in this
group of women.

More recently, Hu and associates '’

reported on their results from the 16-
year follow-up of the Nurses' Health Study in 2001. They found excess body
fat to be the single, most important determinant of Type 2 DM. They also
reported that a combination of a healthy diet and regular exercise was

associated with a 24% reduction in the risk of diabetes.

Hu and co-workers '% used data from the Nurses’ Health Study to determine
whether, physical activity decreased risk for cardiovascular disease among
diabetic women. Of the 5125 female nurses with diabetes, followed up from
1980 to 1992, 323 new cases of cardiovascular disease were documented.
After adjusting for age and other risk factors, it was found that faster than

usual walking pace was independently associated with lower risk for

cardiovascular disease.

The results of these studies indicate the presence of a dose-response effect
of physical activity in the prevention of Type 2 DM.'%
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The findings of these studies also support the hypothesis that Type 2 DM can
be prevented by increasing physical activity. '’

The apparent benefits of regular physical activity have been documented in

104 46

several ethnic groups. Kriska and co-workers, also reported the
potential impact of increased physical activity on diabetes risk in women in
studies with Pima Indians. The prevalence of diabetes was reduced by 32%,

compared with those subjects reporting less activity.

James and associates '%° conducted the Pitt County Study and examined the
role of physical activity in the incidence of diabetes in African-Americans. The
risk for developing diabetes was reduced by 65% in subjects participating in
moderate physical activity, after adjusting for age, sex, body mass index (BMI)
and waist/hip ratio.

RANDOMISED CONTROLLED STUDIES

The first large-scale diabetes prevention study to include physical activity, as
part of their intervention, was a six-year feasibility study conducted in Malmg,
Sweden.'®® Men with impaired glucose tolerance (IGT) were non-randomly
assigned to either an exercise training or control group. Exercise training
consisted of two 60-minute exercise sessions per week, including walking,
jogging and other recreational sporting activities. A weight loss of 2.3% to
3.7% over six years, normalised glucose tolerance in more than 50% of
subjects with IGT. It also resulted in remission in more than 50% of individuals
with Type 2 DM.

The Da Qing study conducted in China by Pan and associates ' is
considered to be the first randomised controlled trial to examine the effects of
increased physical activity in the prevention of Type 2 DM. The results of this
6-year study showed that the diet, exercise and diet-plus-exercise
interventions were associated with 31%, 46% and 42% reductions in the risk

for developing diabetes respectively.
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The findings of this study are important, because it provided the first direct
evidence that an increase in physical activity decreases the risk for the
development of diabetes.

In 1997 McNabb '® and associates tested the effectiveness of the
PATHWAYS weight loss programme designed for obese African-American
women at risk for diabetes. The programme consisted of 14 sessions of
weekly one and a half-hour group instruction conducted in churches.
Participants were instructed to begin an at home exercise programme,
generally consisting of recreational walking. The participants lost an average
of 5% of their body weight. No detail about the exercise part of the

programme is however provided.

Other intervention studies have also contributed to the evidence that changing
diet and/or exercise behaviours may reduce the risk of developing diabetes in
individuals with impaired glucose tolerance. The Diabetes Prevention
Program (DPP) '® was a randomised clinical trial comparing the safety and
efficacy of intensive lifestyle change, metformin and placebo, in the prevention
of Type 2 DM in individuals with IGT. The DPP followed up 3 234 ethnically
diverse participants at high risk for diabetes from 27 centres. Subjects
randomly assigned to the lifestyle intervention had goals of losing at least 7%
of their body weight and of increasing physical activity to at last 150 minutes
per week over three to six years. A mean weight loss of 7% after one year of
the intervention was achieved. The weight loss of 5% was maintained for
three years. Since commencement of the DPP, other randomised control
trials reported on the positive effects from lifestyle interventions.

The last-mentioned results confirmed the results of a pilot study on Pima

Indians.'"°

Of importance in this study was that the authors showed that
diabetes interventions must address cultural values and overcome numerous
personal barriers such as transportation, need for childcare and other factors

to overcome poor compliance with the interventions.
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The results of the Finnish Diabetes Prevention study, ''' where a lifestyle
intervention designed to produce weight loss was used, improved diet and
physical activity in 522 overweight subjects.

After one year 86% of subjects, reported exercising more than four hours per
week and after two years the intervention group has lost an average of 3.5 kg.
The risk of diabetes was reduced by 58% after a follow-up of 3.2 years.

Wing et al'"? reported that modest weight loss, achieved through diet changes

and increases in physical activity, could reduce the incidence of diabetes.

The results of the Cross-cultural Activity Participation Study by Irwin and co-
workers '™ showed that 30 minutes of a moderate physical activity, such as
brisk walking, was associated with a 6.6% reduction in fasting insulin levels.
This was obtained independent of ethnicity, age and educational level in their
sample group. This was an important finding since these results are

applicable to women who are not used to, or do not regularly perform vigorous

physical activity.

After these studies, the 3.2 years follow-up of the Finnish Diabetes prevention
study showed that the modification of lifestyle reduced the incidence of Type 2

DM by 58% in middle-aged, overweight participants.'™

Also in 2003, Gaede and co-workers ''° reported on their eight-year follow-up
of 80 patients. Of these patients, 80 were randomly assigned to receive
conventional treatment according to national guidelines and 80 patients who
received intensive treatment. The intensive treatment included a stepwise
implementation of behaviour modification and pharmacological therapy.
Cardiovascular and microvascular events were reduced by 50% in the
intensive treatment group.

A study by Tanasescu et al ''° reported that walking was associated with
reduced risk of mortality.
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They also reported that walking pace was inversely associated with
cardiovascular disease, fatal cardiovascular disease and total mortality,
independent of the walking hours. Marked decreases in risk were associated
with walking or similar modest levels of physical activity. Although the study
only included 2803 men with Type 2 DM, its strengths include the prospective
design, size and consideration of lifestyle changes by repeated
measurements every two years.

In conclusion: the literature review on the use of exercise in the prevention of
Type 2 DM showed that body mass and physical activity outcomes achieved
in these diabetes prevention studies, were positive. It however, appears to be

largely a function of goal setting, tailored treatment and the intensity of follow-

up of these goals.”"’

The reviewed studies clearly suggest that an increase in physical activity
prevents or at least delays the development of Type 2 DM in adults. It also
seems that a dose-response effect of increasing physical activity, with a
resultant decrease in the risk for Type 2 DM, exists.

Of importance is the evidence that moderate exercise, such as walking also
decreases the risk for diabetes. This finding supports the recommendation by
the Centres for Disease Control and Prevention (CDC) and the American
College of Sports Medicine (ACSM); '®''® stating that adults should
accumulate at least 30 minutes of moderate intensity physical activity on
most, if not all, days of the week.

The preventative effect of exercise is also most important in overweight
individuals. The effects of exercise on other risk factors, such as obesity and
cardiovascular risk factors should also be considered, since Wei et al '"°
showed that physical inactivity, independently predicted all-cause mortality in
men with Type 2 DM. The protective effect of cardiovascular fitness was
furthermore, highlighted in normal and overweight men. '
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Dunn and co-workers '2

° showed that lifestyle physical activity counselling
was as effective as structured exercise programmes in improving

cardiovascular risk factors after six months in sedentary men and women.

The physiological role of exercise in the patient with Type 2 DM has been
established. Evidence for the role of exercise in the prevention of diabetes,
as well as the prevention or delay of other risk factors for the disease, has
been demonstrated. The focus of the literature study now moves to the role

of physical activity in the treatment of Type 2 DM.

THE ROLE OF EXERCISE IN THE TREATMENT OF TYPE 2 DM

Physical activity has been considered to be one of the three cornerstones in
the management of diabetes for many years. ®® Physical activity is also
recommended by the American Diabetes Association, since it may have

beneficial effects on metabolic risk factors for the development of diabetes-

1

related complications.”™ The fact that physical activity is a low cost, non-

pharmacological therapy is also of importance, especially in a country with
limited health resources. *'

CONTROL OF HYPERGLYCAEMIA

The major management goals of Type 2 DM are to reduce hyperglycaemia
and body fat. > Chronic hyperglycaemia leads to long-term complications
such as coronary heart disease, renal disease and failure, retinopathy and

blindness. Other complications are peripheral vascular disease and

neuropathy. 3%

Boule and co-workers '* reviewed the literature up to December 2000, on the
effects of exercise on glycaemic control. They limited their review to exercise
interventions lasting at least 8 weeks, since the HbA1. reflects average, blood
glucose concentration from the previous eight to 12 weeks. The results of 14
trials, comprising a total of 504 participants with a mean age of 55 (SD=7.2)

years, were analysed. Fifty percent of these participants were women.
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In 11 studies the HbA1c was significantly (-0.66%) lower in the exercise groups
compared to the control groups. When diet and exercise were combined, the
effect on HbA:. was similar to the effect of exercise alone (-0.76%).
Subgroup analyses, comparing aerobic or resistance training groups with the
control group, revealed no significant difference. They showed that high
intensity activity and low-intensity exercise had comparable beneficial effects

on insulin sensitivity.

The results showed that exercise should be viewed as beneficial and that
exercise does not need to reduce body weight to have a beneficial impact on
glycaemic control. The reduction in HbA. is close to the difference between
conventional and intensive glucose-lowering therapy as described in the UK
Prospective Diabetes Study (UKPDS).”’

In the UKPDS described elsewhere, subjects who were randomised to
intensive glycaemic control with metformin, had HbA.-levels 0.6% lower than
the subjects who received the conventional treatment. However, it seems that
in older patients, with long-standing diabetes, insulin and oral hypoglycaemic
agents are the major determinants of blood glucose control.'??

WEIGHT LOSS

Intra-abdominal obesity is associated with insulin —resistance Type 2 DM,
hypertension, dyslipidaemia and cardiovascular disease. > The metabolic
syndrome is a cluster of these abnormalities. Hypertriglyceridaemia, low HDL
-, altered LDL cholesterol and elevated free fatty acids (FFA) are strong risk

factors for cardiovascular disease. %1%

A meta-analysis by Dattilo and Kris-Etherton '®* has shown that a weight loss
of 1 kg decreases serum cholesterol by 1%, triglycerides by 1.9% and fasting
plasma glucose values by 3.6mg/dL. This improvement is in the range of

many oral hypoglycaemic agents.
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Exercise contributes to reduction in intra-abdominal obesity'?*'?’ and
frequently counteracts weight gain observed after diet-induced weight loss.'?®
Appropriate physical activity to control blood lipid is recommended by the
Expert Panel of Detection, Evaluation and Treatment of High Blood
Cholesterol in Adults."®® Furthermore, skeletal muscle uses its own stores of
glycogen, triglycerides and free fatty acids, derived from the breakdown of

adipose tissue triglycerides and glucose released from the liver. '%*

CONTROL OF BLOOD PRESSURE

Essential hypertension is a part of the metabolic syndrome and has a
prevalence as high as 60% in persons with Type 2 DM."™ Hypertension
accelerates the rate of progression of diabetic renal disease.'™ Although
glucose control is essential for the prevention of microvascular disease,
intensive blood pressure control is also needed to reduce cardiovascular

131

events. Lowering blood pressure reduces the risk for stroke, diabetes-

related deaths, heart failure, microvascular disease and retinopathy up to
56%. %2

Exercise training appears to reduce blood pressure to some degree and is
recommended by the Joint National Committee on Prevention, Detection,
Evaluation and Treatment of High Blood Pressure. '

In a meta-analysis of 54 randomised, controlled trials by Whelton and
associates, "** an overall reduction in mean blood pressure of 3.9/2.6 mmHg
across all initial blood pressure levels, independent of body weight and race
was reported. These results support results of another meta-analysis of 16
studies by Kelley and co-workers." In these studies walking as intervention
was examined in normo- and hypertensive persons after an average of 25

weeks. A decrease of 3/2 mmHG was documented.
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PREVENTION OF CARDIOVASCULAR DISEASE

Insulin resistance syndrome is an important risk factor for premature coronary
disease, particularly with associated hypertension, hyperinsulinaemia, central
obesity and overlap of metabolic abnormalities. The risk factors for coronary
heart disease in Type 2 DM are increased LDL cholesterol, decreased HDL

cholesterol, hypertension, hyperglycaemia and smoking. >

Having Type 2 DM increases the risk of cardiovascular disease two - to - four
fold."* Cardiovascular disease is the most costly complication of Type 2
DM.™" Poor aerobic fitness is associated with many of the cardiovascular risk
factors. It is likely that the beneficial effects of physical activity on
cardiovascular risk, is related to improvements in insulin sensitivity. '2
Cardiorespiratory fitness furthermore, reduces the rate of cardiovascular
morbidity and mortality independent of weight obesity. '

The University Group Diabetes Program *°, the Kumamoto Study ® and the
Veterans Affairs Cooperative Study ™° did not show significant beneficial
effects of improved glycaemic control on macrovascular disease. The
UKPDS *" reported a borderline significant reduction in the number of
myocardial infarctions with intensive blood glucose control, but significantly
fewer diabetes-related deaths and strokes with tight blood pressure control.

Gaede and associates '*' did a randomised trial of stepwise intensive
treatment or standard treatment of risk factors in a sample of patients with
microalbuminuria. ~ They reported a decrease in the progression to
nephropathy and progression to retinopathy. They concluded that further
studies were necessary to establish the effect of intensified multifactorial

treatment on macrovascular complications and mortality.

In the eight-year follow-up report of the above-mentioned study, Gaede et al
"5 reported a 50% reduction in cardiovascular and microvascular events in
the exercise group.
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From this literature review, one can conclude that exercise is widely
recognised as an important component of the management of Type 2 DM. It
plays an important role in restoring health and preventing disease. The
benefits of exercise for the diabetic patient have been well researched and
described in a number of studies.

It can also be concluded that appropriate physical activity and dietary intake
are fundamental to good glycaemic control, blood pressure and blood lipid
control. These are however, difficult to achieve in practice. Regular physical
activity and a meal plan are needed to control glycaemia, lipid levels and
hypertension.'#?

Exercise and diet are associated with more weight loss and less use of
hypoglycaemic agents than diet alone.'® Exercise therefore, enhances short-
term weight loss when combined with dietary modification and is one of the
best predictors of long-term maintenance of weight loss.'*

However, adherence to exercise in overweight adults is not good."*® Regular
exercise requires more time and effort than modifications to diet and taking
medication. Patients often perceive exercise as a significant and difficult
change in their lifestyle.'®

Therefore, the next question to be addressed in this literature review is: “What
is the most effective way to use exercise in the management of Type 2 DM
patients?” Several clinical trials, using a variety of methods, have been

published. The most recent ones will be reviewed in the next section.
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EVIDENCE FOR EFFECTIVE PHYSICAL ACTIVITY INTERVENTIONS
EXERCISE IN A SUPERVISED LABORATORY SETTING

In 1997 Dunstan and co-workers'*” demonstrated that reducing fat in the diet,
by including one fishmeal daily, reduced serum triglycerides and increased
HDL: in dylipidemic Type 2 DM patients. They found that a concomitant
programme of moderate exercise prevented increases in HbA. associated
with fish diets. Their programme consisted of stationary cycling on a bicycle
ergometer at 50-55% of the baseline Vooma, three times per week in a

supervised laboratory setting for eight weeks.

Irwin and co-workers '?® examined the effects of exercise on total and intra-
abdominal body fat overall. They also looked at the level of exercise in this
randomised controlled trial over a period of one year. The intervention
included a three-month exercise programme consisting of at least 45 minutes
of moderate intensity exercise, five days per week, for one year. Participants
started with a target of 40% of maximal heart rate, which was increased to 60-
75% by week eight of the programme. The exercise facilities available were
treadmills and stationary cycles. Women in the control group attended weekly
45-minute stretching sessions for one year. They reported significant
between-group differences in baseline to 12-month changes in body weight,
total body fat and intra- and subcutaneous body fat. They concluded that
overweight women should be encouraged to participate in moderate exercise
to reduce obesity and to prevent chronic disease. However, participants in
their study were highly educated and only 4% were African-American women.

COMMUNITY-BASED WALKING PROGRAMMES

Wing and co-workers '*® investigated the effect of exercise in a behavioural
weight control programme in obese Type 2 diabetics, aged 30 to 65 years.
This was conducted over a six month (25 subjects) and one year (30
subjects) interventions.
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The interventions consisted of diet plus moderate exercise, compared to diet
plus placebo. They also compared diet plus walking to diet alone. They
reported no between-group difference in HbA+. in either study. However, the
one-year intervention demonstrated statistical significant reduction in weight in

the diet and exercise group.

Walker et al " examined the effects of regular walking on cardiovascular risk
factors and body composition in normo-glycaemic women compared to
women with Type 2 DM. The walking programme consisted of self-paced
walks of at least 60 minutes duration, at least five times per week.
Statistically significant reductions in upper body fat and HbAs. (-0.59%) were
found in the participants with Type 2 DM after the 12-week walking
programme. Total cholesterol concentrations also fell significantly. There was
however, no change in the concentration of HDL cholesterol. They concluded
that walking was a form of moderate exercise that can be performed safely by
older women and with positive effects on fitness and lipid profile.

Jakicic and associates ™"

compared the effects of intermittent exercise to
traditional continuous exercise on weight loss. They also examined the
adherence and fitness in their sample of 148 sedentary, overweight women.
Subjects were randomly assigned to three groups and were prescribed a
similar volume of home-based exercise. The three groups differed in the way
exercise was prescribed. The exercise varied in terms of the number of
exercise sessions per week, duration and availability of home exercise
equipment. Subjects were instructed to choose a mode of exercise similar to
brisk walking. They reported that the use of short bouts of exercise,
performed multiple times throughout the day, may not increase long-term
exercise adherence, but could be used as an option for incorporating exercise
into one's lifestyle.

Brown et al "' determined the effects of a culturally competent diabetes-self-
management intervention in Mexican Americans with Type 2 DM. The Starr
County Border Health Initiative was an intensive instructional and support
group intervention with 52 contact hours over 12 months.
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The authors showed that statistically significant changes were achieved in
diabetes knowledge, fasting blood glucose and HbA.. Numerous barriers to
participating in exercise were identified. These were complications from
diabetes, co morbid conditions, and history of sedentary lifestyle and
decreased mobility associated with ageing. Environmental barriers were lack
of access to exercise facilites and cultural factors, such as the

inappropriateness of women walking alone in their neighbourhoods.

Keyserling and co-workers '® investigated, whether a culturally appropriate
clinic- and community-based intervention for African-American women with

Type 2 DM, would increase moderate-intensity physical activity in the New
Leaf programme.

Their intervention consisted of two to three hours of individual counselling,
four and half-hours of group sessions and two hours of telephone contact.
The intervention was associated with a statistically significant increase in

physical activity energy expenditure.

However, participants in all groups gained weight. Furthermore, there were
minimal changes in HbA+, and in total and HDL cholesterol. The intervention
required a lot of human resources, which is a problem in a country like South
Africa with a stressed health budget.

Goldhaber-Fiebert and associates '** determined the effect of a community-
based, group-centred public health intervention on glycaemic control and
associated cardiovascular risk factors in Type 2 DM patients in rural Costa
Rica. Their lifestyle intervention included 11 weekly nutrition classes over a
period of 12 weeks. Participants in the intervention group were invited to
participate in 60-minute walking groups, three times per week. Although the
walking time was kept constant, participants were encouraged to increase
their pace and distance during that time. Both weight and HbA.. decreased

significantly in the intervention group after 12 weeks.
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In the same year, Di Loreto and co-workers '4°

validated a counselling
strategy to promote the adoption and maintenance of physical activity by Type
2 DM patients. Their programme was based on the conclusions of the report
by the US Department of Health and Human Services, regarding the efficacy
of interventions to promote physical activity in adults.">* They compared two
groups over a period of two years. The control group received usual care and
the intervention group received usual care and an additional 30 minutes of
structured counselling, recommending physical activity. Subjects discussed
with the participants were motivation, self-efficacy, pleasure, support,
comprehension, lack of impediments and keeping a daily diary of physical
activity. Participants were followed-up by means of monthly telephone calls
and three-monthly appointments at the outpatient clinic.

Significant increased energy expenditure in the intervention group through
| voluntary physical activity was documented. Their results are relevant in
clinical practice, because it showed that an unselected population of Type 2
diabetics was successfully motivated to increase their energy expenditure and
that this was still the case at the two-year follow-up. They also demonstrated
reduced BMI and HbA.. These findings significantly correlated the amount of
voluntary physical activity.

Lauzon et al™ investigated whether a physical activity intervention for
individuals with Type 2 DM could be successfully implemented in
geographically diverse diabetes education centres. Their programme
incorporated the use of a pedometer, group meetings, individual goal setting,
self-monitoring and feedback. Increased levels of physical activity and
improved health outcomes were reported.

However, Brown et al'®® reported that the initial increased step counts due to

the use of a pedometer in their study, returned to baseline at 16 weeks,

indicating that patients did not adhere to the programme in the long term.
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RESISTANCE TRAINING

Dunstan and co-workers'®” used high-intensity resistance training to improve
glycaemic control. In their six-month trial, 16 subjects were randomly assigned
to either a high-intensity progressive resistance training plus moderate weight
loss group, or a moderate weight loss group plus control programme. The
control programme consisted of 30 minutes of flexibility exercise and
stationary cycling with no workload for five minutes. They reported a
significant reduction in HbA. (-0.8% at six months) in the experimental group.
They concluded that a supervised progressive high-intensity resistance-
training programme, performed three days / week and over a period of six
months was safe and well tolerated by older patients with Type 2 DM. It was
also effective in improving muscle strength. However, in the author’s opinion
such a programme can only be conducted under direct supervision and is
therefore, not suitable for community-based exercise training.

Recently, Willey and co-workers *°

also reported on the feasibility of
progressive resistance training compared to aerobic exercise. They compared
the two types of exercise, because of the concomitant cardiovascular, arthritic
and other diseases patients with Type DM may have. According to the
authors, muscle wasting due to ageing and physical inactivity, exacerbated
problems of peripheral glucose uptake. Progressive resistance training
increased muscle mass, strength and endurance. It furthermore, had positive

effects on bone density, osteoarthritic symptoms and mobility impairment.

CONCLUSION

Weight loss is central to the management of obese Type 2 diabetics. '*72

However, long-term energy restriction as the sole means of improving
glycaemic control, is difficult to maintain and only modest in its effect. 1'%
Therefore, diet must be augmented by hypoglycaemic medication due to the
progressive nature of the disease. *
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Prescribed diets are often perceived as negative and difficult by patients, who
have to change eating habits established over a lifetime. '® Repeated,
unsuccessful attempts to loose weight can lead to tissue loss and decreased
metabolic rate, worsening the energy balance equation.'®®

Due to this problem exercise prescriptions the for management of Type 2 DM
have been included in Positions Statements by organisations such as the
American College of Sports Medicine %°, and the American Diabetes
Association. *° Solid evidence also exists that exercise alone, in the absence
of any change in body mass or composition, can significantly enhance insulin

sensitivity and glucose homeostasis. '

Aerobic exercise, such as walking, enhances insulin sensitivity in Type 2 DM.
" This is due to adaptive changes in skeletal muscle including increased
GLUT4 transported proteins on muscle fibres 7°, increased muscle glycogen
storage "® and the cumulative effects of acute exercise bouts. "4

Long-term aerobic exercise for obese individuals coupled with a weight-

reduction diet, enhances insulin sensitivity more than only dieting.'®

Evidence from the reviewed studies indicates that physical activity contributes
to weight loss and improvements in glycaemic control.  Furthermore,
moderate intensity exercise has the same effect as structured vigorous
exercise, but it is more acceptable to overweight women and therefore,
adherence to moderate intensity exercise is better. Walking is a suitable
moderate intensity exercise, which has a positive effect on weight loss and
glycaemic control. However, successful programmes report intensive contact
with patients and also supervised exercise. It was also shown that short
bouts of exercise, multiple times per day, was a good way to incorporate
exercise into the lifestyle of previously sedentary individuals. '*°

Evidence for the importance of exercise in the prevention and treatment of
Type 2 DM has been established in the literature review up to this point.
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It is clear that exercise is beneficial for the diabetic patient on several levels
and that it should be included in the daily management of the disease.
Patients should be clinically assessed to safely incorporate exercise in the
diabetes treatment regimen.

EXERCISE TESTING

AMERICAN DIABETES ASSOCIATION (ADA)?*

The American Diabetes Association recommends a detailed medical
evaluation with appropriate diagnostic studies. ' Patients should be
screened for the presence of macro- and microvascular complications that
may be exacerbated by exercise. '

Itis stated that a graded exercise test may be helpful if a patient is at high risk
for underlying cardiovascular disease. However, when participating in low-to-
moderate-intensity forms of physical activity such as walking, the physician
could use clinical judgement in deciding, whether to recommend an exercise
test. Patients with known coronary artery disease should undergo a
supervised evaluation of the ischaemic response to exercise. 1%

META-ANALYSIS BY STEWART *

Stewart **, carried out an extensive meta-analysis of exercise training and the
cardiovascular consequences of Type 2 DM and hypertension. She is of the
opinion that the exercise guidelines of the American College of Sports

2

Medicine, * are safe and effective for exercise testing of Type 2 DM and

hypertension patients.

AMERICAN COLLEGE OF SPORTS MEDICINE (ACSM)?’

The ACSM ?" recommends that health professionals should decide about the
level of screening according to the health status of the patient. Moderate risk
patients are women of 55 years and older, who meet the threshold for two or

more risk factors.
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The risk factors are family history, cigarette smoking, hypertension,
hypercholesterolemia, impaired fasting glucose, obesity and a sedentary
lifestyle. Exercise testing is therefore, not essential for moderate risk persons
participating in moderate intensity exercise. However, it should not be viewed

as inappropriate.

The measurement of health-related physical fitness is, however necessary for
the prescription of exercise programmes. This is necessary in order to
provide baseline and follow-up data to evaluate progress by participants. It
can also be used to educate and motivate participants by setting reasonable
and attainable fitness goals. Care should be taken to administer the physical

fitness test in a safe, quiet and private environment.

Participants should wear comfortable, loose-fitting clothing. Anxiety should be

minimised by explaining the test procedures.

Cardio respiratory fitness is measured by means of maximal and sub maximal
exercise testing. The decision to use a maximal or sub maximal exercise test
depends on the reasons for the test, the type of subject tested and the

availability of appropriate equipment and staff.

MAXIMAL EXERCISE TESTING

While maximal exercise tests offer increased sensitivity in the diagnosis of
asymptomatic ischaemia, it is not a feasible method of assessing cardio
respiratory endurance at a community hospital. The reasons for this are the
expensiveness of the test involved and lack of equipment. Treadmill exercise
testing may also be intimidating for sedentary subjects, who are not used to
exercise and where the rate of exercise is not under the subject's control.
Lowther et al'®" expressed the opinion that fitness assessments are
intrinsically motivating if the participant does well, implying that it can be de-
motivating for sedentary individuals and can lead to avoidance of all physical
activity.
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SUB MAXIMAL EXERCISE TESTING

While not as precise as maximal exercise testing, sub maximal exercise
testing provides a reasonably accurate reflection of a participant’'s fitness.
The test can be conducted at a lower cost and reduced risk. It also requires
less time and effort on the part of the subject. %’

Since expensive testing equipment is not available at the Mamelodi
Community Hospital, a mode of testing which would be suitable at community
level is a field test. This test consists of walking a certain distance in a given
time.

An example of such a test is the six-minute walk test.®* The test is simple,
inexpensive, safe and highly acceptable to patients. It corresponds more
closely to the demands of everyday a'ctivity than does cycle ergo meter
exercise testing. The results are reproducible and correlate with conventional
measures of functional status and exercise capacity.'®™ In this way a large

number of subjects can be tested at any one time. Little equipment is needed
and it is easy to administer.

The disadvantages of the test are that the subject’'s level of motivation and
pacing ability can have a profound impact on the test results. "*° Exclusion
criteria for the test are factors such as arthritis, claudication of the legs and
angina, thus limiting its use. Psychiatric disease preventing reliable

performance of the walking test is also an exclusion criterion. %

The Six-minute walking test is conducted in an enclosed corridor on a course,
which of 33 metres in length. Subjects are instructed to walk from end to end,
covering as much ground as possible during the allotted time. The supervisor
faces the subject and encourages the subject with phrases such as “You're
doing well” or “keep up the good work”. At the end of the test the supervisor
calls out “Stop” and the distance walked is recorded. '®2
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