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ABSTRACT

The prevalence of type 2 diabetes has been
increasing in Singapore and is a major risk factor
for cardiovascular disease. Exercise training is
an important therapeutic modality for managing
glycaemic control and improving cardiovascular
health among persons with type 2 diabetes.  It may
also help to prevent or delay the onset of this harmful
condition. This review examines the evidence and
possible mechanisms by which exercise training
produces these benefits, and gives a brief review
of appropriate exercise activities.
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INTRODUCTION
Type 2 diabetes mellitus, a complex metabolic disorder,
leads to a variety of complications that include
nephropathy, retinopathy, and cerebrovascular and
cardiovascular disease. The rapid economic development
and the associated adverse lifestyle changes in
Singapore have resulted in significant increases in
the prevalence of coronary heart disease (CHD), which
is now among the top three leading causes of death
among Singaporeans(1). Singapore is similar to other
industrialised nations in that diabetes is an important
risk factor for the development of CHD. In the Singapore
Cardiovascular Cohort Study(2), one-third of patients
who developed CHD had type 2 diabetes at baseline.
Individuals with type 2 diabetes are also at increased
risk of mortality compared with non-diabetics, with
heart disease contributing to about three out of every
four deaths among persons with diabetes(3).

According to the 1998 National Health Survey
(NHS)(4), among Singaporeans aged 18 - 64 years of
age, the prevalence of diabetes and impaired glucose
tolerance (IGT) was approximately 9% and 15%,
respectively. In this survey, 62% of patients diagnosed
with diabetes were previously undiagnosed. Globally,
this places Singapore among countries with a high

rate of diabetes(5). There are marked ethnic differences
in the prevalence of diabetes in Singapore. The highest
rate is seen among Indians (15.8%), followed by
Malays (11.3%), and is lowest in Chinese (8.0%)(4).
The rate of increase in the prevalence of diabetes
is occurring in both sexes and is particularly marked
among the Chinese, with the prevalence doubling
from 4.7% in 1984 to 8.0% in 1998(4,6,7). Singaporean
Indian (15.8%) and Chinese (8.0%) are also at higher
risk of developing diabetes than their counterparts
from rural India (2.7%) and China (1.6%)(6).

Several factors may account for the higher
prevalence of diabetes in Singapore. Although the
molecular basis for type 2 diabetes is still poorly
understood, both insulin resistance and beta-cell
dysfunction are well documented(8,9) and is likely a
result of both environmental influences and genetic
factors(10,11). The ageing population in Singapore,
increasing prevalence of obesity and a sedentary
lifestyle parallel the rise in diabetes, and are likely
contributors to this metabolic abnormality(4).

The National Healthy Lifestyle Programme was
launched in 1992, with its principal aim being to
promote healthy lifestyles and disease prevention.
This programme has resulted in increases in regular
exercise rates among Singaporeans (13.6% in 1992
vs 16.9% in 1998) and a leveling off in the prevalence
rates of diabetes (8.6% in 1992 vs 9.0% in 1998).
However, more than one-half of all Singaporeans
still report no leisure time physical activity. The lowest
physical activity rates were seen among those aged
30 - 49 years, which is also the age range for which
the incidence for development of new onset type 2
diabetes begins to rise rapidly(4). In addition, obesity
rates among Singaporean children are now estimated
at about 12%(7). These prevalence rates of obesity in
children will certainly increase the future rate of type 2
diabetes unless sweeping interventions are implemented.

PRE-DIABETES AND METABOLIC SYNDROME
Pre-diabetes refers to a metabolic stage that is
intermediate between normal glucose homeostasis
and diabetes. These conditions refer to patients who



have either impaired fasting glucose (IFG) or impaired
glucose tolerance (IGT) (See Table I for diagnostic
criteria)(12,13). Patients with either IGT or IFG have about
a 10% risk of developing overt type 2 diabetes over
the ensuing 6.5 years(14). Patients with IFG also have a
40% greater risk of mortality from all causes, even after
adjusting for other cardiovascular disease risk factors(15).

Many of the risk factors for cardiovascular disease
are known to cluster in certain individuals. This
clustering has been called the metabolic syndrome(16),
and consists of hypertension, low high-density
lipoprotein (HDL) cholesterol levels, high triglyceride
levels, high plasma glucose concentrations, and
abdominal obesity. The clinical criteria for diagnosis
of the metabolic syndrome based on The Third Report
of the National Cholesterol Education Program Adult
Treatment Panel (ATP III)(17) is shown in Table II.
Although the pathophysiological mechanism of the
metabolic syndrome has not been fully elucidated, a
major underlying abnormality is insulin resistance(16,18,19).
To our knowledge, there are no published data on
the prevalence of the metabolic syndrome in
Singapore. Although it remains to be determined if
the same exact diagnostic criteria as adopted by the
ATP III can be applied to our local population, many
Singaporeans are clearly at risk for type 2 diabetes
and cardiovascular disease.

Exercise and the pre-diabetic state
The evidence for physical inactivity as a risk factor for
the development of the metabolic syndrome and type
2 diabetes comes from epidemiological observational
studies and prospective intervention trials. Laaksonen
et al(20) demonstrated that Finnish men who engaged
in more than three hours per week of moderate or
vigorous leisure time physical activity were half as likely
as their sedentary counterparts to develop the metabolic
syndrome over a follow-up period of four years.

A recent study also showed the strong association
between sedentary behaviours in relation to the
development of obesity and type 2 diabetes among
women(21). During a six-year follow-up period, every
two-hour per day increment in television watching
was associated with an increased risk of developing
obesity by 23% and type 2 diabetes by 14%, respectively.
Conversely, each one-hour per day spent doing brisk
walking was associated with a reduction in the risk
of developing obesity by 24% and type 2 diabetes by
34%, respectively. Hsueh et al(11) showed that the
prevalence of type 2 diabetes was lower in the Amish
than the general U.S. Caucasian population although
the prevalence of IGT was similar. Of note, the more
physically active lifestyle of the Amish was a key
difference between these populations that could

account for the differences in the development of
type 2 diabetes. The hypothesis that regular physical
activity protects against overt type 2 diabetes is further
supported by follow-up glucose tolerance tests two to
five years later in more than 100 Amish individuals
with IGT (22). It is thought that the low incidence of
progression to the diabetic state was related to the
increased physical activity among these individuals.

There are also prospective studies that have
established the efficacy of lifestyle interventions
such as diet and exercise to reduce the incidence of
type 2 diabetes amongst people with IGT(23-25). In
the Da Qing study, Pan et al(23) placed subjects on
dietary restrictions, an exercise program or both
interventions. All of these interventions reduced the
incidence of diabetes when compared to a control
group. In the Diabetes Prevention Program Research
Group Study(25), which enrolled subjects in the United
States with IGT, the intensive lifestyle intervention
reduced the incidence of developing type 2 diabetes
by 58% whereas metformin reduced the incidence by
31%, as compared with placebo. The lifestyle intervention
therefore was significantly more effective than metformin.
The intensive lifestyle program included at least 30
minutes of moderate physical activity every day.

Among persons with pre-diabetes, exercise can
also reduce the risk of cardiovascular mortality. In
the Malmo Prevention Trial(26), among patients with
IGT who participated in a diet and exercise program,
overall mortality during a 12-year follow-up period
was similar to patients with normal glucose tolerance
(6.5 vs 6.2 per 1,000 person-years) and significantly
lower than a matched group of patients with IGT
on routine management (6.5 vs 14.0 per 1,000 person-
years). Of equal importance was the finding that
between the two matched groups of patients with
IGT, lifestyle intervention but not body mass index,
systolic blood pressure, smoking or cholesterol levels
predicted overall mortality. Together, the findings
from these large epidemiological and intervention
studies highlight the importance of regular exercise
and other lifestyle treatments for preventing type 2
diabetes and reducing mortality and morbidity
among persons who are at an increased risk of
developing the disease.

BENEFICIAL EFFECTS OF EXERCISE
ON DIABETES
Physical inactivity and poor physical fitness have been
associated with increased mortality among persons
with established type 2 diabetes(27). A recent study by
Tanasescu et al(28) demonstrated that physical activity
was associated with a reduced risk of both cardiovascular
and total mortality among men with type 2 diabetes.
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In addition, there was a 58% reduction in the risk of
all-cause mortality when the walking pace was at a
rate of 4 mph (6.5 km/h) or higher compared with an
easy pace of 2 mph (3.2 km/h). This effect of walking
speed was independent of the total number of hours
walked per week, suggesting that increased exercise
intensity is a determinant of cardiovascular disease
risk. There are many plausible ways by which exercise
training can improve metabolic and cardiovascular
health of persons with type 2 diabetes (Fig. 1).

Exercise and glycaemic control
A meta-analysis of 14 trials found that exercise training
reduces haemoglobin A1c levels by 0.66%, and this
reduction was independent of changes in body weight(29).
This effect is in part due to long-term adaptations in
skeletal muscle, hepatic glucose metabolism and body
composition(30), in addition to shorter term changes in
glucose transport. Glucose decreases after a single bout
of exercise, and this is likely secondary to augmented
uptake into skeletal muscles via the increased
translocation of GLUT4 glucose transporters to the
plasma membrane(31). It is important to engage in
exercise on a frequent basis as favourable changes in
glucose tolerance and insulin sensitivity appear to be
partially related to the last bout of exercise(32). It has also
been demonstrated that acute exercise enhances insulin
stimulated glucose uptake more in trained than untrained
muscle, suggesting the importance of regular exercise(30).

Exercise and hypertension
Hypertension is commonly seen in persons with type
2 diabetes. In a population-based survey in Singapore
conducted by Hughes et al(33), the prevalence of
hypertension among men was found to be 43% in those
with type 2 diabetes, compared to 21% without the
condition. Among women, the prevalence of hypertension
was 57% versus 24%, respectively. The sixth report of
the Joint National Committee on Prevention, Detection,

Evaluation and Treatment of High Blood Pressure(34)

concluded that diabetes increases cardiovascular
disease risk at any stage of hypertension. In the United
Kingdom Prospective Diabetes Study (UKPDS) trials,
blood pressure reduction resulted in a significant
benefit on cardiovascular disease risk reduction over
and above that achieved by tight glycaemic control(35).
The role of exercise in the management of patients
with hypertension is well documented(36). Although
there are no randomised clinical trials examining the
efficacy of exercise to reduce blood pressure in persons
with type 2 diabetes, it is likely that exercise training
would produce benefits in such patients(36).

Exercise and left ventricular function
Type 2 diabetes is associated with abnormalities in
left ventricular diastolic function(37). Increased glucose
levels, even when they fall below the threshold for
the diagnosis of type 2 diabetes, was independently
associated with impaired left ventricular diastolic
function(38). Exercise training has been shown to improve
diastolic filling in animal models(39), among hypertensive
persons(40) and reverses age-related diastolic filling
patterns(41). Although it can be expected that exercise
training would also improve left ventricular diastolic
dysfunction among persons with type 2 diabetes,
further randomised studies in this area are needed
to confirm this view.

Exercise and endothelial function
Impaired endothelial function is a common finding
among patients with type 2 diabetes and pre-diabetes(42,43).
Impaired endothelial vasodilator function in the
coronary arteries and micro-vasculature may be
an important contributor to myocardial ischaemia.
Exercise has been shown to reduce myocardial perfusion
defects in patients with CAD, even in the absence of
significant plaque regression, and this is believed to
be secondary to improved endothelial function(44).

Fig. 1 Mechanisms by which exercise training may improve health in persons with type 2 diabetes.

Benefits of exercise training in type 2 diabetes

Diabetes control
Decreased blood glucose

Increased insulin sensitivity

Body composition
Decreased body fat

Increased lean body tissue

Fitness
Increased aerobic capacity

Increased muscle strength

Heart and circulation
Improved left ventricular diastolic dysfunction

Decreased arterial stiffness

Decreased left ventricular mass

Less left ventricular concentric remodeling

Decreased systemic inflammation

Improved endothelial vasodilator function

Cardiovascular disease risk factors
Decreased blood pressure

Inproved lipid profile
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Studies which utilise changes in reactive hyperaemic
brachial artery vasodilatation as an index of endothelial
health have shown that exercise training restores
endothelial function among subjects with type 2
diabetes as well as those with the metabolic syndrome(45,46).
Hosokawa et al(47) measured coronary endothelial
function directly by infusing acetylcholine into the
coronary arteries of patients (both diabetic and non-
diabetic) who had suffered a recent myocardial infarction.
They also measured artery diameter by contrast
angiography. They demonstrated that six months of
exercise training improved coronary endothelial
response to acetylcholine, independent of type 2
diabetes, smoking status, use of statins or calcium
channel blockers, and lipid lowering. Exercise-induced
improvements in endothelial function are thought to be
secondary to the elevated shear stress that occurs during
exercise on vessel walls, which results in up-regulation of
endothelium-derived nitric oxide, leading to improved
smooth muscle relaxation and vasodilatation.

EXERCISE AND OBESITY
Obesity, and especially intra-abdominal fat, is strongly
associated with insulin resistance, glucose intolerance,
diabetes mellitus and is a growing problem in Singapore(48).
Contributory to this is the westernisation of traditional
Asian diets, with fruits, vegetables, and whole grains
being replaced by readily-accessible fast foods,
which are high in saturated fat, sugars and refined
carbohydrates. The 1998 Singapore NHS(4) (based

on WHO criteria(49)) found that among adults (aged
18 - 64), 24.4% were overweight (Body mass index
(BMI) ≥25) and 6% were obese (BMI ≥30). However,
Deurenberg-Yap et al (50,51), showed that Singaporeans
have a higher percentage body fat for the same BMI
as Caucasians. Even among Singaporeans with a BMI
of 22 -24, which would be classified as normal by WHO
criteria, the prevalence of diabetes was increased over
those with a BMI <22 in both sexes (In men 4.6% vs
2.5%, in women 7.1% vs 2.9%). The authors have
therefore recommended different cut-off points from
the WHO definition, with overweight being defined
as a BMI ≥23 and obesity being defined as a BMI of
≥27. This definition would increase the prevalence
of obesity in Singapore to over 15% (compared to
6% based on WHO criteria).

Among Singaporeans who have already developed
type 2 diabetes, their BMI, waist hip ratio and abdominal
girth were also found to be significantly higher than in
persons without diabetes(33). Of concern is the finding
that intra-abdominal obesity in persons with type 2
diabetes is independently associated with increased
coronary artery calcium scores on electron-beam
computed tomographic studies(52), which suggests a
higher burden of atherosclerotic coronary disease. In
an observational study of overweight diabetics by
Williamson et al(53), intentional weight loss resulted in
a 25% lower total mortality and a 28% reduction in
cardiovascular and diabetes-related mortality. The
greatest mortality reduction (of 33%) was seen among
subjects who lost 10 - 15% of their initial weight.

In a randomised controlled trial, Irwin et al(54)

examined the effects of regular aerobic exercise without
significant dietary modification in previously sedentary
middle-aged women. After 12 months, persons in the
exercise intervention had modest decreases in body
weight (-1.3 kg vs + 0.1 kg from baseline) and
considerable reductions in intra-abdominal fat
(-8.5 g/cm2 vs + 0.1 g/cm2 from baseline), compared to
controls. There was also a significant dose response for
greater fat loss with increasing amounts of exercise.
Progressive resistance training has also been shown to

Table I. Criteria for diagnosis of diabetes mellitus (Clinical Practice Guidelines: Diabetes Mellitus, Ministry of Health,
Singapore, 1999).

Classification Normal Impaired Impaired Diabetes
Fasting Glucose
Glucose Tolerance
(IFG) (IGT)

Fasting <6.1 mmol/L 6.1 to <7.0 mmol/L 6.1 to <7.0 mmol/L >7.0 mmol/L

2 hours (after 75 g glucose load) <7.8 mmol/L <7.8 mmol/L 7.8 to <11.1 mmol/L >11.1 mmol/L
or
Casual glucose
level >11.1 mmol/L
and symptoms

For asymptomatic individuals who have plasma glucose in the diabetic range, a second glucose sample should be measured on a
separate occasion in order to confirm the diagnosis of diabetes mellitus.

Table II. Definition of metabolic syndrome (based on
NCEP ATP III).

Individuals with three or more of the following are defined as
having the metabolic syndrome

1. Abdominal obesity. Waist circumference >102 cm in men and
>88 cm in women

2. Hypertriglyceridaemia >1.69 mmol/L

3. Low high density lipoprotein (HDL). Men <1.04 mmol/L and
women <1.29 mmol/L

4. Hypertension. Blood pressure >130/85 mmHg

5. High fasting glucose >6.1 mmol/L
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result in improvements in body composition. Twice-
weekly resistance training without additional aerobic
activity for a period of six months has been shown to
result in improvements in body composition (increases
in fat free mass and decreases in percent body fat), even
though total body weight remained the same(55).

Exercise and inflammation
Obese persons have been found to have higher levels
of high sensitivity-C reactive protein (CRP)(56). Adipose
tissue is an important source of cytokines, called adipokines,
which contribute to systemic and vascular inflammation(57).
This in turn results in endothelial dysfunction, increased
atherosclerotic risk and insulin resistance. Studies have
shown that CRP levels are associated with many
components of the metabolic syndrome(58) and predict
risk of development of type 2 diabetes(59). Kopp et al(60)

demonstrated that significant weight loss among obese
individuals resulted in a parallel decreases in both insulin
resistance and CRP levels. Studies among non-diabetic
populations have shown that regular exercise results in
lower concentrations of several inflammatory markers(61,62).
Although there is no direct evidence yet that exercise
training reduces inflammatory levels amongst diabetics,
exercise-induced weight loss is a plausible mechanism
by which inflammation could be attenuated.

Exercise and lipoproteins
In Singapore, fasting serum triglycerides, but not HDL
and LDL cholesterol levels, were found to be higher
among persons with type 2 diabetes than in those
without diabetes(33). However, patients with type 2
diabetes have a dyslipidaemia characterised by increases
in atherogenic small dense LDL sub-fractions and decreases
in HDL-2 cholesterol. Exercise training results in
improvement of the LDL sub-fractions, with a decrease
in the small dense particles(63), and may therefore protect
against CHD, despite a lack of reduction of total or LDL
cholesterol. Because the amount of exercise training rather
than the intensity of exercise may be a more important
determinant of improvements in lipids, it is important for
patients to engage in frequent and regular exercise(64).

Exercise and PPARs
The peroxisome proliferator-activated receptors
(PPARs) are ligand-activated receptors that control
gene expression(65). PPARs modulate risk factors
associated with the metabolic syndrome(66). Three
isoforms are described, namely: PPARα , PPARδ
and PPARγ. PPARα is the receptor for the action of
fibrates, which results in lowering of LDL cholesterol,
triglycerides and elevation of HDL cholesterol. PPARγ
is the receptor for the thiazolidinedione class of drugs
(glitazones), which results in recovery of insulin
sensitivity among type 2 diabetics(65). Limited studies

have shown that exercise training may result in up-
regulation of PPARα. Horowitz et al(67) demonstrated
that 12 weeks of endurance training resulted in increased
skeletal muscle PPARα protein content among women.
In an animal study by Iemtisu(68), ageing induced
decreases in PPARα  levels in senescent rats were
improved by exercise training. Additional research in
this area is needed but these recent findings suggest
that increased PPAR expression and action may be
an additional and important beneficial feature of the
exercise training response.

PRESCRIBING EXERCISE
Patient evaluation
Both the American Diabetes Association and the ATP
III guidelines consider diabetes as a coronary artery
disease risk equivalent. The prevalence of silent
myocardial ischaemia in persons with type 2 diabetes
can be as high as 20 - 25%, especially amongst those
over the age of 65 years(69), if the duration of diabetes
exceeds 10 years and if there is the presence of other
cardiovascular risk factors(70). The Singapore Clinical
Practice Guidelines on Diabetes Mellitus(12) suggest
that a graded exercise test with electrocardiographic
monitoring should be performed in patients over 40
years of age and/or with high risk of coronary heart
disease, before participation in a moderate to vigorous
intensity physical activity program.

Exercise prescription
A review of exercise training guidelines and precautions
for persons with diabetes can be found in the Clinical
Practice Guidelines on Diabetes Mellitus published
by the Ministry of Health(12). In addition, both the
American Diabetes Association(71) and the American
College of Sports Medicine(72) advise a combination of
both aerobic and resistive training as part of the exercise
prescription for most afflicted persons. Although resistive
exercise is often neglected in such exercise programs,
this mode of exercise is generally safe and improves
HBA1C levels and increases lean body mass(73,74).

Among frail elderly patients, aerobic type exercises
may not be practical, due to concomitant cardiovascular
and arthritic limitations. In these instances, light intensity
resistance exercises can be a safe and effective
alternative. Among such patients, resistance training
has additional benefits aside from improving insulin
sensitivity and glycaemic control, including enhancing
strength, mobility and counteracting age related
sarcopenia(75). In terms of the amount of exercise to be
performed, a goal of a 1,000 kcal/week expended in
aerobic-type exercise is considered to be a minimum
for reducing cardiovascular disease risk whereas the
expenditure of more calories is required to produce
significant weight loss(76).
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Factors such as a person’s initial level of fitness,
age, other co-morbidities and goals must be considered
when formulating an exercise prescription. When
progressing the level of exercise as the individual
improves, the duration and frequency of exercise
should be increased first. Any increases in intensity
should be done more gradually so as to minimise the
risk of injury, pain, non-compliance and complications.
Since the majority of cardiovascular benefit occurs at
moderately-intense exercise levels, higher intensity
levels of exercise are probably unnecessary.

CONCLUSION
Exercise training is an essential component in both
the medical management of patients with type 2 diabetes
and in preventing the development of diabetes among
those at risk. Exercise contributes to glycaemic control
and blood pressure reduction, and may improve several
of the cardiovascular consequences of type 2 diabetes
such as impaired endothelial function and left ventricular
diastolic dysfunction. It is particularly important for
physicians to recognise patients at risk of diabetes or
those who have already developed the pre-diabetic state,
as intervention in terms of exercise and other lifestyle
changes will reap the greatest benefits at this stage.

Despite the preponderance of evidence of the
benefits for exercise, there is still a lack of participation
among patients who are at risk of or who have type 2
diabetes. The reasons for the under-participation in
regular exercise include patients’ lack of knowledge
about the benefits of exercise, a lack of motivation, and
a lack of clear recommendations from health care
professionals. Clinicians should view the need to
encourage such patients to exercise regularly as an
essential part of management of their condition. Specific
instructions should be given to patients rather than
general advice, which does not increase compliance.
Furthermore, there are exercise programs available in
most hospitals in Singapore. These can be a useful way
to introduce patients to exercise and in so doing, act as
a springboard for patients to initiate their own exercise
program in the long term. One such resource is the
cardiac rehabilitation program, which will be an ideal
setting for initiating exercise for such patients.

While a great amount of resources and attention have
centered on “gene” therapy, this mode of therapy holds
promise for future generations and is not yet ready for
“prime-time”. On the other hand “gym” therapy, which is
cost effective and widely available, should be implemented
as part of standard management of such patients.
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