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Abstract
Type 2 diabetes mellitus (T2DM) and pre-diabetic conditions such as impaired fasting glucose (IFG) and/or impaired glucose tolerance (IGT)
are rapidly increasing in prevalence. There is compelling evidence that T2DM is more likely to develop in individuals who are insufficiently
active. Exercise training, often in combination with other lifestyle strategies, has beneficial effects on preventing the onset of T2DM and
improving glycaemic control in those with pre-diabetes. In addition, exercise training improves cardiovascular risk profile, body composition
and cardiorespiratory fitness, all strongly related to better health outcomes. Based on the evidence, it is recommended that patients with T2DM
or pre-diabetes accumulate a minimum of 210 min per week of moderate-intensity exercise or 125 min per week of vigorous intensity exercise
with no more than two consecutive days without training. Vigorous intensity exercise is more time efficient and may also result in greater
benefits in appropriate individuals with consideration of complications and contraindications. It is further recommended that two or more
resistance training sessions per week (2–4 sets of 8–10 repetitions) should be included in the total 210 or 125 min of moderate or vigorous
exercise, respectively. It is also recommended that, due to the high prevalence and incidence of comorbid conditions in patients with T2DM,
exercise training programs should be written and delivered by individuals with appropriate qualifications and experience to recognise and
accommodate comorbidities and complications.
© 2011 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
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1. Background
Impaired glucose tolerance (IGT), impaired fasting glucose (IFG) and type 2 diabetes (T2DM) are conditions
characterised by varying levels of insulin resistance causing
hyperglycaemia on the background of an insulin secretion
defect. Patients with IGT and/or IFG do not have as severe
∗
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insulin resistance and hyperglycaemia as those with T2DM
and they are often regarded as having pre-diabetes. Rising levels of obesity, insufficient physical activity and high levels of
uninterrupted sedentary time are independent risk factors for
insulin resistance/diabetes.1,2 Already, these have resulted
in a high prevalence of IGT (16.4% in Australia in 20023 )
and T2DM (7.4% in Australia in 2002,3 10.7% in the US
in 20074 ). Recent data from Australia indicate that a further
0.7–0.8% of Australians are diagnosed with T2DM every
year.5 In the US, the incidence of T2DM has doubled over
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the last 30 years.6 It is also estimated that approximately
quarter of people with T2DM are undiagnosed.7 In 2002 it
was calculated that $10,900 is spent on every T2DM patient
each year in Australia and this can increase to over $15,000
for each individual with additional micro and macro vascular
complications.8 In total this is over $3 billion per year. In the
US it was estimated that $172 billion was spent on T2DM in
2007.4
Exercise training, is a recognised, although relatively
underutilised strategy that is central to the prevention, care
and management of T2DM and pre-diabetes.9,10 The purpose
of this statement is to provide practical exercise guidelines and recommendations for individuals with T2DM and
pre-diabetes, while examining the benefits and specific considerations for these conditions.

2. Role of exercise in the prevention and treatment of
type 2 diabetes
The benefits of exercise in preventing and treating T2DM
are widely recognised.11 Exercise training improves glycaemic control, body composition, cardiorespiratory fitness,
cardiovascular risk, physical functioning and well-being in
patients with T2DM or pre-diabetes.10,12
Low levels of physical activity and physical fitness (both
cardiovascular and musculoskeletal) are prominent, independent and modifiable risk factors for the development of
T2DM.3,5,13,14 Furthermore, lifestyle modification, including
exercise training now represents a central strategy in diabetes
prevention. A number of large-scale randomised controlled
trials (RCTs) of lifestyle modification in pre-diabetic populations have been conducted.15–21 The aim of these trials
has been to reduce incident T2DM, as well as ameliorate
risk factors associated with both T2DM and cardiovascular morbidity and mortality. These lifestyle interventions,
that in most cases targeted physical activity and nutritional
goals simultaneously, have been highly successful in preventing the onset of T2DM. The largest of these, the U.S.
Diabetes Prevention Program reported a 58% reduction in
the incidence of T2DM from a four-year lifestyle intervention that prescribed 150 min/week of moderate activity
exercise and dietary change program designed to induce a
7% weight loss. Importantly, the patients actually completed
on average approximately 300 min/week at this intensity.17
A similar risk reduction of 58% was reported in the Finish Diabetes Prevention Study that prescribed 210 min/week
of moderate to strenuous intensity exercise (including resistance training) and dietary intervention to reduce fat and
increase fibre intake, with patients completing an average
of 204 min/week of exercise.16 In Asian Indians with IGT,
lifestyle advice to undertake 210 min/week of brisk walking resulted in a 28.5% risk reduction of incident diabetes18
and the Da Qing Study from China reported a 46% risk
reduction when moderate intensity activity was prescribed

at 140 min/week and 280 min/week for persons ≥50 years
and <50 years, respectively.21 Patients in this study actually
completed on average 560 min/week of exercise at moderate
intensity. Finally, the Japanese Diabetes Prevention Program
prescribed 210–280 min/week of moderate intensity exercise
reported a risk reduction of 67%.19
Poor glycaemic control leads to accelerated cardiovascular, renal and ophthalmic diseases resulting in elevated
morbidity and mortality. Therefore, glycaemic control has
traditionally been the primary focus of exercise training
studies in patients at risk or with T2DM. Beneficial effects
have been shown with both aerobic,22,23 resistance22,24 or
a combination of both modes of training, in which case
they have shown to be synergistic22 and may yield greater
results than each mode of exercise alone.25 These improvements in glycaemic control commonly result in reductions in
T2DM medications.26 Further, there is data to suggest that the
greatest benefits occur in patients with the poorest metabolic
control.27,28 Importantly, studies that failed to show improvements in glycaemic control have commonly reported poor
exercise compliance29 or prescribed low exercise volume30
and/or intensity.31 The mechanisms responsible for these
exercise training-induced benefits are complex and include
improvements in insulin sensitivity,32 and insulin dependent
glucose uptake33 from increases in muscle GLUT4 number and function,34 increases in muscle capillarisation and
blood flow.35 These adaptations are strongly influenced by
energy expenditure.36 Further, given the close association of
aging and diabetes, efforts to reduce the effect of sarcopenia
are likely to transfer not only to improvements in glycaemic
control, but also physical function and independence.37
Exercise training has been shown to be beneficial in
decreasing body fat and improving lean mass in patients
with T2DM,22,38 although, these improvements may not be
necessary to induce improvements in glycaemic control.39 It
has been suggested however, that metabolic improvements
appear to be more closely related to a loss of visceral adiposity rather than weight loss in general.40,41 In addition, it is
widely accepted that anabolic resistance exercise is the only
antidote to the loss of lean tissue accompanying hypocaloric
diets to reduce weight in this cohort.
The benefits of exercise training on cardiorespiratory
fitness are well reported, with studies typically showing
approximately 12% improvement.42 Not surprisingly, greater
improvements in cardiorespiratory fitness have been associated with higher intensities of aerobic training or interval
training, although data on interval training in T2DM is
lacking.43,44 Improvement in cardiorespiratory fitness is
also very pertinent given its association with cardiovascular
risk factors,45 cardiovascular-related mortality and all cause
mortality.46
Other co-morbidities prevalent in older adults with T2DM
include osteoarthritis, peripheral vascular disease, mobility
impairment, peripheral neuropathy and elevated fall risk,
depression, and cognitive impairment. In all of these conditions, targeted exercise prescriptions (aerobic, resistance,
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Table 1
Minimum exercise prescription recommendations for patients with type 2 diabetes or pre-diabetes.
Type of exercise

Intensity

Aerobic (large muscle activities)
e.g. walking, running, cycling
and swimming.

Moderate:
40–59% VO2 R or HRR
55–69% HRmax
RPE 12–13
OR
Vigorous:
60–84% VO2 R or HRR
70–89% HRmax
RPE 14–16

Resistance (multi joint exercises,
progressive, large muscle groups)

Moderate to vigorous
8–10 exercises
2–4 sets
8–10 repetitionsa
1–2 min rest intervals

Duration, week

Frequency

210 min total
No more than two consecutive
days without exercising
125 min total

60 min (included in totals above)

2 or more times/week

VO2 R = VO2 reserve, HRR = heart rate reserve.
a Resistance training repetitions should be performed at a weight that cannot be lifted more than 8–10 times (70–84% of 1 RM).

or balance training and multi-modal exercise programs) have
been shown to provide significant clinical benefits in terms of
symptom relief.47 Therefore, using exercise in the prevention
and treatment of T2DM is likely to have even wider ranging
benefits for this cohort.

3. Exercise guidelines
The exercise recommendations for patients with T2DM
or pre-diabetes are shown in Table 1 and are similar to those
advocated for the apparently healthy/lower risk population.11
Patients should aim to accumulate a minimum of 210 min of
moderate intensity or 125 min of vigorous intensity exercise
each week. This total amount of exercise should consist of a
combination of aerobic and resistance training. It is recommended that resistance training (2–4 sets of 8–10 repetitions)
should make up two or more sessions each week. Aerobic and
resistance training can be combined in the one session. Exercise should be performed on at least 3 days each week with no
more than two consecutive days without training. The exercise recommendation can be achieved with a combination
of moderate and vigorous intensity exercise, if desired and
clinically feasible. When using a combination, we suggest
that the vigorous intensity exercise can be multiplied by 1.7
to allow this to be added to the moderate intensity time. For
example, in one week a person could exercise on four days
for 40 min at a moderate intensity and on another day for
30 min at a vigorous intensity. The 1.7 multiplication factor
was derived from recommendations that 150 min of moderate
intensity is equivalent to 90 min of vigorous physical activity (a ratio of 1:1.7).10,48 Our recommendation is consistent
with the recent position statement from the American College
of Sports Medicine and American Diabetes Association46
with the exceptions that we are providing more guidance
regarding the amount of vigorous intensity exercise and our
210 min/week incorporates both aerobic and resistance exer-

cise. We are recommending that at least 60 min of resistance
exercise be completed per week (e.g. two 30 min sessions).
If the recommended levels of exercise cannot be achieved,
patients should still be encouraged to achieve what they
can. This will still result in health benefits. Given the
close association with T2DM and obesity, the accumulation of ≥250 min per week is recommended for overweight
patients if weight loss is also a goal as this volume
of exercise is considered necessary for significant weight
reduction.49
Outside of the prescription for weight loss, the frequency
of exercise for patients with T2DM or pre-diabetes should be
designed to maximise the acute benefits of an exercise bout.
Given that increases in insulin sensitivity declines markedly
by 48 h post exercise,50 scheduling sessions at this interval
will maintain this increase over time. It is therefore recommended that there be no more than 2 consecutive days without
training.
Where appropriate, both moderate and vigorous intensity
exercise can be used to meet the exercise recommendations and higher intensities of aerobic exercise may also
prove to be more time efficient. Indeed, a meta-analysis
found that exercise intensity is more important in improving
insulin sensitivity than duration42 and individuals performing higher intensity exercise were more likely to achieve
greater improvements in metabolic control and myocardial
function.27 Indeed, a recent study has shown that uphill walking (4× 4 min at 90–95% HRpeak with 3 min active recovery
in between bouts) was more effective in reversing the risk
factors of the metabolic syndrome than moderate intensity
exercise.51 Furthermore, two recent studies reported that
short-term sprint interval training increases insulin sensitivity in healthy sedentary adults.52,53 In contrast, Hansen et al.
reported that low to moderate intensity exercise (50%HRmax )
was not significantly different than moderate to vigorous
intensity exercise (75%HRmax ) for improving glycaemic
control.54 However, in this study the moderate to vigorous
intensity group had a greater (0.5%) absolute reduction in
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HbA1c compared to a smaller reduction (0.2%) in the low
to moderate intensity group. While vigorous intensities of
exercise (both aerobic and resistance) may be a preferable
option for some patients, for a large majority of people at
risk or with T2DM, moderate intensities of exercise may
be more appropriate, better tolerated and result in greater
exercise adherence.55
For resistance training, high intensity exercise is generally possible even in the face of cardiovascular disease,
peripheral vascular disease, or osteoarthritis, the most common co-morbidities influencing exercise prescription. In the
case of aerobic exercise, exercise intensity is far more likely
to be limited by these co-morbidities, making vigorous or
sustained aerobic exercise difficult or impossible in such individuals. Consideration needs to be given to strategies for
achieving beneficial exercise intensity when angina, claudication, or arthritis pain preclude activities such as jogging
or prolonged brisk walking. Alternative choices may include
short bouts of stair climbing, hills, upper body exercise, or
water-based exercise for example.
Similar to the intensity of exercise, the optimal duration of
exercise in patients with T2DM or pre-diabetes remains undefined. The majority of studies in patients with pre-diabetes
have shown improvements in glycaemic control and/or reduction in the incidence of T2DM from around 210 min/week
or more of exercise.15–21 Furthermore, two of these studies
showed a dose-response relationship.16,17 In T2DM patients,
the studies have been more varied. One of the large scale
studies failed to show improvements in glycaemic control,
rather prevented a decline seen in the control group.27 The
authors suggested that exercise in excess of 150 min may
be required. However, another found improvements in glycaemic control with 150–270 min/week.22 It is possible to
achieve similar benefits in glycaemic control by accumulating short 10 min bouts or single longer sessions.56 There may
be both behavioural, physical and psychological reasons for
promoting multiple short bouts in this cohort.
Theoretically, both aerobic and resistance training should
be combined in the exercise prescription for T2DM and prediabetes, as they have complementary effects on metabolic,
body composition and fitness outcomes. Studies comparing
these two types of training show similar improvements in
glycaemic control, despite producing different outcomes in
body composition.22 The addition of both types of training
have also been shown to be synergistic for glycaemic control.
Further, in some, but not all studies, resistance training has
been shown to be superior to aerobic training.57 Importantly,
recent research has identified that combining both forms of
exercise to achieve the same dose of exercise may lead to
greater glycaemic control benefits.25 The exact contributions
of both forms of training to the overall exercise prescription will vary based on comorbidities, complications, patient
preference and availability of equipment and/or facilities.
Aerobic training may maximise caloric expenditure and
improvements in cardiorespiratory fitness,42 whereas resistance training has been related to improvements in insulin

sensitivity and GLUT4 number and function.34,58 The addition of resistance training to aerobic training in the DARE
study had additive effects on glycaemic control, although
this may have been due to the larger volume of exercise in the
combined treatment arm.22 However, a recent study included
combined training that was isocaloric and showed an advantage of the combined that was not found in either type of
training alone.25 Vigorous intensity exercise is contraindicated in poorly controlled hypertensive IGT and T2DM
patients (and those with proliferative retinopathy or unstable cardiovascular disease), but it is well tolerated even in
older T2DM patients who have controlled blood pressure and
other chronic conditions.24 Improvement in glycaemic control appears to be associated with the amount of muscle mass
used during exercise59 and this principle should be applied
to both types of training.
Elevated volumes and uninterrupted durations of sedentary behaviour (those behaviours that involve sitting and
low levels of energy expenditure) have shown to be predictive of poor glycaemic control, independent of moderate to
vigorous-intensity activity in people at risk of developing
T2DM.60,61 Further, light-intensity (incidental) activity may
also play an important protective role,60 although this activity should be seen as additional to, and not a substitute for,
moderate or vigorous intensity activity. It is recommended
that patients with T2DM or pre-diabetes minimise sedentary
behaviour by breaking these periods with frequent bouts of
light-intensity activity or incorporating regular breaks that
involve standing up from a seated position.62

4. Special considerations and contraindications
When initiating an exercise program for patients with
T2DM or pre-diabetes it is necessary to consider the associated risks and contraindications. However, it is important
to note that in the majority of circumstances, these risks
should not prevent patients from exercising. The following is
a discussion on the more common risks and contraindications
associated with T2DM.
The occurrence of hypoglycaemia in patients with T2DM
is relatively rare, although is higher in poorly controlled
patients, especially in older patients with a longer history
of the disease and those on multiple oral hypoglycaemic
agents and long acting insulin63,64 While specific thresholds
for hypoglycaemia vary depending on individual symptoms, 4.0 mmol/L has been suggested as a reasonable lower
limit.65 Prevention of hypoglycaemia centres around self
monitoring of blood glucose levels and consultation with the
patient’s doctor. Important considerations are timing of medications, meals, and exercise. Given the risk of post-prandial
hyperglycemia,66 a good strategy is to take advantage of
the acute glucose-lowering effect of exercise by timing the
session for approximately one hour after a meal (to coincide with peak post-prandial rise in glucose). Exercise may
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need to be temporarily modified or suspended during acute
illnesses or fevers, when metabolic control is sometimes
unpredictable.
While the risk of a cardiac event during exercise cannot be ignored, the cardiac risk of patients with T2DM or
pre-diabetes remaining inactive is greater.67 Cardiac screening, including a stress test is recommended for previously
sedentary patients with additional CV risk factors, especially
for those attempting to undergo more than brisk walking,
although clinical judgement should prevail.10,47 Stress test
screening, while providing valuable exercise prescription
information, is not necessary in all patients with T2DM or
pre-diabetes.68
Peripheral neuropathy reduces sensation in the hands
and feet of patients with T2DM, exposing patients to a
reduced awareness of painful sores that can result from
impact-related activities (walking or running). Appropriate footwear, regular foot inspection and low impact
exercises are essential for patients with peripheral neuropathy and are highly advised in all patients with T2DM.
However, patients who are active (even with weight bearing exercise) do not seem to increase their risk of
ulcers.69
Hypertension is a common comorbidity in patients with
T2DM. Specific guidelines relating to the management of
hypertension in T2DM are provided elsewhere.9 Exercise
has shown to be beneficial in reducing and managing hypertension in these populations. Poorly controlled hypertensive
patients should avoid vigorous intensity training, particularly vigorous intensity resistance training and the Valsalva
manoeuvre.
Obesity is closely associated with T2DM.70 Obese T2DM
patients may experience a higher rate of joint pain and
discomfort, further contributing to the large list of potential barriers to exercise in this population. While weight
loss may or may not be necessary to improve glycaemic
control,39 improvements in body composition may have particular importance for long-term adherence.
Peripheral vascular disease is common in T2DM, particularly those with hypertension, obesity and smoking histories,
and may present with pain in the calves or buttocks with
exercise.71 Exercise is highly recommended as treatment
for claudication,72 but some patients may be unable to
undertake vigorous aerobic exercise if symptoms are severe.
Caution regarding high impact or traumatic foot injuries
due to exercise is most critical. Resistance training is a
viable alternative which may be used even in individuals
who experience claudication after very short distances of
walking.
Patients with OA may have particular difficulty exercising, especially using modes of exercise than increase the load
of the affected joints (e.g. walking, running).73 While a commonly held perception is that exercise may be deleterious and
cause OA, low impact exercise has been shown to not accelerate the condition. Further, low impact exercise can increase
joint motility and decrease body mass, both of which can
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have a dramatic effect on a patient’s ability to exercise. Low
impact exercise includes cycling, swimming and resistance
training.

5. Summary
Exercise training is a well-established prevention strategy, treatment and management therapy for patients with
T2DM and pre-diabetes. It is recommended that individuals
with these conditions accumulate a minimum of 210 min of
moderate intensity or 125 min of vigorous intensity exercise
each week using a combination of both aerobic and resistance
training. Ideally the total amount of exercise should consist
of some aerobic and some resistance training, however, if
only one modality can be performed due to comorbidities,
behavioural considerations or other constraints, then either
modality alone has been shown to be effective. The risks
associated with exercise are considered less than those of
inactivity, even in older adults with multiple chronic diseases.
Therefore, exercise training should be an essential component
of any treatment plan for all patients at risk of or with T2DM.
Due to the potential risks and likelihood of the presence of
comorbidities, programs should be designed and delivered
by qualified personnel who are trained and experienced to
deal with the likely additional considerations. In Australia,
when these services are delivered by an accredited exercise
physiologist patients are able to get a financial rebate via the
national health program: Medicare.

Practical implications
• Exercise training should be an essential component of any
treatment plan for all patients at risk of or with T2DM.
• Individuals with these conditions should accumulate a
minimum of 210 min of moderate intensity or 125 min of
vigorous intensity exercise each week using a combination
of both aerobic and resistance training.
• Exercise programs patients at risk of or with T2DM should
be designed and delivered by appropriately trained and
qualified personnel.
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