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Introduction 

Diabetes mellitus is a chronic metabolic disease characterised by elevated blood glucose levels 

caused by genetic and/or acquired deficiency of insulin production, or by a reduction in the 

effectiveness of the insulin produced by the pancreas.  The disorder causes micro vascular and 

cardiovascular complications, which severely impinge on quality of life and lead to reduced life 

expectancy.  Diabetes mellitus has been described by the World Health Organisation (WHO) as a 

‘growing epidemic’  with the number of cases predicted to more than double over the next thirty 

years from an estimated 115 million in 2000 to 284 million in 2030.  Estimates suggest that about 

4 million deaths per year (9% of the global population) are attributed to diabetes.  

Notwithstanding the human costs, the financial implications of such an epidemic are enormous.  

This chronic disease is related to severe complications (table 1) making it costly for individuals, 

their families and health authorities alike.  The cost of healthcare, for example, for a diabetic 

patient in the USA is estimated to be two to three times that of non-diabetics.  Increases in 

incidence of diabetes appear to correlate with lifestyle changes towards a ‘westernised’  style 

which places a ‘double burden’  on developing Nations who are already hard pressed to control 

other diseases such as malaria, tuberculosis and HIV/AIDS (WHO 2002, 2003). 

 

The multifaceted nature of the underlying mechanism that cause diabetes has hindered an 

understanding of the disease and made treatment complex.  The manifestations of the disease are 

extremely broad, ranging from insulin insensitivity, now often referred to as pre-diabetes, to total 

dependence on exogenous insulin for survival.  Pharmacological interventions aimed at 

controlling blood glucose levels have become increasingly sophisticated but despite these 

advances great difficulty still exists in stabilising the condition for any length of time.   

The fact that the incidence of diabetes or its precursors are rapidly increasing has drawn attention 

to the changing environmental conditions (lifestyle) of modern society and has intensified 

research into the impact of a sedentary lifestyle and obesity on the development of the disease.  A 

number of recent studies have considered the effectiveness of lifestyle interventions in preventing 

or controlling diabetes.  It is intended here to focus on the behavioural and environmental risk 

factors of the disease as opposed to the genetic determinates.  Subsequently, the discussion will 

relate to subjects classified with type 2 diabetes or its precursors: insulin resistance and impaired 

glucose tolerance (IGT).  Clearly, lifestyle interventions must include both diet and exercise not 

least because of the relationship between energy intake and energy expenditure.  However, due to 

the limitations of this review the main thrust of the discussion will focus upon the efficacy of 

exercise interventions. 
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   Table 1: Complications of Diabetes 

Retinopathies 
 

Diabetes mellitus causes damage to the small capillaries of the 
retina and is a major cause of blindness or impaired vision.  
Statistics shows that over a fifteen year period 2% of diabetics 
will become blind while a further 10% will suffer severe 
visual handicap.  The progress of the disease can be delayed 
by good metabolic intervention and sight loss can be 
prevented by early detection and treatment. 

Neuropathy Possibly the most common complication with up to 50% of 
people with diabetes being affected.  Chronic renal vascular 
complications occur which can lead to progressive loss of 
kidney function and eventual renal failure. 

Per ipheral 
neuropathy 

Thickening of the walls of the nutrient vessels that supply the 
nerve affecting the Schwann cell leading to a slowing of nerve 
conductivity. 

Vascular  
complications 

Circulatory disease leading to the development of lesions 
within vessels (coronaries, cerebral vessels and peripheral 
arteries).  Impairment of the peripheral vascular circulation 
leads to ulceration, infection and gangrene of the feet. 

Hear t disease Data suggest that around 50% of all diabetes-related deaths in 
industrialised countries can be attributed to heart disease. 

   Adapted from (WHO 2002) and (Porth 1986) 

 



 

Glucose Regulation 

Diabetes results from a loss of control of glucose homeostasis.  Hormones responsible for glucose 

regulation are secreted from the pancreatic islets (islets of Langerhans) located within the pancreas.  

The pancreatic islets consist of four types of endocrine tissue which synthesise and secrete 

particular polypeptide hormones: a-cells secrete glucagon, b-cells which secrete insulin, d-cells 

which secrete somatostatin and F-cells which secrete pancreatic polypeptide.  Both the hormones 

insulin and glucagon are essential factors in the control of blood glucose which is controlled by a 

negative feedback system.  Glucagon accelerates glycogenolysis, promotes glucose formation from 

lactate and gluconeogenesis with a resultant elevation of blood glucose levels.  

 Glucagon is secreted when blood glucose levels are below normal such as in the fasting state.  

Stimulation of the a-cells ceases when blood glucose returns to normal; however, a failure of the 

regulatory process would result in continued secretion and hyperglycaemia.  The b-cells, which 

secrete insulin, comprise 60%-80% of the islet and form its central core.  The a- d-and F-cells 

surround the central core to a depth of about three cells.  The blood supply to the islets, via

aterioles, initially passes to the b-cells and then subsequently to the remaining cells; therefore, the 

b-cells are the primary glucose sensor.  Insulin is synthesised in three discrete steps.   

Initially the polypeptide preproinsulin is synthesised.  During transport of this precursor into the 

endoplasmicreticulum the 23 amino acid signal peptide is cleaved and the remaining polypeptide is 

folded to produce proinsulin.  The A and B chains of proinsulin are joined by a connecting 

polypeptide, which is cleaved to form insulin in the Golgi complex (figure 1). The tightly regulated 

excretion of insulin to provide stable blood glucose levels is achieved by complex interaction 

between gastrointestinal and pancreatic hormones and the autonomic nervous system.   

Glucose is the prime stimulus for insulin secretion with oral ingestion, as opposed to intravenous 

administration, promoting more effective secretion as ingestion triggers the release of 

gastrointestinal hormones and stimulates vagal activity.  During the fasting state about 40µg of 

insulin is secreted by the pancreas; however, following a meal secretion rises rapidly.  The function 

of insulin is essentially the opposite of glucagon.  When blood glucose levels are elevated, for 

example after a meal, insulin works to re-establish homeostasis by accelerating the transport of 

glucose from the blood into cells.  The key target tissues for insulin are the liver, muscle and fat, 

although other types of cells are also subject to insulin’s glucose regulatory effects.  Insulin 

promotes glycogenesis, lipogenesis and the uptake of branched chain amino acids by muscle.  It 

also acts to suppress glycogenolysis, and gluconeogenesis.  Some effects of insulin, such as 

activation of glucose, occur in seconds or minutes while its effect on protein syntheses may take a 

few hours. 
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Figure 1. Proinsulin showing A and B chains of insulin connected by  

disulphide br idges. 

Adapted from (Stryer 1988). C = Cysteine, S-S = disulphide bridge 
 
 

Insulin elicits its effects (table 2) on target cells by binding to insulin receptors.  Insulin receptors 

consist of two a-units present on the extracellular side of the plasma membrane to which insulin 

binds.  These subunits are connected via transmembrane domains to two intracellular b-units.  

When insulin binds to the receptor autophosphorylation of the intracellular b-units is initiated.  

These units then catalyze the phosphorylation of target proteins initiating specific intracellular 

signal cascades (figure 2).  One cellular response to binding of insulin to the insulin receptor is the 

translocation of glucose transporters to the plasma membrane leading to facilitated transport of 

glucose into the cell. 

 



 

Table 2. Pr incipal actions of insulin 

Adipose tissue Increased glucose entry 
 Increased fatty acid synthesis 
 Increased glycerol phosphate synthesis 
 Increased triglyceride deposition 
 Activation of lipoprotein lipase 
 Inhibition of hormone sensitive lipase 
 Increased K+ uptake 
Muscle Increased glucose entry 
 Increased glycogen synthesis 
 Increased amino acid uptake 
 Increased protein synthesis in ribosomes 
 Decreased protein catabolism 
 Decreased release of gluconeogenic amino acids 
 Increased ketone uptake 
 Increased K+ uptake 
L iver  Decreased ketogenesis 
 Increased protein synthesis 
 Decreased glucose output due to decreased 

gluconeogenesis and increase glycogen synthesis 
General Increased cell growth 

Adapted from (Ganong 1989) 

 

Insulin resistance may be defined as an inability of normal insulin levels to elicit an appropriate 

biological response such as clearing blood glucose (Ivy 1997).  It has been shown that both excess 

calories and enforced exercise cessation induces insulin resistance.  Studies on patients subjected 

to bed rest have revealed that insulin resistance develops within three days of inactivity (Ivy 

1997); while other research has suggested that sensitivity to insulin falls by ~30% - 40% in 

individuals who are 35% - 40% overweight (Defronzo and Ferrannini 1991).  However, in this 

situation glucose tolerance is maintained because the b-cells of the pancreas have a greater 

capacity for producing insulin and can augment secretion to compensate for the insulin resistance.  

Whilst this action results in normal glucose, increased insulin levels (hyperinsulinemia) can 

contribute to the development of hypertension, plasma lipid abnormalities and atherosclerosis, 

and may go undetected for many years.   

With the advancement of age and further possible increases in obesity or eventual b-cell failure, 

compensatory hyperinsulinemia may not be sustainable and IGT results.  Impaired glucose 

tolerance is a condition where the level of blood glucose is elevated above normal but not enough 

to be classified as diabetic.  This condition produces an increased risk of developing 

hypertension, atherosclerosis and is a potential intermediatory step to the development of type 2 

diabetes. 

 



 

Classification of Diabetes 

Diabetes mellitus is categorised into four subgroups according to aetiology (gestational diabetes 

and diabetes due to medication and other diseases will not be discussed here).  Type 1 diabetes, 

once termed insulin dependant, is characterised by impaired function of the pancreas to produce 

insulin.  This form of diabetes is believed to be largely genetic and found most frequently in the 

young and accounts for about 10% of world wide cases.  Type 2 diabetes is by far the most 

common form of the disease accounting for around 90% of all cases.   

It was once termed non-insulin dependent diabetes but this classification has now been 

discontinued as it is considered misleading.  In type 2 diabetes insulin is produced by the pancreas 

but may be deficient and/or there may be varying degrees of insulin resistance.  This form of the 

disease is believed to be a product of both genetic and environmental factors.  The genetic 

predisposition for type 2 diabetes appears strong although further research is required to fully 

understand this process (not discussed here).  Other evidence suggests that non-genetic factors such 

as obesity and physical inactivity are significant determinants of the disease.  Age, ethnicity, family 

history and socioeconomic status are also considered significant risk factors.  Type 2 diabetes is 

also often referred to as adult or late onset diabetes as it often develops in people above middle age.  

However, recently there has been a significant increase in cases reported in children.  Again, this 

new trend is believed to be due to increased obesity and physical inactivity in the young (Gavin et 

al 2003). 

 

The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus (Gavin et al 2003) 

have revised the classification and diagnosis of diabetes which now include aetiology and 

pathogenesis as opposed to treatment modality.  Under the new guidelines one of the following 

criteria must be detected to be classified as diabetic: 

 

·  A fasting plasma glucose of �  126mg�dL -1 

·  A casual plasma glucose of 200mg�dL -1 as well as symptoms such as polyuria, polydipsia 

and unexplained weight loss 

·  A 2 hour plasma glucose �  200mg�dL -1 



 

 

Several tests exist to diagnose diabetes including the hyperinsulinemic clamp, euglycaemic 

clamp or a combination of both.  These tests are essentially for laboratory use and involve 

infusion of insulin or glucose into the patient in order to measure response and sensitivity.  The 

American Diabetics Association (ADA) regards the monitoring of glycaemic status as ‘a 

cornerstone of diabetes care’  (Goldstein et al 1995).   



 

For this purpose non-laboratory tests such as the oral glucose tolerance (OGT) test or fasting 

plasma glucose (FPG) test are widely used to assess the effectiveness of interventions.  The 

OGT test requires patients to consume a concentrated glucose solution two hours before blood 

sugar levels are measured.  In the FPG test plasma glucose is measured after an eight hour fast.  

The ADA point out that plasma glucose data can be 10-15% higher than whole blood glucose 

measurements so it is ‘crucial’  that patients know the type of test employed (Goldstein et al

1995). 

 

Tests of plasma glucose levels provide a ‘snapshot’  measurement which can vary widely 

depending upon the fed-state of the subject and, therefore, provide limited assessment of 

intervention effectiveness.  On the other hand, measurements of the amount of glucose 

incorporated into haemoglobin provide an index of blood glucose levels over time (two months 

or more).  Upon release from the bone marrow haemoglobin does not contain glucose; however, 

over the 120 day life-span of the red blood cell, 5%-10% of the haemoglobin becomes 

glycosylated.  This process is independent of insulin and therefore the rate of glycosylation 

correlates to blood sugar levels.  As the process is irreversible, tests for glycosylated 

haemoglobin provide researchers with valuable information and have become the preferred 

standard for assessing glycaemic control (Goldstein et al 1995). 

Possible impact of exercise on the mechanisms of type 2 diabetes 

The American College of Sports Medicine (ACSM) state that ‘physical activity is one of the 

principle therapies to acutely lower blood glucose in type 2 diabetes’  (Albright et al 2000).  The 

mechanisms by which exercise might reduce the risk factors of diabetes are complex and not 

fully understood.  Short term exercise has been described as producing an ‘ insulin-like’  effect 

on the processes of glucose transportation. 

Glucose entry into muscle cells increases under anaerobic conditions and therefore increased 

uptake may be due to oxygen deficiency.  However, this effect diminishes soon after exercise 

cessation.  Regular exercise may produce suitable physiological changes that could reverse the 

negative effects of a sedentary lifestyle.  Interestingly, exercise also increases the affinity of 

insulin to the insulin receptor (Ganong 1989).  Perhaps the most obvious effect is the control of 

body fat which has been particularly associated with the onset of insulin resistance.  Studies 

have shown that abdominal fat accumulation correlates with reduced insulin action whereas 

exercise training is known to be an effective method of reducing abdominal adiposity (Ivy 

1997).   



 

Stored fat represents a significant alternative substrate for energy production, which if 

metabolised in preference to glucose, may further exacerbate hyperglycaemia.  The majority of 

obese type 2 diabetic subjects respond well to mild-moderate exercise with a reduction in blood 

glucose.  However, lean type 2 diabetic subjects appear to respond less predictably (Albright et al

2000).  The major site of insulin mediated glucose uptake is skeletal muscle.  Glucose clearance 

has been shown to correlate positively with greater muscle mass and negatively with fat mass.  

The insulin responses of subjects who regularly train with weights have been found to be lower 

than sedentary controls.   

 

Furthermore, muscle mass is known to decrease with age, particularly above the age of fifty and 

in subjects who are sedentary.  This may partly explain why the incidence of type 2 diabetes 

increases with age and further highlights the importance of strength training in this high risk 

group.  Aerobic exercise has been shown to increase skeletal muscle blood flow and positively 

correlates with glucose uptake.  Furthermore, both aerobic and resistance training are known to 

produce increased muscle capillary growth and elevated glycogen storage which may be 

beneficial to subjects with IGT (Ivy 1997). 

 

Stimulation of glucose transport into muscle cells is a crucial part of the physiological response to 

insulin which is facilitated by a family of glucose transporters (GLUT1-GLUT7).  A 

pathophysiological defect in type 2 diabetes at the cellular level may involve impaired glucose 

transport.  The glucose transporter GLUT4 is expressed in skeletal muscle and in its inactive state 

is located intracellularly.  However, when stimulated by insulin, GLUT4 translocates to the 

sarcolemma (plasma membrane) to facilitate glucose uptake (figure 2).  Upon removal of insulin 

the transporters return to the intracellular pool therefore the translocation is reversible.  Insulin 

can also regulate the synthesis of GLUT4 which may have implications for long-term insulin 

resistant subjects.  Aerobic exercise has been shown to increase GLUT4 levels in skeletal muscle 

in healthy subjects and in people with IGT and type 2 diabetes.  Furthermore, exercise induced 

increases in GLUT4 has been shown to significantly correlate with improved glucose transport 

(Hardman et al 1996; Ivy 1997). 

 

 



 

 

  Figure 2. Insulin stimulated uptake of glucose via the glucose transpor ter  in muscle fibres 

   Adapted from (Ganong 1989) 
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The risk of cardiovascular disease, including systolic and diastolic hypertension, is far greater in 

diabetic subjects compared to that of the non-diabetic population.  Indeed, insulin resistance 

correlates directly with the severity of hypertension (Defronzo and Ferrannini 1991).  Calorie 

restriction and exercise, in addition to improving insulin sensitivity, have been shown to lower 

blood pressure.  Many of the lifestyle interventions aimed at reducing cardiovascular risk factors 

are applicable for diabetes and there is a clear need for lifestyles that favour cardiovascular 

health.  It is probably even more important for people with diabetes to refrain from smoking, 

maintain normal body weight, reduce consumption of fat and alcohol and increase physical 

activity than the general population (Eastman and Keen 1997). 

 



 

Effectiveness of lifestyle interventions 

Increased body weight, in particular fat deposits around the abdominal region, and loss of 

muscle mass have been linked with the development of insulin resistance.  Conversely 

exercise training has been shown to reduce body fat, prevent muscle atrophy and stimulate 

muscle development and therefore has been proposed as an effective intervention in 

preventing or controlling insulin sensitivity (Ivy 1997). 

A large scale study was designed to determine whether lifestyle changes by people with IGT 

could prevent the development of type 2 diabetes (Tuomilehto et al 2001).  As has previously 

been established, IGT is considered an intermediary stage towards type 2 diabetes and thus 

are a logical group for targeted intervention in diabetes prevention.  Subjects for this study 

were selected on the basis of being at ‘high risk’  of developing type 2 diabetes for example: 

family history of type 2 diabetes, overweight with a body mass index (BMI) of >25, age 40-

65 years and were confirmed as having impaired glucose tolerance (140-200mg�dL-1 ). 

 

Subjects with type 2 diabetes were excluded from the study as were those with chronic 

diseases, psychological or physical disabilities.  Following screening and selection, the 522 

subjects were randomly assigned to either an intervention or control group.  The subjects in 

the control group were given a two-page leaflet setting out basic advice on diet and exercise 

for disease control but were not given any specific dietary or exercise programmes.  Their 

dietary habits were assessed by a three-day food diary at commencement of the study and 

annually thereafter.  The intervention group received detailed personalised advice on diet and 

exercise and were set specific goals (table 3).  Subjects were given points for achieving the 

intervention goals and ranked according to their success at the annual assessment. 

 

Table 3 L ifestyle intervention goals to prevent type 2 diabetes in impaired glucose 

intolerance subjects 

Weight reduction of >5% 

Fat intake <30% of energy intake 

Saturated fat intake <10% of energy intake 

Fibre intake ³ 15g/1000 Kcal 

Exercise >4 hours/week 

 



 

 

 
The intervention subjects were encouraged to eat plenty of whole grain foods, vegetables, fruit, 

change to low fat milk and meat, and use spreads rich in mono-unsaturated fatty acids.

Individuals in the intervention group also had seven sessions with a nutritionist during the first 

year and further sessions on a three-monthly basis.  Individual guidance was also provided on 

physical activity with an aim of improving cardiovascular endurance.  Additionally, subjects 

were offered individually tailored supervised circuit-training schedules.  Progressive resistance 

exercises were selected with the aim of improving function and strength of the large muscle 

groups.  Encouragingly, participation rates ranged from 50%-85% during the first year.  Results 

acquired over the ~5 year study period revealed that 90% of the subjects remained in the trial 

for at least two years.  In the first year mean body weight was reduced by 4.2 ± 5.1Kg in the 

intervention group compared to 0.8 ± 3.7Kg in the control.  Furthermore, waist circumference, 

fasting plasma glucose, plasma glucose concentrations (two hours post oral glucose challenge), 

and serum insulin concentrations were all significantly decreased within the intervention group 

and were maintained even after two years.  A key result of this study was the difference in the 

number of subjects developing diabetes between the two groups.  Within the intervention group 

27 subjects out of 265 were diagnosed with diabetes compared to 59 out of 257 in the control.  

Furthermore, statistically the incidence of diabetes was 58% lower within the intervention 

group compared to the control group with the best results occurring in males.  Men showed a 

63% lower incidence rate compared to 54% in women.  An analysis of the success rate in 

achieving the intervention goals showed a correlation with the incidence of developing diabetes 

and encouragingly, diabetes did not develop in subjects who achieved at least four of the goals 

(figure 3). 

Figure 3  The incidence of diabetes in impaired glucose tolerance subjects inversely 

correlated with lifestyle goals achievements 

Adapted from Tuomilehto et al (2001).  Refer to table 3 for lifestyle intervention goals 
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An earlier and possibly the first controlled clinical trial investigating the effects of lifestyle 

interventions on incidence of diabetes was undertaken in the Chinese city of Da Qing where, in 

1986, over 100,000 men and women were screened for IGT and type 2 diabetes (Pan et al 1997).  

From this initial screening, 577 people were diagnosed with IGT (WHO criteria) and agreed to take 

part in an intervention study.  One of three lifestyle interventions (diet, exercise or diet and 

exercise) were administered by thirty-three clinics situated throughout the city.  It was the particular 

clinic, as opposed to the individual subject, that was randomised to prescribe an intervention.  

Baseline data including blood pressure, height, body weight and body mass index (BMI) were 

obtained for all subjects as well as fasting plasma glucose and oral glucose tolerance tests.  Data on 

diet and physical activity were gathered by questionnaire and interviews.  Further systematic 

assessments were carried out every two years during the six-year study.   

 

Subjects were also seen by a physician on a three-monthly basis to assess general health and to 

discuss compliance with the intervention.  Subjects undertaking the dietary intervention were 

categorised by BMI.  Those with a BMI of <25 were assigned to a diet containing 25-30 Kcal�kg-1 

body weight (55-65% carbohydrate, 10-15% protein and 25-30% fat).  Subjects in the higher BMI 

category (³ 25) were prescribed a calorific intake aimed to reduce body weight by 0.5-1.0 Kg per 

month until a BMI of 23 was reached.  Consumption of vegetables was encouraged whilst subjects 

were urged to control alcohol intake and reduce consumption of simple sugars.  Counselling was 

provided initially on a weekly basis but later reduced to three-monthly.  Clinics administering the 

exercise intervention assigned exercise regimes based on units per day; for example, one unit was 

equal to 30 minutes slow walking or 5 minutes skipping rope.  Participants were encouraged to 

increase their daily exercise to at least one unit per day.  Counselling sessions were provided on a 

similar basis to the diet intervention.   

 

The diet and exercise intervention group undertook a combination of the diet only and the exercise 

only interventions.  Control subjects received general information on diet, exercise, diabetes and 

IGT but with no individual programmes or counselling.  Results of the study show a 65.9% 

incidence of developing diabetes in the control group compared to 47.1% (diet), 44.2% (exercise) 

and 44.6% (diet and exercise) intervention groups.  These results suggest that a significant 

reduction in the incidence of diabetes can be achieved by changes in lifestyle.  However, there was 

little significant difference in the incidence of diabetes between the intervention groups or added 

benefit of combining diet and exercise. 



 

Comparative data between lean (BMI <25) and overweight (³ 25) subgroups showed a 

significantly greater incidence of diabetes within the control group of overweight subjects 

compared to lean.  Whilst all interventions showed reduced incidences of diabetes compared to 

the control group, diabetes prevention was less significant for lean subjects in the diet group. 

 

A more recent study carried out by the Diabetes Prevention Program Research Group considered 

whether either lifestyle intervention or treatment with the antihyperglycaemic drug metformin 

could prevent or delay the onset of diabetes in high-risk subjects (Knowler et al 2002).  A total of 

3234 subjects who had been screened for eligibility on the basis of age (³ 25 years), BMI (³ 24), 

non-diabetic but with IGT (as described by the ADA 1997) were selected to take part.  The cohort 

was designed to include around 50% of subjects from racial or ethnic backgrounds.  Subjects 

were randomly assigned to one of three intervention groups: metformin plus standard life 

recommendations, placebo plus standard life recommendations or intensive lifestyle 

modifications.  Standard life recommendations were delivered by written information and during 

~30 minute consultation.  The intensive lifestyle intervention aimed to reduce body weight by at 

least 7% of baseline weight and maintain this by following a low calorie, low fat diet and by 

increasing physical activity, at a moderate intensity, for a minimum of 150 minutes a week.  

Subjects were educated in good diet and exercise methods by attending a sixteen-lesson 

programme on an individual basis during the first twenty-four weeks of the study.  Further, 

monthly sessions followed to ‘ reinforce’  behavioural changes.  Adherence data reveal that 50% of 

the subjects in the lifestyle intervention group had reached their target weight loss by the end of 

the sixteen-lesson education programme although this had tailed off to 38% towards the end of 

the study.  The percentage of subjects achieving minimum exercise goals of at least 150 minutes 

per week was 74% at 24 weeks but fell to 58% after the final assessment.  The results of this 

study showed that the incidence of diabetes was 58% lower in the lifestyle intervention group and 

31% lower in the metformin intervention group compared to the placebo control. 

 

The aforementioned studies (Pan et al 1997; Tuomilehto et al 2001; Knowler et al 2002) appear 

to provide strong evidence that lifestyle changes can prevent or delay the onset of type 2 diabetes 

in high risk populations.  However, Tuomilehto et al (2001) and Knowler et al (2002) did not 

attempt to assess the relative contributions of changes in diet or exercise; instead they tried to 

achieve an extensive, broad range of lifestyle changes as possible for each individual.   

 



 

In contrast the Da Qing study (Pan et al 1997) did attempt to make the distinction between diet 

and exercise and were assisted by the limited availability of a wide range of foods in this culture 

and the fact that motor vehicle ownership was very rare, therefore, making the quantification of 

diet and exercise less complicated.  However, the dietary assessment methodology did not 

prove sensitive enough to reliably discriminate between the effectiveness of the two 

interventions.  The significant reduction in the development of diabetes reported by Tuomilehto 

et al (2001) by those achieving at least a 5% reduction in body weight demonstrates the 

importance of even modest weight loss.  It also seems apparent that fairly conservative exercise 

targets are effective in reducing risk factors.  The high prevalence of IGT in subjects who are 

obese and sedentary suggests that there might be a ‘dose-response’  relationship in correcting 

these risk factors.  Indeed, it is estimated that there are 10 million people in the USA who 

would have matched the criteria for the diabetes prevention programme study and if suitable 

lifestyle interventions could be implemented within this population the reduction in type 2 

diabetes would be substantial (Knowler et al 2002).  The issues of distinguishing between the 

effectiveness of diet and exercise, and whether or not glucose concentrations can be maintained 

at acceptable levels by continued intervention remains unanswered.  A possible insight may be 

seen by considering the status of the Old Order Amish.  This population, residing in the USA, 

of about 30 thousand follow strict religious and cultural beliefs which lead them to abstain from 

all modern conveniences.  Obesity within the Amish is similar to that of the general USA 

population (white non-Hispanic) and prevalence of IGT is almost the same (Hsueh et al 2000).  

However, progression to type 2 diabetes is about half that of the general population.  It is 

proposed that this lower prevalence of diabetes may be evidence that physical activity provides 

protection and is independent of body mass (Snitker et al 2003). 

 

It appears encouraging that significant improvements in insulin sensitivity or glucose tolerance 

can be achieved with relatively conservative interventions.  However, it would seem that greater 

success is linked with interventions that are comprehensive, not just in terms of the exercise 

performed or the dietary improvements undertaken but also with regard to the support and 

monitoring process.  For ethical reasons, some studies provided baseline health advice to 

control groups which may have benefited some subjects in this group.  Indeed, Tuomilehto et al

(2001) believe that the significant success of their intervention group may in fact be 

‘conservative’  for this very reason. 

 



 

Providing patients with individual dieticians, personalised fitness programmes with the support of 

exercise professionals and gym membership is clearly advantageous and encourages compliance. 

The broad lifestyle interventions employed by Tuomilehto et al (2001) included resistance 

training as part of the exercise programme.  Indeed, resistance training has been postulated as an 

effective exercise modality in itself for improving insulin sensitivity.  An earlier study (Eriksson

et al 1997) hypothesised that since peripheral insulin resistance is a significant metabolic defect 

in type 2 diabetes a programme of resistance training, aimed at improving muscle function, might 

improve glycaemic control and sought to investigate whether an association exists between 

muscle size and glycaemic control in type 2 diabetes.  Eight type 2 diabetic patients who were 

moderately obese, with an age of ~55 years took part in a three month programme of 

individualised resistance training.  They were prescribed a series of exercises for all major muscle 

groups at a moderate intensity, high volume (~50% 1 repetition maximum [1RM], 15-20 

repetitions of each exercise) for the three-month trial.  Results suggested improved glycaemic 

control, which strongly correlated with muscle size.  It must be noted, however, that this study 

was limited by the extremely small cohort and by the fact that it did not employ a control group. 

 

A slightly larger study, which did benefit from employing a control (Ishii et al 1998), investigated 

the effects of resistance training on insulin sensitivity in type 2 diabetes patients.  Seventeen, 

sedentary, non-obese patients were recruited to take part and were randomly assigned to either a 

resistance training group or a sedentary control group.  Subjects baseline anthropometric and 

blood data was not significantly different prior to the study.  The intervention group undertook a 

resistance training programme five times a week for 4-6 weeks.  They performed two sets of nine 

exercises for all major muscle groups at loads of 40-50% of 1RM.  Subjects were required to 

perform ten repetitions of each exercise per set (upper body) and twenty repetitions of each 

exercise per set (lower body).  As strength improved the weights were increased progressively.  

The sedentary control group did not undertake any exercise.  Sensitivity to insulin was measured 

using the hyperinsuliemic-euglycaemic clamp technique prior to and following the study in both 

groups.  Quadriceps strength and VO2 were also measured in the intervention group before and 

after the resistance training programme.  A key result from this study was the significant increase 

in the glucose disposal rate in the resistance training group which was 48% higher following 

resistance training compared to baseline.  There was no change in glucose disposal amongst the 

control group compared to baseline data.  No significant changes in glycosylated haemoglobin 

(HbA1c) were detected in either group. 

 



 

Quadriceps strength increased by 16% in the intervention group but there was no significant change 

in VO2 levels.  Ishii et al (1998) proposed that measurements of HbA1c as well as plasma glucose 

and insulin levels during glucose tolerance testing only produced an ‘ indirect assessments of insulin 

sensitivity’  whereas the hyperinsuliemic-euglycaemic clamp was a more reliable technique.  

Indeed, an earlier study (Durak et al 1990) indicated improved HbA1c and blood glucose control 

following ten weeks of heavy resistance training.  However, Ishii et al (1998) proposed that their 

study, by employing the hyperinsuliemic-euglycaemic clamp technique provided direct evidence 

that moderate intensity, high volume resistance training improves insulin sensitivity in sedentary, 

non-obese, type 2 diabetic patients. 

 

Castaneda et al (2002) suggested that some studies (Ishii et al 1998) investigating the effects of 

resistance training on diabetes management may inadvertently include an aerobic element as they 

have been based on a moderate intensity, high volume regime.  Furthermore, they proposed that this 

type of exercise intervention may be less tolerated by ‘sedentary older adults’ .  Consequently they 

designed a study using high intensity, low volume resistance training to determine efficacy on 

glycaemic control in older adults with type 2 diabetes.  The Latino population has twice the 

prevalence of diabetes than Caucasians in the USA and therefore, was considered a suitable target 

group for this study.  Sixty-two Latino men and women over the age of fifty-five and who had been 

diagnosed with type 2 diabetes for at least three years were selected and randomly assigned to 

either a control group or an intervention group.  The intervention involved the subjects undertaking 

three, forty-five minute sessions of resistance training each week for sixteen weeks.  Five exercises 

were included covering all major muscle groups.  Subjects performed three sets of eight repetitions 

on each exercise at a given percentage of individual 1RM.  Intensity was progressive as strength 

increased; subjects worked at 60%-80% baseline 1RM for the initial phase and 70%-80% towards 

the latter stages of the study.  The control group received standard advice for self management of 

diabetes.  Measurements of plasma glycosylated haemoglobin concentrations, muscle glycogen, 

plasma glucose, serum cholesterol and plasma triglyceride levels at baseline and at various stages 

throughout the study from both groups.  Within the intervention group compliance to the resistance 

training was 90% and there were no reports of any hypoglycaemia.  Results showed a significant 

improvement in plasma glycosylated haemoglobin levels compared to controls (8.7% baseline and 

7.6% final for the intervention compared to 8.4% baseline and 8.3% for the control group).  

Medication in the intervention group was reduced in 72% of the subjects during the trial compared 

to an increase in 42% of the subjects in the control.   

 



 

The intervention group also showed a significant reduction in systolic blood pressure, an increase in 

fat-free mass and a reduction in abdominal adiposity.  These results demonstrated that high 

intensity progressive resistance training was an effective intervention in controlling diabetes in 

older Latino adults (Castaneda et al 2002).  Furthermore, the key finding of a 1.2% reduction in 

glycosylated haemoglobin was twice that reported in previous studies (Eriksson et al 1997) which 

have employed an alternative moderate intensity resistance training regime. It has been suggested 

that this may be as a result of a stronger stimulus for glucose uptake produced by high intensity 

resistance training. 

 

Eighteen sedentary men, who were confirmed as type 2 diabetics for at least three years, but were 

not taking insulin were recruited for a ten week study to determine whether moderate intensity 

resistance training might improve glycaemic control in type 2 diabetic men (Baldi and Snowling 

2003).  The study design was similar to that of earlier investigations.  Subjects were randomly 

assigned to either a resistance training group or a control group.  The control group undertook no 

exercise for the duration of the study while the resistance training group received three supervised 

sessions a week involving a resistance training schedule consisting of ten exercises covering all 

major muscle groups, in a set order, with a one minute rest between each exercise.  Baseline 

resistance was established at a level of 10RM for upper body and 15RM for lower body exercises.  

Subjects performed twelve repetitions of each exercise and completed three sets in total.  

Resistance were increased by 5% increments as the subjects strength developed.  Prior to and 

following the study period measurements for glycaemic control and insulin sensitivity were taken.   

 

The relevant blood samples underwent analysis for HbA1c, plasma glucose, insulin and lipids.  

Hydrostatic weighing was used to calculate body composition, and maximal muscle torque and 

muscle endurance was measured for leg and arm flexion/extension.  Baseline data for both the 

intervention and control groups were similar.  However, the key outcome of this ten-week study 

was that moderate intensity resistance training reduced fasting glucose (from ~12.0 to 

~11.4mmol�L-l) in the intervention group but remained unchanged in the control group.  

Furthermore, a decrease in HbA1c percentage within the intervention group was detected (~8.9% to 

~8.4%) but could not be considered as statistically significant (p = 0.057).  Fasting insulin levels 

also decreased in the intervention group but not in the control.  In support of an earlier study 

(Eriksson et al 1997) which found a strong correlation between thigh muscle size and glycaemic 

control, Baldi and Snowling (2003) reported a reduction in fat free mass in their resistance training 

group which inversely correlated with changes in HbA1c and fasting glucose concentrations.   



 

It was postulated that these results demonstrated the importance of muscle tissue in maintaining 

glycaemic control (Baldi and Snowling 2003).  Indeed, increases in glucose metabolism within 

exercising muscle can be up to twenty times greater than at rest and increased capillary growth 

and glycogen storage are known adaptations to resistance training.  Muscle hypotrophy has been 

linked with aging and metabolic decline giving further support to the effectiveness of resistance 

training in controlling type 2 diabetes (Eriksson et al 1997).  Ishii et al (1998) noted that impaired 

translocation of the glucose transporter, GLUT4, and decreases in regulatory enzyme activity 

controlling the oxidation and storage of glucose in skeletal muscle may be a major cause of 

peripheral insulin resistance.  They proposed that the conversion of low-oxidative type 2b muscle 

fibres into moderate-oxidative type 2a fibres observed in aerobic training may also occur in 

resistance training.  They suggested that as type 2a fibres exhibit increased capillary and GLUT4 

concentrations, these fibres prove more responsive to insulin than type 2b fibres. 

 

Insulin resistance is a significant precursor to IGT and progression to type 2 diabetes.  It is widely 

accepted that implementing lifestyle changes such as increasing exercise can improve insulin 

sensitivity and therefore reduce the risk of developing type 2 diabetes.  However, there seems to 

be little consensus relating to the intensity of lifestyle change necessary to achieve this end.  

Indeed, Ivy et al (1997) suggested that many exercise programmes are ‘questionable’  and point 

out that studies employing longer exercise regimes have produced more significant results.  

McAuley et al (2002) proposed that current recommendations are too modest and that more 

intensive programmes are necessary to improve insulin sensitivity.  To test this hypothesis they 

designed a study to compare the effects on insulin sensitivity of a lifestyle intervention based on 

current recommendations for diet and exercise with another more intensive programme and that 

of a control group.  Seventy-nine men and women between the ages of 25-70 who were 

normoglycaemic but insulin resistant were selected to take part in the study.  They were randomly 

assigned to one of the three study groups.  The ‘modest’  intervention was designed to reflect 

current diet and exercise advice for healthcare.  It was based on a diet where <32% of total energy 

was derived from fat (<11% from saturated fat), 50% from carbohydrate and 18% from protein.  

Daily cholesterol was set at <200mg/day and fibre >25g/day.  In accordance with current 

recommendations five, thirty minute bouts of exercise were programmed per week but heart rate 

intensities were not given.  The ‘ intense’  intervention aimed for a total energy intake from fat of 

<26% (<6% saturated), 55% from carbohydrate and 18% from protein.   

 



 

The exercise programme also involved five, thirty minute sessions a week but intensities of 80%-

90% of age predicted maximum heart rate was prescribed.  An exercise consultant worked with 

the subjects at least once a week to help with motivation and gym membership was provided to 

encourage resistance training at least twice a week.  The control group carried out their usual diet 

and exercise habits and no further contact with them was made until completion of the four-

month trial.  Baseline measurements, including insulin sensitivity, body composition, 

anthropometry and aerobic fitness were obtained prior to the commencement of the study for 

analysis with endpoint measurements.   

 

A key finding of this study was that the intensive intervention resulted in a significant 

improvement in insulin sensitivity whereas the modest intervention showed no appreciable 

difference from the control.  McAuley et al (2002) suggested that these results had ‘profound 

implications’  because present lifestyle recommendations do not appear to significantly reduce the 

risk factors, which predispose people to type 2 diabetes.  Based on this data, lifestyle changes that 

do not involve a significant elevation in physical exercise along with a modest reduction in body 

weight would not improve insulin sensitivity.  Furthermore, patients with IGT who follow 

standard healthcare advice remain at risk of developing type 2 diabetes.   

 

It appears unequivocal that exercise is an important intervention; however, there is a distinct lack 

of consensus regarding the mode and intensity required to meet the therapeutic goals.  Tuomilehto 

et al (2001) appear to suggest that conservative exercise targets are effective in reducing risk 

factors whilst others (McAuley et al 2002) propose that more intensive programmes, above that 

set out by current recommendations, are required.  The effect of acute exercise interventions on 

insulin action is short lived so regular exercise is recommended.  The long-term studies have 

demonstrated considerable success in maintaining adherence to lifestyle changes with 

supervision.  However, even the most optimistic study (Knowler et al 2002) found that there was 

a ‘ fall off’  in maintaining lifestyle goals after the initial impact of the intervention.  Long term 

adherence to these goals and whether or not the positive effects can be maintained remains 

unknown. Reconciling a consensus of opinion regarding the effectiveness of interventions was 

made difficult by the variety of methods for assessing insulin sensitivity (oral glucose tolerance, 

insulin clamp, glycosylated haemoglobin).  Furthermore, the social and ethnic heterogeneity of 

subjects complicates the interpretation of the results.  Some studies have been carried out on 

subjects from a specific ethnic group whilst others have sought to represent a broad section of the 

population. 

 



Conclusions 

Diabetes mellitus is a chronic metabolic disease that has been described as a growing epidemic 

posing significant treatment challenges for individual sufferers, their families and health carers.  

The disease is characterised by elevated blood glucose levels as a result of insulin deficiency or 

insulin insensitivity, which may be due to genetic defect and/or environmental conditions related 

to obesity and a sedentary lifestyle.  Diabetic patients can suffer a number of complications which 

affect both the quality and longevity of life.  Pharmacological interventions aimed at controlling 

blood glucose levels have advanced significantly over recent years; however, in type 2 diabetes, 

which appears to be most affected by lifestyle factors, modifications in diet and exercise regimes 

appear to be advantageous in preventing, delaying and controlling the disease.  The lifestyle 

interventions proposed for the prevention or postponing type 2 diabetes are also standard advice 

for the treatment and control of the related cardiovascular complications. 

 

Studies that have included a broad range of lifestyle interventions aimed at preventing or 

controlling diabetes have been reviewed (table 4).  The large-scale studies have not been able to 

distinguish the effectiveness of specific lifestyle intervention but rather, have focused upon broad 

lifestyle interventions.  Those that have attempted to make the distinction have lacked sensitivity 

within their research methods.  On the other hand, studies focusing on specific lifestyle 

interventions have been limited by the small cohort of subjects and have been carried out over a 

short time scale. 

 

Aerobic exercise, resistance training and dietary interventions are effective at preventing or 

controlling type 2 diabetes.  However, further research is needed to distinguish the individual 

effectiveness of each modality.  Perhaps the best advice until further data is available was 

provided by Castaneda et al (2002) who suggested a combination of approaches to prevent or 

control diabetes should be followed as the ‘modalities may be additive’ . 

 

 

 



 

Table 4 Studies investigating the effectiveness of lifestyle interventions in controlling type 2 diabetes 
 
Author 
Date 

Cohor t Parameters Study Protocol Results 

Eriksson 
et al (1997) 

8 moderately obese non 
insulin type 2 diabetics. 

Effect of resistance training (RT) on 
glycaemic control (HbA1c) 

3 month RT programme twice a 
week 

Improved glycaemic control.  No Change in 
body weight.  Strong inverse correlation 
between (HbA1c) & muscle cross section. 

Ishii et al 
(1998) 

17 sedentary non obese 
type 2 diabetics. 

Effect of RT on insulin sensitivity. RT intervention 5 times a week 
for 6 weeks compared to control 

48% increase in glucose disposal rate.  16% 
increase in quads strength.  No change in 
body composition 

Castanenda et al 
(2002) 

62 Latino men & women 
with type 2 diabetes 

Effect of RT on glycaemic control RT intervention 3 times a week 
for 16 weeks compared to 
control 

1.2% reduction in HbA1c Reduction in 
prescribed medication.  Increased muscle 
glycogen stores.  Decreased blood pressure 
and body fat. 

Baldi and 
Snowling 
(2003) 

18 sedentary male type 2 
diabetics 

Effect of moderate intensity RT on 
glycaemic control.  Data obtained for 
pre and post study HbA1c fasting 
glucose & insulin, 2 hr OGT test, 
body composition & muscle strength 
& endurance. 

RT intervention 3 times a week 
for 10 weeks compared to 
control 

Reduced fasting glucose levels.  Reduced 
HbA1c but failed to reach significance 
(P=0.057) 

McAuley 
et al (2002 

79 men & women with 
normglycaemic insulin 
resistance 

Effect of intensive lifestyle changes 
on insulin sensitivity measured by 
euglycaemic clamp 

4 month intervention of either a 
modest diet & exercise 
programme or an intensive diet 
& exercise programme 
compared to control 
 

Significant improvement in insulin 
sensitivity in intensive intervention only 

Pan et al (1997) 530 Chinese men & 
women with impaired 
glucose tolerance 

Effect of either diet, exercise, or diet 
& exercise interventions in reducing 
incidences of type 2 diabetes 
compared to control group 

6 year study with 2 year follow 
up comparing interventions with 
baseline data 

Incidence of type 2 diabetes in all 
intervention groups was significantly 
reduced but there was no additional benefit 
by combining diet and exercise 

Knowler 
et al (2002) 

3234 overweight, 
sedentary, non diabetics 
with elevated plasma 
glucose concentrations 

Effect of lifestyle interventions or 
administration of metformin on 
reducing incidences of type 2 
diabetes compared to control 

3 year study with 6 monthly 
follow up comparing 
interventions with baseline data 

Incidence of diabetes reduced by 58% 
following lifestyle intervention and 31% 
with metformin 

Tuomilehto et 
al (2003) 

522 overweight men & 
women with impaired 
glucose tolerance 

Effect of lifestyle changes on the 
prevention of type 2 diabetes 

3 year study with 1 year follow 
up comparing intervention of 
detailed diet & exercise 
programme with baseline and 
control data 

Incidence of diabetes was significantly 
reduced in the intervention group 
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