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Abstract  

 

Diabetes is a common chronic disease that affects almost all countries in the world and 

has continued to increase at an alarming rate in the last decades. It kills a person every 

seven seconds. Recent thinking treats both types of diabetes as inflammatory diseases. 

The aim of the thesis was to obtain a better understanding of the relationship between 

exercise and the management of diabetes by conducting surveys and experimental 

work. It investigates the effects of exercise on the physiology and metabolic control in 

Type 1 (T1D) and Type 2 diabetes (T2D), using non-diabetic (ND) people as a control.  

The management and treatment of T1D and T2D volunteers were first assessed in 

surveys and the novelty was second to expose both to exercise. In the latter, 

volunteers were compared biochemically including for inflammatory responses to their 

illness and to practical exercise.  

Four studies were undertaken in this thesis involving a mixed approach: questionnaire 

based studies (first and second surveys) and experimental based studies (first and 

second exercise studies). The first survey study was about insulin users with opinions 

gathered from both T1D and T2D (T2I) respondents (n=707). In this survey diabetic 

people were asked about the condition and coping strategies for the difficulties using 

insulin in daily life. The first survey does touch on exercise but only as part of the larger 

picture. The second survey study (n=240) evolved from the first one and was again 

about opinions but in this case oral anti-hyperglycaemics were included in the 

management of T2D respondents (T2T). This survey focused more strongly on the role 

of exercise. The surveys were conducted by post, email and online while detailed 

statistical analysis followed.  

Two exercise studies with the same volunteers (n=25; ND=7, T1D=7, T2T=7, T2I=4) 

were then carried out based on some findings of the surveys. These studies explored 

the effects of a combination of aerobic (AE) and resistance exercise (RE) components 

for a six week period on diabetes. The methodology of the first exercise study 
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concentrated on the physiological variables, involving the use of exercise and 

measurement equipment to monitor for expired gases and anthropometric changes. 

Substrate oxidation, blood profiles for lipid, blood glucose (BG) and glycated 

haemoglobin (HbA1c) were also assessed. The second exercise study builds on this 

with specific inflammatory marker profiles such as tumour necrosis alpha (TNF-α), 

interleukin-6 (IL-6), leptin and resistin on ND, T1D and T2D volunteers over the same 

time period as in the first exercise study.  

The first survey study showed that many respondents (13-47%) lacked adequate 

professional information about the various separate aspects of their insulin-treated 

illness. For example, 38% of T1D and 28% of T2I reported that they did not have 

enough information regarding raised cholesterol levels. The results for diabetes 

complications revealed that T2I had greater complications compared to T1D (for 

example angina 18.5% for T2I compared to 4.6% for T1D), although the groups could 

not be matched for age, reasons for responding to the survey, duration of illness or 

severity of illness when starting insulin.  

The second survey revealed that insulin users often had an HbA1c that did not meet 

best practice expectations of 6.5% - 7.5% (48 -58 mmol/mol). It also showed that those 

who did exercise regularly were more likely to have acceptable HbA1c values (5-7% or 

31-53mmol/mol), than those who did not. This is especially the case for the type 2 

groups (eg for T2T 46% exercising compared to 31% non-exercising) who were less 

likely (19% respondents compared to 25%) to have HbA1c over 8% or 64 mmol/mol.  

It was of interest to know the risks, barriers and likely recommendations for the two 

groups. For example, fewer T2I people test BG frequently (12.5% compared to T1D 

62%, testing four or more times daily), even when they are insulin basal bolus users, 

which could foster hypoglycaemic events during exercise. The findings of the first and 

second surveys showed that managing diabetes in the 21st century remains difficult for 

many people, despite the availability of diagnostic, monitoring and medication 

improvements. This leads to anxiety and illness over the short and long term.  
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In the first exercise study, it was clear that for this combined exercise regimen, the 

chronic effects were notable. The most significant finding was that the effect of 6 

weeks was the drop in HbA1c in all groups ND from 5.4-5.2% or 36-33mmol/mol (p ˂ 

0.01), T1D 7.0 to 6.7% or 53-50mmol/mol (p ˂ 0.01), T2T 7.6 to 7.2% or 60-

55mmol/mol (p ˂ 0.05), T2I 7.3 to 6.8 or 56-51mmol/mol (p ˂ 0.05). This is equivalent 

to raising insulin or other medication and while clearly very beneficial, especially as 

occurring as a result of moderate exercise over only 6 weeks.  

Lipid factors showed improvements, not all significantly but these were likely to be 

influenced by support medication such as statins. However, the heart rate (HR) and 

blood pressure (BP) reduced at rest for all groups over the six weeks. The respiratory 

exchange ratio (RER), a measure of substrates oxidation showed that the carbohydrate 

metabolism was steady. The muscular strength and the subjective assessment 

improved after the exercise period.  

The second exercise study showed the interleukin 6 levels fell with the chronic effects 

of combined exercise ND (3.97-2.7pg/ml), T1D (2.15-1.02 pg/ml), T2T (3.67-2.72pg/ml) 

and T2I (3.66-1.17pg/ml) as did TNFα and other cytokine levels which may thus be 

cardioprotective. This suggests that exercise could be part of the anti-inflammatory 

treatment of T1D and T2D. 

To conclude, the findings of the two survey studies showed that the management of 

diabetes is difficult for many diabetics. Furthermore, the exercise studies 

demonstrated that a regular combined (RE and AE) exercise trial at moderate intensity 

for six week could be physiologically beneficial for diabetics. The underlying 

mechanism for this could be improvements in glycaemic control, lipid profile, 

cardiovascular fitness level and strength, as well as the inflammatory features of both 

T1D and T2D. 
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Chapter 1: Introduction and literature review 

1.1 Introduction 

The aim of this chapter is to provide a scientific literature review to the research 

studies within this work as well as to find out the theoretical basis for research studies 

on T1D and T2D. This chapter begins with an overview of diabetes description, 

prevalence, classification, glucose and insulin metabolism, insulin resistance, diabetes 

diagnosis and complications. Following this is a description of T1D and T2D 

management and treatments will be discussed. Physiological and metabolic response 

to exercise as well as the effects of aerobic and resistance exercise (AE and RE) on T1D 

and T2D will also be explored. Finally the aims and objectives of this thesis were 

highlighted.  

1.2 Description and prevalence of diabetes mellitus 

Diabetes is a global health problem and most common chronic disease that affects 

almost all countries in the world. It has become a widespread epidemic and continues 

to increase at alarming rate in the last decades (Guariguata, Whiting et al. 2014). 

Diabetes occurs when the pancreatic β-cells do not release sufficient amount of the 

hormone insulin or the body cell cannot utilise insulin effectively (T2D) or by a damage 

of the pancreatic β-cells by the immune system which lead to T1D. The International 

Diabetes Federation (IDF) estimated the total number of people with diabetes 

worldwide was 387 million in 2014 (Figure 1) rising to 592 million in the next 25 years 

(International Diabetes Federation, 2014, Guariguata, Whiting et al. 2014). T2D 

accounts for 85% to 95% of all diabetes in high-income countries and may account for 

an even higher percentage in low- and middle income countries. The prevalence of 

diabetes in adults (20-79 years old) in the UK is 5.4% and much higher with 20.52% in 

the Kingdom of Saudi Arabia (KSA). Recently publications about diabetes stated that in 

the UK (24.5 T1D cases per 1000) and in KSA (31 cases of T1D per 1000) has one of the 

highest world’s rate of T1D in children aged 14 and below (5th and 3rd highest, 

respectively in the world), (International Diabetes Federation, 2014). These findings for 
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both types of diabetes T1D and T2D show how this chronic disease is a global huge 

health challenge. It also, provides an idea about the potential size of the diabetes 

epidemic facing these countries as well as the whole world. The cost of Diabetes and 

its complications is very expensive. About 11% of the total healthcare budget 

worldwide was spent on diabetes (USD 612 billion) in 2014 and this may increase in 

the future (International Diabetes Federation, 2014). 

The majority (80%) of diabetes patient live in low- and middle- income countries 

(International Diabetes Federation, 2014). According to Diabetes UK records in 2012 

more than £10 billion was spent by the NHS on treating diabetes (Diabetes UK, 2012). 

This was 10% of the NHS budget in 2010-2011 with total NHS expenditure of 

approximately £103 billion. After calculation, it is a cost of about £208 million per 

week, £30 million per day, £1.2 million per hour, £20,000 per minute.  

 

Figure 1: Global diabetes prevalence (International Diabetes Federation, 2014). 
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1.3 Classification of diabetes 

1.3.1 Type 1 diabetes (T1D) 

T1D Previously named ‘insulin dependent diabetes mellitus’, because most of the 

pancreatic β-cells have destructed which results in absolute chronic deficiency of 

insulin secretion (Figure 2). Therefore, immediate and urgent administration of insulin 

therapy is required to prevent diabetic ketoacidosis (DKA) which can lead to coma and 

death. T1D can be defined as an autoimmune disease where the body’s own natural 

defences progressively attack and destroy the cells that responsible to release insulin 

which are islets of Langerhans β-cells in the pancreas. Multiple autoimmune attack 

triggers the pathophysiology of T1D (Regnéll, Lernmark 2013, Hermann, Krikovszky et 

al. 2005). About 80% of β-cells destruction occurs before T1D become clinically 

diagnosed. Destruction of the β-cells might be pathogenically relevant to circulating 

autoantibodies against islet of Langerhans cells which precede the clinical onset of 

disease (Kawasaki 2014, Regnéll, Lernmark 2013, Shriver 2011). Normally, T1D affects 

children and adolescent only, although it can happen at any age and might be 

genetically inherited. It is usually developed in children and teenagers and persists 

during whole life. T1D patients would need both insulin treatment and extensive life 

time balance between nutritional consumption and insulin dose (Krochik, Botto et al. 

2015) . 

1.3.2 Type 2 diabetes (T2D) 

T2D previously called ‘non-insulin dependent diabetes mellitus’ and can be defined as 

a chronic disease whereby the body is unable to effectively use glucose as a fuel due to 

relative insulin deficiency caused by insulin resistance and progressive beta cell failure. 

T2D is a heterogeneous disorder in which multiple pathophysiologic defects result in 

an imbalance between the rate of glucose production (which is increased) and its 

disposal (which is decreased) resulting in hyperglycaemia (Figure 2).  

Among the defects is insulin resistance, leading to decreased glucose uptake by 

peripheral tissues (predominantly the muscles) and an increase in hepatic glucose 
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production (gluconeogenesis) (Meah, Juneja 2015). Thus both impaired pancreatic β 

cell function and insulin resistance further deteriorate physiological consequences of 

T2D. Muscle and adipocytes show impaired insulin-stimulated glucose uptake with 

reduced inhibition of liver glucose production. This condition of tissue specific 

pathophysiology contributes to increase fasting BG and the lack of ability to effectively 

dispose glucose from the blood stream in the post-prandial state (Frayn 2003).  

T2D develops slowly (mostly in older, obese people), and it has a long preclinical phase 

and about of 30- 50% or 174.8 million of all diabetes cases in adults are estimated to 

be undiagnosed for many years (Stevens, Khunti et al. 2015, Guariguata, Whiting et al. 

2014). People who are overweight or obese are more likely to have insulin resistance, 

(where the body does not respond correctly to insulin) because fat interferes with the 

body's ability to use insulin. Most of T2D have a family history of the disease or 

disorders and conditions commonly related with diabetes such as high lipid profile, 

hypertension (high blood pressure), sedentary life style, smoking and obesity (Wang, 

Bordi et al. 2015, Frontoni, Solini et al. 2014, Chen, Pei et al. 2015).  

Acute and chronic states of hyperglycaemia, if left untreated, could lead to a myriad of 

debilitating long-term complications (Beagley, Guariguata et al. 2014). Heart attacks 

and strokes are 2- to 3- fold higher in people with diabetes, along with increased risks 

for microvascualr diseases such as retinopathy, nephropathy and neuropathy. Life 

expectancy can be shortened by as much as 10-15 years as a result of premature and 

accelerated atherosclerosis, and the attendant medical complications (Laditka, Laditka 

2014). 

1.3.3 Gestational diabetes (GD) and other types 

GD is defined as glucose intolerance with onset or first recognition during pregnancy in 

a previously undiagnosed female and takes place mainly because body β-cells is not 

able to provide sufficient insulin to interact with the additional requirements of 

pregnancy which leads to abnormal high BG levels. Its prevalence varies from 4.6% to 

25% depending on the diagnostic criteria used and the study population (Goldstein, 

Gibson-Helm et al. 2015). GD is normally transitory and vanishes after delivery the 
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baby. Women who are overweight or obese are at a higher risk of GD and 

approximately 7% are at risk to develop T2D later in their lives (Goldstein, Gibson-Helm 

et al. 2015). Children born to mothers with GD also have a higher risk of suffering from 

obesity and T2D in later life (International Diabetes Federation, 2014). There are other 

minority diabetic conditions such as latent autoimmune diabetes of adults (LADA) and 

maturity onset diabetes of the young (MODY), (Siddiqui, Musambil et al. 2015).  

 

 

 

Figure 2: Overview of glucose homoeostasis in healthy, T1D and T2D diabetes (Source: 
http://familylifehealth.com/health/chronic-conditions/diabetes)  
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1.4 Glucose and Insulin  

1.4.1 Glucose and insulin metabolism 

Glucose is the primary source of energy for the body tissue cells to perform the normal 

physiological body functions ATP. Glucose taken up by the β-cells, utilised in the body 

tissue through different biochemical mechanisms (broken down into intermediates 

that fuel oxidative metabolism inside the mitochondria) to produce the primary 

energy-carrying molecule adenosine triphosphate (ATP) which is the body ultimate 

source of energy (Groschner, Alam et al. 2014). Glucose is carried into most cells by 

specific proteins or glucose transporters (GLUT) that cover the cell membrane and 

permit the connecting and transferring of glucose across the hydrophobic lipid layer 

(Scheepers, Joost et al. 2004). In the periphery through a number of intracellular 

signalling pathways, some of which are complex, insulin promotes glucose uptake in 

muscle and fat cells and inhibits lipogenesis and lipolysis in adipocytes (Frayn 2003). 

Normally BG utilised by the body tissue and used for energy, otherwise it is converted 

to glycogen and stored by the liver if it is not required directly (Glycogenesis). It is very 

important to maintain BG levels within the normal range and avoid any increase in the 

BG level (hyperglycaemia) or the opposite action low BG level (hypoglycaemia) which 

progressively may results in diabetes complications. 

1.4.1.1  Regulation of blood glucose and insulin 

Glucose is the main energy source for the tissue cells. It also acts as a precursor to 

various metabolites in nearly all tissues. There are two hormones released by the 

pancreatic cells mainly regulate BG level in the blood circulation; insulin which reduces 

blood BG level and glucagon is the hormone responsible for decrease blood BG level. 

Plasma blood glucose levels are typically managed within a limited range of (3.5-5.5 

mmol/L) through the insulin-glucose-glucagon regulatory system. Therefore BG levels 

are controlled through process of the negative biochemical feedback system (‘closed-

loop’) which manages constantly and immediately can give a proper response to the 

BG levels. Normal glucose management is controlled by means of the antagonistic 

process of the two pancreatic hormones, insulin and glucagon. Under normal 
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physiological conditions, BG level continues to rise in response to macronutrients 

(carbohydrate, fat and protein) intake. β-cells will respond to the increase of BG 

concentration and release corresponding amounts of insulin to meet the metabolic 

demand. Insulin acts on different body tissue cells to accelerate facilitated diffusion of 

glucose into cells especially skeletal muscles and adipose tissues. Then boost up 

conversion of BG into glycogen (glycogenesis) and supresses hepatic glucose 

production (gluconeogenesis and glycogenolysis) (Fu, Gilbert et al. 2013). As a result of 

these various mechanisms, blood BG levels falls to a normal range (Figure 3).  

The cascade of insulin action in vivo includes many steps through a number of 

intracellular signalling pathways (Figure 4). This is including transendothelial transport 

of hormone, binding to the insulin receptors, and activation of tyrosine kinase, 

followed by movement of GLUT4 transporters from cytoplasm inside the cell into the 

plasma membrane, which allows BG enter the cells to utilised or stored (Yoon, Dang et 

al. 2014). 

Low BG level (hypoglycaemia) enhance pancreatic α-cells to secrete glucagon which 

acts on hepatocytes (liver cells) to facilitate breaking down glycogen molecules into 

glucose and to promote formation of glucose from lactic acid. Hepatocytes then 

release glucose into the circulation more rapidly and BG increases to the 

normoglyceamic state (Figure 3) (Fu, Gilbert et al. 2013, Saltiel, Kahn 2001). 

Adipose tissue cells are essential in metabolic regulation, releasing free fatty acid (FFA) 

that decrease BG uptake in muscle cells, insulin secretion from the β-cells, and 

increase gluconeogenesis from the hepatocytes (Boden 2003). Adipose tissue cells can 

also secrete 'adipokines' such as leptin, adiponectin and TNF, which regulate food 

intake, energy expenditure and insulin sensitivity (Fu, Gilbert et al. 2013).  
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Figure 3: Overview of glucose homoeostasis under normal physiological condition (Saltiel, 
Kahn 2001). 

 

Figure 4: The mechanism of action of insulin (Chhabra 2014). 
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1.4.2 Insulin  

Insulin is a peptide hormone that is secreted by the β-cells and permits cellular glucose 

uptake and regulates levels of glucose in the blood stream. Insulin involves in different 

biochemical mechanisms and performs its function by controlling the metabolism of 

lipids, carbohydrate and protein and encouraging cell division (Preza, Pinon et al. 2013, 

Strachan, Frier 2013). 

1.4.3 Type of insulin 

Patients with T1D cannot survive without administration of insulin as well as T2D to 

whom insulin is administered much later in their treatment. Table 1 describes key 

features from all the commercially available insulin most widely in use today. 

1.4.4   Pathology of glucose and insulin metabolism 

1.4.4.1  Insulin resistance 

Insulin resistant (IR) is a pathological condition and one of the main metabolic sign of 

T2D and it can be defined as reduced response to a physiological amount of insulin 

when the body cells receptors fail to respond to the regular amounts of circulating 

insulin. There are two possible reasons for IR condition, first one it might be defect in 

the receptors may prevent insulin from binding or there are no enough receptors for 

insulin to attach. Secondly, insulin may attach to the receptors, but the tissue cells do 

not recognise the signal to oxidise the BG (Liu, Park et al. 2015). 

IR is known as an impaired sensitivity to glucose removal by insulin-mediated signalling 

pathway resulting in systemic hyperglycaemia. It is commonly affect T2D, however, 

over the last ten years it has been shown that IR plays a key role in the development of 

T1D (Krochik, Botto et al. 2015). As insulin has pleiotropic functions, IR is closely linked 

with other metabolic symptoms such as hypertension and hyperlipidaemia, unhealthy 

life-style and endocrine abnormalities (Krochik, Botto et al. 2015, Goyal, Singh et al. 

2014). Obesity is the most common cause of IR in humans with or without 
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hyperglycaemia (Wang, Chang et al. 2013). An important potential mechanism of IR in 

obesity has been the observation that adipose tissue cells may produce and secrete 

hormones or cytokines that affect metabolism and insulin sensitivity, such as leptin 

which may play a role in the modulation of IR following weight loss (Wang, Chang et al. 

2013). In addition, prolong exposure of β-cells to insulin and glucose leads to 

desensitisation and reduced insulin sensitivity and progression to β-cells damage (Fu, 

Gilbert et al. 2013). 

1.5 Signs and symptoms of T1D and T2D 

The typical symptoms and signs of T1D are usually include polyuria (frequent urination, 

especially at night), extreme tiredness, polydipsia (excessive thirst), hyperglycaemia, 

blurred vision, and normally recent unexplained loss of weight along with at least two 

of the following characteristic features: rapid onset of symptoms over days or weeks, 

glucosuria or blood glucose markedly raised, ketones in the urine or blood, 

ketoacidosis or family history of T1D (International Diabetes Federation, 2014).  

The symptoms in T2D almost the same but milder than T1D and usually remain 

unrecognized at the beginning with often complications developing before diagnosis. 

Signs of IR or conditions associated with IR such as acanthosis nigricans (brown to 

black, poorly defined, hyperpigmentation marks of the skin), hypertension and 

dyslipidaemia. Excessive thirst, polyuria, polydipsia are characteristic symptoms for 

T2D (Hays, Galassetti et al. 2008, International Diabetes Federation, 2014). 

1.6 Diagnosis of T1D and T2D  

Based on the American Diabetes Association (ADA) and IDF guidelines there are four 

key tests used for the diagnosis of diabetes and they are as follows: first test is 

glycosylated haemoglobin test (HbA1c), with level of ≥6.5%. Second one is fasting 

plasma glucose (FPG) of 7 mmol/L (126mg/dL), patient should fast for at least 8 hours 

before this test. Third one is oral glucose tolerance test (OGTT) with BG value of ≥11.1 

mmol/L (200 mg/dL), after two hours of having a 75mg dose of glucose. Last test is 

random plasma glucose (RPG) of ≥ 11.1 mmol/L (200 mg/dL) in a patient with classic 
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symptoms of hyperglycaemia or hyperglycaemic crisis. To confirm the diagnosis in the 

absence of unequivocal hyperglycaemia, tests 1 – 3 should be performed again in 

another day (International Diabetes Federation, 2014, ADA 2014). People who have a 

fasting BG level between 6.1 and 6.9 mmol/L (100 and 124.2 mg/dL) are described as 

having an impaired fasting glucose (IFG) and may need an OGTT to confirm the 

diagnosis of diabetes or not. The ADA also recommended an HbA1c of 39−46 

mmol/mol (5.7-6.4%), FPG 5.6 mmol/L (100 mg/dL) to 6.9 mmol/L (125 mg/dL) IFG or 

2-h PG (plasma glucose) in the 75-g OGTT 7.8 mmol/L (140 mg/dL) to 11.0 mmol/L (199 

mg/dL) (IGT) indicates a high risk of diabetes (pre-diabetes). 

1.7 Treatments and management of diabetes 

1.7.1 Exercise, lifestyle and diet 

Sedentary lifestyle is one of the most important risk factors for T2D. Studies in 

prediabetic and diabetic subjects have demonstrated benefits of physical activity in the 

prevention and management of T2D. The mechanisms by which exercise produces 

positive results in patients with diabetes include improvement in insulin sensitivity and 

glucose disposal in the skeletal muscle, expression of nitric oxide synthase in the 

endothelial cells, improvement in obesity, and body fitness (Hall, McDonald et al. 2013, 

Maahs, Taplin et al. 2009, Snowling, Hopkins 2006).  

Exercise interventions that produce fat losses should produce improvements in 

glyceamic control or insulin sensitivity, especially if the fat loss is from visceral 

deposits. Even if fat loss is not present, reductions in HbA1c may be observed as a 

result of the cumulative chronic effects of the individual exercise programme (Church, 

Blair et al. 2010).  

In the UK there have been two education programmes which are nationally developed 

in order to support people with diabetes to gain the skills and right attitude to manage 

their disorder. Certainly one is made for T1D, a programme known as the Dose 

Adjustment for Normal Eating (DAFNE) had been developed to help people to regulate 

their insulin injection therapy to match their lifestyles (Leelarathna, Ward et al. 2011). 

DAFNE programme is a method of controlling T1D and provides people with the 
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knowledge that is necessary to calculate the carbohydrate in every food and then to 

inject the corrected dose of insulin. Some studies show significant reductions in total, 

quick acting and basal insulin doses in patients undergoing DAFNE training 

(Leelarathna, Ward et al. 2011) The other one is designed for T2D patients and is 

known as The Diabetes Education and Self-Management for On-going and Newly 

Diagnosed (DESMOND) and not essentially focused on insulin. DESMOND is a NHS 

education training course to provide T2D patient with the essential knowledge about 

diabetes and how to manage it to achieve their targets and to be aware of the health 

risks and consequence complications. DESMOND and other education programmes 

such as a low-intensive lifestyle education programme (DiAlert) lead to improvements 

in the metabolic control and body composition in T2D (Heideman, de Wit et al. 2012, 

Srinivasan, Davies 2014). 

An epidemiologic analysis conducted by the United Kingdom Prospective Diabetes 

Study (UKPDS) Group estimated that for every 1% decrease in mean HbA1c, a marker 

of long-term glycaemic control, the incidence of clinical complications decreased 

significantly over the entire range of HbA1c levels represented in the study (<6% - 

>10%), the risk for microvascular complications was reduced by 37% for each 1% 

reduction in HbA1c, the risk for any clinical event or death associated with diabetes 

was reduced by 21%, and the risk for myocardial infarction was reduced by 14% for all 

relative hazards (Stratton, Adler et al. 2000). 

To achieve normoglycaemic state, T1D needs intensive diabetes management and the 

care of T1D patient either child or adult should be under specialists supervision team 

qualified in the care of diabetes such as dietician, diabetes nurse and diabetologist 

(Care 2011). T1D children are different from T1D adults in many respects such as ability 

to provide self-care, insulin sensitivity, and unique neurological weakness to 

hypoglycaemia and DKA (Care 2011). 
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1.7.2 Oral medication 

The first therapeutic approach and management of T2D usually start with changes 

lifestyle by increasing physical activity and exercise as well as eating healthy diet with 

low saturated fat and cholesterol, and reduce calorie intake as recommended by 

health service carers to manage BG level close to the normal ranges. However, as data 

from the UKPDS demonstrate, only a small minority of patients are able to reach or 

maintain the currently accepted glycaemic targets without pharmacologic intervention 

(Stratton, Adler et al. 2000). 

If diet and exercise alone are not sufficient to improve or maintain glucose control 

within 3 months, the next step is to add an oral hypoglycaemic agent. Several classes 

of oral hypoglycaemic agents are approved by the United States Food and Drug 

Administration as treatment for T2D. Sulfonylureas (Glimepiride® and Gilclazide ®) 

bind to K+ channels on the β-cells membrane, leading to increased insulin release in 

elevated BG. Biguanides (Metformin®) inhibit hepatic gluconeogenesis while increasing 

hepatic and muscular sensitivity to insulin and act primarily on liver. The sulfonylureas 

and metformin® are most effective for decreasing HbA1c (decrease 1.3%-2.0%). 

Rosiglitazone® or Pioglitazone® (thiazolidinediones) act on muscle and fat tissue and 

decrease HbA1c by 1.0% -1.3%. Acarbose® or Miglitol® (Alpha-glucosidase inhibitors) 

interfere with carbohydrate digestion, delaying and reducing gastrointestinal 

absorption of dietary glucose (Srinivasan, Davies 2014).  

1.7.3 Insulin 

T1D patients need a lifelong administration of exogenous insulin because their 

pancreatic β-cells had destroyed which lead an absolute deficiency of insulin. Typical 

treatment for T1D is extensive insulin therapy. In contrast to people with T1D, the 

majority of those with T2D usually do not have need of daily doses of insulin to survive. 

Many of T2D able to manage their condition by a healthy diet and increased physical 

activity or oral agents as mentioned earlier.  

For those who are unable to regulate their BG levels and the oral hypoglycaemic is not 

effective they may be prescribed insulin (Nyenwe, Jerkins et al. 2011).
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Table 1: Insulin types, onset of action and peak. 

* The above information from http://www.diabetes.co.uk/insulin.

Insulin type Name of insulin Manufacturer Source Vial, cartridge or 
prefilled pen 

Onset of action* Peak* 

Rapid-acting 
analogue 

Humalog Lilly analogue cartridge, vial & prefilled 
pen 

< 15 min 15-60 min 

Novorapid (Novolog Novo Nordisk analogue vial < 15 min 15-60 min 

Long-acting 
analogue 

Glargine (Lantus) Aventis analogue cartridge, vial & prefilled 
pen 

< 60 min No peak as such 

Detemir (Levemir) Novo Nordisk analogue cartridge < 60 min No peak as such 

Short-acting Actrapid Novo Nordisk human cartridge, vial & prefilled 
pen 

< 30 min 1 – 3 hours 

Humulin S Lilly human vial & cartridge < 30 min 1 – 3 hours 

Hypurin  CP Pharmaceuticals Beef/pork vial & cartridge < 60 min 2 – 5 hours 

Insuman Rapid Aventis Pharma human cartridge, vial & prefilled 
pen 

< 30 min 1 – 3 hours 

Medium &  
long-acting 

Humulin I Lilly human cartridge, vial & prefilled 
pen 

< 120 min 2-12 hours 

Insulatard Novo Nordisk human/pork cartridge, vial & prefilled 
pen 

< 120 min 6-12 hours 

Hypurin Bovine 
Isophane 

CP Pharmaceuticals human/beef/pork vial & cartridge < 120 min 6-12 hours 

Hypurin CP Pharmaceuticals Beef/pork Vial & cartridge < 120 min 6-12 hours 

Insuman Basal Aventis Pharma human Vial, cartridge & 
prefilled pen 

< 120 min 2-12 hours 



15 

 

 

Basal bolus methodology consists of a basal dose which is a calculated background of 

long acting insulin together with a short acting bolus or boost of insulin which is 

administered at mealtimes. This variable dosing allows the patient a much more 

normal diet. More importantly this must be done in conjunction with frequent BG 

testing to prevent excursions from normoglycaemia. It is often the case that most 

diabetes patients find regular injections and finger prick testing uncomfortable and 

invasive and this could be alleviated to some degree by the use of continuous glucose 

monitors for BG testing and insulin pumps for infusion (DCCT, EDIC 2014).  

1.7.4 Insulin Pump 

There is a cannula which usually inserted abdomen subcutaneous, continuous 

subcutaneous insulin infusion (CSII). The main advantage of insulin pump therapy over 

multiple daily insulin injections (MDI) is its ability to significantly reducing the risk of 

hyperglycaemia and hypoglycaemia. It has been observed that insulin pump users have 

fewer events of post-exercise hyperglycaemia as compared with MDI users (Yardley, 

Iscoe et al. 2013). Furthermore, T1D sufferers who use insulin pump, children and 

adults, reported lowering of HbA1c (Battelino, Phillip et al. 2011). 

1.7.5 Artificial Pancreas 

This is an insulin dispensing device that responds to the body to deliver variable doses 

as an intelligent response to the blood glucose. Instead of two to four injections into 

the skin at intervals throughout the day, this is a continuous supply, but one that 

adapts to the changing blood levels and should give better outcomes as a result. The 

intention is that it will be totally implantable and nothing would therefore be visible 

from the outside. It is not ready yet for human trials but already known to work to 

improve overall glycaemic control but not postprandial surges (Taylor, Gregory et al. 

2014).  
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1.8 Complications of T1D and T2D Diabetes 

About five millions of diabetes patients have died in 2014 because of diabetes 

complications which mean that every 7 seconds one person dies from diabetes and its 

complications (International Diabetes Federation, 2014, Guariguata, Whiting et al. 

2014). 

T1D requires both insulin therapy and careful lifelong control of the balance between 

dietary intake and insulin dose. Without insulin replacement, people developing T1D 

risk surviving and with which they can participate normally in the usual daily activities, 

but still are at risk of associated complications. T1D and T2D individuals are at risk of 

the following complications: metabolic complications such as hyperglycaemic 

ketoacidosis, hypoglycaemia, and dyslipidaemia. Hypoglycaemia is a condition when is 

the BG level fall to ˂ 3.5 mmol/L due to the effect of different reasons such as fasting, 

exercise and over insulin dose (Forbes, Cooper 2013). 

Macrovascular complications (chronic complications) such as cardiovascular vascular 

diseases (CVD), coronary artery disease (CAD). Microvascular complications such as 

retinopathy (eye impairment), nephropathy (kidney impairment), sensory, motor, and 

autonomic neuropathy (nerve impairment). Moreover, psychological complications 

such as depression and anxiety might present in T1D and T2D. In addition, other 

complications associated with non-adherence to recommended management in 

children and young adults due to family conflict or risky behaviour. Pregnant women 

have increased risks of complications, such as: hypertension and pre-eclampsia, foetal 

and neonatal complications such as congenital malformations (a physical defect 

present in a baby at birth) and macrosomia (large baby at birth) (Mitanchez 2010). 
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1.9 Impact of Exercise on healthy and diabetes people 

1.9.1 Diabetes, lipid profile and risk factors 

Diabetes is associated with a high risk of CVD, CHD and other heart disease mortality 

(Chen, Pei et al. 2015, Li, Xiao et al. 2014, Jaiswal, Schinske et al. 2014). It has been 

known for decades that exercise and physical activity are one of the main cornerstones 

along with medication and diet to treat and manage diabetes and high lipid profiles 

(Yavari, Najafipoor et al. 2012, Sigal, Kenny et al. 2006). Dietary intervention, and 

changes in sedentary lifestyle by increasing physical activity contribute to the 

prevention and management of T2D and lead to significant benefit in risk factors that 

are known to be associated with development of CVD in patients with T2D such as 

HbA1c, Body Mass Index (BMI), Systolic Blood Pressure (SBP), Diastolic Blood Pressure 

(DBP) and lipid profile: Total Cholesterol (TC), Low Density Lipoprotein (LDL), High 

Density Lipoprotein (HDL) and Triglyceride (TG) (Chen, Pei et al. 2015, Li, Xiao et al. 

2014). BMI measurement of less than 18.5 suggests underweight and between 18.5 to 

24.9 is healthy weight. However from 25 to 29.9 indicates that the individual is 

overweight and 30 or more is obese. High BMI is an indicator of obesity and it is 

associated with T2D (Li, Xiao et al. 2014). 

Presence of lipid disorders can be found in both T1D and T2D and it is associated with 

the development of T2D (Billimek, Malik et al. 2015, Jaiswal, Schinske et al. 2014, 

Verges 2009, Hjerrild, Gravholt 2006). Therefore, it is crucial to investigate lipid 

abnormalities and to control lipids profile in people with T1D and T2D to reduce the 

risk of CVD and other diabetes complications such as Hyperglycaemia, micro- and 

macrovascular complications (Jaiswal, Schinske et al. 2014, Maahs, Ogden et al. 2010). 

An improvement in glycaemia is suggested as an initial treatment for dyslipidaemia 

when caring for patients with T1D and T2D. Nevertheless, lipid-lowering medicine can 

also be administered if lipid goals are not achieved (Jaiswal, Schinske et al. 2014, 

Brunzell, Davidson et al. 2008, Buse, Ginsberg et al. 2007). 

Elevated HbA1c level has been considered as a risk factor for CHD and CVD in patients 

with diabetes (Haring, Baumeister et al. 2014, Selvin, Coresh et al. 2005, Selvin, 
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Marinopoulos et al. 2004). Furthermore, it is also has been observed that there is a 

direct correlation between raised HbA1c concentration and the severity of CAD and 

CVD in people with diabetes (Hong, Li et al. 2014, Jaiswal, Schinske et al. 2014).  

A significant correlation between HbA1c and lipid profile in T1D and T2D has been 

reported by several researchers (Jaiswal, Schinske et al. 2014, Yan, Liu et al. 2012, 

Faulkner, Chao et al. 2006). Raised lipid levels decrease insulin-stimulated glucose 

disposal in the skeletal muscle, probably because of fatty acid–mediated inhibition of 

insulin signalling (Szendroedi, Frossard et al. 2012). Reduced insulin sensitivity is linked 

with abnormal lipid profile in people who have T1D either as adults or in their youth 

(Maahs, Nadeau et al. 2011)  as well as in T2D (Jaiswal, Schinske et al. 2014). High TG 

and lipid profile levels are correlated with CVD in T1D and T2D (Maahs, Eckel 2015, 

Mäkinen, Soininen et al. 2013, Maahs, Ogden et al. 2010). 

1.9.2 Aerobic and resistance exercise  

Aerobic exercise (AE) is any exercise that depends on oxygen for energy such as 

walking, running and swimming, and increases heart rate (HR) up for a prolonged 

period of time and large muscle groups are included. Resistance exercise (RE) is 

anaerobic exercise, such as weight lifting, strength exercise using machines or even 

using body weight. Normally, RE performed in short bouts with rest periods between 

each set and is anaerobic, meaning that oxygen is not used for providing energy, 

however, the source energy from ATP, creatine phosphate and muscle glycogen 

(Lucotti, Monti et al. 2011). Both of these approaches lead to health benefits for ND 

and people with diabetes (T1D and T2D). AE, RE or combined exercise programme is 

recommended in the management of T1D and T2D, and has physiological benefits 

including improved physical work capacity, body composition, blood pressure, blood 

lipid profile (Chen, Pei et al. 2015) and HbA1c (Yardley, Kenny et al. 2013). It is 

associated with less risk of diabetes complications and mortality in individuals with 

diabetes (Hordern, Dunstan et al. 2012).  
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1.9.3 Substrates oxidation measurements and the principles of Indirect 

Calorimetry 

Indirect calorimetry is a method to non-invasively measure metabolic rate and allows 

calculation of substrate utilisation under different conditions (Frayn 1983). The basic 

principles of this technique are based on the measurement of the oxygen consumption 

and carbon dioxide production at the level of the lungs, nitrogen excretion and the 

knowledge of the stoichiometry of carbohydrate, protein and fat oxidation. 

Respiratory exchange ratio (RER) is the ratio of the volume of carbon dioxide (VCO2) 

released to the volume of oxygen (VO2) taken up into the lungs at the same time. 

Respiratory exchange ratio normal ranges are between 0.7 and 1.0 and this factor is 

used as an indicator of substrate oxidation, where 1.0 indicates total carbohydrate 

oxidation, while 0.7 refers to total fat oxidation (Ferrannini 1988). Frayn (1983) chose 

glucose and palmitoyl-stearoyl-oleoyle-glycerol (PSOG) to represent carbohydrate and 

fat oxidation, respectively. The stoichiometry of glucose and PSOG is as follows: 

Glucose (C6H12O6) + 6 O2 → 6 H2O + 6 CO2    

PSOG (C55H104O6) + 78 O2 → 52 H2O + 55 CO2    

From the above equations, oxidation of 1 mol of glucose, requires an uptake of 6 mol 

of oxygen and a release of 6 mol of carbon dioxide, thus, RER will be 6/6 =1.0. Also, the 

oxidation of 1 mol of PSOG requires an uptake of 78 mol of oxygen and a release of 55 

mol of carbon dioxide, thus, RER will be 0.70. 

There are different techniques used in indirect calorimetry to measure fuel oxidation, 

the Douglas bag method and breath-by-breath system (Jeukendrup, Wallis 2005). In 

this method the volunteer is required to wear a nose clip and breathe through a mouth 

piece into tube connected to a chamber and gas analyser. Expired air can be analysed 

to calculate the fraction of oxygen and carbon dioxide by passing the expired air into a 

gas analyser. The indirect calorimetry methods are considered as an attractive way to 

conduct research due to the non-invasive nature and the quick response time (Jequier, 

Acheson et al. 1987).  
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In order for RER to be used to estimate substrate oxidation during exercise, the subject 

must have reached the steady state, which means that physiological function remains 

relatively stable (Jequier, Acheson et al. 1987). This is important because it is only 

during steady state exercise that the ratio of VCO2 to VO2 reflects the metabolic gas 

exchange in the body tissues (Jeukendrup & Wallis, 2005).  

Basically, during low to moderate exercise intensities this does not present a problem, 

because the lactate concentration in the circulation during low to moderate intensity 

exercise may be matched or slightly higher than the baseline value, but it is still in 

steady rate (Jeukendrup & Wallis, 2005). Therefore, lactate production in the muscles 

is mostly in equilibrium with lactate elimination, due to oxidation and conversion to 

glucose in the liver (Jeukendrup & Wallis, 2005). 

However, during high intensity exercise, where lactate acid production can be greater 

than oxidation, lactate will accumulate in the muscle (Jeukendrup & Wallis, 2005), 

resulting in hydrogen ions release and increased in plasma. These ions are may 

buffered by bicarbonate [HCO3
-], and finally extra non-metabolic CO2 will be excreted 

on the breath (Frayn, 1983). Thus, during heavy exercise when lactate excretion is 

high, estimation of substrate utilisation by indirect calorimetry technique may be 

flawed (Frayn, 1983).  

1.9.4 Normal glycaemic response to exercise 

The glycaemic response to exercise is dependent on the intensity and duration of 

exercise. BG concentration does not change very much in the short-term when 

participating in moderate exercise, however when high intensity exercise is performed 

plasma BG concentrations will initially rise and then fall as exercise continues will the 

symptoms of hypoglycaemia being rare. An increase in hepatic glucose output 

maintains BG homeostasis by balancing increases in BG uptake by working muscles. 

The balance must be maintained between reducing insulin concentrations and/or 

increasing glucagon concentrations which become necessary for plasma BG 

homeostasis. When changes in insulin and glucagon are prevented BG concentrations 
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fall. Any deviation from euglycaemia can result in a mismatch between hepatic glucose 

production and peripheral glucose use (Frayn 2003). 

The role of the liver for maintaining glucose homeostasis is pivotal as it is able to store 

large amounts of glycogen as well release glucose by glycogenolysis. Additionally, 

lactate, glycerol and amino acids can be converted to glucose by gluconeogenesis 

within the liver. During exercise the rate of muscle glucose uptake is linked to hepatic 

glucose produced and with prolonged exercise an increasing contribution is derived 

from gluconeogenesis. When participating in high intensity exercise hepatic glucose 

production increases and is often higher than the glucose used, this can be attributed 

to a rise in catecholamines rather than to changes in insulin and glucagon levels. This 

marked increase in catecholamines results in increased muscle glycogenolysis and 

increased glucose-6-phosphate (McArdle, Katch et al. 2006). 

1.9.5 Effect of different intensities and duration of exercise on ND, T1D and 

T2D 

According to two widely-cited studies by (Romijn, Coyle et al. 1993, Romijn, Coyle et al. 

2000) fat oxidation increases with increasing exercise duration. Romijn et al (1993) 

studied exercise intensity and substrate utilisation during prolonged exercise using 

indirect calorimetry and isotopes (tracer techniques). They examined trained subjects, 

five males in the first study and eight females in the second. Subjects exercised at 25%, 

65%, and 85% of maximum volume oxygen consumption (
2OV max). They found that 

the rate of fat oxidation increased from low-intensity exercise (25% of 
2OV max) to 

moderate-intensity (65% of 
2OV max), and then reduced at high-intensity (85% of 

2OV max). Fat oxidation rates increased from rest to low- to moderate-intensity 

exercise and plasma fatty acid was the main substrate utilised for energy. However, 

when the exercise intensity exceeded 75-85% of 
2OV max, carbohydrate oxidation 

became the major source of energy provision and fat oxidation was suppressed; this 

suppression is probably the result of the stimulation of glycolysis and glycogenolysis 

during high-intensity exercise (Jeukendrup 2003).  



22 

 

1.9.6 Effect of resistance and aerobic exercise on T1D and T2D 

A significant reduction of 0.3 to 0.5% HbA1c levels achieved by combination exercise 

programme (AE + RE) might be expected to produce a 5% to 7% reduction in CVD risk 

and a 12% reduction in risk of microvascular complications (Church 2011). The 

improvements of glycaemic control without weight gain has been associated with 

lipids control and this include TG, TC and LDL (Purnell, Hokanson et al. 1998). AE, RE or 

combined exercise programme is recommended in the management of T1D and T2D, 

and has physiological benefits including improved physical work capacity, body 

composition, blood pressure, blood lipid profile (Chen, Pei et al. 2015) and HbA1c 

(Yardley, Kenny et al. 2013). It is associated with less risk of diabetes complications and 

mortality in individuals with diabetes (Hordern, Dunstan et al. 2012).  

Small-scale studies have revealed that RE decreased HbA1c in patients with T1D 

(Yardley, Kenny et al. 2013) and T2D, it has been reported that HbA1c was significantly 

improved after 4 months of AE or RE (Bacchi, Negri et al. 2012). Furthermore, other 

study reported a statistically significant impact of exercise (AE, RE and combined 

training) on the management of glucose HbA1c (Shriver 2011). 

1.9.7 Immune-inflammatory markers  

Interleukin-6 (IL-6) plays a role in obesity and insulin resistance and is widely expressed 

in adipose tissue as well as obesity in humans. IL-6 interrupts insulin signalling 

mediating insulin resistance which facilitates obesity (Senn, Klover et al. 2003). It has 

been reported that IL-6 deficient mice show an onset in obesity on maturity, hepatic 

inflammation and insulin resistance which can be reversed on IL-6 administration 

(Matthews, Allen et al. 2010, Wallenius, Wallenius et al. 2002). This administration of 

IL-6 enhances energy expenditure and decreases obesity by influencing obesity and 

insulin sensitivity through a central nervous system mechanism.  

Tumor necrosis factor-α TNFα a pro-inflammatory cytokine has increased in obese 

humans and rodents suggesting that it contributes to insulin resistance. TNF-α levels in 

the circulation correlate positively with insulin resistance, and neutralisation of TNF-α 

improves the insulin sensitivity in rodents, although clinical effects of TNF-α 
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neutralisation in humans are debatable (Hotamisligil 2007, Hotamisligil, Shargill et al. 

1993). 

 

Leptin is a hormone that has been recognised as a mediator of long-term regulation of 

energy balance it acts by suppressing food intake and thereby inducing weight loss. 

Consumption of fat and fructose do not initiate insulin secretion, results in lower 

circulating leptin levels, a consequence which may lead to overeating and weight gain 

in individuals or populations consuming diets high in energy derived from these 

macronutrients. Leptin levels in circulation have been shown to increase in obese 

rodents and humans suggesting that obese subjects display leptin resistance. This 

resistance is mediated by impaired leptin transport in blood brain barrier (Kievit, 

Howard et al. 2006) and activates monocytes and macrophages to produce pro-

inflammatory IL-6, TNF-α. Leptin production is usually regulated by insulin-induced 

changes of adipocyte metabolism.  

 

Resistin is a hormone identified as one of the markers of atherosclerosis and is one of 

the important predicting factors of CVD (Kadoglou, Perrea et al. 2007) as a promoter of 

insulin resistance (Steppan, Bailey et al. 2001). The increase in the level of resistin 

mostly happens in inflammatory conditions and it is shown that resistin stimulates the 

synthesis and the release of pre-inflammatory cytokines such as TNFα (Silswal, Singh et 

al. 2005). However resistin’s function in humans unclear, as levels in blood circulation 

do not correlate with obesity and insulin resistance. The major sources of resistin in 

humans are monocytes and macrophages and inflammatory cytokines such as IL-1β, IL-

6, TNF-α, and LPS induce the resistin are widely expressed in these macrophages 

(Silswal, Singh et al. 2005).  

 

In obese rodents and humans the liver and muscle have been shown to produce mild 

inflammatory responses without significant numerical changes in immune cells. 

Adipose tissue depots become vulnerable to mediate significant immune cells 

infiltration and inflammation contributing to insulin resistance and systemic 
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inflammation (Odegaard, Chawla 2013). Adipose tissue provides the majority of excess 

nutrient storage for TG as well as producing adipokines (Waki, Tontonoz 2007). Leptin 

and adiponectin are generated from adipose tissue to regulate feeding behaviour and 

pro- and anti-inflammatory adipokines to modulate inflammatory responses.  

 

Adipocytes are the most abundant cell population of adipose tissue and act as an 

energy storage secreting hormones and many bioactive substances (adipocytokines) 

such as IL-6, TNFα , resistin and leptin that are required for normal body function and 

are found at altered levels in metabolic disease (Poulos, Hausman et al. 2010, Galic, 

Oakhill et al. 2010). Thus an increase in nutritional intake results in adipocytes 

hypertrophy and hyperplasia which provoke cellular stress which in turn initiates 

oxidative stress and inflammatory responses in adipose tissue. These inflammatory 

responses in adipose tissues become self-generating and lead to an increase in pro-

inflammatory cytokines such as TNFα, IL-6, IL-1β, at a systemic level and are the causes 

of insulin resistance. Along with inflammatory adipokine production in adipose tissues, 

obesity-related hyperlipidemia, hyperglycaemia, hypoxia and oxidative stress which 

induces insulin resistance in peripheral tissues resulting in activation of inflammatory 

signalling cascades in adipose tissues (Labouesse, Gertz et al. 2014). 

1.9.8 Exercise (AE and RE) and immune-inflammatory markers 

AE and RE (acute and chronic) have different impacts on inflammatory adipocytokines 

(Cullen, Thomas et al. 2015, Moran, Barwell et al. 2011, Goldhammer, Tanchilevitch et 

al. 2005). It is well-known that a single bout of strenuous or moderate exercise acutely 

increases systemic IL-6 levels, as well as concentrations of other cytokines such as 

TNFα (Christiansen, Bruun J. et al. 2013, Pedersen, Steensberg et al. 2001). In acute 

exercise, IL-6 is released by muscles and the level of IL-6 may increase significantly 

(Christiansen, Bruun J. et al. 2013, Petersen, Pedersen 2005). Chronic exercise for 

different duration and intensities has reduced the basal level of TNFα, IL-6, resistin and 

leptin (Reihmane, Dela 2014, Rashidlamir, Saadatnia 2012, Moran, Barwell et al. 2011).  
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It has been determined that regular physical activity and exercise decrease the levels 

of inflammatory markers and decrease the risk of CHD (Beavers, Hsu et al. 2010). The 

results of different researches investigated the effects of regular exercise in diabetes 

TD1, T2D as well as ND have reported significantly decreases in the levels of TNF-α, IL-

6, IL-1β and C-reactive protein (CRP) (Rosa, Heydari et al. 2011, Christiansen, Paulsen 

et al. 2010, Nicklas, Hsu et al. 2008, Kadoglou, Perrea et al. 2007, Kohut, McCann et al. 

2006). There is a relationship between higher levels of physical activity/physical fitness 

and lower levels of these inflammatory markers (Akbarpour 2013). It has been 

established that IL-6 can be released locally from contracting skeletal muscle tissue 

and that the net release from the muscle can account for the exercise-induced rise in 

arterial concentration of IL-6 (Cullen, Thomas et al. 2015).  

Moderate exercise can stimulate the immune system; however, high or extreme 

exercise might suppress it (Liesen, Baum 1997, Fitzgerald 1988). Evidence suggests that 

exercise intensity and duration as well as the form of contraction (e.g. eccentric or 

concentric) and muscle damage all influence IL-6 response to acute exercise 

(Reihmane, Dela 2014). Furthermore, previous study has demonstrated that resistin 

and IL-6 concentrations have reduced significantly after 12 weeks of AE in T2T 

(Kadoglou, Perrea et al. 2007).  

In addition, a research study has investigated the effects of 12-week of RE, AE, or 

combination exercise programme at moderate intensity showed a reduction in TNFα 

and IL-6 in healthy volunteers with obesity or overweight. They found that TNF-α levels 

were significantly decreased at week 12 compared to baseline by 20.8 % in AE group, 

26.9 % in RE group, and 32.6 % in the combination group. Thus, combination exercise 

may help to reduce the risk of common chronic diseases such as diabetes, CHD and 

CVD (Ho, Dhaliwal et al. 2013). Furthermore, another study on patients with CAD, 

reported that a 12 weeks of AE at 70–80% of individual maximal HR has reduced 

significantly baseline levels of inflammatory cytokines such as CRP, and IL-6 from 2.50

±1.50 to 1.44±0.57 pg/ml (Goldhammer, Tanchilevitch et al. 2005). Moreover, an 

investigation into the effect of 12 weeks of AE on inflammatory markers of CHD in 
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obese men found decreases in the levels of CRP, IL-6, leptin and BF% and an increase in 

the level of adiponectin in the experimental group relative to the control group. In 

addition, the level of TNFα in the experimental group decreased by 2.86% and 23.76% 

after 6 and 12-week AE, respectively, although this change was not statistically 

significant (Akbarpour 2013). 

Exercise has been shown to lower levels of inflammatory markers. However, results 

are inconsistent, indicating different modes, durations and intensities of exercise may 

have different effects on inflammatory cytokines. Exercise may lower the risk for CHD, 

CVD and diabetes by mitigating inflammation (Reihmane, Dela 2014, Christiansen, 

Bruun J. et al. 2013, Christiansen, Paulsen et al. 2010). 

  



27 

 

1.10 Aims and Objectives 

 

Chapter 3 (first survey): 

 Determine both positive and negative experiences of T1D and T2D patients 

currently using insulin by injection.  

 To compare T1D and T2D insulin users regarding the diagnosis, management, 

treatments and complications. 

Chapter 4 (second survey): 

 To assess views and attitudes of people with diabetes to diet and exercise and 

compare between T1D and T2D. 

 To compare the type and intensity of exercise that T1D and T2D normally 

perform.  

 To consider factors such as diet, insulin dose and BG management in non-

exercise and exercise days for T1D and T2D. 

 To assess barriers and coping strategies when exercising safely for diabetes 

patients.  

 This survey’s results may support and feedback to the practical part of the 

study. 

Chapter 5 and 6 (first and second exercise studies): 

 To compare and contribute research toward the effects of exercises in T1D and 

T2D with ND using same exercise intervention.  

 To study the effect of exercise on HbA1c, BG, lipid profile (TC, LDL, HDL and TG), 

insulin, other physiological and immunological parameters (TNF-α, IL-6, leptin 

and resistin) on ND, T1D and T2D volunteers. 
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 To investigate the effects of acute and chronic combined exercise programme 

(AE and RE).  

 To improve insulin dosing and exercise regimes to prevent hypoglycaemic and 

hyperglycaemic episodes in T1D and T2D undertaking exercise. 
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Chapter 2: Materials and methods 

2.1 Overview  

This chapter describes the methods used for the analysis of the first survey (T1D and 

T2I users diabetes management survey) and the second survey with (T1D and T2D Diet 

and Exercise survey), as well as the practical studies involved in this thesis. It describes 

the methods employed in enrolling participants for the surveys, volunteers for the 

exercise trials and the measurement of the anthropometric, metabolic and 

physiological variables required in the study protocol.  

A combined (RE and AE) exercise session involved the following: stretching and warm 

up on the ergometer bike followed by RE working upper and lower muscle groups. 

After rest, cycling as AE was conducted, the session ended with cooling down and 

stretching. Exercise trials included two combined exercise sessions a week for a six- 

week period (twelve sessions). 

BG levels were monitored before, during and after each exercise session. Lipid profile 

(TC, HDL, LDL and TG), metabolic and many of physiological parameters as well as 

immune-inflammatory markers ( IL- 6, TNFα, leptin and resistin) have been measured 

at different time points throughout the exercise trials. All studies were reviewed and 

approved by the Faculty of Health and Life Sciences Ethics Committee at De Montfort 

University, Leicester, UK. 

2.2 T1D and T2D Surveys: 

 First survey: T1D and T2I users diabetes management survey 2.2.1

The first survey produced by the research group questioned T1D and T2I users (707 

participants) about their attitudes and experiences with their approach to glucose 

management, their appreciation of its importance and their understanding of the 

practical difficulties of achieving desired glycaemic control. Responses were sought 

about their diagnosis, their medical check-ups as well other areas of their diabetes 

management such as diet, hypo- and hyperglycaemia awareness and other medical 
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conditions. This survey had 77 open and closed ended questions. Data from questions 

which were open were analysed but not included in this thesis as they ask for specific 

information relating to the views and attitudes of T1D and T2I injectors towards an 

implantable artificial pancreas. The first survey provided a good approach on how to 

design and analyse patient surveys in order to develop a second survey about diabetes, 

which focused more on how people who have T1D and T2D respond and deal with diet 

and exercise. 

 Second survey: T1D and T2D diet and exercise survey 2.2.2

A second survey discussed T1D and T2D experiences with various aspects of their 

diabetes and their attitudes toward exercise and diet (240 participants). This survey 

had 78 open and closed ended questions and included four sections: background 

information, diabetes diagnosis and management, hypoglycaemia and hyperglycaemia 

as well as exercise and diet (Appendix 1).  

 Surveys validity  2.2.3

In order to validate the surveys in this thesis, face validity was used. Initial drafts of the 

surveys were forwarded to a team of experts and scientists such as a Diabeteologist, 

Pharmacologist, Physiologist as well as some diabetes volunteers who read and 

critiqued the questions and replied with feedback to the researcher.  

 Surveys distribution  2.2.4

The surveys were produced in English and launched on Survey Monkey® website and 

distributed to T1D and T2D diabetes patients through various channels such as local 

newspapers (Leicester Mercury) and diabetes websites as well as through social 

network sites such as Twitter® and Facebook®. The surveys were distributed by the 

research group at the Diabetes Clinic (Leicester Royal Infirmary), Balance magazine, 

newspaper, Diabetes UK and several diabetes forums. Moreover, diabetes exhibitions 

and some community events in England, such as Diabetes UK and NHS exhibitions and 

conferences, were used to distribute these surveys. In addition, an internal e-mail and 



31 

 

advert were sent to all De Montfort University (DMU) staff and students as well as a 

panel and webpage were created on the DMU student portal. 

 Analysis of surveys responses 2.2.5

The responses from Survey Monkey® were downloaded in Microsoft Excel 2010® and 

then coded and modified before inputting into Statistical Package for the Social 

Sciences (SPSS) (version 22 “IBM”, Chicago, IL, US). All the responses from different 

questions in SPSS were then labelled and coded, for example all the questions with yes 

and no answers were coded as number 1 for (Yes) response and number 2 for (No) 

response. All postal responses were entered manually using the same coding directly 

into SPSS®. All data was analysed using SPSS and Microsoft Excel 2010®. All data were 

filtered and missing data were excluded from the analyses and only valid percentages 

were considered. Some of the open-ended questions were filtered and then grouped 

in the appropriate responses if possible. Descriptive statistics, frequencies and 

percentages were calculated to examine the different questions and variables in the 

survey. Responses and variables were compared using chi-square test. For normally 

distributed data paired t-test was used while for non-normal distributed data the 

Wilcoxon test was used to determine significance. Cross tabulations were used to 

investigate the relationship between T1D, T2T and T2I. Data values are reported as 

mean ± SD unless otherwise stated. The level of statistical significance was set at P < 

0.05. 

2.3 Exercise studies design and participants 

 Diabetes and Exercise Physiology lab (DEPL) 2.3.1

The Diabetes and Exercise Physiology Lab (DEPL) was established at the 

commencement of the exercise trials. The research team found a suitable laboratory 

location with convenient and easy access, good ventilation and temperature control 

(Figure.5).  
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Figure 5: Diabetes and exercise physiology lab (DEPL). 

 

At this early stage of the project, necessary advice was taken from the Sport Exercise 

Department at Loughborough University. The research group demonstrated the 

proposed exercise trial and sought technical guidance from Exercise Physiologists, 

Diabetologist, Physiologists, Pharmacologists and a Sports Medicine Consultant in the 

planning and regular review stages. 

 Phlebotomy, first aid and defibrillation training 2.3.2

In order to commence the exercise trials with the volunteers, the researcher had to be 

well trained and aware of all risks that might occur during the trials such as 

hypoglycaemia. Therefore, the researcher attended and passed a Phlebotomy course 

with full training at the Clinical Department, Royal Infirmary Hospital in Leicester.  

Furthermore, The Advanced First Aid at Work course provided by the East Midlands 

Ambulance Service NHS, Leicester and a defibrillation course provided by HeartSine 

Technologies was also attended and passed. 
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 Equipment and procedures  2.3.3

Equipment and procedures used for exercise trials are as follows: 

 Multi-use gym machine 2.3.4

Volunteers were instructed on how to use a multi-use gym machine (Body Craft Jones 

Maxrack 3D Machine) for all the RE (Figure 6.) 

 
Figure 6: Multi-use gym machine. 

 

 Ergometer bike 2.3.5

Recumbent ergometer bike (Lode, Corival Recumbent, US) was used for warm-up and 

for the AE component exercise sessions. Workload and resistance were monitored via 

the bike’s digital display (Figure 7.)  



34 

 

 
 
Figure 7: Recumbent ergometer bike. 

 

 Power lab system ADInstruments machine (ADI) 2.3.6

ADI Analysis System (PL3516/P ADInstruments, 16 channels, Australia) is a power lab 

system (Figure 8). This system included : gas analyser (Carbon dioxide CO2 and Oxygen 

O2), gas mixing chamber with a 4.7 L capacity for collecting, mixing and sampling 

expired respiratory gases, long smooth tubing for connection to the gas mixing 

chamber and face mask. ADI generates an immediate visual representation of 

performance associated with various metabolic variables for example oxygen 

consumption (VO2), carbon dioxide production (VCO2), respiratory exchange ratio 

(RER), heart rate (HR), bike revolutions per minute (RPM) and breath flow and 

temperature of respired air. The ADI software enabled the measurement of RER at rest 

and during the cycling. 
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Figure 8: ADI power lab system. 

 

 Calibrating, filtering and sterilising the ADInstruments analyser 2.3.7

The calibration of machines is very important in obtaining accurate and consistent 

results; therefore, the ADI power lab system used and described in section 2.3.6 was 

calibrated before use with reference gases from BOC Ltd, Surrey, UK. A rubber tube 

connected the reference gas bag with the gas analyser, and a calibration gas 

containing 16% oxygen, 4% carbon dioxide was passed through the gas analyser. This 

calibration was repeated every few hours to minimise the errors. To prevent moisture 

damage to the sensors and to remove any possible damaging particulates, an in-line 

filter (0.45μ hydrophobic membrane) was changed every 2–3 weeks. 

A face mask, nose clips (Speedo® Universal, UK) and drying tube were cleaned and 

sterilised before and after each exercise session. This was done by unclipping these 

components from the ADI hardware and immersing them in sterilising fluid (Chlor-

Clean, Guest Medical, UK) for a minimum of 2 hours prior to re-use.  
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 Heart rate (HR) 2.3.8

 

The volunteer’s HR was monitored at rest and continuously during the combined 

exercise trial by short-range telemetry (Polar S610i, Polar Electro, Finland) using a 

chest heart rate monitor and watch (Polar, FT1-TRA/BLK, Finland). 

 Rate of perceived exertion (RPE) 2.3.9

Rate of perceived of exertion values were obtained from the subjects using the Borg 

scale (1973) during the resistance and aerobic exercise. The Borg scale ranged from 6 

as ‘minimum,’ and 7 as ‘very, very light’ to 19 as ‘very, very hard’ and 20 as ’maximum’ 

(Borg, 1973). This scale was shown to the volunteer, so he was be able to point at how 

hard or easy the exercise he performed was. 

 Finger pricking procedure (FPP) 2.3.10

FPP was used to obtain blood samples, which was as follows: A finger was sterilised 

with alcohol swab (Reliance Medical, UK) and allowed to dry for 10-15 seconds. A spot 

on a finger was chosen and pricked with a lancet device (Microlet 2, Bayer Contour, 

US) to obtain the required quantity of capillary blood for the test. 

 Glycated haemoglobin (HbA1C) analyser 2.3.11

HbA1c was measured by Quo-Test A1c reagent kit (Figure 9), which had been already 

tested for reasonable precision and accuracy. Using FPP, a blood sample of 4µl was 

loaded into Quo-Test cartridge. The cartridge was placed into the analyser and the 

result was displayed on the digital display and a printout of the result was taken within 

five minutes. 

 Blood glucose monitor 2.3.12

Blood glucose was measured specifically 4 times for each volunteer: at rest before 

exercise, after RE exercise, after 10 min of aerobic exercise and at the end of each trial. 

BG was measured using a blood glucose kit (Contour, BAYER, Switzerland) (Figure 9). A 

blood drop of ~1µl was obtained using FPP, and then placed within the dedicated well 
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in the test strip which absorbed enough blood to perform the test, a result was 

achieved within seconds. 

 Blood pressure monitor  2.3.13

BP was taken at different time points during exercise trials using an upper arm blood 

pressure monitor (Omron M10-IT, Omron Healthcare Co., Ltd, Japan), (Figure 9) . BP 

was taken with the volunteer sitting in a chair; the BP cuff was placed on the upper 

arm ensuring that the cuff was at the same level as the heart. The volunteer were 

asked to sit upright and not to move and talk while their BP was measured. 

 Measurement of lipids profile 2.3.14

TC, HDL, LDL, and TG were measured by a CardioChek® analyser (PA Bundle, Health 

Check Systems, Germany), (Figure 9). 15 µL of whole blood was obtained using FPP. A 

plastic blood pipette was used to collect exact amount of blood required for the test 

and it was placed on a test strip (PA Lipid Panel, Health Check Systems, Germany) 

which was present in the CardioChek analyser. 

 

Figure 9: BG and BP monitors, HbA1c and lipids analysers. 

  



38 

 

 Collection, separation and analysis of venous blood samples 2.3.15

Volunteers were asked to sit on a comfortable chair in order to collect venous blood 

samples. An alcohol swab and a disposable latex-free tourniquet (Fisher Thermo 

Scientific- Cat no. 22-040-225) were used to avoid any infection or contamination. 

Venous blood samples from the Antecubital Fossa were collected using a S-Monovette 

(Monovette, SARSTEDT) blood collection system needle and 10 ml tube (BD, Plymouth, 

UK) containing EDTA (ethylenediaminetetraacetic acid) anticoagulant.  

In order to separate blood plasma, labelled samples were centrifuged at 3000 rpm for 

15 min at 4°C using a centrifuge (Fisher Thermo Scientific, UK). Plasma was then 

dispensed into labelled 1.5 ml Eppendorf tubes (Eppendorf, Germany) and stored in a -

80°C freezer until analysis which was within 6 weeks. 

In order to assess the immunological response to an acute exercise as described later 

in section 2.5.2 on the first exercise session three venous blood samples using the 

above procedure were collected. These were taken before any exercise was 

performed, after the RE component of the combined exercise programme and finally 

after the AE component (cycling).  

The chronic response to exercise over the 12 sessions was assessed by collecting 

venous blood samples in the following sessions: 1st, 2nd, 4th, 6th, 8th, 10th and 12th. 

 ELISA kit and plate reader 2.3.16

Insulin and C-peptide were determined using a commercially-available enzyme-linked 

immunosorbent assay (ELISA) with <0.01 cross reactivity with pro-insulin (Mercodia 

AB, Uppsala, Sweden). Microplate Reader with Manta Software, (Labtech LT-4000, 

Ireland) and a plate shaker (IKA® MTS 2/4 digital, Germany) was used to read and 

analyse the tests. Mercodia Insulin and C-peptide ELISA is a solid phase two-site 

enzyme immunoassay. It is based on a direct Sandwich technique in which two 

monoclonal antibodies are directed against separate antigenic determinants on the 

insulin or C-peptide molecule. The insulin assay procedure was as follows: 
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All reagents and samples were brought to room temperature before use and a 

calibrator curve was made for each assay run. Enzyme conjugate solution, wash buffer 

solution, sufficient microplate wells to accommodate calibrators and samples in 

duplicate were prepared. The experiment started with pipetting 25 μL of each 

Calibrator and sample into appropriate wells. After that, 100 μL of enzyme conjugate 

solution was added to each well and Incubated on a plate shaker (700-900 rpm) for 1 

hour at room temperature (18–25°C). Then microplate wells reaction volume was 

discarded by inverting the microplate over a sink. 350 µL wash buffer solution was 

added to each well then discarded by inverting the microplate over a sink. The 

microplate then was tapped firmly several times against absorbent paper to remove 

excess liquid. This washing step was repeated 5 times. 

After washing, 200 μL of Substrate 3,3’,5,5’-tetramethylbenzidine (TMB) was added to 

each well then incubated for 15 minutes at room temperature (18–25°C). After the 

incubation 50 μL Stop Solution was added to each well. The plate was then placed on a 

shaker for approximately 5 seconds to ensure mixing. As a final step the plate was read 

at an optical density of 450 nm and insulin concentration calculated. 

C-peptide kit procedure was same as the insulin except the following: after pipetting 

25 μL each of calibrators and the samples, a 50 μL of Assay Buffer was added to each 

well and it had another washing step after the second incubation step which was for 1 

hour. The enzyme conjugate was adding after the first wash step and Substrate TMB 

was added after the second wash (Figure 10). 
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Figure 10: ELISA technique. 

 

 Blood gas and electrolytes analyser 2.3.17

A Radiometer (ABL800 FLEX analyser, Denmark) was used to measure pH, blood gases 

(pCO2 and pO2) and electrolytes such as sodium (Na+), potassium (K+), calcium (Ca2+), 

and chloride (Cl−) (Figure 11). For measurement of blood gases, arterial blood was 

required which was taken from the ear lobe of the volunteer into a plastic capillary 

tube (85 μL, safeClinitubes, Denmark) with anticoagulant (sodium heparin) and placed 

into the Radiometer machine for testing.   
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Figure 11: Radiometer, blood gas and electrolytes analyser. 

 

 Multiplexing ELISA 2.3.18

The Evidence Investigator (Randox, UK) which is a Multiplexing ELISA technology was 

used to measure immune- inflammatory markers such as Interleukin-6 (IL- 6), Tumour 

Necrosis Factor α (TNFα), resistin and leptin (Figure 12).  

 
 

Figure 12: The Evidence Investigator, Randox machine.  
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 Body composition and anthropometric measurements 2.3.19

In the first session before exercise commenced, base line anthropometric 

measurements and other different physiological variables were recorded in the DEPL. 

Volunteer body mass was measured in (kg) to the nearest 0.10 kg using a digital 

weighing machine (SECA) while subjects were wearing light clothing. The volunteer 

stood without wearing shoes on a wall-mounted stadiometer to measure height to the 

nearest 0.1 cm. According to volunteer age, height and gender, body fat (%BF), and 

body water (%BW) percentages were analysed by a bioelectrical technique using SECA 

scale as follows: the volunteer stepped on to the scale which sends a small, harmless 

electrical current through the volunteer’s body to measure %BF and %BW. Hip and 

waist were measured in centimetres by measuring tape. The waist-to-hip ratio (WHR) 

was determined by measuring the waist circumference at the narrowest region 

between the costal margin and iliac crest and then dividing this measurement by the 

hip circumference measured at its greatest gluteal protuberance. BMI was calculated 

as weight (kg)/height (m)2. 

 Fridge, water cooler and temperature monitor 2.3.20

A suitable fridge and water cooler were used to provide cold water and Lucozade 

glucose drinks to the volunteer if needed. Lab temperature was adjusted at 20°C and 

monitored by a weather station (Oregon Scientific, Hong Kong) and the room’s climate 

control system. 

2.4 Selection criteria for volunteers  

The target population for this study were T1D, T2T, T2I and ND males volunteers aged 

between 18–55 years who were not physically active or taking part in any regular 

exercise programmes and met the inclusion criteria (Section 2.4.1). A total of sixty 

volunteers who responded to the study advertisement and expressed an interest in 

participating.  
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Twenty-eight volunteers were deemed unsuitable for inclusion because they did not 

meet the inclusion criteria due to different reasons such as medical problems, age, 

were female or they were participating in regular exercise. Seven subjects were 

excluded due to failure to return for follow-up sessions. 

The final study population consisted of 25 male volunteers divided in to following 

groups: ND control =7, T1D = 7, T2T = 7 and T2I = 4. 

 Exclusion criteria 2.4.1

Exclusion criteria for excluding the subjects were as follows: 

had any of the following: heart disease, liver disease, kidney disease, high blood 

pressure, rheumatic, heart murmur, HIV positive or aids, any allergy, hepatitis, asthma, 

tuberculosis (TB), stroke, epilepsy, any injury in head, hand or other injury and tumour 

(cancer) history. 

 were currently using glucocorticoids or beta blockers. 

 had an active infection. 

 anticipated a significant change in exercise regimen after admission.  

 had another medical condition or were using medication that in the judgment 

of the researcher could affect completion of the exercise trial. 

 had blood pressure greater than 160/95 mm Hg. 

 had participated in regular exercise two or more times weekly for 20 minutes 

or longer per session or any resistance training during the previous 6 months . 

 showed restriction in physical activity because of disease. 

 had recent blood loss or hemolytic anaemia. 

 were terminally or mentally ill. 

 had any recent surgery. 
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 Volunteers’ recruitment 2.4.2

A variety of media were utilised to publicise the study. Initial recruitment was 

generated from an advertisement in DMU, further exposure occurred through an 

article in the Leicester Mercury® which coincided with a press release from Western 

Park Gazette®. Recruitment posters were displayed around the main campus, and 

associated campuses across Leicester as well as outside other places of worship such 

as Mosques, Churches and Gurdwaras. A display panel on the DMU electronic student 

portal was used to further promote recruitment.  

A number of General Practitioners (GP) who provide primary care for patients with 

T1D and T2D diabetes through the Leicester Diabetes Service agreed to display 

recruitment posters in their surgery waiting rooms. Potential volunteers could access 

information about the study through a dedicated webpage sited on the University 

website. In addition to this, volunteers were able to provide basic contact details and 

note their interest by emails to the principal investigators. Information on the study 

was disseminated by word-of-mouth, by both the research group and volunteers 

themselves, and was responsible for a small proportion of the total number of subjects 

recruited. 

Participants included in the study met the following criteria: they were aged at 

admission time between 18 and 55 years old either healthy or diagnosed with T1D or 

T2D. Their HbA1c was ≤10.0% (86 mmol/mol) and they were not participating in any 

form of training, vigorous physical activity or formal exercise for 2 weeks before the 

commencing the study. They had normal thyroid function with no medication, anti-

inflammatory agents, steroids, antioxidants or vitamin supplements before, during, or 

after study entry. No recent history of infectious, inflammatory or immune diseases. 

Volunteers were recruited locally from Leicester area. Interested volunteers were 

initially contacted by telephone and email to provide informations and to arrange a 

formal screening visit to the DEPL in the Faculty of Health and Life Sciences at DMU. 
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 Ethical approval and risk assessment 2.4.3

Ethical approval of the exercise trials plan and procedures was granted by DMU Ethics 

Committee (Appendix 2). Some of the key documents and forms produced and 

submitted to the Ethics Committee to obtain the ethical approval are discussed below. 

 Volunteer information sheet (VIS) 2.4.4

The VIS (Appendix 3) explained the purpose and aims of the study for the interested 

volunteers. It contains information about what would happens to the volunteer if they 

decide to take part, an explanation of the experimental trials, expenses and payments, 

possible benefits or risks of participating in the exercise interventions, confidentiality, 

withdrawal time and who had reviewed the study. 

 Standard operating procedure (SOP) 2.4.5

The SOP (Appendix 4) provides details about preliminary and main experimental 

procedures and any tests used in the exercise programmes. 

 Risk assessment form  2.4.6

This document is an assessment of any possible hazards which might affect the 

volunteers and researchers during all the exercise trials. 

 Consent form  2.4.7

This form (Appendix 5) sought permission from the volunteers to take part in the study 

and to confirm that the volunteer had read the VIS and understood all the details 

about the exercise trials.  The document made volunteers aware that they were free to 

withdraw at any time. 

 Volunteers health screen  2.4.8

This document (Appendix 6) focused on information regarding the volunteers health 

and medical history. The health screen form was used to make sure that volunteers 

participating in the exercise trials were in good health and had no significant medical 
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problems or complications in the past or at present. All volunteers were asked to check 

with their GP before getting involved in this study to make sure that it was ideal for 

them to take part. Every volunteer had been given an information sheet describing all 

the trials and tests involved in the study to give it to their GP, and a GP approval letter 

was also sought, though was not compulsory. 

 Volunteer record sheet  2.4.9

After the subject agreed to participate in the exercise trials and had signed the consent 

form, a record sheet (Appendix 7) was given to be completed by the volunteer. This 

record sheet includes: volunteer name, contact details, type of diabetes or non-

diabetes, GP contact details, history of acute diabetic complications including number 

of hypoglycaemia and hyperglycaemia episodes and other medical conditions.  

 Confidentiality 2.4.10

In order to protect confidentiality, each participant’s identity was coded and stored by 

identification number. Access to this data and all other corresponding information was 

restricted and stored securely. Upon completion of enrolment into the study, signed 

informed consents and individual data were collected, coded, sorted by identification 

number, and kept in a locked file cabinet at the DEPL in the School of Pharmacy. 

2.5 Preliminary testing 

 Screen DEPL visit 2.5.1

Before enrolling in the study, all interested volunteers attended a screening visit to 

discuss and complete questionnaires regarding their health, family history and current 

physical activity levels. They were provided with VIS, given an oral presentation which 

explained the study and were then encouraged to give feedback and ask questions. 

Subjects were asked to fill out a questionnaire for a physical activity (Appendix 8) and 

health history screen (Appendix 6). The health history screen was designed to 

determine whether the subjects were taking any medicine or had any previous 

sickness or injuries that might affect their exercise performance.  
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Informed consent was obtained in duplicate. One copy was given to the volunteer for 

reference; one copy was retained as part of an individualised case record for the 

volunteer. Any subject met the inclusion criteria and agreed to participate in the study; 

a second appointment was booked for him in the DEPL for the familiarisation of RE and 

AE exercise.  

2.5.1.1 Familiarisation of resistance and aerobic exercise 

All participants were asked for a second visit to familiarise themselves with the 

laboratory and exercise equipment, testing procedures and exercise protocol. In this 

visit, a demonstration on how to lift the weights safely with the multigym machine was 

demonstrated as well as how to use and cycle on the recumbent bike. In addition, each 

subject was asked to do one set of 10 repetitions for each resistance exercise to ensure 

that the subject become familiar with RE.  

2.5.1.2 Determination of one repetition maximum (1RM) for RE  

One repetition maximum (1RM) is the highest amount of weight that can be lifted in a 

single repetition for resistance training and is used to determine intensity levels. As 

this may not be a safe protocol, especially for people with diabetes if tried at once, 

strategies have been designed to obtain an approximate value based on a weight and 

the number of repetitions the subject can perform to exhaustion for that exercise. 

There are particular methods of calculation 1RM. In this work the 1RM value was 

determined according to the (Brzycki 2000) formula (1RM=100×repweight/ (102.78 - 

(2.78×reps)) where repweight is the workload value of repetitions performed and reps 

is the number of repetitions performed. Prior to performing a 1RM, a warm-up was a 

compulsory step. The machine and the weights were optimised for each subject 

according to the target weight which was 50-60% of 1RM. 

2.5.1.3 Determination of intensity level for AE  

Volunteers were required to perform each exercise at 50- 60% of their estimated heart 

rate reserve (HRR). In order to record heart rate at rest the subjects were given heart 

rate monitors to take two readings when they are at complete rest (sitting or lying 
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down) in the late evening and two readings first thing in the morning when they wake 

up. After reviewing of literature, the Karvonen formula method (Equation.1) was used 

to determine HR reserve (Goldberg, Elliot et al. 1988; Shnayderman and Katz-Leurer 

2013) as follows: 

Karvonen formula: [(220-age)-(resting HR) × intensity] + resting HR 

For Example: if a volunteer aged 30 and the mean of his heart rate at rest is 65 bpm, 

his maximum heart rate would be 220 - 30 = 190 bpm. Heart rate reserve = maximum 

HR- HR at rest (bpm), 190 – 65 = 125 bpm. Based on Karvonen formula calculations 

methods, the target HR for the cycling in the exercise trials would be: (125 × 0.5 + 65 = 

127.5 bpm) 

 Main exercise trials 2.5.2

A combined exercise session involved stretches and warm up on the cycle ergometer 

for 10 min followed by 35 min of RE at 50-60% of 1RM then 5min of rest and after that 

20 min of AE (cycling) at 50-60% of HRR and finished by 10 min cooling down. 

Volunteers arrived at DEPL, asked to rest for 10 min before any measurements were 

taken. After resting, the HR chest monitor was attached to volunteer’s chest to record 

HR readings during the session. A venous blood sample (as described in section 2.3.15) 

and the first readings of BG and BP were taken before volunteers stretched lower and 

upper muscle groups left and right for a total of 5 min. Stretching included loosening 

front and back upper arms, chest, shoulders, middle back, lower arms, wrists, hands, 

fingers, back, tops of shoulders, neck, triceps, hamstrings, as well as hip flexor 

stretches and chest stretches for the pectoral muscles. 

After stretching, volunteers warmed up 10 min on the recumbent bike. Warm-up is an 

essential part of exercise sessions and designed to prepare the body for exercise, 

increase body temperature and reduce the potential for post-exercise injury or pain, 

especially muscle stiffness. Immediately, after warming up volunteers started the RE 

which last for 35 mins on the multi-gym machine. The RE performed included five 

different exercises working upper and lower muscle groups: squat, incline bench press, 
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lateral pull-down, bicep curls, and triceps (Figure 13). Volunteers performed three sets 

of ten repetitions of each type of exercise with one minute of rest before the start of 

the next exercise. After each set, RPE and the HR data were recorded. 

After RE, the volunteer had a 5 min rest, a second venous blood sample was collected, 

BG and BP were taken, and then both the subject and the bike were attached to ADI 

power lab analysis System. 

Physiological signals were converted from analog to digital during aerobic exercise by a 

PowerLab data acquisition unit LabChart (LabChart v6.1.3, ADInstruments, springs, 

Colorado) modules provided acquisition and analysis features specific to specialised 

applications. 

Volunteers were attached to the ADI via a breathing mask (breath-by-breath) system, 

Polar chest heart-rate monitor and Polar Receiver Interface Cable. Volunteers were 

asked to cycle for 20 min of moderate intensity at 50 to 60% of (HRmax) on a 

recumbent ergometer (Figure 14). After 10 min and at the end of the cycling, BG was 

monitored and volunteers were asked to rate their RPE (Figure 15). 

Finally, all volunteers were asked to cool down by stretching the lower and upper 

muscle groups as described previously in this section. After that, a third blood sample 

was collected and final readings of BP and BG were taken. In the event of low BG after 

final exercise, volunteer was asked to stay in the exercise lab and not to leave for final 

observation for 45min to 2 hours. 

During each exercise session, the measurements sheet (Appendix 9) was filled out. This 

sheet was designed to make sure every step was in the correct order and to follow up 

volunteer performance as well as to record all the different physiological variables 

measured during the exercise session. This exercise programme involved 2 sessions (48 

hours apart) for a total of 150 min each week for a 6-week period. 
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Figure 13: A volunteer performing resistance exercises.  
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Figure 14: A volunteer cycling on the recumbent ergometer bike. 

 

Figure 15: Schematic representation of the study protocol. 
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2.5.2.1 Lipids, blood gases and electrolytes sampling timepoints 

Lipids (HDL, LDL, TC, TG), blood gases (PCO2, PO2), electrolytes (Na+, K+, Ca2+, Cl− ) were 

measured three times: before the exercise programme at the first session, after 

session 6 and at the end after session 12.  

2.5.2.2 Timepoints of anthropometric measurements  

Weight, %BF, %BW and BMI data were measured at three time points: before the 

exercise programme at the first session, after session 6 and at the end after session 12. 

Waist and hip measurements were taken at two time points, before exercise at the 

first session and at the end after session 12. 

2.5.2.3 BG and HbA1c sampling timepoints  

BG was measured specifically 4 times for each volunteer in each exercise session: at 

rest before exercise, after RE exercise, after 10 min of cycling and at the end of each 

session. HbA1c level was measured at session 1 and after session 12. 

2.5.2.4 Insulin and immune- inflammatory markers sampling timepoints 

Using ELISA, plasma samples were analysed for, Insulin, C-peptide, and Inflammatory 

markers (IL- 6, TNFα, resistin and leptin,) after the following sessions: 1st, 2nd, 4th, 6th, 

8th, 10th and 12th. 

2.5.2.5 Assessment of caloric intake 

It was important that all volunteers weighed and recorded everything that they ate 

and drank for the day prior to each experimental exercise session. Food inventory 

sheets were provided to volunteers (Appendix 10 ). Volunteers were asked to try to 

keep the same food regimen for the 24 hours before each exercise session and to 

refrain from alcohol and smoking 24 hours before an exercise session. 

2.5.2.6 Statistical Analysis 

All data were analysed using (SPSS) and Microsoft Excel 2010®. Throughout the trials, 

differences in blood physiological parameters concentrations, BMI , weight, %BW, 
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%BF, electrolytes and  immune-inflammatory markers were compared using a one-way 

(trial vs. time) analysis of variance (ANOVA) with repeated measures, followed by 

Tukey’s post hoc test; for comparison of the mean of waist, hip and HbA1c values of 

different parameters, a paired t-test was used. Data values are reported as mean ± SD 

unless otherwise stated. The level of statistical significance was set at P < 0.05. 
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Chapter 3: Management of diabetes, hypoglycaemia and 
hyperglycaemia by T1D and T2I  

 

3.1  Introduction 

About 387 million people have various common forms of diabetes, including lifestyle 

associated T2D (90% of the total) (International Diabetes Federation, 2014, Malkova, 

Evans et al. 2000), with T1D, gestational (Manetta, Brun et al. 2002) and other minority 

diabetic conditions such as latent autoimmune diabetes of adults (LADA) and maturity 

onset diabetes of the young (MODY) account for the rest. It is expected that this number 

may rise by about 50% in the next 15 years, with about 10% of the world’s population 

experiencing one form or the other of diabetes (Manji, Shikora et al. 1990). 

In T1D, the most effective treatment for controlling changing BG levels remains the 

introduction of insulin, with the inclusion of statins and anti-hypertensives which aid in 

protecting against biochemical abnormalities occurring in the cardiovascular system. In 

T2D sulphonylureas (for example Gliclazide®) and other oral anti diabetic agents such as 

Metformin® are often combined with dietary control as a preventive therapy for 

metabolic derangement. The introduction of insulin is often started at a later stage of T2D 

treatment (often after a heart attack has occurred) and most medical professionals 

believe that its usage should occur much sooner (Marra, Scalfi et al. 1998). 

 

The loss of protein function that occurs in tissue (Marwick, Hordern et al. 2009) as a result 

of changes in body chemistry from diabetes usually occur from high BG concentrations 

where glycation to amine groups in proteins results in structural protein and enzyme 

changes both temporarily and permanently (Marzolini, Oh et al. 2008, McArdle, Katch et 

al. 2006). Other biochemical dysfunctions and compensatory anomalies occur in concert. 

These result in metabolic imbalances in lipids and carbohydrates that support the 

development of complications which can begin to develop in both types of diabetes when 

not controlled effectively (Melanson, Sharp et al. 2002). The main complications which 

are expensive to treat are renal, infection-related and wound-healing difficulties, 
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ophthalmic, dental, neurological and cardiovascular. 

For T1D and T2I diabetes patients the most effective treatment for maintaining 

satisfactory HbA1c levels comes from regimens such as basal bolus which are 

intensively controlled with regular BG testing in combination with insulin doses . 

 

Basal bolus methodology consists of a basal dose which is a calculated background of 

long acting insulin together with a short acting bolus or boost of insulin which is 

administered at mealtimes. This variable dosing allows the patient a much more 

normal diet. More importantly this must be done in conjunction with frequent BG 

testing to prevent excursions from normoglycaemia. It is often the case that most 

diabetes patients find regular injections and finger prick testing uncomfortable and 

invasive and this could be alleviated to some degree by the use of continuous glucose 

monitors for BG testing and insulin pumps for infusion. The use of insulin pumps is 

more common in the USA for this reason, and the UK and other countries often lack 

behind in investment in core areas of treatment such out-patient and community 

support staff, such as diabetes specialist nurses (DSNs).  

The financial burden in the UK amounts to £1 million per hour (Melanson, Sharp et al. 

2002, Meltzer, Leiter et al. 1998) which could be reduced by an improvement in the 

uptake of intensive control. Evidence across the world for children and adults shows 

that they fail to achieve optimum HbA1c (Merry, McConell 2009). A fall in HbA1c from 

7.9 to 7.0 (63 to 53mmol/mol) lowers microvascular risk by 25% which is critical 

because poorly controlled T1D can reduce lifespan by 20 years (Merry, McConell 

2009). 

 

In this work data presented from responses to a questionnaire distributed to T1D and 

T2I insulin users relating to their diagnosis, management, treatment and complications 

as a result of their diabetes.  
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3.2  Survey design, distribution and response collection  

A survey of patients with T1D and T2I diabetes who were insulin users was carried out. 

The questionnaires were produced in English and distributed to T1D and T2I insulin 

users through various channels. Advertisements were placed in various local and 

national media (such as newspapers) within the UK, and in publications from various 

diabetes charities such as Diabetes UK. An interactive web-based version of the survey 

(Survey Monkey®) was also available via a dedicated website for participants who 

wanted to submit responses via the internet. The UK Diabetes Network and other 

diabetes websites also distributed copies to members on their databases. Finally we 

used social networking sites such Twitter® and Facebook® to publicise the survey 

(Refer to section 2.2). 

 

A total of 707 participants answered 77 questions relating to their approach to glucose 

management, their appreciation of its importance and their understanding of the 

practical difficulties of achieving desired control. Responses were sought about their 

attitudes since diagnosis, their medical check-ups as well other areas of their 

management such as diet, hypo- and hyperglycaemia and other medical conditions.  

3.3  Analysis of responses 

All data were analysed using (SPSS) and Microsoft Excel 2010®. Refer to section 2.2.5. 

3.4 Results 

3.4.1 Background information, diagnosis and check-ups 

From the 707 completed surveys, 95% of responses were from the UK where the 

survey was widely distributed and advertised with 91.1% of responses from British 

respondents of white ethnicity. The remaining responses were gathered from the USA. 

All respondents were insulin users with 71% having T1D diabetes and 29% having T2I 

diabetes. 42.2% of T1D respondents were male compared with 56.9% of T2I. 

Respondents were asked how old they were when they left full-time education with 

19.7% T1D and 44.3% T2I being 16 years or younger. However, 67.1% of T1D were 
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most likely in or had a higher education (e.g. university), compared to 46% of T2I.  

 

The most difficult aspect of the diabetes management for respondents was found to 

be exercising (36.6% for T2I and 34% for T1D). Other difficulties were identified as diet, 

testing BG and injecting insulin. About 19.4% of T1D and T2I did not report anything 

difficult about their diabetes. 58.5% of the respondents thought that their diabetes 

was very well controlled. 

 

Respondents were asked where they went for their diabetes check-up, the majority 

(93%) were seen at their doctor’s surgery or in a hospital clinic. Respondents were also 

asked to describe the amount of written and verbal information they received when 

they were first diagnosed with diabetes. For verbal, 3% of T1D and 7.3% of T2I did not 

receive any information, 27.1% of T1D, 31.7% of T2I received too little information and 

44.6% of T1D, 52.2% of T2I received the right amount of information. However, for 

written help, 8.8% of T1D and 14.6% of T2I did not receive any (such as leaflets or 

information booklets), 25.3% of T1D, 22.4% of T2I too little information and the right 

amount of information was received by 32.5% of T1D, 40.5% of T2I. Of these, 2.8% of 

T1D and 2.0% of T2I had not had a diabetes check-up in the last 12 months, 30.9% of 

T1D, 24% of T2I had one, 40% of T1D, 49.5% of T2I had two and 26.2% of T1D, 24.5% of 

T2I had had three or more check-ups. 

3.4.2 Management and diet 

In the last 12 months, 69% of T1D and T2I had an opportunity most of the time to 

discuss their ideas about the best way to manage their diabetes with their medical 

advisors. However, a high proportion, 38.8% of T1D and 37.9% of T2I had no chance or 

rarely discussed possible different medications. In addition to this, 41.5% of T1D and 

35.1% of T2I had rarely or never had personal advice about the kinds of food to eat 

and 43.5% of T1D, 37% of T2I received similarly little personal advice about their levels 

of physical activity.  
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More than half of the respondents (50.7% T1D and 56.7% T2I) reported that they 

always or mostly had a plan to manage their diabetes over the next 12 months with 

their medical advisors. The majority of all respondents (95%) had had a HbA1c test, 

blood pressure measurement and their weight checked by a doctor or nurse in the 

previous 12 months as part of their treatment. Also in the past 12 months over 72.3% 

of T1D and T2I respondents had their cholesterol, eyes and bare feet examined. 36.3% 

of T1D and 26.3% of T2I had also talked to a dietician in the previous 12 months about 

their dietary management. When T1D and T2I respondents were asked if they had 

stayed in hospital overnight as a patient in the last 12 months, 19% of T1D and T2I 

reported that they had. Of those respondents 65.2% of T1D and 56.4% of T2I had 

stayed for 1 – 3 nights, with 43.7% of T1D and 17.9 of T2I reporting that the reason 

was diabetes related. 
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Table 2: Types of insulin  used by T1D and T2I respondents. 

 

Type of insulin T1D T2I 

Actrapid® 1.4% 0.5% 

Humalog® 4.8% 4.8% 

Humulin l® 2.8% 2.9% 

Humulin M® 0.4% 2.9% 

Humulin S® 0.6% 0.5% 

Hypurin® 0.6% 1.5% 

Insulotard® 4.8% 5.4% 

Mixtard® 1% 3.4% 

Novorapid® 7.1% 4.8% 

Novomix® 3.6% 13.6% 

Other 3.4% 22.4% 

Combination of insulins selected 

Lantus®/Levemir® + Novorapid® 54.5% 24.0% 

Lantus®/Levemir® + Humalog® 17.7% 9.3% 

Lantus®/Levemir® + Actrapid® 3% 0.5% 

Lantus®/Levemir® + Humulin I® 0.6% 0.5% 

Lantus®/Levemir® + Mixtard® 1% 0% 

Lantus®/Levemir® + Insulotard® 0.6% 0.5% 

Lantus®/Levemir® + Novomix® 0% 0.5% 

Lantus®/Levemir® +Other 0.2% 0.5% 

Lantus®/Levemir® + Humulin S® 0.6% 0.5% 

 

Table 2 shows the types of insulin used by T1D and T2I respondents. It should be noted 

that respondents were asked to tick all insulins they used and all respondents that 

injected Lantus® or Levemir® also used a short acting insulin such as Novorapid® 

(54.5% for T1D and 24% for T2I), Humalog® (17.7% for T1D and 9.3% for T2I) and 

Actrapid® (3% for T1D and 0.5% for T2I). 13.6% of T2I respondents also used Novomix® 
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and 22.9% used other insulins not listed in the survey responses and shown in Table 2. 

Most of T1D 77.6% and more than half of T2I 53.6% started using insulin longer than 5 

years ago. 

 

86.4% of T1D and 39.5% of T2I gave themselves 4 or more daily injections. 42.1% T2I 

gave themselves 2 injections compared with only 8.4% of T1D. 21.2% of T1D and 36.7% 

of T2I have been using the same number of injections since they started taking insulin 

and 45.1% of T1D compared with 21.3% of T2I have using the same regimen for 5 years 

or longer. 72.3% of T1D and 82% of T2I described the total amount of insulin they used 

for the previous 24 hours as more than 30 units. 

The majority of T1D (65%) and 22.6% of T2I tested their blood glucose 4 or more times 

a day. About half of T2I (49.2%) tested it once to three times a day compared to 27.6% 

of T1D. Respondents in this survey used the results of their BG tests to check or alter 

the amount of insulin they take (87.5% of T1D and 57.1% of T2I). A further 72.7% of 

T1D, 48.8% of T2I used BG tests to warn them about impending hypoglycaemic 

episodes. More than 79% of T1D and T2I respondents knew their HbA1c result and 

what that result meant. 
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Table 3: How much information do you feel you have been given about the following aspects 
of your diabetes care? 

 

 Too much 

information 

Right amount of 

information 

Not enough 

information 

T1D T2I T1D T2I T1D T2I 

How to manage your diabetes when you 

are ill, e.g. having flu. 

0.0% 0.0%   71.1% 51.7% 24.3% 42.0% 

Getting to and keeping to a certain weight 0.8% 1% 53.6% 59.5% 39% 32.7% 

What to expect if your blood glucose drops 

too low or becomes high. 

2.2% 0.5% 84.9% 74.6% 8.2% 19.5% 

The reasons for taking prescribed 

medicines to manage your diabetes. 

2.0% 1% 80.9% 76.6% 9.6% 15.1% 

The long term health effects of your 

diabetes. 

7.8% 3.9% 69.9% 69.8% 17.5% 21% 

The importance of raised cholesterol levels 

for people with diabetes 

1.4% 0.5% 55.4% 66.3% 38.2% 27.8% 

The importance of high blood pressure in 

people with diabetes 

0.8% 1.5% 59.4% 67.8% 34.5% 24.9% 

The importance of regular eye checks for 

people with diabetes 

2.6% 1.5% 87.8% 88.3% 5.2% 5.4%  

The importance of checking and looking 

after your feet 

1.6% 2% 77.7% 80% 16.3% 13.7% 

 How drinking alcohol can affect your 

diabetes 

1.8% 2.9% 66.7% 66.8% 25.3% 21.5% 

How smoking can affect people with 

diabetes 

2.4% 2.4% 72.3% 70.7% 17.5% 17.1% 

The effects of stress on your diabetes 0.8% 0.0% 39.2% 40.5% 54.4% 53.2% 

The effects of tiredness on your diabetes 0.0% 0.0% 27.5% 37.1% 67.1% 57.6% 

 

  



62 

 

Table 3 outlines the amount of information respondents were given relating to the 

management of their diabetes.  

In terms of a healthy lifestyle and calorie balance, 71% of T1D and 58.1% of T2I found 

eating the right foods to help them manage their diabetes was easy, however, 29% of 

T1D and 41.9% of T2I found it difficult. More than 81% of T1D and T2I had been given 

dietary advice to help control their diabetes with 30.3% of T1D and 30.1% of T2I 

describing their daily calories consumed as between 1500 – 2000. 36.8% of T1D and 

28.4% of T2I did not know their daily calorific consumption. 79.8% of T1D and only 

32.2% of T2I respondents have been given information to help them to count 

carbohydrates. 68% of T1D compared with only 19.3% of T2I counted carbohydrates 

regularly in order to help them to control their diabetes. In addition, more than half of 

T1D (50.8%) and only minority (7.5%) of T2I used DAFNE to calculate or count 

carbohydrates. 

 

When questioned about exercise habits, 44.2% with T1D and 37.1% of those with T2I 

did between 1 and 3 hours of exercise per week, 32.1% of T1D and 24.4% of T2I 

participated in more than 3 hours of exercise. However, 11.1% of T1D and 17.8% of T2I 

did not do any exercise. Only 30.1% of T1D and 17.6% of T2I found BG results helpful in 

deciding how much physical activity they should do. 

 

With regards to respondents general health, 65.6% of T1D and 58.2% of T2I described 

their health since discovering they had diabetes as good, but 16.5% of T1D and 31.1% 

of T2I said their health remained poor since diagnosis of their diabetes. More than half 

of the respondents described diabetes as affecting their day-to-day activities and only 

5.6% of T1D and 8.2% of T2I found it did not affect their activities at all. 

3.4.3 Hypoglycaemia 

The vast majority of respondents had experienced hypoglycaemia at some time since 

diagnosis (98.9% T1D and 86.1% T2I), however, the majority of these respondents did 

not experience black out, convulsions/fit and coma when this occurred. Nevertheless, 

they experienced the following symptoms: paleness (45% of T1D and 22.4% of T2I), 
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trembling (64.7% of T1D and 56.1% of T2I) , sweating (76.9% of T1D and 62% of T2I), 

feeling of weakness (76.3% of T1D and 65.4% of T2I), rapid heartbeat (37.6% of T1D 

and 22.4% of T2I), hunger (49.2% of T1D and 25.9% of T2I), agitation/irritability (69.5% 

of T1D and  34.6% of T2I), poor concentration (68.9% of T1D and 46.3% of T2I), blurred 

vision (43% of T1D and 23.4% of T2I) and loss of coherence (45.2% of T1D and  21.5% 

of T2I). In general, the survey found that people with T1D diabetes have experienced 

these symptoms more than T2I. 

 

About 67% of T1D and T2I felt hypoglycaemic symptoms when their BG level was 

between 3 and 4 mmol/L. However, 6.3% of T1D and 19.9% of T2I felt similar 

symptoms between 4 and 5 mmol/L while 26.4% of T1D and 13.7% of T2I only felt 

symptoms below 3 mmol/L. 21.6% of T1D and 11% of T2I stated that hypoglycaemia 

affected their day-to-day activities quite a lot or great deal. However, 77.5% of T1D 

and 89% of T2I described little or no effect. Most of the respondents in this survey 

(93.2% of T1D and 76.1% of T2I) responded to a low BG by taking a sugary food or 

drink immediately. 

About 14.3% of T1D and 8.4% of T2I had decided whether or not to drive, either on 

occasion or permanently due to problems with low BG. 29.6% of T1D and 20.1% of T2I 

had had “severe” hypoglycaemic episodes during the past 12 months with 52.4% of 

T1D and 61.8% of T2I having severe symptoms once or twice. 25.2% of T1D and 17.6% 

of T2I had it three to five times and 22.4% of T1D and 20.6% of T2I had it six times or 

more. During a12 month period, 16.3% of T1D and 6.5% of T2I had passed out or had a 

seizure because of low blood sugar and required help from others. Most of them 

(73.3% of T1D and 81.8% of T2I) had this once or two times, 12% of T1D and 9.1% of 

T2I had it three to five times and 14.7% of T1D and 9.1% of T2I had it six times or more. 

When respondents were asked when their last “severe” low blood sugar episode 

happened, 55.3% of T1D and 43.2% of T2I reported that it happened longer than 6 

months ago and 24.8% of T1D and 33.3% of T2I said that they had it within the last 

month. 4.5% of T1D and 4.6% of T2I reported they had to go to hospital because of 

their hypoglycaemic episode. 
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3.4.4 Hyperglycaemia 

When respondents were asked if their BG had ever been above 20mmol/L, 84.2% of 

T1D and 57.5% of T2I replied positively. About 63.2% of T1D and 46.7% of T2I said they 

could sense when their BG was above 13mmol/L without testing. Interestingly, 

however, 31% of T1D and 33.8% of T2I had found their BG 13mmol/L or above once or 

twice a week. 59.2% of T1D and 33.1% of T2I had more than twice a week. Only a third, 

(33.1%) of T2I and 9.8% of T1D had never reported a BG as high as 13mmol/L or above, 

but despite the tendency to hyperglycaemia, 93.2% of T1D and 97.1% of T2I had never 

been in a coma because of high BG. When respondents were asked what triggered 

their high blood sugar (13mmol/L or above), 36.5% of T1D and 16.6% of T2I said it was 

due to a missed insulin injection. 27.1% of T1D and 25.9% of T2I mentioned the trigger 

was an illness or due to physiological stress such as infection.  

 

3.4.5 Other medical conditions and complications 

28.3% of those with T1D and 26.7% of T2I were hospitalised several times. Table 4 

shows a summary of responses from both T1D and T2I respondents relating to other 

medical conditions diagnosed or symptoms tested for. 57.6% of T2I and 32.7%T1D had 

been told that they had high blood pressure (BP) and 34.6% of T2I and 17.3% of T1D 

monitored their BP at home. When asked about BP medication, 60% of T2I and a 

quarter of T1D said that they took it. When respondents were questioned about other 

complications, 10.2% and 18.5% of T2I had had a heart attack or chest pain/pressure 

(angina), respectively, only 2% and 4.6% of T1D had these complications. Stroke was 

suspected or experienced by 12.2% of T2I and 3.4% of T1D. 
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Table 4: Medical conditions or symptoms experienced by respondents. 

 

 T1D T2I 

Have you ever seen a specialist eye doctor (ophthalmologist)? 64.5% 61% 

Has your eyesight suffered as a consequence of your diabetes? 36.3% 37.6% 

Have you been diagnosed with retinopathy (decrease in visual 
acuity)? 

20.7% 22.0% 

Have you been diagnosed with diabetic macular oedema (blurred 
vision)? 

3.2% 4.9% 

Have you ever been told that you have protein in your urine? 30.3% 36.6% 

Do you have your blood creatinine checked? 48.8% 45.9% 

Do you have diabetic kidney disease? 3.8% 4.9% 

Do you require dialysis? 1.0% 1.0% 

Have you had a kidney transplant? 1.0% 0% 

Is your usual blood pressure normal? 74.3% 50.2% 

Have you ever been told you have high blood pressure 32.7% 57.6% 

Do you monitor your own blood pressure (BP) at home? 17.3% 34.6% 

Do you take medication for high blood pressure? 24.1% 60.0% 

Are you on lipid lowering medication (for high cholesterol or 
triglycerides)? 

32.1% 58.5% 

Have you ever had a heart attack? 2.0% 10.2% 

Do you ever have chest pain or pressure (angina)? 4.6% 18.5% 

Have you ever had a cardiac catheterisation? 2.6% 6.8% 

Have you ever had heart bypass surgery (coronary artery bypass)? 1.2% 7.3% 

Have you ever had a balloon angioplasty or a coronary stent placed? 1.6% 5.9% 

Have you ever had, or suspected that you had a stroke? 3.4% 12.2% 

Other symptoms experienced 

Numbness or tingling of extremities 31.7% 55.6% 

Burning or pain in feet  14.9% 35.1% 

Decreased sensation to a body part  10.8% 27.3% 

Foot deformity  1.4% 7.8% 

Loss of sensation to a body part or area  7.0% 20.0% 

Diagnosed with diabetic neuropathy  8.0% 22.9% 

Foot ulcers 2.4% 7.3% 
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3.5 Discussion 

In the UK the prevalence of T2D in comparison to T1D is approximately 9 to 1 

respectively (Melanson, Sharp et al. 2002). The causes of T2D are often attributed to 

patients being overweight or obese and the first line of treatment are usually oral 

medications (Sulfonylureas® and Metformin®) and lifestyle changes such as more 

frequent exercise and improvements in dietary control. Once these changes have been 

implemented and the patient still maintains abnormal BG and HbA1c readings 

suggesting that they no longer maintain normoglycaemia as a result of factors such 

loss of insulin receptor sensitivity and beta cell deterioration, insulin is introduced. 

Symptoms of T2D diabetes usually present in people who are over 25 years of age 

although the highest prevalence are in patients over 60 years of age (Meyer, Gassler et 

al. 2007). This study provides a comparison by means of a questionnaire between 

insulin users with T1D and T2D diabetes to assess how they have essentially managed 

and treated their diabetes. 

 

Most of the responses gathered in this survey were from patients with T1D diabetes 

which usually presents in people under the age of 40 with the majority of cases occur 

in juveniles. As these patients are generally younger than most T2I patients and they 

have to inject insulin daily in order to survive, they may respond more enthusiastically 

to questionnaires. There was a greater proportion of T1D than T2I respondents having 

received a higher education and this may underpin a keenness for learning more about 

their condition and engaging in research initiatives. It may be important when 

recruiting for surveys to think about the font size and other aspects of visual clarity, so 

that those with poor or ageing eyesight are not excluded. 

 

In 2007 the largest survey ever conducted by the Healthcare Commission’s National 

Patient Experience Survey Programme (Meyer, Gassler et al. 2007), which included 152 

Primary Care Trusts (PCT) across England collected responses from 68501 

questionnaires (a response rate of 55%), where 87% of the respondents were T2D and 

13% T1D. Of those respondents 96% T1D and 17% T2D (25% of the total 68501 
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respondents) were insulin users in the same way as those participating in this survey. 

They found that 73% of all respondents received the right amount of verbal 

information, compared with 57% of all respondents when it came to written 

information at the time of diagnosis. They also found that those patients diagnosed 

with diabetes in the last five years were more likely to receive the right amount of 

written and verbal information. Although the Healthcare Commission’s findings 

(Meyer, Gassler et al. 2007) were from all respondents in the survey (so include T2T as 

well as others) their results suggest that there is a lack of information provided across 

the whole spectrum of people diagnosed with diabetes in terms of information to 

allow self-management effectively. The results in this work show that the provision for 

verbal information at the time of diagnosis was similar or better than for written 

information to the Healthcare Commission’s (Meyer, Gassler et al. 2007), 70% of T1D 

and 61% T2I received at least the right amount of verbal information and 65.9% T1D 

and 61% received at least the right amount of written information at diagnosis. These 

results show that well targeted information in both forms seems a prerequisite for 

managing patients on insulin. 

 

Respondents were asked where they went for their diabetes check-up, 22.6% of T1D 

and 52.1% T2I were seen in their doctor’s surgery, 70.2% of T1D and 41.7% were seen 

at a hospital clinic. The Healthcare Commission survey (Meyer, Gassler et al. 2007) 

found that 85% of T2I diabetes patients had their check-up at their doctors surgery, 

with only 13% attending a hospital clinic, whereas those with T1D diabetes had a 

check-up in a hospital clinic (63%) and 32% at their GP’s surgery. These findings would 

incorporate T2T diabetes patients who were controlling their diabetes by tablet so 

were not so perhaps did not need more specialised diabetes clinics. However, the T2I 

patients in this survey were insulin users similar to those that are T1D yet 52.1% (T2I) 

versus 22.6% T1D were still seen by their GP suggesting that despite injecting insulin 

they were not checked in hospital clinics. 
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The results from this survey correlate well with those found in the Healthcare 

Commission’s report (Meyer, Gassler et al. 2007) which showed that in the 12 months 

prior to answering their questionnaire 98% of the respondents had had their blood 

pressure measured, 91% HbA1c and weight, 89% cholesterol, 87% a urine test for 

protein, 83% their bare feet examined and finally only 23% reported seeing a dietician 

within the last 12 months. In the UK these tests form the basis of the National Institute 

for Health and Clinical Excellence (NICE) guidelines for the nine care processes which 

diabetes patients should undergo, yet the National Diabetes Audit results for 2009/10 

(Morais, Campbell et al. 2011) showed that throughout the UK, two-thirds of adults 

with T1D diabetes, and half of people with T2I diabetes fail to get these annual tests 

and investigations that are recommended in the national standards (Morais, Campbell 

et al. 2011).  

This survey found that for people with T2I diabetes the most difficult aspect of their 

diabetes management was found to be exercise. This was reflected in responses where 

44.2% T1D and 37.1% T2I participated between one and three hours of exercise per 

week and 11.1% of T1D and 17.8% T2I respondents did not perform any exercise. T2I 

diabetes is often associated with lifestyle and in most cases can be related to lack of 

exercise and obesity. It was noticeable that the number of responses didn’t participate 

in any exercise was greater from people with T2I diabetes. This may have been 

influenced by the age of the T2I respondents who present diabetes symptoms in later 

life and they may also have other medical conditions which prevent participation in 

exercise. 

 

Diet was also identified by respondents as a source of difficulty for their diabetes with 

29% of T1D finding difficult to find the right foods to manage their diabetes compared 

with 41.9% T2I. This is despite 51% T1D using an educational DAFNE programme and 

over 81% of all respondents receiving some dietary advice since diagnosis from their 

medical advisors. (Monteiro, Mondini et al. 1995) found that patients with T1D using 

MDI therapy often underestimated their carbohydrate intake by 20% and this was 

usually a result of anticipated exercise or fear of hypoglycaemia as a result of their 
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injected insulin. Paradoxically, T1D patients who don’t have access to well-structured 

education may be systematically over-insulinised. Both these findings add to the 

growing body of evidence for the benefits of the DAFNE programme (Miyashita, Burns 

et al. 2008, Montain, Hopper et al. 1991). A judicious and targeted insulin therapy 

following DAFNE training in T1D has been found to allow patients to achieve better 

glycaemic targets with less insulin. Despite this only 7.2% of T2I respondents were 

using DAFNE and 50.8% of these T2I respondents counted their carbohydrates, 

suggesting that structured education programmes such as DAFNE for T2I insulin users 

were much less frequently used.  

 

The frequency of BG testing was higher in T1D insulin users with 65% T1D testing 4 or 

more times which correlates with 86.4% of T1D injecting insulin 4 or more times 

suggesting that respondents may have been injecting prior to calorie intake with a 

short-acting insulin such as Novorapid® or Humalog®. Table 2 showed that most T1D 

and T2I respondents were using Lantus®/Levemir® and in order to see if these 

respondents were on a basal bolus insulin regimen a cross tabulation of the data was 

performed with the short-acting insulin Novorapid®, Humalog® and Actrapid®. The 

data in Table 2 revealed all the insulin respondents were using so more than one 

option may have been ticked and for T1D respondents there were responses received 

which included more than two insulins but these were less than 1% of total T1D 

responses and have therefore not been separated out in Table 2.  

 

The data in Table 2 suggests that most T1D respondents (75%) were using the long 

acting insulin (Lantus® or Levemir®) in combination with short-acting insulin such as 

Novorapid®, Humalog® and Actrapid® and as such were using a basal bolus system. 

This was not the case for T2I respondents (34%) were using the same basal bolus 

system and 35% using Novomix® and other insulins not listed in the survey. In order to 

use a basal bolus insulin regimen the patient would have to test their BG prior to 

calorie intake and bolus accordingly which provides a more intensive BG control and 

would prevent hypo- and hyperglycaemia. (Millar, Stephens 1993) found that T2I 
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patients using a basal bolus system have found that the number of injections per day 

and more frequent hypoglycaemic episodes difficult and report that after 24 weeks T2I 

patients switching from basal-bolus insulin regimens to biphasic insulin aspart 30 

(Novomix®), glycaemic control and health related quality of life were significantly 

improved, and hypoglycaemia was significantly reduced. This may account for the 

higher number of T2I respondents using Novomix® in this survey. 

 

Differences in the testing of BG were found for T2I insulin users in this work compared 

to those of the Healthcare Commission (Meyer, Gassler et al. 2007) where 31% with 

T1D diabetes tested 4 or more with only 3% of T2I. Similarly, only 4% with T1D never 

monitored their BG compared with 29% T2I. This could be attributed to the greater 

number of participants taking part in the Healthcare Commission survey which was 

able to capture data over a broader range of patients with diabetes who may have 

been treating there diabetes with oral medications. 

 

Both T1D and T2I patients had experienced hypoglycaemia indicating that their current 

treatment by insulin injection allowed them drift lower than normoglycaemia. 

Although most of these respondents did not exhibit serious symptoms such as black 

out or coma they did experience more typical conditions such as trembling and 

weakness. Agitation and poor concentration were felt by more T1D respondents. Most 

T1D and T2I respondents felt these symptoms when their BG was between 3-4mmol/L. 

Defining BG values for hypoglycaemia remains difficult with surgeons and forensic 

pathologists defining spontaneous pathological hypoglycaemia requiring investigation 

and treatment at BG < 2.2 mmol/L, to avoid defining healthy people as hypoglycaemic 

(Nielsen, Hafdahl et al. 2006). At the other extreme, ADA defined BG concentrations of 

< 3.9 mmol/L as hypoglycaemia, based on the reduction in endogenous insulin and 

increase in pancreatic glucagon which can be demonstrated at this level. However, 

defining hypoglycaemia < 3.9 mmol/L could lead to overestimation of clinically 

significant hypoglycaemia associated with any specific diabetes therapy.  
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The European Medicines Agency (EMEA), (Nicklas, Rogus et al. 1997) recommends a 

value of < 3.0 mmol/L when assessing hypoglycaemic risk of different treatment 

regimens. Impaired cognitive function is seen at plasma BG concentrations of 

< 3.0 mmol/L and avoidance of plasma BG concentrations of < 3.0 mmol/L has been 

able to restore hypoglycaemia awareness to people with T1D diabetes and defective 

counter regulation. As insulin-deficient patients with diabetes lose their ability to 

modulate either insulin or glucagon in response to hypoglycaemia and depend instead 

on autonomic activation, subjective awareness and adrenaline to defend against 

severe hypoglycaemia. Risk factors for individual episodes of hypoglycaemia in patients 

with T2I diabetes include behavioural, physiological and therapeutic factors, the most 

common behavioural factor being identified as missed or irregular meals. Other 

lifestyle factors include alcohol, exercise and incorrect use of glucose-lowering 

medication (dose/timing). 

 

Hyperglycaemia causes vascular risks such as hypertension and cerobropetal arteries 

increasing the chance of strokes taking place is twice as much in patients with diabetes 

(Ormsbee, Choi et al. 2009). The present survey shows that 63.2% of T1D respondents 

thought that they could sense when their BG was above 13mmol/L yet that 

dyslipidaemia as well as atherosclerotic changes in the heart and over 90% of T1D 

respondents had these above normal BG reading once or more a week. Similarly for 

T2I respondents 46.7% could sense an above normal BG with 68% have these high BG 

episodes more than once a week. 33% of T1D respondents had suffered from (DKA) 

and most of these had been hospitalised as a result indicating that the treatment and 

management of respondents was clearly not adequate to maintain BG control, similar 

trends were observed for T2I respondents. It is likely that the DKA episodes reported 

by T1D respondents will have included those that were reported at the time of 

diagnosis. 

 

The Diabetes Control and Complications Trial (DCCT) showed that 1422 patients with 

T1D diabetes who were treated with intensive control of BG concentrations for 6.5 
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years had a 57% reduced risk of cardiovascular events over a means follow up period 

of 17 years compared with individuals on conventional treatment (Oguri, Adachi et al. 

2009). These trials suggest that the balance of recurrent hypoglycaemia against the 

advantages of a low HbA1c value should consider factors such as the patient’s age, 

duration of diabetes and comorbidities. The results from this survey which focus on 

the common needs of insulin users show that careful follow-up after diagnosis, 

frequent testing and education about calorie turnover from intake and exercise are 

required for both T1D patients but more so for T2I patients whose needs become 

similar to those of T1D patients once they begin to inject insulin.  

Although these T2I insulin patients are often older than T1D insulin users who are 

often children at time of diagnosis the same resources should be made available in 

terms of management and treatment of their diabetes. The HbA1c value forms an 

important part of a diabetes patient’s management and subsequent treatment and as 

insulin is a potent drug the possibility of hypoglycaemia is always present. Treatments 

should therefore include judicious and frequent testing with a basal bolus insulin 

regimen. For T2I patients who struggle with BG management and frequent 

hyperglycaemia the introduction of insulin injections should also be much earlier 

before cumulative effects of complications make the patient too ill to really benefit. 

3.6 Conclusion 

Aside from the serious personal consequences, the cost of diabetes and its 

complications has been variously quoted as 5-10% of the UK NHS budget (Melanson, 

Sharp et al. 2002), depending on the costing criteria and a recent report quotes this as 

equating to about £1m/h. The results from this study show that current treatment and 

management of diabetes care still poses difficulty for most patients and that for T1D 

and T2I diabetes patients further improvement is required.  
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Chapter 4: Experiences and attitudes of people with T1D and 
T2D to Exercise 

 

4.1 Introduction 

Diabetes is a major public health concern associated with increased morbidity, 

mortality and cost for health services. The growing incidence of diabetes has been 

estimated to increase by 42% by 2030 (Duarte, de Almeida et al. 2012). Balancing 

calorie intake with insulin demands is difficult and patients often suffer excursions 

from normal BG levels, for example hypoglycaemic events when calorie output has not 

been properly accounted for. High BG levels result from diabetic defects in the system 

such as insulin secretion/action, or both, and lead to serious complications. Exercise 

along with diet therapy, and medications (oral hyperglycaemic and insulin, refer to 

Section 1.7) constitute the basic treatment for diabetes mellitus and are the 

cornerstones for glycaemic control (Lynch, Liebman et al. 2014, Kamiya, Ohsawa et al. 

1995). 

Exercise, however, is recommended as an effective lifestyle management technique 

for the prevention of T2D and for the management of both T1D and T2D. It has 

physiological benefits including improved physical work capacity, body composition, 

blood pressure (Sukala, Page et al. 2012) blood lipid profile (Kwon, Min et al. 2010) 

insulin sensitivity and BG management. It is associated with reducing risk of long term 

complications and mortality in individuals with diabetes (Hordern, Dunstan et al. 

2012). 

This chapter aims to assess the views and attitudes of people with diabetes to diet and 

exercise. Also to compare T1D, T2T as well as T2I regarding the type and intensity of 

exercise they normally perform. It also aims to consider factors such as insulin dose 

and BG management on normal and exercise days, to appreciate barriers and coping 

strategies for exercising safely when they have diabetes as well as to assess T1D, T2T 

and T2I understanding regarding self-care recommendations related to exercise. 
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Some of the key findings from this survey were combined with exercise trials 

conducted and presented in this thesis which will be discussed in Chapter 5 and 6. This 

may lead to recommendations to improve the lifestyle of people with diabetes in the 

future. The information could also help research toward a suitable exercise regime for 

people with diabetes. 

4.2 Survey design, distribution and response collection 

From the experience gained with questionnaire design and analysis from the first 

survey in Chapter 3, a second survey was produced about exercise and diet for people 

with diabetes (T1D, T2T and T2I). This survey had 78 open and closed ended questions 

and discussed T1D and T2D experiences with various aspects of their diabetes and 

their attitudes with diet and exercise. It comprised four sections:  

1. Background information: this section helped to collect respondent basic details 

such as, gender, age, height, weight, level of education and ethnic group. 

2. Diabetes diagnosis and management: this part was about diagnosis, type of 

diabetes, family history, insulin, HbA1c, check-ups and complications. 

3. Hypoglycaemia and hyperglycaemia: this section covered hypoglycaemia 

episodes and symptoms as well as hyperglycaemia episodes.  

4. Exercise and diet. This was the main section in this survey and outlined T1D, 

T2T and T2I opinions with various aspects of their perceptions with exercise 

and diet. It covered items such as diet approach, daily calories, dietary advice 

and programmes such as DAFNE. Furthermore, it explored the attitudes of T1D, 

T2T and T2I towards exercise and many aspects of diabetes management and 

specific care (before, during or after the exercise) such as BG values, testing BG, 

taking carbohydrate, insulin doses. The aim of this section was to assess T1D, 

T2T and T2I patients understanding regarding self-management 

recommendations related to exercise from their GP and/or their healthcare 

professionals. Questions sought information about the type of exercise and 

intensity, frequency and duration of performed exercise, and about symptoms 
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possibly related to hypoglycaemia during or after exercise. For those 

respondents reporting they did not exercise regularly, the barriers preventing 

them from taking part in more exercise were asked as well as the factors 

influence their decision to participate in exercise (Appendix 1). 

The questionnaires were produced in English and distributed to the participants 

through various channels such as local newspapers and websites as well as social 

networking sites as described in section 2.2.4.   

4.3 Statistical analyses (analysis of responses) 

All data were analysed using (SPSS) and Microsoft Excel 2010®. Refer to section 2.2.5 

4.4 Results and discussion 

The following sections describe and discuss the data collected from the survey: 

4.4.1 Background information and diagnosis 

A total of 240 respondents completed the questionnaire, 62.1% with T1D, and 37.9% 

with T2D (25.4% T2T and 12.5% T2I). Eighty-one percent of responses were from the 

UK where the survey was widely distributed and advertised with 82.5% of responses 

from respondents of white ethnicity. The remaining responses were gathered from the 

USA and Australia. Approximately 44% of T1D respondents were male compared with 

47.5% of T2T and 60% of T2I.  

Those with T1D tended to be diagnosed at an earlier age than those with T2D and 

those classed as having T2D were generally older. All T2I patients were over the age of 

40 with 30% between 61 and 80 years and were diagnosed between 51 and 60 years of 

age. Most of the T2T were aged between 41 and 60 years and 75% of them were 

diagnosed at age between 31 and 50 years while more than half 55.4% of T1D aged 

between 11 and 30 years and three quarter of those were diagnosed at age between 1 

and 20 years.  

When asked about their education level, 75% of T2T and T2I, and 70% T1 were in or 

have had a higher education or educational training. None of T2I and 6.7% of T2T was 
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still in full time education compared to 20.9% of T1D. As T1D is often described as 

juvenile diabetes these results suggest that some of the respondents fall into this 

category. Figure 16 shows that more than half 51% of T1D had healthy weight with 

normal BMI range between 18.5 and 24.9 kg/m2 compared to only 16.4% of T2T and 

20% of T2I. The highest percentage of obese respondents with BMI over 30 kg/m2 was 

among T2T with 59%. However, this compared with only 12.8% of T1D and 43.3% of 

T2I. In addition, 28.9% of T1D, 24.6% of T2T and 36.7% of T2I were overweight with 

BMI between 25-29.9. None of T2T and T2I was underweight with BMI under 18.5 

kg/m2, whereas 7.4% of T1D were underweight. The level of obesity and BMI ranges 

important risk factors and indicators of overall health and play a role in irregular 

glucose metabolism (Bombelli, Facchetti et al. 2011) which leads to insulin resistance 

and T2D (Li, Xiao et al. 2014) . 

A cross tabulation of data for respondent age and BMI found that 12.9% of T2T over 40 

years of age were of healthy weight compared with 20% of T2T who were overweight 

and 43% who were classified obese. For T2I who over 40 of age, 20% had a healthy 

BMI , 36% were overweight and 40% classified as obese. These results show that the 

majority of T2D who are treated by tablets and insulin injections struggle with their 

weight in later life. These findings as to be expected as T2D is a lifestyle disease with 

high energy intake and lack of physical activity. This supports previous researches 

which confirmed that being overweight and obese have close association with T2D 

(Wang, Li et al. 2014, Henry, Chilton et al. 2013, Lau, Teoh 2013). This is supported by 

Charpentier study on French patients with T2D, which revealed that 39% of the 

patients were obese (BMI ˃ 30 kg/m2 ), (Charpentier, Genès et al. 2003). 

Three- quarters (75%) of all respondents, reported having been diagnosed by (GP) and 

hospital clinics, while the rest 25% were diagnosed in A&E (Accident and Emergency), 

by themselves or by friend and family who picked some sign of the disease and led the 

patient to a medical professional. Half of T2I, 54.4% of T1D and 36.1% of T2T had a 

family history of diabetes. Respondents were asked what was their HbA1c when they 

were diagnosed with diabetes, 60.8% of T1D, 23.3% of T2I and 27.1% of T2T did not 



77 

 

know, whereas, 17.6% of T1D, 33.3% of T2I and 22% of T2T reported that it was over 

10% (86 mmol/mol). For T1D respondents this may have been because they were 

diagnosed in their childhood and recollection of this value was difficult or even 

reported to their parents. 

The most challenging element of the diabetes management for participants was found 

to be performing exercise (41.6% for T1D, 50% for T2I and 47.7% of T2T). Other 

difficulties were identified as diet and testing BG. These findings are consistent with a 

previous study by the author and the research group found that the most difficult 

aspect of the diabetes management for respondents was found to be exercising (36.6% 

for T2I and 34% for T1D) (refer to Chapter 3). 

 

 

 

Figure 16: BMI values for T1D, T2I and T2T. 

 

4.4.2 Check-up, management and complications 

Respondents were asked how often their HbA1c was measured, 41% of T1D and T2T, 

and 50% of T2I reported that they had had it measured every three months. More than 

half (51.4%) of T1D had been HbA1c tested every six months compared to 37.3% of 

T2T and 39.3% of T2I. This results means that most of the respondents had achieved 
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(NICE) recommendation for the frequency of measurements for HbA1c which is 2 - 6 

monthly depending on the level of control and /or treatment changes. It is very 

important in order to maintain acceptable BG level to have HbA1c measurements, 

because low frequency measurements of HbA1c results in poor glycaemic control in 

T2D (Alioune Camara 2014). Table 5 reflects the most recent medical check-up for 

respondents, with 61.4% of T1D, and more than half 56% of T2T and T2I having an 

HbA1c between 5-8%, 21.7% of T1D, 16.6% of T2I and 15.3% of T2T between 8 - 10% 

and 5% of T1D and T2T had an HbA1c over 10% compared to 13.3% of T2I. When asked 

what respondents thought their HbA1c should be, the majority of all the respondents 

91.1% of T1D, 83.3% of T2T and 67.2% of T2I thought a desirable HbA1c value would 

be between 5-7%. All respondents thought their HbA1c should not exceed 8%, 

suggesting that most of them know the acceptable HbA1c value. However less than 

half of all the groups did not achieve this and had high HbA1c values. Moreover, 15.5% 

of T2T and 10% of T2I thought that HbA1c value of less than 5% was desirable, 

indicating that they with the minority who said did not know what it should be are not 

fully understand this value.  

Evidence from across the world for children and adults shows that they find it difficult 

to achieve optimum HbA1c. A fall in HbA1c from 7.9 to 7.0 lowers microvascular risk by 

25% which is critical because poorly controlled diabetes can reduce lifespan and is a 

major cause of mortality (Monami, Vitale et al. 2013). One study found that low and 

high mean HbA1c values were associated with increased all-cause mortality and 

cardiac events. A high HbA1c value is linked with micro and macrovasculaur 

complications in later life. However, intensive insulin therapy should also be 

considered especially among the elderly as a desired low HbA1c value can also lead to 

CVD. Results showed a general association with the lowest hazard ratio found to be at 

an HbA1c of about 7.5% (Currie, Peters et al. 2010). 
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Table 5: Recent HbA1c and perceived targets for T1D, T2I and T2T. 

 

HbA1c average  Don’t 

know 

< 5% 5-6% 6.1-7% 7.1-8% 8.1-9% 9.1-10% ˃ 10%  

T1D 

Recent HbA1c 10.8% 1.4% 10.1% 23.6% 27.7% 14.9% 6.8% 4.7% 

Would like to 

be 

6.8% 2.0% 43.5% 47.6% 0.0% 0.0% 0.0% 0.0% 

T2I 

Recent HbA1c 

 

13.3% 0.0% 23.3% 20.0% 13.3% 13.3% 3.3% 13.3% 

Would like to 

be 

6.7% 10% 60.0% 23.3% 0.0% 0.0% 0.0% 0.0% 

T2T 

Recent HbA1c 

 

18.6% 5.1% 23.7% 18.6% 13.6% 5.1% 10.2% 5.1% 

Would like to 

be 

17.2% 15.5% 51.7% 15.5% 0.0% 0.0% 0.0% 0.0% 

 

Table 6 shows the types of insulin used by T1D and T2I respondents. It should be noted 

that respondents were asked to tick all insulins they used and all respondents that 

injected Lantus® (47.7% of T1D and 73.3% of T2I) or Levemir®(35.6% of T1D and 26.7% 

of T2I) also used a short acting insulin such as Novorapid® (57.7% for T1D and 73.3%  

for T2I), Humalog® (33.6% for T1D and 26.7% for T2I) and Actrapid® (4% for T1D and 

0.5% for T2I). These findings show that 100% of the T2I are using Lantus® and Levemir® 

(73.3% + 26.7%) and must be using a basal bolus system. The best treatment for 

maintaining acceptable HbA1c values for T1D and T2I diabetes comes from frequent 

testing and insulin doses known as ‘intensive control’ (DCCT, EDIC 2014). However, 

some T2D have been prescribed Glargine® (Lantus®) in combination with oral 

hypoglycaemic such as Metformin® often quite early on their insulin therapy.  
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The evidence has been available for more than twenty years but the uptake is far from 

universal. The methodology is usually a combination of calculated background long 

acting (basal) and meal associated insulin boost (short-acting bolus) doses and 

characterised by the variation of dosing to allow a more normal diet than previously. 

Most of T1D and T2I, 62.2% and 70%, respectively, inject themselves 4 or more insulin 

injections in a normal day.  

When they were asked how long they have been injecting this number of injections 

each day, 28% of the respondents reported that this regimen had been used ever since 

they started taking insulin, and 40.3% of T1D and 34.5% of T2I started using insulin 

longer than 5 years ago. 59% of T1D and 83.3% of T2I described the total amount of 

insulin they used every day and for the previous 24 hours as more than 40 units. Of 

these, 2.9% of T1D and 33.3% of T2I use over 100 units of insulin every day. A 

crosstabulation of the data shows that 46% of T2I injected more than 80 units per day 

and were on the overweight or obese in BMI suggesting that these respondents must 

suffering a loss of the insulin sensitivity. 

The majority of T1D (62%), and 12.5% of T2I tested their blood glucose 4 or more times 

a day. Most of T2I (68.8%) tested it only two to four times a day compared to 28.4% of 

T1D who did likewise, 9.8% of T1D and 18.8% of T2I tested it once daily. As would 

expected, more than half 55.9% of T2T tested their BG once a day compared to 38.2% 

tested it two to four times and only 5.9% more than 4 times. T2I users who test their 

BG once a day must be estimating their calorie intake on several occasions on a daily 

basis which would suggest that their BG management is not as good as it should be. 

This would have an impact on their HbA1c values and suggests that they may feel 

higher BG values are more acceptable. 
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Table 6: Types of insulin used by T1D and T2I respondents. 

 

Type of insulin T1D T2I 

Actrapid® 4% 0% 

Humalog®(Lispro) 33.6% 26.7% 

Humulin l® 1.3% 0% 

Humulin M3® 2% 0% 

Humulin S® 1.3% 0% 

Insulatard® 1.3% 3.3% 

Novorapid® or Novolog®(Aspart) 57.7% 73.3% 

Levemir® 35.6% 26.7% 

Lantus® 47.7% 73.3% 

 

The majority of all respondents (>89%) had had their blood pressure and weight 

checked by a doctor or nurse in the previous 12 months as part of their treatment. 

Also in the past 12 months over 70% of T1D, T2I and T2T respondents had had their 

cholesterol, eyes and bare feet examined (Table 7). This is important because these 

tests provide an early indication to possible complications which may be arising. 
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Table 7: Check-ups in the last 12 months. 

 

In the last 12 months T1D T2I T2T 

Your blood pressure taken by a doctor/nurse 94.5% 100% 98.3% 

A cholesterol test by a doctor/nurse 75.9% 96.4% 91.7% 

An eye test where a photograph of the back of your eyes 

were taken 

83.4% 92.9% 73.3% 

Your bare feet were examined 75.5% 90% 70.1% 

You have had your weight checked by a doctor/nurse 93.1% 89.3% 91.7% 

 

4.4.3 Medical condition and complications 

Table 8 shows a summary of responses from all respondents relating to other 

diagnosed medical conditions and complications. More than 60% of all respondents 

had a normal BP, however, 20.3% of T1D, 39.3% of T2I and 31.7% of T2T had been told 

that they had high BP and took medication to control it. More than third 35.7% of T2I, 

41.7% of T2T and only 12.8% of T1D had high lipid profile (TC or TG) and were on lipid 

lowering medication. When respondents were questioned about other complications, 

35.8% of T1D, 30% of T2I and 21.7% of T2T had eyesight problems. None of T2I or T2T 

and only 1.4% of T1D had had a heart attack. Some of the respondents (14.3% of T2I, 

6.7% of T2T and 2% of T1D) had chest pain/pressure (angina). Stroke was suspected or 

experienced by 3.6% of T2I, 6.8% of T2T and 3.4% of T1D. A nationwide French survey 

by Charpentier et.al 2003, showed similar results from 4390 respondents with T2D, 

which showed that 15% of the patients had evidence of associated symptomatic 

coronary heart disease, 8% had a history of myocardial infarction, 8% had a history of 

angina, 4% had been hospitalised previously for cardiac insufficiency and 3% had a 

history of stroke (Charpentier, Genès et al. 2003). 
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Table 8: Other medical conditions and complications. 

 

 T1D T2I T2T 

Has your eyesight suffered as a consequence of your 
diabetes? 

35.8% 30% 21.7% 

Do you have diabetic kidney disease? 1.4% 13.3% 3.3% 

Do you require dialysis? 2% 0% 0% 

Have you had a kidney transplant? 2.7% 6.7% 0% 

Is your usual blood pressure normal? 79.7% 60.7% 68.3% 

Do you take any medication to control blood pressure? 20.3% 39.3% 31.7% 

Are you on lipid lowering medication (for high 
cholesterol or triglycerides)? 

12.8% 35.7% 41.7% 

Have you ever had a heart attack? 1.4% 0% 0% 

Do you ever have chest pain or pressure (angina)? 2% 14.3% 6.7% 

Have you ever had heart bypass surgery (coronary 
artery bypass)? 

0% 0% 0% 

Have you ever had a balloon angioplasty or a coronary 
stent placed? 

0% 14.3% 1.7% 

Have you ever had, or suspected that you had a stroke? 3.4% 3.6% 6.8% 
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4.4.4 Hypoglycaemia and Hyperglycaemia 

Not surprisingly the vast majority of T1D and T2I respondents had experienced 

hypoglycaemia at some time since diagnosis (95.1% T1D and 86.7% T2I) but this had 

affected less than half (42.4%) of T2T. Table 9 presents the symptoms the respondents 

had experienced with hypoglycaemia and most likely to be suffered by T1D and T2I. In 

contrast, as would be expected T2T respondents were least likely to have these 

symptoms compared with T1D and T2I, because they were using Sulphonylureas as the 

first line of treatment which can reduce BG level in the blood stream by higher 

pancreatic insulin output (Refer to Section 1.7.2). Most of these findings about 

hypoglycaemia from this study in agreement with previous study (Chapter 3) where 

98.9% of T1D and 86.1% of T2I reported that they had encountered hypoglycaemia at 

several times since diagnosis. 

About 62% of T1D, 54.1% of T2I 48% of T2 felt hypoglycaemic symptoms when their BG 

level was between 3 and 3.9 mmol/L. However, 18.7% of T1D and 16% of T2T felt 

similar symptoms between 4 and 5 mmol/L while 15.8% of T1D, 29.2% of T2I and 8% of 

T2T only felt symptoms below 3 mmol/L. A minority of T1D and T2T (15.5% and 4.2% 

respectively) and none of T2I stated that hypoglycaemia affected their day-to-day 

activities quite a lot or a great deal. Low BG is important as it has severe consequences 

such as seizure, coma, accidents and death. Clinically it is now appreciated that the 

greatest benefits on the complications of diabetes may be seen following minimisation 

of plasma BG and insulin excursion including low bold BG concentration providing 

better overall glycaemic control. However, 77.5% of T1D and 89% of T2I described little 

or no effect. Most of the respondents from all groups in this survey (more than 95%) 

responded to a low BG by taking a sugary food or drink immediately. 

When the respondents were asked about driving, none of T2I or T2T and only 5% of 

T1D said that the problems of hypoglycaemia stopped them permanently from being 

able to drive. When respondents were asked during the past 12 months did they have 

any “severe” hypoglycaemia episodes and how often, only 12.6% of T1D had it. The 

majority of them (81%) said that they had it 1-2 times, 14.3% 3-5times and 4.8% 6 or 
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more. Very few % of T1D and 3.8% of T2T reported they had to go to hospital because 

of their hypoglycaemic episode in the past 12 months. 

 

Table 9: Hypoglycaemia symptoms. 
 

Hypoglycaemia Symptoms  T1D T2I T2T 

Paleness 50.3% 10% 18% 

Trembling 74.5% 56.7% 24.6% 

Sweating 73.8% 53.3% 19.7% 

A feeling of weakness/fatigue 81.9% 50% 32.8% 

Rapid heartbeat 48.3 33.3% 9.8% 

Hunger 61.1% 16.7% 14.8% 

Agitation/irritability 51.7% 26.7% 21.3% 

Poor concentration 68.5% 40% 23% 

Blurred vision 35.6% 23.3% 13.1% 

Loss of coherence 41.6% 13.3% 9.8% 

Black out 10.7% 10% 8.2% 

Convulsion/fit 4% 0% 4.9% 

Coma 1.3% 3.3% 0% 

 

When respondents were asked if their BG had ever been above 20mmol/L, 84.2% of 

T1D, 57.5% of T2I and a third of T2T replied with yes. When they asked how many 

times per week their fasting BG was 10mmol/L (180 mg/dl) or above, 27.9% of T1D, 

25.9% of T2I and 20% of T2T had found their BG 10mmol/L or above once or twice a 

week. Forty one % of T1D and T2I, and only 12.7% had more than twice a week. About 

a third, (30.7%) of T1D, 33.3% of T2I and 67.3%T2T had never reported a BG as high as 

10mmol/L or above. More than 91% of all the groups had never been in a coma 

because of high BG. Some of these high BG readings may have been the results of the 

dawn phenomenon. This would be especially applicable to T1D who are often young as 

during their growth years the productions of hormones (primarily growth hormones 

and cortisol) stimulate the liver to release extra glucose into the blood stream.  
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Respondents in this survey were asked if they have ever been in (DKA), the condition 

where ketones in the blood due to catabolism. The vast majority of T2I and T2T, 96.4% 

and 86.4% respectively, and more than half (59%) of T1D said that they did not 

experienced DKA. However, minority of 3.6% of T2I, 13.6% of T2T and 41% of T1D had 

it before. 

4.4.5 Attitude to exercise and diet  

4.4.5.1  Diet and healthy lifestyle  

With regards to diet and healthy lifestyle, respondents were asked about drinking and 

smoking habits, more than 93.1% of all the groups did not smoke. However, 57.9% of 

T1D, 43.1% of T2T and 32.1% off T2I did drink alcohol. Respondents were asked how 

they would describe their current approach to diet, slightly more than half (55.3%) of 

all the groups mentioned that their eating habits were healthy. About third (29.6%) of 

T1D, quarter of T2T and 46.4% of T2I said that they sometimes try to eat healthy food. 

However, only few 5% of T1D and T2T had poor eating habits. Three quarter 74.1% of 

T1D, 37.9% of T2T and 42.9% of T2I reported that they counted carbohydrates 

regularly in order to help them to control their diabetes. In total, more than 85% of all 

the survey respondents had been given dietary advice to help control their diabetes 

with 30.9% describing their daily calories consumed in atypical day as between 1500 – 

2000. About quarter (24.8%) of T1D, 22.2% T2I, and 17.2% of T2T did not know what 

their daily calories consumption was. However, in a typical day 22% of respondents 

consumed >2000 – 2500 calorie which is recommended dietary allowance (RDA). 

These findings support what have been found from first survey (Chapter.3), 30.3% of 

T1D and 30.1% of T2I describing their daily calories consumed as between 1500 – 2000 

and 36.8% of T1D and 28.4% of T2I did not know their everyday calories . 
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4.4.5.2  Attitude and barriers to exercise  

Over 67% of T1D and T2D respondents valued exercise and considered it important to 

them, with just a small minority (5% of T1D, 15% of T2T and 8% of T2I) stating that 

participation in sport and exercise not important. Most of the participants in this study 

(80.5% of T1D, 74% of T2T and T2I) undertook exercise regularly. A cross tabulation of 

the data found that 80% of T2D (T2T + T2I) who responded yes to regular exercise and 

who had a BMI which was overweight or obese (Refer to Section 1.9.1). For those who 

responded no to regular exercise 87.5% of T2D (T2T + T2I) were overweight or obese. 

These results suggest that T2D (T2T + T2I) struggle with their weight despite doing 

exercise. One possible reason for this may be that only 9.8% of T1D, 9.6% of T2T and 

5.9% of T2I were participating in at least 150 min of exercise per week which achieve 

the exercise recommendations. American college of Sport and Medicine (ACSM) and 

American Diabetes Association (ADA) recommended people with T2D diabetes to 

exercise at least 150 min per week of moderate to high intensity of AE spread out 

within at least 3 days per week, with no more than two consecutive days between 

bouts of AE. In addition to AE, ACSM and ADA recommended T2D to undertake RE at 

moderate to high intensity (3 sets × 10 repetitions) two or three days per week 

(American College of Sport and Medicine, American Diabetes Association. 2010) 

T2T and T2I were observed to exercise less compared with T1D group (73% and 80 .5% 

respectively). The results can be partly explained by these cohorts characteristics. T2T 

and T2I patients are usually older, have higher BMI, and lower education and often 

exercise for a short duration compared with the T1D group as shown previously in 

Section 4.4.1. Individuals with T1D are usually younger (Section 4.4.1) and, therefore, 

more likely to be active at work and during leisure time. About two thirds of T1D and 

T2T, 60% and 62%, respectively and 84% of T2I confirmed that exercise did have a 

positive impact on their diabetes and their life after becoming diabetic. The positive 

effects of exercise, included better general health (82% of T1D, 76.5% of T2I and 70.7% 

of T2T), low HbA1c (44.3% of T1D, 64.7% of T2I and 50% of T2T) and fewer 

hypoglycaemia events (44% of T1D, 50% of T2I and 16% of T2T). In contrast, only 
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12.1% of T1D and no T2D said that exercise had any negative impact. Less than a 

quarter 19.5% of T1D and 26% of T2T and T2I had some barriers preventing them from 

doing exercise in a regular basis. These barriers are summarised in Table 10 with lack 

of time being the most cited reason by 66.7% of T2T, and 50% of T1D and T2I. About 

half 48.6% of T1D, 27.8% of T2I and 56.5% of T2T said that lack of motivation was one 

of the main factors that discouraged them from doing exercise. A quarter of T1D and 

T2T, 24.3% and 25% respectively, and 20% of T2I did not do exercise due to health 

reasons, although these were not explicitly described.  

 
Table 10: Barriers preventing from exercise. 

 

Barriers preventing from exercise  T1D T2I T2T 

Health reasons 24.3% 20% 25% 

Lack of motivation 48.6% 27.8% 56.5% 

Embarrassment about how you look. EG overweight or 

lack of fitness 

17.3% 33.3% 20.5% 

You doubt it will lead to weight control 8.7% 0% 6.8% 

Lack of time  50% 50% 66.7% 

It does not interest me 21.9% 17.6% 27.7% 

It is too expensive 22.8% 27.8% 31.1% 

Lack of transport 9.7% 6.3% 15.9% 

Fear of injury 6.9% 5.9% 15.9% 

Do not know 10.5% 12.5% 3.6% 
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When respondents were asked about the factors that influenced their decision to 

participate in exercise and sport, more than 69% mentioned the following: to keep 

well with diabetes, better control of their BG, better HbA1c values and to improve 

health and fitness levels. Two thirds of T1D, 94.7% of T2I and 87.5% of T2T said that 

losing weight was one of the primary factors for participating in exercise. Table 11 

highlights more of these factors for all the groups.  

 
Table 11: Factors for participating in exercise. 
 

Factors for participating in exercise  T1D T2I T2T 

To keep well with diabetes 78% 100% 83.3% 

Better control of  BG 79.8% 100% 80.4% 

Better HbA1c value 69.8% 88.9% 79.5% 

Improvements health and fitness 93.2% 100% 83.3% 

Loss of weight 63% 94.7% 87.5% 

Family participates in sport 18.9% 28.9% 12.8% 

Because friends do it 40.6% 7.1% 13.2% 

Because I enjoy it 80.6% 84.2% 45.2% 

To relieve stress 69.6% 37.5% 58.1% 

 

When respondents were asked about the frustrating aspects about exercise, table 12 

shows that finding time for exercise and motivation were the most cited reasons for 

T2T (57.4% and 55.7%),T1D (47.0% and 34.2%) and T2I (40.0% and 36.7%), 

respectively.  
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Table 12: Aspects of frustration about exercise. 

 

frustrating issues about exercise T1D T2I T2T 

Finding time to exercise every day 47.0% 40.0% 57.4% 

Motivating myself 34.2% 36.7% 55.7% 

Having to change my diet 10.1% 3.3% 6.6% 

Pain after exercise 10.7% 23.3% 18.0% 

 

4.4.5.3  Type and intensity of exercise performed by T1D and T2D 

About half 49% of T1D had membership with a Sports Centre or group, compared with 

37.2% of T2T and 44.4% of T2I. Figure 17 shows that walking was the most preferred 

form of exercise by 93.5% of T1D, 92.1% of T2T and 93.8% of T2I. The vast majority of 

the respondents performed exercise at moderate to high intensity exercise (86% of 

T1D, 70% of T2T and T2I). Only 14% of T1D undertook exercise every day in 

comparison with 29% of T2T and 35% of T2I. About half of T1D and T2T, 47% and 48% 

respectively, performed exercise 3 – 5 days per week compared with 29.4% of T2I. In a 

typical exercise day the majority (72.2%) of respondents performed exercise one time 

per day and 81.4% of T1D, 94.2% of T2I normally spend from 30 mins to 2 hours in 

sport or exercise compared with 66.7% of T2T. Figure 18 shows where the respondents 

performed the exercise. 
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Figure 17: Type of exercises preferred by the participants. 

 

 

 
 
Figure 18: Exercise places. 
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4.4.5.4  BG management and Insulin dose on normal and exercise days 

A greater proportion of T1D than T2T and T2I reported that they tested their BG more 

than four times on a non-exercise day (62%, 6% and 12.5% respectively). 

When the respondents were asked whether they changed this on an exercise day, 

57.4% of T1D said that they tested BG more often than usual on an exercise day 

compared with 13.9 of %T2T and no one of T2I. Furthermore, 77% of T2T and T2I did 

not change their testing BG habit on an exercise day in comparison with 42% of T1D. 

On an exercise day, respondents who inject insulin (T1D and T2I) did not change the 

number of insulin injections. Table 13 shows that 19% of T1D and 23.1% of T2I have 

taken their insulin dose before exercise and 35.9% of T1D and 23.1% of T2I 

administered their dose following exercise.  

About 49% of T1D, 12% of T2T and 35.3% of T2I had hypoglycaemia events up to three 

times in the past month with the major risk period up to 2 hours following the exertion 

of exercise. To mitigate this threat, carbohydrate boosts were used and were more 

common before exercise than after and few disturbed the session for this purpose. 

Respondents with T1D were more likely to test their BG more than those with T2I, 

before exercise (59.2% and 34.6% respectively), during exercise (23.3 % and 3.8% 

respectively) and after exercise as well (50% and 19.6% respectively). 

Respondents were asked what they would do if their BG were less than 4 mmol/L 

(72mg/dl), and the majority of all respondents (80%), said they would take some 

carbohydrate then exercise. More than 94% of T2T and T2I reported that they rarely or 

never had hypo during exercise compared to 68.6% of T1D. 29.4% of T1D said that they 

had it frequently. Moreover, when they asked about the previous month, a higher 

proportion of those with T1D (49%) had experienced hypoglycaemia events after 

exercise up to three times more than those with T2T and T2I, (11.5% and 35.3% 

respectively). In the event of hypoglycaemia after exercise, more than 96% of T1D and 

T2I would eat or drink some carbohydrate compared to 50% of T2T. These results 

indicate that T1D have more hypoglycaemic episodes and suggest that their current 

treatment with insulin is not optimal during exercise. It is also possible T2D patients 
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did not stress their body as much as T1D or perhaps exercise differently for example, 

short duration and lower intensity. It is well known that after exercise BG levels can 

drop several hours after exercise, the reason for this exercise makes muscle cells 

sensitive to insulin so following physical activity every unit of insulin covers a greater 

amount of carbohydrate producing a greater BG lowering effect. Extensive exercise 

depletes glycogen stores in the muscle and liver and when these stores replenish BG 

levels often drop. 

When the respondents were asked about how many times in the last month they 

suffered from hyperglycaemia and their BG had been above 10mmol/L (180mg/dl) 

after exercise, the majority of T2T (87%) and 65% of T2I said none. This compared with 

36.4% of T1D. However, T1D were most likely in the last month to have had up to 

three episodes of hyperglycaemia after exercise, with 41.4% compared with just 5.9% 

of T2I and 0% of T2T.  

Crosstab calculations with 2 layers were made to find the impact of regular exercise on 

HbA1c between the three groups. This study showed that those who did exercise 

regularly among all the groups had a better HbA1c than those who did not. HbA1c with 

desirable values between 5% - 7% (31 - 53 mmol/mol) were observed more among the 

patients who did exercise regularly (35.3% of T1D, 46.5% of T2T and 45.5% of T2I) 

compared with (27.6% of T1D, 31.3% of T2T and 37.5% of T2I) who did not. Moreover, 

patients from all the groups who did not exercise were most likely to have a high 

HbA1c over 8% (37.9% of T1D, 25.1% of T2T and 37.5% of T2I) in comparison with 

those who did it in a regular basis (23.4% of T1D, 18.6% of T2T and 26.9% of T2I).  

When the respondents were asked about the symptoms during or after exercise, Table 

14 shows a variety of answers from respondents for following symptoms: bleeding, 

chafing, flushing, hives, hyperthermia and colour or blood in the urine. Less than 

quarter of T2I had muscle cramps compared with 16.9% of T1D and 14.3% of T2T. 

About quarter of T1D and T2I had shortness of breath compared with 21.4% of T2T. 

Some of these can be real barriers and diabetes patient need better support and 

advice about some or all of these symptoms.  
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Table 13: BG, insulin and carbohydrate as related to exercise. 
 

  When do you test your blood glucose? 

  A. Before exercise B. During exercise C. After exercise 

T1D 59.2% 23.3 % 50% 

T2I 34.6% 3.8% 19.6% 

T2T 21.4% 3.6% 19.2% 

When do you take your insulin dose? 

T1D 19% 

 

6.3% 

 

35.9% 

 T2I 23.1% 

 

0% 

 

23.1 % 

 When do you take carbohydrate? 

T1D 47.9% 20.4% 40.1% 

T2I 34.6% 19.2% 19.2% 

T2T 12.5% 1.8% 14.3% 
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Table 14: Symptoms during and after exercise. 
 

Symptoms during and after exercise  T1D T2I T2T 

Bleeding 0% 0% 0% 

Chafing 4% 0% 7.1% 

Flushing 6.3% 3.8% 3.6% 

Hives 0.7% 0% 1.8% 

Hyperthermia 2.8% 0% 1.8% 

Muscle cramps 16.9% 23.1% 14.3% 

Red face 27.5% 7.7% 12.5% 

Shortness of breath 23.2% 23.1% 21.4% 

Urinary (colour, blood) 0% 0% 1.8% 

 

4.5 Conclusion 

This study showed that those who did exercise regularly among all the groups had a 

better HbA1c, than those who did not. HbA1c with desirable values between 5% – 7% 

(31 – 53 mmole/L) were observed more among the patients who did exercise regularly 

(35.3% of T1D, 46.5% of T2T and 45.5% of T2I) compared with (27.6% of T1D, 31.3% of 

T2T and 37.5% of T2I) who did not. Moreover, patients from all the groups who did not 

exercise were most likely to have a high HbA1c over 8% (37.9% of T1D, 25.1% of T2T 

and 37.5% of T2I) in comparison with those who did it in a regular basis (23.4% of T1D, 

18.6% of T2T and 26.9% of T2I).  

Patients with T2T and T2I were observed to exercise less (73%) compared with T1D 

group (80.5%). 

When physical exercise is considered, its type, duration, intensity, and target must be 

evaluated to be able to obtain the best benefits with the lowest rates of 

hypoglycaemia. Nevertheless it must be kept in mind that subjects with T1D or T2I and 

T2T have different requirements, which should be evaluated when exercise is 
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suggested as a part of diabetes management. BG testing self-monitoring should always 

be recommended, especially in patients exercising and using insulin. 

BG testing frequency has been investigated. A large minority (almost 20%) of T2I users 

tested only once a day. They would have to estimate their calorie intake on several 

occasions daily, but their BG management is not likely to be as good as it should be. 

This is reflected in their HbA1c values and suggests that even if they know their target 

HbA1c, they are either choosing to ignore or are not being supported adequate in 

order to achieve it.  
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Chapter 5: Effects of combined resistance and aerobic exercise 

on metabolic and glycaemic control in T1D and T2D  

5.1  Introduction 

Diabetes Mellitus is associated with a high risk of CVD, CHD and other heart disease 

mortality (Chen, Pei et al. 2015, Li, Xiao et al. 2014, Jaiswal, Schinske et al. 2014). It has 

been known for decades that exercise and physical activity are one of the main 

cornerstones along with medication and diet to treat and manage diabetes and high 

lipid profiles (Yavari, Najafipoor et al. 2012, Sigal, Kenny et al. 2006). Dietary 

intervention, and changes in sedentary lifestyle by increasing physical activity 

contribute to the prevention and management of T2D and lead to significant benefit in 

risk factors that are known to be associated with development of CVD in patients with 

T2D such as HbA1c, BMI, SBP, DBP and lipid profile (Chen, Pei et al. 2015, Li, Xiao et al. 

2014).  

In addition, in young people with T1D, CVD in later life is considered to be a major risk 

and is linked with mortality (McVeigh, Gibson et al. 2013). Presence of lipid disorders 

can be found in both T1D and T2D and it is associated with the development of T2D 

(Billimek, Malik et al. 2015, Jaiswal, Schinske et al. 2014, Verges 2009, Hjerrild, Gravholt 

2006). Therefore, it is crucial to investigate lipid abnormalities and to control lipids 

profile in people with T1D and T2D to reduce the risk of CVD and other diabetes 

complications such as hyperglycaemia, micro- and macrovascular complications 

(Jaiswal, Schinske et al. 2014, Maahs, Ogden et al. 2010). An improvement in glycaemia 

is suggested as an initial treatment for dyslipidaemia when caring for patients with T1D 

and T2D. Nevertheless, lipid-lowering medicine can also be administered if lipid goals 

are not achieved (Jaiswal, Schinske et al. 2014, Brunzell, Davidson et al. 2008, Buse, 

Ginsberg et al. 2007).  

T1D patients who have reduced or sub-optimal glycaemic control will eventually 

present with heightened LDL levels in comparison to ND people and T1D patients with 

optimum glycaemic control (Guy, Ogden et al. 2009). Elevated HbA1c level has been 
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considered as a risk factor for CHD and CVD in patients with diabetes (Haring, 

Baumeister et al. 2014, Selvin, Coresh et al. 2005, Selvin, Marinopoulos et al. 2004). 

Furthermore, it is also has been observed that there is a direct correlation between 

raised HbA1c concentration and the severity of CAD  and CVD in people with diabetes 

(Hong, Li et al. 2014, Jaiswal, Schinske et al. 2014). 

HBA1c is often linked with alterations in lipids in adults who have T1D but not taking 

dyslipidaemia medications (Maahs, Ogden et al. 2010). It is reported that most patients 

with T1D and T2D could have dyslipidaemia at varying degrees, characterised by 

increased levels of TG, LDL and decreased HDL. Significantly higher rates of 

hypercholesterolemia and hyperlipidaemia have been observed in T2D with CVD 

compared to their counterparts who do not have CVD (Giansanti, Rabini et al. 1999), 

which may elevate the mortality rate of these patients (Sultan, Thuan et al. 2006).  

It is a well-established fact that the long-term benefits of frequent aerobic physical 

activity for the general population can be applied to T1D patients and T2D (De Feo, Di 

Loreto et al. 2006). Exercise is linked with a heightened risk of hypoglycaemia during or 

after exercise because the increase of glucose uptake into the skeletal muscle during 

moderate exercise. In addition, exercise might lead to hyperglycaemic events if it is has 

been performed at high intensity exercise (anaerobic exercise) and this is due the 

hepatic glucose production which may reach 15 mg/kg body mass/min, an amount that 

exceeds muscular glucose disposal (Kapitza, Hovelmann et al. 2010, Riddell, Perkins 

2009).  

It has been suggested that the roles of intensive insulin as a treatment of T1D is not 

only to improve HbA1c and the prevention of premature cardiovascular events 

(Nathan, Cleary et al. 2005) but are also linked with lipid profile (Feitosa, A.,Feitosa-

Filho,G.S., Freitas et al. 2013). An absolute decrease of 1% in HbA1c levels has been 

associated with a 15% to 20% decrease in major CVD events and a 37% decrease in 

microvascular complications (Selvin, Marinopoulos et al. 2004, Stratton, Adler et al. 

2000). Thus, a significant reduction of 0.3 to 0.5% HbA1c levels achieved by 

combination exercise programme (AE + RE) might be expected to produce a 5% to 7% 

reduction in CVD risk and a 12% reduction in risk of microvascular complications 



99 

 

(Church 2011). The improvements of glycaemic control without weight gain has been 

associated with lipids control and this include TG, TC and LDL (Purnell, Hokanson et al. 

1998). AE, RE or combined exercise programme is recommended in the management 

of T1D and T2D, and has physiological benefits including improved physical work 

capacity, body composition, blood pressure, blood lipid profile (Chen, Pei et al. 2015) 

and HbA1c. It is associated with less risk of diabetes complications and mortality in 

individuals with diabetes (Hordern, Dunstan et al. 2012).  

5.2  Study aims 

The purpose of this study was to examine the effects of six weeks of combination 

exercise (RE and AE), twice a week, on lipid profile, metabolic and glycaemic control in 

T1D and T2D. The ethical approval for this study was obtained from De Montfort 

University (DMU) Ethics Committee, Faculty of Health and Life Science, Leicester, UK. 

5.3  Volunteers 

Four groups of volunteers (n = 25) were involved in this study: ND = 7, T1D = 7, T2T = 7 

and T2I = 4. The volunteers were 18-55 years old and not physically active or engaged 

in any regular exercise or formal training programmes, more details can be found on 

section 2.4. Volunteers were recruited and screened as detailed in Section 2.4.2 and 

2.5.1. 

5.4  Inclusion and exclusion criteria 

The volunteers who participated in the exercise programme had met specific inclusion 

criteria as they were defined in section 2.4.2. Further information detailing recruitment 

response and excluded volunteers can be found in Sections 2.4 and 2.4.2. 

5.5  Materials and methods  

A brief description of the methods is provided below. Please refer to the methods in 

Chapter 2 for more detailed description of procedures associated with this chapter.  
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5.5.1 Experimental design 

After the preliminary tests and familiarisation sessions (Refer to Section 2.5), 

volunteers participated in the main exercise trial which was a combined exercise 

session involving stretches, warm up on the bike for 10 min followed by 35 min of RE at 

50-60% of 1RM (determined in Section 2.5.1.2). After RE they had 5 min of rest 

followed by 20 min of AE (cycling) at 50-60% of HRR (Section 2.5.1.3) and finally 10 min 

cooling down involves stretches (Figure 19). The chronic exercise programme involved 

2 sessions (48 hours apart) for a total of 150 min each week for a 6-week period. 

Detailed description for the main exercise trial can be found in (Section 2.5.2). 

 

 
Figure 19: Schematic representation of the exercise session. 

 

5.5.2 Anthropometric assessment  

Measurements of body mass, height, BMI, %BF, % BW, waist and hip circumference 

were made as described in Section 2.3.19. Weight, %BF, %BW and BMI data were 

measured at three time points: before the exercise programme at the first session, 

after session 6 and at the end after session 12. Waist and hip measurements were 
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taken at two time points, before exercise at the first session and at the end after 

session 12. 

5.5.3 Lipids, blood gases and electrolytes measurements  

Lipids (HDL, LDL, TC, TG) were measured as previously described in Section 2.3.14 , 

blood gases (PCO2, PO2), electrolytes (Na+, K+, Ca2+, Cl− ) were analysed as outlined in 

Section 2.3.17. These variables were measured three time points: before the exercise 

programme at the first session, after session 6 and at the end after session 12. 

5.5.4 HbA1c, BG, BP, HR and RPE 

HbA1c and BG levels were measured as previously described in Sections 2.3.11 and 

2.3.12, respectively. BG was measured 4 times in each exercise session: at rest before 

exercise, after RE exercise, after 10 min of AE and at the end of each session. HbA1c 

level was measured at session 1 and after session 12. BP (DBP and SBP) was measured 

(Section 2.3.13) and it was taken at different time points during exercise trials as 

outlined in Section 2.5.2. HR values were monitored (Section 2.3.8) at rest and 

continuously during the combined exercise trial as explained earlier in Section 2.5.2. 

RPE were obtained from the subjects using the Borg scale (Section 2.3.9) during RE and 

AE exercise as described in Section 2.5.2. RER values were calculated during the 20 min 

of AE using ADI system as described in Section 2.5.2.  

5.5.5 Blood collection, C-peptide and insulin analysis 

Venous blood samples were collected from the volunteers in EDTA tubes as described 

in (Section 2.3.15). It was of interest to investigate the effects of acute and chronic 

exercise on Insulin and C-peptide. Three blood samples were collected from the 

volunteer at the time points shown in (Figure 20). For the chronic effect, seven blood 

samples were collected as shown in (Figure 21). Insulin and C-peptide were determined 

using ELISA technique, full description of ELISA procedure and equipment can be found 

on Section 2.3.16.  
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Figure 20: Venous blood samples from the first exercise session (acute effect). 

 

 

Figure 21: Venous blood samples throughout the exercise trial (chronic effect). 
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5.6  Results and discussion   

5.6.1 Volunteers characteristics, anthropometrics and clinical variables:  

Volunteers’ characteristics and some clinical variables are presented in Table 15 for ND, 

Table 16 for T1D, Table 17 for T2T and Table 18 for T2I. It should be noted that the 

comparison in this section is (1st Pre-Ex vs 12th Post-Ex), ie: between the first session 

before exercise and at the end after the last session of the six weeks exercise trial 

because this demonstrate the change in these parameters as result of the exercise 

intervention.  

Tables 15 - 18 demonstrate HR at rest values were significantly improved in all the 

study groups: ND from 72.3 ± 9.8 to 68.7 ± 9.0 (p < 0.01), T1D from 74.6 ± 7.4 to 70.7 ± 

6.8 (p < 0.01), T2T from 77.4 ± 7.8 to 73.0 ± 6.8 (p < 0.01), T2I 69.7 ± 6.8 to 66.0 ± 6.1 (p 

< 0.05). SBP at rest readings were significantly decreased in ND from 130 ± 7.1 to 125 ± 

5.8 (p < 0.05), T2T from 130 ± 11 to 121 ± 3.9 (p < 0.05) and in T2I from 126 ± 1.6 to 

121 ± 2.1 (p < 0.05), and was improved in T1D (p = 0.16). DBP at rest readings were 

slightly decreased in all the study groups ND (p = 94), T1D (p = 0.9), T2T (p = 0.12) and 

T2I (p = 0.16). 

Table 15 shows that ND volunteers at baseline were overweight with BMI = 26.2±3.3. 

Despite that ND weight and BMI did not change (1st Pre-Ex vs 12th Post-Ex), their BF% 

was reduced from 23.0 ± 7.3 to 21.5 ± 7.3, (p = 0.07) and their hip and waist were 

reduced, (p = 0.06, p = 0.17, respectively). As can be seen from tables 16, 17 and 18, 

T1D, T2T and T2I had smaller reductions in their weight and BMI. However, BF% in T2T 

was reduced significantly from 37.1 ± 8.6 to 34.8 ± 8.2 (p < 0.01), compared with a 

slight decrease in T1D (p = 0.1) and close to the level of significance in T2I from 28.1 ± 

4.6 to 25.3 ± 3.2 (p = 0.07). As can be seen from tables 16 -18, T1D, T2T and T2I tested 

their BG levels significantly more times after the whole exercise trial compared to 

before. This is beneficial and important for diabetes patients. It indicates that their 

knowledge and understanding gained from the exercise trial provoked them to increase 
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the frequency of BG testing, which shows that they manage their diabetes more 

intensively than previously. 

BW% was increased, but not at a significant level in ND (p = 0.39), T1D (p = 0.72), T2I (p 

0.53) and was significantly increased in T2T from 42.7 ± 5.4 to 45.5 ± 4.9 (p < 0.01). Hip 

and waist measurements were slightly decreased in T1D, T2I and were significantly 

decreased in T2T, hip at (p < 0.05) and waist at (p < 0.01). All the study groups were 

overweight with BMI values: T1D = 29.3±6.9, T2T = 29.2±3.5 and T2I = 29.2±1.5 and 

BMI was not significantly improved in all study groups.  

The above results from the present study can be supported by many previous studies 

such as a randomised trial by Sigal et al. 2007, which compared the effects of RE, AE or 

both in combination for 22 weeks on the glycaemic control in patients with T2T. They 

found that, none of the three different exercise regimens produced a significant change 

in BMI and body weight. BF% was improved from 36 ± 9.6 to 35 ± 9.6, and waist 

circumference was reduced from 112 ± 24 cm to 108 ± 24 (44 to 42 inch) as well as an 

improvement in SBP and no change in DBP with combined exercise group (Sigal, Kenny 

et al. 2007). There are some agreement between the results from the current study 

and those described by Sigal (2007).  

In addition, exercise interventions investigated by Yavari et al 2012 and his colleagues 

who had compared between AE and RE alone or the combination of AE and RE three 

times per week for 52 weeks in patients with T2D (Yavari, Najafipoor et al. 2012). They 

found that combined exercise programme had positive impact after the exercise 

intervention on the HR and reduce significantly BMI, BF%, visceral fat%, muscular 

percentage%, SBP and DBP (Yavari, Najafipoor et al. 2012). The effect of combined 

training programme AE and RE has been investigated for 8 weeks in T2T, showed that 

BF%, Hip:Waist ratio at rest was reduced significantly (p < 0.05) after the training 

programme (Maiorana, O'Driscoll et al. 2002). Moreover, a research conducted the 

effect of combined RE and AE intervention for 16 weeks on glycaemic control in T2D, 

demonstrated that body weight and BMI did not change after 4 weeks and 16 weeks of 

the combined programme (Tokmakidis, Zois et al. 2004). 
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Fenicchia et al (2004) reported that participating in 3 days per week for six weeks of RE 

did improve BMI, weight and fat mass in patients with T2D. A meta-analysis study by 

Harris et al (2009) concluded that BMI was not improved after 6 months of physical 

activity in ND primarily elementary school children; although they had other beneficial 

health effects (Harris, Kuramoto et al. 2009) and this shows that if there is no change in 

BMI does not mean that overall health has not improved. Other research on T1D 

supported the current study results and showed that BMI did not change after 3 times 

per week for 12 weeks of RE (8 – 12 repetition of 9 RE) or AE (40 min walk or run). 

However, there was a reduction in waist circumference (Ramalho, de Lourdes Lima et 

al. 2006).  

In contrast, ND overweight or obese volunteers who have done combined AE and RE at 

moderate intensity for 30 min, 5days/week for 12 weeks was reported to produce a 

significant improvement of BMI and body weight, compared to AE or RE alone which 

had no significant effects on BMI, weight, BF% and fat mass (Ho, Dhaliwal et al. 2012). 

Moreover, in this study BF%, waist, fat mass were significantly reduced with the 

combined model and some of these findings seem to be in agreement with the current 

study findings in ND group (Table 15). It was concluded that the combination of the RE 

and AE exercise was one of the optimal exercise strategy to reduce body weight, BMI, 

BF% and waist circumstances (Davidson, Hudson et al. 2009).  

Other researchers have investigated the effects of 8 weeks of a combined RE and AE 

programme in T2T supported the findings from this research study and they reported 

that, BMI and body weight did not change. However, BF%, resting HR and waist/hip %, 

had reduced significantly (p ˂ 0.05) after the combined training programme (Maiorana, 

O'Driscoll et al. 2002). 

Furthermore, a moderate to high intensity AE (60 min/day, 2 to 3 times/week) for 16 

weeks was observed to reduce BMI significantly in a ND moderate dyslipidemic 

volunteers (Yoshida, Ishikawa et al. 2010). A randomised controlled trial by Church et 

al. (2010) for 9 months of combination exercise showed a significant decrease in BMI 

compared to RE or AE alone in patients with T2D (Church, Blair et al. 2010). These 
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studies highlight that different exercise trials may produce conflicting result for the 

present study, however the general trend appear to be similar.  

5.6.2 Blood gases and electrolytes  

As can be seen from Tables 15 - 18, PCO2 and PO2 levels were in the normal ranges in 

ND and T2I and were slightly changed, but about normal in T1D and T2T and there was 

no severe reduction in PO2. Electrolytes (Na+, K+, Ca2+, Cl− ), pH and lactate were always 

in or just about the normal ranges with no drastic changes. This indicates that all the 

volunteers who participated in the exercise trial showed basic signs of good health 

during the 12 sessions. So for example, there were no sodium, potassium, calcium or 

pH profiles that suggested cardiac, respiratory or renal problems. In addition to this, 

no-one suffered angina or any distress and although one or two experienced some 

hypoglycaemia, this was mild, quickly detected and corrected. The blood pressure 

readings and heart rates that were recorded within the exercise periods showed no 

sharp changes. This set of observations suggested that exercise trials exclusion criteria 

were observed and adhered to. 
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Table 15: Characteristics, changes in anthropometric, clinical and physiological variables for 
ND volunteers at the first session (1st Pre-Ex), after the sixth session (6th Post-Ex) and the 
end (12th Post-Ex). Data are presented as Mean ± SD. (*) P < 0.05, (**) P < 0.01 for (1st Pre-
Ex vs 12th Post-Ex) 

 

  1st Pre-Ex 6th  Post-Ex 12th Post-Ex P value 

Anthropometric and clinical variables 

Age (year)  31 ± 5.3 
- - - 

Height (cm) 175 ± 4.6 
- - - 

Weight (kg) 80.16 ± 9.9 80.46 ± 10 80.27 ± 10 0.86 

BMI (Kg/m2 ) 26.2 ± 3.3 26.2 ± 3.4 26.2 ± 3.3  1.0 

SBP (mmHg) 130 ± 7.1 125 ± 6.9 125 ± 5.8* 
˂ 0.05 

DBP (mmHg) 79 ± 7.5 75 ± 8.2 78 ± 8.2 
0.64 

Body Fat (%) 23.0 ± 7.3 22.3 ± 7.4 21.5 ± 7.3  0.07 

Body Water (%) 55.0 ± 9.4 54.6 ± 8.2 56.4 ± 8.2  0.39 

Resting HR (bpm) 72.3 ± 9.8 - 68.7 ± 9.0**  ˂0.01 

Hip (inch) 38.4 ± 5.0 - 37.8 ± 4.7  0.06 

Waist (inch) 36.0 ± 3.9 - 34.7 ± 3.1  0.17 

Hip/Waist Ratio 0.95 ± 0.1 - 0.92 ± 0.1  0.44 

Blood gases and Electrolytes  

PCO2 (mmHg)  33.7 ± 5.4 34.9 ± 4.7 34.3 ± 5.6  0.75 

PO2 (mmHg) 103.3 ± 8.9 105.1 ± 11.5 100.9 ± 13.4  0.67 

K+ (mmol/L) 4.5 ± 0.5 4.5 ± 0.3 4.2 ± 0.4  0.36 

Na+ (mmol/L) 128.0 ± 6.3 125.1 ± 10.4 126.6 ± 10.2  0.75 

Ca2+ (mmol/L) 1.1 ± 0.1 1.1 ± 0.1 1.0 ± 0.2  0.18 

Cl− (mmol/L) 101.7 ± 3.8 100.4 ± 6.1 100.4± 4.4  0.39 

Lactate (mmol/L)  1.6 ± 0.6 1.6 ± 0.6 1.5 ± 0.6  0.28 

pH value 7.44 ± 0.04 7.43 ± 0.03 7.43 ± 0.03  0.86 
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Table 16: Characteristics, changes in anthropometric, clinical and physiological variables for 
T1D volunteers at the first session (1st Pre-Ex), after the sixth session (6th Post-Ex) and the 
end (12th Post-Ex). Data are presented as Mean ± SD. (*) P < 0.05, (**) P < 0.01 for (1st Pre-
Ex vs 12th Post-Ex). 

 

  1st Pre-Ex 6th  Post-Ex 12th Post-Ex P value 

Anthropometric and clinical variables 

Age (year)  31 ± 12 
- - - 

Height (cm) 178.8 ± 6 
- - - 

Weight (kg) 91.3 ± 18.9 91.1 ± 19 90.6 ± 18.8 0.15 

BMI (Kg/m2 ) 29.3 ± 6.9 29.3 ± 6.9 29.1 ± 6.9  0.2 

BG tests (per day) 4.6 ± 0.3 
- 

5.4 ± 0.3** 
 ˂0.01 

SBP (mmHg) 129 ± 11 127 ± 11 124 ± 9.4  0.16 

DBP (mmHg)  82 ± 8.3 78 ± 6.5 81 ± 4.1  0.81 

Body Fat (%) 31.3 ± 10.9 30.8 ± 11.2 29.5 ± 11.0  0.1 

Body Water (%) 49.5 ± 11.3 48.4 ± 9.9 50.2 ± 9.8  0.72 

Resting HR (bpm) 74.6 ± 7.4 - 70.7 ± 6.8**  ˂0.01 

Hip (inch) 40.2 ± 2.7 - 39.0 ± 3.8  0.24 

Waist (inch) 38.1 ± 7.7 - 37.8 ± 7.7  0.11 

Hip/Waist Ratio 0.94 ± 0.1 - 0.96 ± 0.1  0.34 

Blood gases and Electrolytes  

PCO2 (mmHg)  32.3 ± 8.7 31.1 ± 6.7 31.8 ± 4.6  0.87 

PO2 (mmHg) 116.1 ± 24.1 110.2 ± 25.6 111.1 ± 23.7  0.07 

K+ (mmol/L) 4.8 ± 0.4 4.6 ± 0.4 4.6 ± 0.2  0.29 

Na+ (mmol/L) 131.1 ± 12.6 121.7 ± 10.0 124.4 ± 10.2*   ˂0.05 

Ca2+ (mmol/L) 0.8 ± 0.3 0.8 ± 0.3 0.8 ± 0.3  0.31 

Cl− (mmol/L) 106.9 ± 9.6 104.9 ± 7.6 104.9 ± 7.8  0.19 

Lactate (mmol/L)  1.1 ± 0.6 0.9 ± 0.6 1.0 ± 0.5  0.49 

pH value 7.42 ± 0.05 7.49± 0.12 7.47 ± 0.11  0.19 
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Table 17: Characteristics, changes in anthropometric, clinical and physiological variables for 
T2T volunteers at the first session (1st Pre-Ex), after the sixth session (6th Post-Ex) and at the 
end (12th Post-Ex). Data are presented as Mean ± SD. (*) P < 0.05, (**) P < 0.01 for (1st Pre-
Ex vs 12th Post-Ex). 
 

  1st Pre-Ex 6th  Post-Ex 12th Post-Ex P value 

Anthropometric and clinical variables 

Age (year)  44 ± 8.3 
- - - 

Height (cm) 174.4 ±  11.7 
- - - 

Weight (kg) 89.9 ± 21.3 89.4 ± 20.7 89.4 ± 21.1 0.39 

BMI (Kg/m2 ) 29.2 ± 3.5 29.1 ± 3.4 29.1 ± 3.5 0.60 

BG tests (per day) 2.6 ± 1.0 
- 

3.4 ± 1.0**  ˂0.01 

SBP (mmHg) 130 ± 11 125 ± 10 121 ± 3.9  ˂0.05 

DBP (mmHg)  80 ± 5 72 ± 7.2 76 ± 6.7 0.11 

Body Fat (%) 37.1 ± 8.6 35.5 ± 8.7 34.8 ± 8.2**   ˂0.01 

Body Water (%) 42.7 ± 5.4 45.1 ± 3.7 45.5 ± 4.9**   ˂0.01 

Resting HR (bpm) 77.4 ± 7.8 - 73.0 ± 6.8**   ˂0.01 

Hip (inch) 41.4 ± 3.3 - 40.9 ± 3.1*   ˂0.05 

Waist (inch) 41.5 ± 3.3 - 40.4 ± 3.1**   ˂0.01 

Hip/Waist Ratio 1.0 ± 0.1 - 0.99 ± 0.1  0.06 

Blood gases and Electrolytes  

PCO2 (mmHg)  33.8 ± 6.3 32.4 ± 7.1 29.5 ± 8.5  0.9 

PO2 (mmHg) 111.7 ± 20.9 113.5 ± 22.3 123.8 ± 20.0  0.07 

K+ (mmol/L) 4.2 ± 0.6 4.7 ± 0.5 4.6 ± 0.5  0.07 

Na+ (mmol/L) 125.7 ± 1.3 123.0 ± 2.4 128.7 ± 2.6  0.05 

Ca2+ (mmol/L) 0.9 ± 0.2 1.0 ± 0.2 1.0 ± 0.1  0.26 

Cl− (mmol/L) 99.6 ± 5.2 105.6 ± 7.2 103.0 ± 4.0  0.14 

Lactate (mmol/L)  1.6 ± 0.8 1.5 ± 0.8 1.5 ± 0.7  0.5 

pH Value 7.42 ± 0.02 7.46 ± 0.07 7.47 ± 0.04  0.07 
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Table 18: Characteristics, changes in anthropometric, clinical and physiological variables for 
T2I volunteers at the first session (1st Pre-Ex), after the sixth session (6th Post-Ex) and at the 
end (12th Post-Ex). Data are presented as Mean ± SD. (*) P < 0.05, (**) P < 0.01 for (1st Pre-
Ex vs 12th Post-Ex). 
 

  1st Pre-Ex 6th  Post-Ex 12th Post-Ex P value 

Anthropometric and clinical variables 

Age (year)  45 ± 4.5 
- - - 

Height (cm) 175 ± 7.6 
- - - 

Weight (kg) 88.8 ± 4.8 88.4 ± 5.1 88.7 ± 5.0  0.8 

BMI (Kg/m2 ) 29.2 ± 1.5 29.0 ± 1.3 29.1 ± 1.7  0.4 

BG tests (per day) 3.8 ±  0.5 
- 4.5 ± 1.0* 

˂0.05 

SBP (mmHg) 126 ± 1.6 119 ± 6.1 121 ± 2.1* ˂0.05 

DBP (mmHg) 80 ± 5 72 ± 7.2 76 ± 6.7  0.16 

Body Fat (%) 28.1 ± 4.6 26.3 ± 4.2 25.3 ± 3.2  0.07 

Body Water (%) 48.9 ± 3.1 48.8 ± 3.0 49.7 ± 3.1  0.53 

Resting HR (bpm) 69.7 ± 6.8 - 66.0 ± 6.1*  ˂0.05 

Hip (inch) 40.0 ± 3.0 - 39.8 ± 3.3  0.42 

Waist (inch) 37.8 ± 2.1 - 37.3 ± 2.1  0.25 

Hip/Waist Ratio 0.95 ± 0.04 - 0.94 ± 0.03  0.06 

Blood gases and Electrolytes  

PCO2 (mmHg)  39.1 ± 3.8 39.9 ± 2.7 33.5 ± 3.4  0.28 

PO2 (mmHg) 103.3 ± 4.8 94.8 ± 7.0 109.3 ± 22.3  0.74 

K+ (mmol/L) 4.4 ± 0.7 4.3 ± 0.6 4.3 ± 0.3  0.76 

Na+ (mmol/L) 134.7 ± 2.1 131.3 ± 1.2 132.0 ± 2.6  0.09 

Ca2+ (mmol/L) 0.8 ± 0.3 0.8 ± 0.2 0.7 ± 0.2  0.79 

Cl− (mmol/L) 109.0 ± 5.3 105.0 ± 4.4 102.0 ± 8.2  0.39 

Lactate (mmol/L)  1.7 ± 0.4 1.4 ±0.6 1.6 ± 0.5  0.13 

pH value 7.39 ± 0.01 7.41 ± 0.02 7.42 ± 0.11  0.75 
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5.6.3 Changes in RER, 1RM and RPE across whole trial 

Figure 22 shows Mean RER values during the 20 min of AE across the whole exercise 

trial (12 sessions) for all the 4 study groups. RER is the ratio of the volume of carbon 

dioxide released to the volume of oxygen taken up into the lungs at the same time. RER 

normal ranges are between 0.7 and 1.2 and this factor is used as an indicator of 

substrate oxidation, where 1.0 indicates total carbohydrate oxidation, while 0.7 refers 

to total fat oxidation and 0.85 suggests a mix of fat and carbohydrates (Simonson DC 

1990, Ferrannini 1988). Data from Figure 22 shows that RER readings for all the groups 

were steady and most of the values were between 0.85 and 1.2 indicating that 

carbohydrates are being predominantly oxidised during the 20 min of AE in all the 

groups. These results correlate with and support the findings from the BG responses to 

AE exercise across the whole trial (12 sessions). BG levels fell during the AE which was 

evident by RER which shows CHO been oxidised as the predominate substrate.  

Figure 23 illustrates percentages (after the six weeks exercise trial vs before) of the 

1RM strength improvement for the five different RE exercises working upper and lower 

muscle group (Chest, Squat, Back, Biceps and Triceps) in all the study groups (ND, T1D, 

T2T and T2I). As can be seen from Table 19 and Figure 23, all the volunteers showed 

significant strength increases ranging from 16% to 75% in all exercises with p values of 

(˂0.01) or (˂0.05). T2T and T2I had a higher percentage of improvement than T1D and 

ND. As shown in Table 19, strength capability of all the volunteers has significantly 

improved and there was a strength gain in both upper and lower body muscle groups. 

This might be due increase in their lean body mass which lead to an improvement in 

the insulin sensitivity and fat oxidation (Lee, Boyko et al. 2011, Van Der Heijden, Wang 

et al. 2010). Some of these findings in line with results of past study examined the 

effects of RE on glucose control in patients with T2T by Fenicchia et al (2004) who 

reported that both T2T and ND volunteers had a significant percentage of 

improvement in their 1RM after six weeks of RE ranging from 19% to 57% in all RE 

exercises (p ˂0.01) and improvement in integrated glucose concentration after single 

bout of RE (Fenicchia, Kanaley et al. 2004). 
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Furthermore, another study investigated a combined training programme for 8 weeks 

in T2T which supported the current study about the improvement in the muscle 

strength. It has shown that muscle strength in upper and lower muscle groups has 

improved significantly (p < 0.001) after the training programme (Maiorana, O'Driscoll et 

al. 2002). Moreover, other researchers have conducted a combined AE and RE for 16 

weeks in T2T, and they reported results are consistent with this study. They found that 

muscular strength bench press, seated row, leg extension, pull-down, and leg curl was 

significantly improved after 4 weeks (˂0.01) as well as after 16 weeks (˂0.001) of 

exercise (Tokmakidis, Zois et al. 2004). 

In addition, a study has investigated the effects of RE or AE + RE on the muscular 

strength in T2D and they found that both groups had significant improvements in the 

lower and upper muscles at 3 and 6 months (Larose, Sigal et al. 2012). Furthermore, 

results from other study have been conducted on overweight/ obese ND volunteers 

who participated in 16 weeks of RE are in line with findings from the present study. 

This study showed that there were statistically significant improvement (p ˂ 0.05) in 

muscular strength of chest press and front lat pull-down (Tibana, Navalta et al. 2013). 

In addition, It was reported that the combination of the RE and AE exercise was one of 

the optimal exercise strategy to improve muscular strength for the lower and upper 

body muscles (Davidson, Hudson et al. 2009).  
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Figure 22: Mean RER values during the 20 of AE across the whole exercise trial (12 sessions) 
for all the study groups. 

 

 

Table 19: Percentages of 1RM improvement Post-Ex trial vs Pre-Ex trial for all the study 
groups (ND, T1D, T2T and T2I). 
 

% Change ND P. value T1D P. value T2T P. value T2I P. value 

SQUAT 36% ˂0.01 41% ˂0.01 75% ˂0.01 47% ˂0.05 

CHEST 19% ˂0.01 27% ˂0.01 27% ˂0.01 26% ˂0.05 

BACK 21% ˂0.01 17% ˂0.01 33% ˂0.05 21% ˂0.05 

TRICEP 17% ˂0.01 20% ˂0.01 48% ˂0.05 37% ˂0.05 

BICEP 16% ˂0.01 21% ˂0.01 25% ˂0.01 26% ˂0.01 
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Figure 23: percentage % of improvements in 1RM Post-Ex trial vs Pre-Ex trial. 

 

 

 
Figure 24: RPE Post-1st set of RE across whole trial (12 sessions) for all the study groups (ND, 
T1D, T2T and T2I). 
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RPE is valid method for exercise prescription and determination intensity of exercise 

(Iellamo, Manzi et al. 2014, Scherr, Wolfarth et al. 2013). RPE was recorded 5 times in 

each exercise session; after 1st, 2nd and 3rd sets of RE and recorded twice after 10 and 

20 minutes of AE. RPE value over the 12 week exercise trial period in all the study 

groups reveals that there has been downward slope in RPE value which would indicate 

that over time across the whole exercise trial (12 sessions) the volunteers perceived 

exertion to RE became lower and showed an improvement in the final session when 

compared to the first session in the four study groups (ND, T1D, T2T and T2I). This 

suggests that they found RE become easier and their performance and strength had 

improved which is in agreement with significant improvement in all the volunteers 

strength as can be seen from 1RM results Post-Ex trial vs Pre-Ex trial in Table 19 and 

Figure 24 – 26. This is consistent with previous study reported that participating in 3 

days per week for six weeks of RE in T2T improved strength of upper and lower muscle 

groups (Fenicchia, Kanaley et al. 2004).  

Figures 24 - 28 indicate that all the volunteers performed the exercise (RE and AE) at 

the target intensity (moderate intensity) and these figures show that mean RPE values 

across the 12 sessions of the exercise trial were between (10.9 and 14.5). In addition, 

mean RPE values between the 1st and the 3rd set of RE became progressively higher and 

there has been gradual increase in 2nd and 3rd set for all the study groups. As would be 

expected this increase occurs because the volunteer would have exerted energy in the 

first two sets making the third more difficult. RPE plotted in Figure 27 and 28 clearly 

show that there has been a steady decline in mean RPE values at 10 and 20 min of AE 

throughout the whole exercise trial (12 sessions) and they found it become more easier 

indicating an improvement of their cardiovascular fitness level.  
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Figure 25: RPE Post-2nd set of RE across whole trial (12 sessions) for all the study groups (ND, 
T1D, T2T and T2I). 

  

 

 

 
Figure 26: RPE Post-3rd set of RE across whole trial (12 sessions) for all the study groups (ND, 
T1D, T2T and T2I). 
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Figure 27: RPE at 10 min of AE across whole trial (12 sessions) for all the study groups (ND, 
T1D, T2T and T2I) 

. 

 

 

Figure 28: RPE at 20 min of AE across whole trial (12 sessions) for all the study groups (ND, 
T1D, T2T and T2I). 
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5.6.4 Changes in cardiovascular fitness parameters across whole exercise 

trial 

Table 20 and 21 compares SBP and DBP, respectively across whole exercise trial (12 

sessions) between all the study groups (ND, T1D, T2T and T2I). Table 20, 21 and 

(Figures 29 – 34) show that there has been a general gradual decrease for SBP and DBP 

across the exercise trial in all the study groups. All the study groups had same BP 

reaction to the 1st , 2nd and 3rd set of RE across whole 12 sessions. Figure 30 shows that 

SBP readings Post RE were declined significantly (p < 0.05) in ND, but were more 

resistant in diabetic volunteers especially T2I where it was not responsive. Figure 31 

demonstrate that SBP Post AE decreased moderately in all the groups, except T2I 

where it was not responsive. As can be seen from Table 20 , SBP at rest readings were 

significantly decreased in 12th session compared to 1st session for ND from 130 ± 7.1 to 

125 ± 5.8 (p < 0.05). Similarly, for T2T from 130 ± 11 to 121 ± 3.9 (p < 0.05), T2I from 

126 ± 1.6 to 121 ± 2.1 (p < 0.05), however showed an improvement for T1D (p = 0.16). 

In addition, Table 21 shows that DBP at rest readings had a steady decrease in all the 

study groups ND (p = 64), T1D (p = 0.81), T2T (p = 0.11) and T2I (p = 0.16).  

HR at rest was measured before commencing and after finishing the 6 week exercise 

trial and a significant decrease in all the study groups was observed: ND from 72.3 ± 9.8 

to 68.7 ± 9.0 (p < 0.01), T1D from 74.6 ± 7.4 to 70.7 ± 6.8 (p < 0.01), T2T from 77.4 ± 7.8 

to 73.0 ± 6.8 (p < 0.01), T2I 69.7 ± 6.8 to 66.0 ± 6.1 (p < 0.05). Table 22 shows HR 

readings Pre-EX, Post 1st , 2nd and 3rd set of RE across whole 12 sessions for all the study 

groups (ND, T1D, T2T and T2I). It can be seen from Table 22 that HR Pre-Ex was always 

within the normal range of 68 and 83 for all groups.  

As would be expected, Figure 36 and 37 illustrates that during RE, HR became 

progressively higher and there was a gradual increase in the 2nd and 3rd set during each 

exercise session for all the study groups. This correlate with earlier data from RPE 

(Figures 24 – 26) where values of RPE multiply by ten give HR values similar those in 

(Figures 35 – 37) these findings are similar to those of Borge et al 1983. However, 

across the whole 12 sessions there has been a slight decrease in HR readings between 
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Pre-EX and the 3rd set of RE, suggesting that volunteers from all the study groups 

showed an improvement in their cardiovascular fitness level. HR results from the 

present study are in a partial agreement with (Goto, Ishii et al. 2007), who found that 

the mean value of HR during AE endurance exercise was significantly higher when it 

was preceded by RE with 20 min of rest compared to trial with only AE exercise. A 

study by Burleson et al. 1998 reported that mean values of HR and RER were 

significantly greater during RE than during treadmill AE (Burleson, O'Bryant et al. 1998). 

High BP (hypertension) is common comorbidity of diabetes, and it has been estimated 

to affect 20–60% of T1D and T2D (Arauz-Pacheco, Parrott et al. 2002). Hypertension is a 

major risk for the development of the macrovascular and microvascular complications 

in ND, T1D and T2D (North, Palmer 2015, Takao, Matsuyama et al. 2014, Frontoni, 

Solini et al. 2014, Pal, Radavelli-Bagatini et al. 2013, Arauz-Pacheco, Parrott et al. 2002). 

Additional blood pressure lowering was independently associated with reduced 

cardiovascular mortality and improved renal outcome (Lovshin, Zinman 2014, Poulter 

2009). The current study showed a significant reduction in HR and BP at rest which 

indicate an improvement of the cardiovascular fitness level and could lead to a 

decrease in risk factors of CVD and heart diseases mortality (Lovshin, Zinman 2014, 

Poulter 2009). Improvements in BP like what the present study showed, have been 

reported in previous studies after different modes of exercise such as AE (Montero, 

Roche et al. 2014, Collier, Kanaley et al. 2008), RE (Drenowatz, Sui et al. 2014, Collier, 

Kanaley et al. 2008) and a combination of AE and RE (Laoutaris, Adamopoulos et al. 

2013, Sigal, Kenny et al. 2007). 

As mentioned above, the present study showed that HR at rest was reduced 

significantly in all the study groups. SBP values were also reduced significantly in ND, 

T2T and T2I as well as showed an improvement for T1D. DBP at rest readings showed a 

steady decrease in all the study groups, however not at a significant level. Some of the 

above findings in the current study in agreement with a previous research showed that 

a combination of AE and RE exercise programme three times per week for 52 weeks in 

patients with T2D had a positive impact after the exercise programme on the HR and 

reduced significantly SBP and DBP (Yavari, Najafipoor et al. 2012).  
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Improvement was reported in SBP and no change in DBP with combined exercise group 

3 times weekly for 22 weeks in T2D (Sigal, Kenny et al. 2007). In addition, the effect of 

combined training programme AE and RE has been investigated for 8 weeks in T2T, 

showed that HR at rest was reduced significantly (p < 0.05) after the training 

programme (Maiorana, O'Driscoll et al. 2002). Moreover, another study on T2T 

investigated the effect of different modalities of exercise (AE, RE or combined both AE 

+ RE) showed that combined exercise had reduced significantly SBP and DBP, these 

results in partially agreement with the findings from the current work with regard T2T 

(Jorge, de Oliveira et al. 2011). 

A study on sedentary ND volunteers with normal BP (<140/90 mm Hg), showed that 12 

weeks of moderate AE (30 minutes, 5 days per week) had significantly decreased 

resting BP (Maeda, Tanabe et al. 2004). Moderate AE compared with baseline 

significantly reduced SBP (124±13 vs. 112±9 mm Hg; P < 0.05) and DBP (73±11 vs. 66±6 

mm Hg; P < 0.05) (Maeda, Tanabe et al. 2004). In contrast, a study with ND, sedentary 

subjects without high BP, found that 60 minutes of walking (either single bouts of 20 

minutes on 3 days per week, or accumulated bouts of two 10 minutes walks on 3 days 

per week) for 12 weeks was not sufficient to cause changes in BP post-intervention or 

compared with control (Murtagh, Boreham et al. 2005). It was concluded that the 

combination of the RE and AE exercise was the optimal exercise strategy for 

improvements in insulin resistance and functional limitation (Davidson, Hudson et al. 

2009).  
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Table 20: SBP Pre-EX , Post-RE and Post-AE across whole trial (12 sessions) for all the study groups (ND, T1D, T2T and T2I). Data expressed as Mean±SEM. 

 

  

SBP SYSTOLIC  1
st

 2
nd

 3
rd

 4
th

  5
th

  6
th

  7
th

  8
th

  9
th

  10
th

  11
th 

 12
th

  

ND Pre-EX  1303 1282 1272 1263 1252 1253 1263 1263 1253 1243 1253 1252 

  Post-RE  1404 1385 1313 1454 1314 1417 1257 1345 1289 1333 1354 1315 

  Post-AE  1296 1294 1313 1315 1277 1265 1286 1285 1275 1285 1235 1285 

T1D Pre-EX  1294 1265 1264 1275 1325 1274 1265 1245 1244 1264 1253 1244 

  Post-RE  1347 1364 1292 1377 1323 1356 1286 1346 1328 1314 1344 1324 

  Post-AE  1265 1284 1285 1244 1253 1274 1243 1263 1213 1235 1252 1233 

T2T Pre-EX  1304 1263 1314 1263 1294 1254 1285 1255 1234 1233 1234 1214 

  Post-RE  13411 1317 1387 1333 1303 1368 1316 1275 1305 1345 1346 1295 

  Post-AE  1345 1293 1265 1256 1264 1266 1274 1295 1276 1265 1225 1295 

T2I Pre-EX  1261 1276 1183 1175 1203 1192 1192 1184 1187 1212 1224 1211 

  Post-RE  1281 1263 1295 1304 1286 1303 1269 1333 1282 1262 1301 1261 

  Post-AE  1184 1213 1191 1273 1201 1194 1194 1224 1213 1223 1182 1211 
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Table 21: DBP Pre-EX , Post-RE and Post-AE across whole trial (12 sessions) for all the study groups (ND, T1D, T2T and T2I). Data are expressed as 
Mean±SEM. 

 

  

DBP  1
st

 2
nd

 3
rd

 4
th

  5
th

  6
th

  7
th

  8
th

  9
th

  10
th

  11
th 

 12
th

  

ND Pre-EX  793 792 783 773 724 753 805 804 784 742 733 783 

  Post-RE  772 843 741 742 762 751 723 751 722 762 752 773 

  Post-AE  745 735 744 694 725 764 775 753 724 763 733 754 

T1D Pre-EX  824 803 784 803 794 782 794 802 774 813 852 812 

  Post-RE  807 824 692 732 762 752 723 753 712 732 742 742 

  Post-AE  792 833 814 763 793 833 825 812 774 813 822 774 

T2T Pre-EX  802 793 763 773 773 723 773 735 802 742 802 763 

  Post-RE  723 673 772 692 712 712 723 703 722 743 763 733 

  Post-AE  783 743 764 752 732 722 753 743 763 732 752 773 

T2I Pre-EX  761 733 785 732 784 782 752 745 794 764 730 721 

  Post-RE  792 732 762 722 772 721 721 741 713 722 726 695 

  Post-AE  713 765 782 814 795 844 794 792 794 785 774 752 
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Table 22: HR Pre-EX , Post 1st , 2nd and 3rd set of RE across whole trial (12 sessions) for all the study groups (ND, T1D, T2T and T2I). Data are expressed 
as Mean±SEM. 

HR (BPM)  1
st

 2
nd

 3
rd

 4
th

  5
th

  6
th

  7
th

  8
th

  9
th

  10
th

  11
th 

 12
th

  

ND  Pre EX  762 764 763 752 744 753 733 725 722 723 712 683 

   Post 1st set  1205 1224 1153 1216 1192 1245 1225 1284 1263 1193 1204 1233 

   Post 2nd set  1308 1279 1218 1279 1268 1288 1289 1319 1288 1267 1238 1237 

   Post 3rd set  1446 1402 1417 1447 1343 1417 1427 1404 1434 1375 1355 1426 

T1D  Pre EX  816 803 735 775 715 773 795 774 824 825 805 814 

   Post 1st set  1264 1234 1246 1266 1214 1294 1275 1213 1215 1235 1223 1195 

   Post 2nd set  1336 1324 1326 1336 1286 1354 1335 1305 1326 1316 1316 1286 

   Post 3rd set  1396 1386 1366 1387 1336 1415 1397 1345 1367 1346 1345 1326 

T2T  Pre EX  773 782 752 752 761 732 782 783 743 733 762 734 

   Post 1st set  1264 1273 1323 1282 1242 1273 1282 1253 1224 1235 1224 1193 

   Post 2nd set  1448 1353 1354 1313 1333 1333 1333 1263 1254 1266 1275 1255 
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. 

   Post 3rd set  1425 1444 1435 1403 1404 1374 1364 1324 1314 1326 1345 1305 

T2I  Pre EX  771 814 825 774 807 743 744 7610 834 766 766 755 

   Post 1st set  1208 1195 1250 1144 1185 1122 1184 1122 1182 1222 1134 1091 

   Post 2nd set  1325 1314 1283 1253 1245 1235 1303 1174 1243 1235 1203 1184 

   Post 3rd set  1383 1363 1345 1294 1266 1286 1293 1205 1238 1296 1237 1204 
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Figure 29: SBP Pre-Ex across whole trial (12 sessions) for all the study groups (ND, T1D, T2T 
and T2I). 
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Figure 30: SBP Post-RE across whole trial (12 sessions) for all the study groups (ND, T1D, T2T 
and T2I). 

 

 

 
Figure 31: SBP Post-AE across whole trial (12 sessions) for all the study groups (ND, T1D, T2T 
and T2I). 
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Figure 32: DBP Pre-Ex across whole trial (12 sessions) for all the study groups (ND, T1D, T2T 
and T2I). 

 

 

 
Figure 33: DBP Post-RE across whole trial (12 sessions) for all the study groups (ND, T1D, T2T 
and T2I). 
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Figure 34: DBP Post-AE across whole trial (12 sessions) for all the study groups (ND, T1D, T2T 
and T2I). 

 

 

 
Figure 35: HR Post-1st set of RE across whole trial (12 sessions) for all the study groups (ND, 
T1D, T2T and T2I). 
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Figure 36: HR Post-2nd set of RE across whole trial (12 sessions) for all the study groups (ND, 
T1D, T2T and T2I). 

 

 

 

Figure 37: HR Post-3rd set of RE across whole trial (12 sessions) for all the study groups (ND, 
T1D, T2T and T2I).  
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5.6.5 Metabolic responses to exercise 

5.6.5.1  Glucose control and HbA1c 

BG levels during every single exercise session (Pre-Ex, Post-RE and Post-AE) and over 

the whole exercise trial (12 sessions) have been demonstrated in Figure 39 for ND, 

Figure 40 for T1D, Figure 41 for T2T and Figure 42 for T2I. Figure 39 shows that all ND 

volunteers were on the normoglycaemic range (4 – 8 mmol/L), for every session 

throughout the exercise trial (12 sessions).  

There was a slight increase in BG level after RE and this may be due to hepatic 

production of BG during RE exercise which is fuelled mainly by creatine phosphate (CP), 

adenosine triphosphate ATP and glycogen, due to a reliance on anaerobic glycolysis. 

However, it can be seen that after AE at the end of each exercise session BG levels 

tended to decrease because during moderate to high intensity exercise the source of 

energy is a mixture of both carbohydrate and fat.  

Figure 40 demonstrated that T1D volunteers in every session started in the 

hyperglycaemic range (8.5 – 10.5 mmol/L) which would indicate poor BG control. 

Therefore, after the (RE + AE) exercise session most of their BG values had returned to 

within the normoglycaemic range. These volunteers had deviated from the normal 

range prior the exercise session using their current insulin regimen. The benefits of 

exercise showed better glucose management, however T1D have to deal with diabetes 

on a daily basis, therefore, it is not surprising they would intensively managed their BG, 

but their insulin regimen was not ideal.  

Figure 42 shows that T2I exhibited hyperglycaemic BG (10.5 – 13.5 mmol/L) Pre Ex in 

almost every session which was higher than T1D. Some of these volunteers must have 

been exhibiting DKA symptoms on arrival prior to exercise sessions. This group of 

volunteers have more difficulties with BG management and with their current insulin 

regimen than T1D. This is not surprising as T2D who inject insulin are usually the most 

insulin resistant (Lovre, Fonseca 2015). After each exercise session BG value fell in a 

similar way to the other groups. In most session BG value returned to the 

normoglycaemic range, highlighting the benefits of the current combined exercise trial. 
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Figure 41 shows that T2T were above or near the upper high for normoglycaemic range 

Pre EX, these BG values suggest that they are not as insulin resistant as T2I who 

displayed much higher BG values at the beginning of each exercise session. This 

indicate that their insulin resistance is not as prevalence as T2I, and their residual 

pancreatic activity is still be able to maintain their BG value close to normoglycaemic 

range. This group T2T would benefit most from the exercise trial as a decrease in 

insulin resistant could prevent excursion into hyperglycaemia. Therefore, preventing 

diabetes complications and introducing insulin injections later in their lives. 

The present study show that  BG level was generally reduced after AE more than RE but 

not at hypoglycaemia level and this result in consistent with other study by Yardley, 

Iscoe et al. (2013) who studied the effect of performing RE pre- vs post AE on glucose 

control in T1D. They had similar reductions in glucose levels during moderate AE when 

performed after RE, they concluded that performing RE before AE improves glycaemic 

control (Yardley, Kenny et al. 2013).  

Moreover, Guelfi et al 2009, compared the effect of 30 min of moderate AE to 30 min 

of intermittent high-intensity exercise concluded that the decrease in BG levels was 

higher with moderate AE compared with intermittent high-intensity exercise in T1D 

(Guelfi, Jones et al. 2005). As shown in this study the AE is more likely to result in a 

reduction of BG level than RE. Yardley, Kenny et al. (2012) in agreement with this and 

they recommend performing AE after RE as in the present study protocol. BG levels are 

expected to drop steadily by this exercise protocol more than when exercise is 

performed in the opposite order (Yardley, Kenny et al. 2012). 

Figure 38 compares HbA1c values Pre-Ex in the first session with Post-Ex in the last 

session of the exercise trial (session 12) and this is one of the main findings in the 

present work. As shown in figure 38, HbA1c values decreased significantly in Post-Ex of 

12th session compared to the base line reading before exercise trial (Pre-Ex 1st session) 

in all the study groups: ND from 5.4-5.2% or 36-33mmol/mol (p ˂ 0.01), T1D 7.0 to 

6.7% or 53-50mmol/mol (p ˂ 0.01), T2T 7.6 to 7.2% or 60-55mmol/mol (p ˂ 0.05), T2I 

7.3 to 6.8 or 56-51mmol/mol (p ˂ 0.05). 
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A decrease in HbA1c level was associated with a 15% - 20% reduction in major CVD 

episodes and a 37% fall in microvascular complications (Selvin, Marinopoulos et al. 

2004, Stratton, Adler et al. 2000). Hence, in this work HbA1c levels showed a significant 

reduction of 0.3 to 0.5% which could produce a 5% to 7% reduction in CVD risk as well 

as a 18% reduction in microvascular risks. In contrast, other research has shown that 12 

weeks of either RE (8 – 12 repetition of 9 RE) or AE (40 min walk or run) performed 3 

times a week by T1D showed no improvement in HbA1c (Ramalho, de Lourdes Lima et 

al. 2006). In addition, healthy overweight or obese volunteers who have done 

combined AE and RE at moderate intensity for 30 min, 5 days/week for 12 weeks was 

reported to produce a no significant changes in BG and insulin after week 8 as well as 

at week 12 of the combined exercise intervention (Ho, Dhaliwal et al. 2012).  

 

Other study has been conducted on overweight/ obese ND volunteers who 

participated in 16 weeks of resistance training, showed that there were no statistically 

significant alterations on BG, HbA1c and insulin (Tibana, Navalta et al. 2013). However, 

other researchers have investigated the effects of 8 weeks of a combined RE and AE 

programme in T2T supported the findings from this research study and they reported 

that, fasting BG and HbA1c reduced significantly (p ˂ 0.05) after the combined training 

programme (Maiorana, O'Driscoll et al. 2002). Moreover, research conducted on the 

effect of combined RE and AE intervention for 16 weeks on glycaemic control in T2D, 

demonstrated that HbA1c, BG and insulin were improved significantly after 4 weeks 

and these variables were further significantly improved after 16 weeks (Tokmakidis, 

Zois et al. 2004). 

 

Salem, Aboelasrar et al. (2010) reported that 6 months of structured AE and RE 

exercise improved glycaemic control among children with T1D (Salem, Aboelasrar et al. 

2010). Regular physical activity has been recommended to control glycaemia without 

increasing the risk for severe hypoglycaemia (Herbst, Bachran et al. 2006). Physical 

activity has provided clear evidence of improved glycaemic control in T1D and T2D 

patients (Chimen, Kennedy 2012). In 2007 the Diabetes AE and RE (DARE) study, which 
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compared AE, RE, or both with changes in HbA1c in individuals with T2D. They found a 

reduction in HbA1c for all exercise groups compared with the control group, with the 

combination group producing a larger reduction (−1.0%) compared with the RE (−0.4%) 

and aerobic (−0.5%) groups, so they concluded that AE and RE alone each could result 

in reduction of glycaemic control. However a combined of AE and RE would be more 

effective than those of either programme alone (Sigal, Kenny et al. 2007). However, in 

this study the combination exercise (AE and RE) was performed for a total of 270 

minutes (135 minutes for each of AE and RE) per week of exercise, so it is unclear 

whether the additional benefit observed was due to the combination of AE and RE or 

to the duration of exercise time. In the present work it could be attributed that the 

reduction in HbA1c was from the effects of the six week exercise trial, because all the 

different study groups (ND, T1D, T2T and T2I) had the same intensity and duration of 

the combined RE and AE exercise regimen.  

 

  

Figure 38: HbA1c levels Pre-Ex (1st session) and Post-Ex (12th session) for all the study 
groups (ND, T1D, T2T and T2I). Data are presented as Mean ± SEM. (*) P < 0.05, (**) P < 0.01 
for (1st Pre-Ex vs 12th Post-Ex). 
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Figure 39: BG levels across the whole exercise trial (12 sessions) for ND volunteers. Data are presented as Mean ± SEM. Red lines indicate 
acceptable range. 
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Figure 40: BG levels across the whole exercise trial (12 sessions) for T1D volunteers. Data are presented as Mean ± SEM. Red lines indicate 
acceptable range. 

  

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

11.00

12.00

13.00

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th

m
m

o
l/

l 

Exercise sessions 

BG levels for T1D 

 Pre-EX

 Post-RE

 Post-AE



136 

 

 

 
Figure 41: BG levels across the whole exercise trial (12 sessions) for T2T volunteers. Data are presented as Mean ± SEM. Red lines indicate 
acceptable range. 
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Figure 42: BG levels across the whole exercise trial (12 sessions) for T2I volunteers. Data are presented as Mean ± SEM. Red lines indicate 
acceptable range. 
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5.6.5.2  Mean plasma TC responses 

Figure 43 shows that mean TC concentrations in all the study groups (ND, T1D, T2T and 

T2I) were gradually decreased after the 6th session as well as at the end after the 12th 

session. However, the reduction was not at significant level in ND, T1D and T2I. On the 

other hand, mean TC levels in T2T were significantly decreased as follows: 1st Pre-Ex = 

4.04±0.44 mmol/L, 6th Post-Ex = 3.9±0.36 mmol/L and 12th Post-Ex = 3.7±0.49 mmol/L. 

Significant levels were 12th Post-Ex vs. 1st Pre-Ex (p ˂ 0.05) and 12th Post-Ex vs. 6th Post-

Ex (p ˂ 0.05). 

 

 
  

Figure 43: Mean TC levels at three time points (1st Pre-Ex, 6th Post-Ex and 12th Post-Ex) for 
all the study groups (ND, T1D, T2T and T2I). Data are presented as Mean ± SEM. (*) P < 0.05 
for (1st Pre-Ex vs 12th Post-Ex). (a) P < 0.05 for (1st Pre-Ex vs 6th Post-Ex). 
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5.6.5.3  Mean plasma LDL responses 

Figure 44 presents the mean LDL concentrations at 3 different time points throughout 

the exercise trial (1st Pre-Ex, 6th Post-Ex and 12th Post-Ex) for all the study groups (ND, 

T1D, T2T and T2I). Mean LDL concentrations were slightly increased after 6th Post-Ex in 

T1D, T2T and T2I and no change was observed in ND compared to 1st Pre-Ex. However, 

mean LDL concentrations were decreased at 12th Post-Ex compared to 1st Pre-Ex and 

6th Post-Ex but did not reach significant level in ND, T2T and T2I. A significant reduction 

was observed in T1D from 6th Post-Ex = 1.76±0.77 mmol/L to 12th Post-Ex = 1.59±0.74 

mmol/L, with (p ˂ 0.01). 

 

 

 
Figure 44: LDL levels at three time points (1st Pre-Ex, 6th Post-Ex and 12th Post-Ex) for all the 
study groups (ND, T1D, T2T and T2I). Data are presented as Mean ± SEM. (**) P < 0.01 for 
(6th Post-Ex vs. 12th Post-Ex). 
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5.6.5.4  Mean plasma HDL responses  

Figure 45 compares the mean HDL concentrations at 3 different time points throughout 

the exercise trial (1st Pre-Ex, 6th Post-Ex and 12th Post-Ex) for all the study groups (ND, 

T1D, T2T and T2I). Mean HDL concentrations were gradually improved in all the study 

groups at 6th Post-Ex and 12th Post-Ex compared to 1st Pre-Ex, but not at a significant 

level in T2T and T2I. However, mean HDL concentrations were increased significantly in 

ND from 1st Pre-Ex =1.30±0.56 mmol/ to 12th Post-Ex = 1.62±0.51 mmol/L, with (p ˂ 

0.05), and in T1D from 1st Pre-Ex =1.27±0.50 mmol/ to 12th Post-Ex = 1.52±0.55 

mmol/L, (p ˂ 0.05). 

  

 

 
Figure 45: HDL levels at three time points (1st Pre-Ex, 6th Post-Ex and 12th Post-Ex) for all 
the study groups (ND, T1D, T2T and T2I). Data are presented as Mean ± SEM. (*) P < 0.05 for 
(1st Pre-Ex vs. 12th Post-Ex). 

 

  

0.00

0.50

1.00

1.50

2.00

2.50

ND T1D T2T T2I

m
m

o
l/

L 

Study groups 

HDL 

1st  Pre EX

6th Post EX

12th Post EX

* * 



141 

 

5.6.5.5  Mean plasma TG responses  

Figure 46 shows the mean of TG concentrations at 3 different time points throughout 

the exercise trial (1st Pre-Ex, 6th Post-Ex and 12th Post-Ex) for all the study groups (ND, 

T1D, T2T and T2I). Mean TG concentrations were reduced in 12th Post-Ex compared to 

1st Pre-Ex, but did not reach the significant level in all the study groups: ND (p = 0.30), 

T1D (p = 0.34), T2T (p = 0. 26) and T2I (p = 0.96). 

 

 
Figure 46: TG levels at three time points (1st Pre-Ex, 6th Post-Ex and 12th Post-Ex) for all the 
study groups (ND, T1D, T2T and T2I). Data are presented as Mean ± SEM. 

 

All the volunteers from the different study groups (ND, T1D, T2T and T2I) started the 

exercise trial with well controlled lipid profile, most likely because of the restricted 

exclusion criteria and high percentage of T2T and T2I volunteers taking medication.  

It should be note that during the last few years efforts have been made to simplify 

blood sampling by replacing fasting lipid profile with non-fasting lipid profile as it has 

been found that lipids and lipoproteins were not much different in fasting and non-

fasting state with the exception of TG which were higher in non-fasting state and all 

these were associated with cardiovascular risk prediction (Nordestgaard, Langsted et 
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cardiovascular risk as compared to fasting TG (Bansal, Buring et al. 2007, Nordestgaard, 

Benn et al. 2007). 

Mean TC, LDL, HDL and TG concentrations were gradually improved at 6th Post-Ex and 

12th Post-Ex and were within the normal range for most of the volunteers. As would be 

expected ND volunteers had normal lipids profile because they were healthy, T1D were 

younger, and most T2T and T2I were on lipid lowering medication such as statin. Most 

common lipid abnormalities in T2D are increased plasma TG and low levels of HDL. 

Controlling lipid profile is very important In ND and even more crucial in T1D and T2D 

because high lipid profile would lead CVD and diabetes complications. It has been 

known for decades that exercise and physical activity one of the main cornerstone with 

medication and diet to treat and manage diabetes and high lipid profiles (Yavari, 

Najafipoor et al. 2012, Sigal, Kenny et al. 2006).  

The findings from the present study in relation to lipid profile (TC, HDL, LDL and TG) are 

consistent with previous studies such as an exercise study investigated by Yavari et al 

2012 and his colleagues who had compared between AE and RE alone or the 

combination of AE and RE three times per week for 52 weeks in patients with T2D. This 

study showed that a combination of RE and AE led to reduction in TC, TG, no change in 

HDL and decreased LDL level close to significant level (P = 0.07), (Yavari, Najafipoor et 

al. 2012). 

Other researchers have investigated the effects of 8 weeks of a combined RE and AE 

programme in T2T supported parts of the findings from this research study and they 

reported that there was a significant reduction in HbA1c, HR at rest, no significant 

changes in TC, LDL, and a slight decrease in HDL and TG after the combined training 

programme (Maiorana, O'Driscoll et al. 2002). It is not surprising that there was a slight 

change detected in this study as the lipid profile for the volunteers was within the 

normal range in the untrained state. Similarly, the results in the present work also 

showed lipid profile prior to exercise well within the normal range, however showed 

significant improvement in some of the lipids over a shorter time period of six weeks.   
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In addition, a research study consisted of AE or a combined of AE and RE in obese T2D 

on diet treatment for 3 weeks, was partially consistent with the present study. Lucotti 

et al 2011 showed that TC and TG had a significant reduction and slight improvement in 

HDL after the combined Ex programme compared with no significant changes for the 

lipid profile with AE only (Lucotti, Monti et al. 2011). In addition, healthy overweight or 

obese volunteers who have participated in a combined AE and RE at moderate 

intensity for 30 min, 5 days/week for 12 weeks was reported to produce a no 

significant improvement of TG, TC, HDL and LDL after week 8 as well as week 12 (Ho, 

Dhaliwal et al. 2012). Another study has been conducted on overweight/ obese ND 

volunteers who participated in 16 weeks of resistance training, showed that there were 

no statistically significant alterations on BG, HbA1c, insulin, TG, and HDL (Tibana, 

Navalta et al. 2013). In contrast, the present study findings show significant increase in 

HDL level and decrease in HbA1c for ND; however it is in agreement with no significant 

change in TG, TC and LDL for ND volunteers. 

Sigal et al 2007 investigated the effects of AE, RT and combined (AE + RT) training on 

cardiovascular risk factors in T2T individuals. Similar to the results of the present study, 

there was a significant fall in TC, LDL and TG after the combination exercise 

programme. Changes in body modification were only significantly produced with AE 

and combined training. After 22 weeks of RE associated with dietetic reduction, there 

was a decrease of HbA1c while combined training induced a superior decrease on 

HbA1c compared to only AE or RT (Sigal, Kenny et al. 2007).  

Moreover, research on T2T investigated the effect of different modalities of exercise 

(AE, RE or combined both AE + RE) showed that combined exercise had reduced 

significantly TC and TG level and did change HDL level. These results in agreement with 

the findings from the current work with regard T2T (Jorge, de Oliveira et al. 2011). A 

randomised control trial also examined the effect of different exercise interventions 

(AE, RE or combined both AE + RE) for 6 months in ND older obese adults. In a study by 

Davidson et al. 2009, where nutritional intake was strictly controlled and the results 

obtained could be attributed to the exercise performed and the reduction in nutritional 
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intake. Improvements were obtained in total abdominal and visceral fat and 

cardiovascular fitness in both groups studied (Davidson, Hudson et al. 2009).  

5.6.5.6  Mean plasma Insulin and C-peptide responses  

Figure 47, 48 and 49 shows the acute response of the mean of insulin, BG and C-

peptide concentrations, respectively at 3 different time points in the first exercise 

session (Pre-Ex, Post-RE and Post-AE) for all the study groups (ND, T1D, T2T and T2I). As 

can be seen from Figure 47 and 48, mean insulin and BG levels were decreased 

similarly, and no significant changes were observed in ND, T1D and T2I. However, in 

T2T mean BG level had significantly declined Post-AE compared to Pre-Ex (from 8.2±1.5 

mmol/L to 5.6±0.5 mmol/L), (P < 0.05). Likewise, in T2T the mean insulin level was 

significantly decreased Post-AE compared to Pre-Ex (from 42.03±24.8 ulU/ml to 

19.29±11.5 ulU/ml), (P < 0.05) and Post-RE compared to Pre-Ex (from 42.03±24.8 

ulU/ml to 26.9±13.7 ulU/ml), (P < 0.05). Figure 49 shows that mean C-peptide levels 

were reduced Post-RE and Post-AE, which indicate that it had similar responses to 

exercise as Insulin in ND, T2T and T2I. C-peptide levels were reduced at a significant 

level Pre-Ex vs. Post-AE, in ND from 2.53±1.2 to 1.61±0.4 ng/ml, (P < 0.05) and in T2T 

from 7.01±3.3 to 4.33±1.9 ng/ml. As would be expected there were very low or almost 

no C-peptide in T1D. In T2I, mean C-peptide levels were reduced Post-RE and Post-AE, 

but no significant changes were observed.  

Figure 50 and 51 show mean insulin and C-peptide levels, respectively across the whole 

exercise trial for all the study groups (ND, T1D, T2T and T2I). Insulin and C-peptide 

levels were decreased after the 2nd session then had similar trend. In general, Insulin 

and C-peptide levels were decreased in 12th Post-Ex compared to 1st Pre-Ex. BG control 

depends on neuroendocrine system activities, at rest cellular BG uptake rely on insulin, 

where the glucose transporter 4 (GLUT-4) is translocated to the cell membrane, 

allowing glucose to ingress the cell cytoplasm. The presence of GLUT-4 in the cell 

membrane is magnified with exercise, leading to elevated glucose uptake, even in low 

insulin concentrations (Krook, Wallberg-Henriksson et al. 2004). Exercise stimulates a 

fall in BG, which is related to the duration and intensity of the exercise, BG control 
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before the exercise and state of physical training (Asano, Sales et al. 2014). Higher C-

peptide levels are associated with elevated lipid profile and complications such as 

nephropathy vascular disease in T2D (Mavrakanas, Frachebois et al. 2009). During 

moderate intensity exercise in ND individual, the rise in peripheral glucose uptake is 

matched by an equal rise in hepatic glucose production, the result being that BG does 

not change except during prolonged, glycogen-depleting exercise (Borghouts, 

Wagenmakers et al. 2002, Burke, Hawley 1999) and this in agreement with the findings 

from the current study, (Refer to Figure 39).  

In individuals with T2D performing moderate exercise, BG utilisation by muscles usually 

rises more than hepatic glucose production, and BG levels tend to decline (Minuk, 

Vranic et al. 1981), this support the results from the present study (Refer to Figure 41). 

The effects of one AE session on insulin sensitivity would be dependent on factors such 

as duration, intensity, and subsequent diet; a single session would promote insulin 

sensitivity and glucose tolerance for more than 24 h but usually less than 72 h (Boule, 

Weisnagel et al. 2005, Cartee, Young et al. 1989). A single bout of exercise increase 

skeletal muscle BG uptake by enhance insulin clearance in T2D, although the resultant, 

insulin action after exercise is generally short-lived and disappears after about 48 hours 

(Hawley, Lessard 2008, King, Baldus et al. 1995). Directly after exercise, glycogen 

depletion increase BG uptake, which might last for several hours after an acute exercise 

session with little insulin required (Halse, Bonavaud et al. 2001). Musi et al, 2001 has 

shown that decline of the insulin concentration was also observed in T2D during a 

moderate exercise (Musi, Fujii et al. 2001), but not during intense exercise (Kjaer, 

Hollenbeck et al. 1990).  

After exercise a fall in BG when performing AE accompanied by a decrease of insulin 

and C-peptide level in T2D was reported and in line with the findings from the current 

study. A reduction in insulin concentration directly after exercise is a desirable 

phenomenon as it assures better glucose supply (Zajadacz, Skarpańska-Stejnborn et al. 

2009). 

Insulin and C-peptide are released by β cells in the pancreas in similar amounts; 

however, a significant proportion of insulin is removed by the liver. Healthy overweight 
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or obese volunteers who have done combined AE and RE at moderate intensity for 30 

min, 5 days/week for 12 weeks were reported to produce a no significant changes in 

BG and insulin after week 8 as well as at week 12 of the combined exercise 

intervention (Ho, Dhaliwal et al. 2012). A study has been conducted on overweight/ 

obese ND volunteers who participated in 16 weeks of resistance training, showed that 

there were no statistically significant alterations on BG, HbA1c and insulin (Tibana, 

Navalta et al. 2013). It was concluded that the combination of the RE and AE exercise 

was the optimal exercise strategy for improvements to insulin resistance and functional 

limitations (Davidson, Hudson et al. 2009). Moreover, a research conducted the effect 

of combined RE and AE intervention for 16 weeks on glycaemic control in T2D, 

demonstrated that HbA1c, BG and insulin were improved significantly after 4 weeks 

and these variables were further significantly improved after 16 weeks (Tokmakidis, 

Zois et al. 2004). A combination of AE and RE may be more effective for BG 

management than either type of exercise alone (Jorge, de Oliveira et al. 2011, Sigal, 

Kenny et al. 2007).  

An increase in muscle mass resulting from RE would promote BG uptake without 

altering the muscle’s ability to respond to insulin. AE enhances this uptake by a greater 

insulin, despite any changes in muscle mass or aerobic capacity. AE and RE in 

combination can improve BG control than either form of exercise alone; however, more 

studies are needed to determine if total caloric expenditure, exercise, duration, or 

exercise mode are responsible. 
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Figure 47: Acute response of Insulin levels to exercise on the first session (Pre-Ex, Post-RE 
and Post-AE) for all the study groups (ND, T1D, T2T and T2I). Data are presented as Mean ± 
SEM. (*) P < 0.05 for Pre-Ex vs. Post-AE). (b) P < 0.05 for Pre-Ex vs. Post-RE. 

 

 

 
Figure 48: Acute response of BG levels to exercise on the first session (Pre-Ex, Post-RE and 
Post-AE) for all the study groups (ND, T1D, T2T and T2I). Data are presented as Mean ± SEM. 
(**) P < 0.01 for Pre-Ex vs. Post-AE). 
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Figure 49: Acute response of C-peptide levels to exercise on the first session (Pre-Ex, Post-RE 
and Post-AE) for all the study groups (ND, T1D, T2T and T2I). Data are presented as Mean ± 
SEM. (*) P < 0.05 for (Pre-RE vs Post-AE) (**) P < 0.01 for (Pre-Ex vs Post-AE). 
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Figure 50: Mean insulin levels across the whole exercise trial for all the study groups (ND, 
T1D, T2T and T2I). 

 

 

 

Figure 51: Mean C-peptide levels across the whole exercise trial for all the study groups (ND, 
T1D, T2T and T2I). 
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5.7  Conclusion 

This work examined the effects of a combination exercise protocol of RE and AE 

modalities on cardiovascular parameters, objective and subjective assessment of 

strength, metabolic metrics, as well as glucose and lipid profile in T1D and T2D 

compared with ND.  It is the first study to report significant improvements in aerobic 

capacity, as well as strength, in T1D and T2D subjects following same combined 

exercise programme of RE and AE for six weeks.  

Resting HR was significantly improved in all the study groups: eg ND from 72.3 to 68.7, 

T1D from 74.6 to 70.7, T2T from 77.4 to 73.0, T2I 69.7 to 66.0. Similarly both resting 

blood pressures (SBP and DBP) were reduced. 

The protocol minimised local muscle fatigue but the 1RM strength improvement was 

clear for the five different RE exercises working upper and lower muscle group ( Chest, 

Squat, Back, Biceps and Triceps) in all the study groups (ND, T1D, T2T and T2I). All the 

volunteers showed significant strength increases ranging from 16% to 75% in all 

exercises. T2T and T2I had the highest percentage of improvement than T1D and ND.  

The RPE data over the 12 week exercise trial period in all the study groups reveals that 

there has been downward slope in the volunteer’s perceived exertion to RE, agreeing 

with others (Fenicchia, Kanaley et al. 2004). 

In addition, HbA1c decreased and can be linked to Increases in muscle mass as skeletal 

muscle represents the largest mass of insulin sensitive tissue. Glucose was measured 

by HbA1c while BG was also linked to insulin levels. As shown in Figure 38, HbA1c 

values were decreased significantly in Post-Ex of 12th session compared to the base line 

reading before exercise trial (Pre-Ex 1st session) in all the study groups. 

Mean Insulin and BG levels were decreased similarly in all groups for the acute phase 

of both exercise types, significantly in the case of T2T. This was also true for mean C-

peptide levels which were reduced Post-RE and Post-AE, indicating similar responses to 

exercise as Insulin in all groups. Not surprisingly, there were very low C-peptide in T1D 

while in T2I, mean C-peptide levels were reduced Post-RE and Post-AE as receptors 

were made more effective when exercised.  
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The RER readings for all the groups were steady and most of the values were between 

0.85 and 1 which indicates that carbohydrates are being predominantly used during 

the 20 min of AE in all the groups. These results correlate and support the findings 

from the BG responses to exercise across the whole trial (12 sessions).  

The mean TC concentrations in all the study groups were gradually decreased after the 

6th session as well as at the end after the 12th session. However, the reduction was not 

at significant level in ND, T1D and T2I. Mean LDL concentrations were decreased at 12th 

Post-Ex compared to 1st Pre-Ex and 6th Post-Ex but did not reach significant level in ND, 

T2T and T2I. A significant reduction was observed in T1D. Mean HDL concentrations 

were gradually improved in all the study groups at 6th Post-Ex and 12th Post-Ex 

compared to 1st Pre-Ex, but not at a significant level in T2T and T2I. However, mean 

HDL concentrations were increased significantly in ND and T1D. Mean TG 

concentrations were reduced in 12th Post-Ex compared to 1st Pre-Ex. Blood lipids 

probably relate to body size. In the present study, %BF and waist:hip ratio decreased, 

body weight did not change and upper and lower muscle strength improved 

significantly, suggesting that lean body mass increased. 

Although the exercise programme here was tightly regimented and supervised for the 

purpose of documenting its effects, the principles of such a programme should be 

generally applicable to diabetic subjects able to undertake exercise at a gym or sport 

centre.  
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Chapter 6: Effects of acute and chronic combined exercise 
programme on immune-inflammatory markers in 
T1D and T2D  

6.1 Introduction 

A complex interaction between innate and adaptive immune system cells and 

pancreatic β-cells is considered to be behind the development of T1D (Lehuen, Diana 

et al. 2010). Insulin resistance and β-cells destruction suggest have a primarily role in 

the development of T2D. Variation in blood circulation adipokines levels along with 

other elements produced by adipose cells, develop a significant link between extra 

adiposity in obesity and both of those factors earlier mentioned (Dunmore, Brown 

2013). Obesity and abnormal (visceral) fat distribution increase the risk for metabolic 

(T2D and dyslipidaemia), cardiovascular (hypertension, CAD, stroke) diseases (Blüher, 

Mantzoros 2015, Van Gaal, Mertens et al. 2006).  

Inflammatory markers released from adipose tissues and other tissues contribute to 

alteration in the body composition and endocrine gland dysfunction in obesity 

(Labouesse, Gertz et al. 2014, Prestes, Shiguemoto et al. 2009, Forsythe, Wallace et al. 

2008). Some studies have mentioned that there is association between obesity and 

increases in the levels of TNF-α, IL-6 and CRP inflammatory markers and high risk of 

CHD (Akbarpour 2013, Bouassida, Chamari et al. 2010, Beavers, Hsu et al. 2010). 

Cytokines IL-6 and TNFα each play a significant role in the pathogenesis of T2D 

(Hossain, Faruque et al. 2010, Rodriguez-Caballero, Garcia-Montero et al. 2004). Pro-

inflammatory cytokines TNFα and IL-6 might results in deteriorate of the pancreatic β-

cells (Donath, Storling et al. 2003). However, chronic effect of exercise induced insulin 

sensitivity as a result of hypertrophy and replication of the pancreatic β-cells. In 

addition, GLUT-2 and protein kinase B were significantly increased after regular 

exercise (Giovanni Vinetti, Chiara Mozzini et al. 2015). Interestingly , IL6 released from 

skeletal muscle during exercise seems to promote Glucagon-like-peptide 1 (GLP-1) 

secretion which in turn elicit insulin release (more precisely glucose-induced insulin 

release) and regeneration of β cells, so In this particular circumstance interleukin acts 
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as an anti-inflammatory agent. Interestingly is GLP-1 released from α pancreatic cells 

and not from ileal cells (Ellingsgaard, Hauselmann et al. 2011). 

Initially, the function of adipose tissue was thought to be as largest source of energy 

storage in the body; however, it has become clear that adipose tissue is in fact the 

largest endocrine organ in the body, secreting hormones and many bioactive 

substances (adipocytokines) such as IL-6, TNFα , resistin and leptin that are required for 

normal body function and are found at altered levels in metabolic disease (Poulos, 

Hausman et al. 2010, Galic, Oakhill et al. 2010). Adipocytokines appear to contribute to 

inflammation and atherosclerosis and may be involved in the development of T2D, 

possibly constituting the missing link between obesity and insulin resistance (Havel 

2002). Obesity-related insulin resistance is strongly associated with a relative increase 

in inflammation in adipose tissue. It is suggested that adipocytokines secreted by 

adipose tissue play a role in the development of obesity-related complications and 

diabetes. TNFα is one of the major inflammatory mediators secreted by macrophages 

upon stimulation with pro-inflammatory molecules. Leptin is identified as an adipokine 

related to the body fat mass and the loss of weight and fat percentage is often 

accompanied by a decrease in the leptin levels (Koerner, Kratzsch et al. 2005, Sinha, 

Ohannesian et al. 1996). An increase in the level of leptin is observed in heart diseases 

and diabetes. Leptin could have impact on glucose metabolism via different actions, 

such as muscle glucose uptake, liver glucose production and glucagon release by 

pancreatic α-cells. Leptin suppresses insulin secretion, as well as induces fatty acid 

oxidation, while insulin promotes leptin release (Park, Ahima 2015).  

Resistin is a hormone identified as one of the markers of atherosclerosis and is one of 

the important predicting factors of CVD (Kadoglou, Perrea et al. 2007). The increase in 

the level of resistin mostly happens in inflammatory conditions and it is shown that 

resistin stimulates the synthesis and the release of pre-inflammatory cytokines such as 

TNFα (Silswal, Singh et al. 2005). The inflammatory cytokines, TNFα and interleukin IL-6 

have been associated with insulin resistance, obesity, T1D and T2D. Any improvement 

in these inflammatory cytokines would improve and decrease the risk factors for some 

chronic diseases and conditions such as diabetes, obesity and heart diseases (Blüher, 
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Mantzoros 2015). AE and RE (acute and chronic) have different impacts on 

inflammatory adipocytokines (Cullen, Thomas et al. 2015, Moran, Barwell et al. 2011, 

Goldhammer, Tanchilevitch et al. 2005).  

It is well-known that a single bout of strenuous or moderate exercise acutely increases 

systemic IL-6 levels, as well as concentrations of other cytokines such as TNFα 

(Christiansen, Bruun J. et al. 2013, Pedersen, Steensberg et al. 2001). In acute exercise, 

IL-6 is released by muscles and the level of IL-6 may increase significantly (Christiansen, 

Bruun J. et al. 2013, Petersen, Pedersen 2005). Chronic exercise for different duration 

and intensities reduce the basal level of TNFα, IL-6 , resistin and leptin (Reihmane, Dela 

2014, Rashidlamir, Saadatnia 2012, Moran, Barwell et al. 2011).  

Exercise has been shown to lower levels of inflammatory markers. However, results are 

inconsistent, indicating different modes, durations and intensities of exercise may have 

different effects on inflammatory cytokines. Exercise may lower the risk for coronary 

heart disease (CHD) by mitigating inflammation. 

6.2 Study aims 

The purpose of the present study is to examine the effects of one exercise session 

(acute effect) and 12 sessions (chronic effect) of combination RE and AE exercise on 

selected immune-inflammatory parameters such as IL-6, TNFα, leptin and resistin in 

ND, T1D and T2D. 

6.3 Volunteers 

Four groups of volunteers (n = 25) were involved in this study: ND = 7, T1D = 7, T2T = 7 

and T2I = 4. The volunteers were 18-55 years old and not physically active or engaged 

in any regular exercise or training programmes. Volunteers were recruited and 

screened as detailed in Section 2.4.2 and 2.5.1.  
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6.4 Inclusion and exclusion criteria 

Subjects who volunteered in this study had to meet specific inclusion criteria as they 

were defined in section 2.4.1. Further information detailing recruitment response and 

excluded volunteers can be found in 2.4 and 2.4.2. 

6.5 Materials and methods  

A brief description of the methods is provided below. Please refer to the methods in 

Chapter 2 for more detailed description of procedures associated with this chapter. 

6.5.1 Experimental design 

After the preliminary tests and familiarisation sessions (Section 2.5.1), volunteers 

participated in the main exercise trial which was a combined exercise session involving 

stretches, warm up on the bike for 10 min followed by 35 min of RE at 50-60% of 1RM 

(determined in Section 2.5.1.2). After RE they had 5 min of rest followed by 20 min of 

AE (cycling) at 50-60% of HRR (Section 2.5.1.3) and finally 10 min cooling down involves 

stretches (Figure ). The chronic exercise programme involved 2 sessions (48 hours 

apart) for a total of 150 min each week for a 6-week period. Detailed description for 

the main exercise trial can be found in (see Section 2.5.2).  

6.5.2 Blood collection, IL-6, TNFα, leptin and resistin 

Venous blood samples were collected from the volunteers in EDTA tubes as described 

in (Section 2.3.15). It was of interest to investigate the effects of acute and chronic 

exercise on immune-inflammatry markers IL-6, TNFα, leptin and resistin. Three blood 

samples were collected from the volunteer at the time points shown in (Figure 52). For 

the chronic effect, seven blood samples were collected as shown in (Figure 53). IL-6, 

TNFα, leptin and resistin were determined using ELISA technique by Randox machine 

(Section 2.3.18).  
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Figure 52: Venous blood samples from the first exercise session (acute effect). 

 

 

 
Figure 53: Venous blood samples throughout the exercise trial (chronic effect). 
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6.6 Results and discussion 

6.6.1 Mean plasma IL-6 responses to exercise 

Figure 54 shows the acute response of IL-6 concentrations to a single bout of RE and AE 

exercises, there was gradual elevation of IL-6 concentrations after RE then after AE as 

well in all the study groups (ND, T1D, T2T and T2I). There were no significant 

differences between the baseline concentrations Pre EX and Post RE or Post AE, as well 

as no significant changes detected Post-RE vs. Post-AE in ND, T1D and T2I. However, in 

T2T a significant increase in IL-6 concentration was detected Post-AE vs Pre-EX (3.67 vs. 

1.66 pg/ml) with p < 0.05. Table 23 presents the chronic response of IL-6 

concentrations across the exercise trial for six weeks (12 sessions) for all the study 

groups. There were reductions in IL-6 concentrations after the last session (12th Post-

Ex) compared to the concentrations at the first session (1st Pre-AE) in all the study 

groups, but it did not reach the significant levels and can be summarised as follows: ND 

(from 3.97±4.3 to 2.7±3.0 pg/ml, p = 0.25), T1D (from 2.15±1.2 to 1.02±0.2 pg/ml, p = 

0.22), T2T (from 3.67±0.3 to 2.72±1.4 pg/ml, p = 0.30) and T2I (from 3.66±2.7 to 

1.17±0.4 pg/ml, p = 0.22).  
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Figure 54: Acute response of IL-6 levels to exercise on the first session (Pre-Ex, Post-RE and 
Post-AE) for all the study groups (ND, T1D, T2T and T2I). Data are presented as Mean ± SEM. 
(*) P < 0.05 for (Pre-Ex vs. Post-RE). 

 

 

Table 23: Mean IL-6 concentrations across the whole exercise trial for all the study groups 
(ND, T1D, T2T and T2I). Data are presented as Mean±SD. P value is for 1st Post-AE vs. 12th 
Post-EX. 
 

IL-6 1st Post AE 2nd 4th 6th 10th 12th P value 

ND 3.97±4.3 3.65±3.7 3.59±4.2 4.06±4.8 3.74±3.3 2.7±3.0 0.25 

T1D 2.15±1.2 1.50±1.0 1.97±1.0 1.64±0.9 1.56±1.3 1.02±0.2 0.22 

T2T 3.67±0.3 4.44±4.3 4.81±4.6 2.19±0.8 2.43±0.7 2.72±1.4 0.30 

T2I 3.66±2.7 3.53±3.3 2.17±1.7 1.44±0.5 1.11±0.3 1.17±0.4 0.22 
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6.6.2 Mean plasma TNFα responses to exercise 

Figure 55 shows the acute response of TNFα concentrations to a single bout of RE and 

AE exercises. There was slight reduction of TNFα concentrations Post RE 3.79±1 pg/ml 

then Post AE 3.63±0.4 pg/ml as well, in ND compared to the baseline reading Pre Ex 

4.15±1 pg/ml. There was a slight decrease in T1D and small increase in T2I after both 

types of exercise RE and AE. A minor increase Post RE 4.19±1.0 pg/ml has been 

detected in T2T, however, TNFα level was back close the baseline reading Pre EX 

3.74±0.8 pg/ml at the end of the session Post AE 3.93±1.1 pg/ml. None of the above 

differences were statistically significant. Table 24 presents the chronic response of 

TNFα concentrations across the exercise trial for six weeks (12 sessions) for all the 

study groups. There were reductions in TNFα concentrations after the last session (12th 

Post-Ex) compared to the concentrations at the first session (1st Post-AE) in all the 

study groups (ND, T1D, T2T and T2I), but it did not reach the significant levels and can 

be summarised as follows: ND (from 3.63±0.4 to 3.42±0.3 pg/ml, p = 0.5), T1D (from 

3.11±2.0 to 2.89±1.6 pg/ml, p = 0.4), T2T (from 3.93±1.1 to 3.56±0.6 pg/ml, p = 0.4) 

and T2I (from 5.1±1.6 to 4.20±0.5 pg/ml, p = 0.3).  
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Figure 55: Acute response of TNFα levels to exercise on the first session (Pre-Ex, Post-RE and 
Post-AE) for all the study groups (ND, T1D, T2T and T2I). Data are presented as Mean ± SEM. 

 

Table 24: Mean TNFα concentrations across the whole exercise trial (12 sessions) for all the 
study groups (ND, T1D, T2T and T2I). Data are presented as Mean±SD. P value is for 1st Post-
AE vs. 12th Post-EX. 

TNFα 1st Post AE 2nd 4th 6th 10th 12th P value 

ND 3.63 ±0.4 3.26±0.6 3.52±0.6 3.89±0.8 4.18±0.8 3.42±0.3 0.5 

T1D 3.11±2.0 3.45±2.2 3.42±2.1 3.81±2.5 3.14±1.8 2.89±1.6 0.4 

T2T 3.93±1.1 4.12±1.0 4.35±0.8 4.09±0.6 4.09±1.0 3.56±0.6 0.4 

T2I 5.10±1.6 5.98±2.4 4.35±0.8 4.15±0.8 4.19±0.8 4.20±0.5 0.3 

 

6.6.3 Mean plasma leptin responses to exercise 

Figure 56 shows the acute response of leptin concentrations to a single bout of RE and 

AE exercises. There was slight reduction of leptin concentrations which were non-

significant after exercise as follows: ND (Pre Ex = 1.19±0.6 pg/ml, Post RE = 0.92±0.2 

pg/ml and Post AE = 0.93±0.3 pg/ml), T1D (Pre Ex = 1.45±0.5 pg/ml, Post RE = 1.19±0.6 

pg/ml and Post AE = 1.01±0.6 pg/ml), and T2I (Pre Ex = 1.67±1.0 pg/ml, Post RE = 

1.63±1.0 pg/ml and Post AE = 1.49±0.8 pg/ml). Figure 56 shows that In T2T, there was 
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no change between the two types of exercise Post RE and Post AE as well as the 

baseline Pre Ex concentrations. No significant differences were found in between the 

exercises (Post RE and Post AE) and versus the baseline Pre EX in all the study groups 

(ND, T1D, T2T and T2I). Table 25 demonstrates the chronic response of leptin 

concentrations across the exercise trial for six weeks (12 sessions) for all the study 

groups. There were reductions in leptin concentrations after the last session (12th Post-

Ex) compared to the concentrations at the first session (1st Post-AE) in all the study 

groups except in T2T, where leptin level had slightly increased. None of these 

differences were statistically significant and can be summarised as follows: ND (from 

0.93±0.3 to 0.89±0.1 pg/ml, p = 0.9), T1D (from 1.01±0.6 to 0.95±0.4 pg/ml, p = 0.6), 

T2T (from 1.24±0.5 to 1.33±0.6 pg/ml, p = 0.6) and T2I (from 1.50±0.8 to 1.43±1.0 

pg/ml, p = 0.2).  

 

 

Figure 56: Acute response of Leptin levels to exercise on the first session (Pre-Ex, Post-RE and 
Post-AE) for all the study groups (ND, T1D, T2T and T2I). Data are presented as Mean ± SEM. 
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Table 25: Mean Leptin concentrations across the whole exercise trial (12 sessions) for all the 
study groups (ND, T1D, T2T and T2I). Data are presented as Mean±SD. P value is for 1st Post-
AE vs. 12th Post-EX. 

 

Leptin 1st Post AE 2nd 4th 6th 10th 12th P value 

ND 0.93±0.3 0.99±0.1 1.15±0.5 1.44±0.9 1.19±0.2 0.89±0.1 0.9 

T1D 1.01±0.6 0.92±0.4 0.95±0.6 0.98±0.5 0.99±0.6 0.95±0.4 0.6 

T2T 1.24±0.5 1.36±0.2 1.62±0.6 1.46±0.7 1.53±0.6 1.33±0.6 0.6 

T2I 1.50±0.8 1.87±0.8 1.35±0.5 1.49±0.4 1.72±0.9 1.43±1.0  0.2 

 

6.6.4 Mean plasma Resistin responses to exercise 

Figure 57 shows the acute response of resistin concentrations to a single bout of RE 

and AE exercises. There was slight reduction of resistin concentrations have been 

observed after exercise in ND with no significant differences between the three time 

points (Pre Ex = 3.11±1.1 ng/ml, Post RE = 2.89±0.9 ng/ml and Post AE = 2.71±0.9 

ng/ml). In contrast, as can be seen from Figure 57, with T2I there was a clear trend of 

increasing in resistin concentrations from Pre Ex = 1.92±0.2 ng/ml to Post RE = 2.06±0.4 

ng/ml and Post AE = 2.21±0.4 ng/ml with P < 0.05 for Post-RE vs. Post-AE. In T1D, 

resistin concentrations have increased Post RE = 2.63±1.6 ng/ml compared to Pre Ex = 

2.5±1.7 ng/ml and back to the Pre EX level in Post AE = 2.5±1.5 ng/ml. T2T had the 

same trend of resistin concentrations, it had increased Post RE and decreased Post AE 

although it was higher than the baseline reading: (Pre Ex = 2.79±0.4 ng/ml, Post RE = 

3.42±0.8 ng/ml and Post AE = 3.01±0.8 ng/ml). There were no significant differences in 

these results for T1D and T2T.  

Table 26 compares the chronic response of resistin concentrations across the exercise 

trial for six weeks (12 sessions) for all the study groups. There were reductions in 

resistin concentrations after the last session (12th Post-Ex) compared to the 

concentrations at the first session (1st Post-AE) in all the study groups (ND, T1D, T2T 

and T2I), but none of these differences were statistically significant and the results can 
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be summarised as follows: ND (from 2.71±0.9 to 2.56±0.9 ng/ml, p = 0.4), T1D (from 

2.50±1.5 to 2.36±1.7 ng/ml, p = 0.5), T2T (from 3.02±0.8 to 2.73±0.6 ng/ml, p = 0.4) 

and T2I (from 2.21±0.4 to 1.84±0.5 ng/ml, p = 0.1).  

 

 

Figure 57: Acute response of resistin levels to exercise on the first session (Pre-Ex, Post-RE 
and Post-AE) for all the study groups (ND, T1D, T2T and T2I). Data are presented as Mean ± 
SEM. (*) P < 0.05 for Post-RE vs. Post-AE). 

 

 

Table 26: Mean resistin concentrations across the whole exercise trial (12 sessions) for all the 
study groups (ND, T1D, T2T and T2I). Data are presented as Mean±SD. P value is for 1st Post-
AE vs. 12th Post-EX. 

 

Resistin 1st Post AE 2nd 4th 6th 10th 12th P value 

ND 2.71±0.9 2.85±0.9 2.50±0.7 2.72±0.8 3.42±2.2 2.56±0.9 0.4 

T1D 2.50±1.5 2.90±1.8 2.97±2.0 3.34±2.4 2.53±1.6 2.36±1.7 0.5 

T2T 3.02±0.8 2.98±1.0 2.59±1.0 2.88±1.0 3.21±1.2 2.73±0.6 0.4 

T2I 2.21±0.4 2.10±0.8 2.18±1.1 1.93±0.8 1.74±0.9 1.84±0.5 0.1 

 

The above results can be favourably compared with the work of others for the 

preventive and therapeutic effects of exercise in obesity and diabetes. Interestingly, 
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there have been relatively very few studies where a single exercise regime of AE and RE 

components has been applied to ND, T1D and T2D volunteers.  

The current research has investigated the effects of acute and chronic combined 

exercise programme (AE and RE) on immune-inflammatory markers in ND, T1D and 

T2D. Specifically it has tested the hypothesis that exercise (AE and RE) would induce 

reduction and improvement in resistin, leptin, IL-6 and TNFα. 

Exercise suppresses the production of proinflammatory cytokines and enhances anti-

inflammatory cytokines. Because proinflammatory cytokines IL-6 and TNFα have 

cytotoxic actions, it can be proposed that regular exercise prevents further damage to 

insulin-producing β-cells by attenuating the production of these proinflammatory 

cytokines (Akbarpour 2013, Jorge, de Oliveira et al. 2011). However, the effects of IL-6 

can be complex, as, despite its known proinflammatory effects, it can also promote 

insulin release and possibly pancreatic beta cell regeneration via activation GLP-1 

peptide release from pancreatic α-cells (Ellingsgaard, Hauselmann et al. 2011). 

It has been determined that regular physical activity and exercise decrease the levels of 

inflammatory markers and decrease the risk of CHD (Beavers, Hsu et al. 2010). The 

results of different researches investigated the effects of regular exercise in diabetes 

TD1, T2D as well as ND have reported significantly decreases in the levels of TNF-α, IL-

6, IL-1β and CRP (Rosa, Heydari et al. 2011, Christiansen, Paulsen et al. 2010, Nicklas, 

Hsu et al. 2008, Kadoglou, Perrea et al. 2007, Kohut, McCann et al. 2006). There is a 

relationship between higher levels of physical activity/physical fitness and lower levels 

of these inflammatory markers (Akbarpour 2013). It has been established that IL-6 can 

be released locally from contracting skeletal muscle tissue and that the net release 

from the muscle can account for the exercise-induced rise in arterial concentration of 

IL-6 (Cullen, Thomas et al. 2015).  

Typically, IL-6 is the first cytokine present in the circulation during exercise. The level of 

circulating IL-6 increases in an exponential fashion (up to 100-fold) in response to 

exercise and declines in the recovery stage after exercise (Petersen, Pedersen 2005, 

Suzuki, Nakaji et al. 2002, Pedersen, Hoffman-Goetz 2000, Pedersen, Steensberg et al. 
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2001). In addition, it has been demonstrated that the IL-6 protein is expressed in 

contracting muscle fibres (Hiscock, Chan et al. 2004, Penkowa, Keller et al. 2003) and 

that IL-6 is released (Steensberg, Keller et al. 2002) from skeletal muscle during 

exercise whereas TNF-α is not released by skeletal muscle during exercise (Febbraio, 

Steensberg et al. 2003, Steensberg, Keller et al. 2002, Steensberg, Van Hall et al. 2000). 

The current study found that in both ND and diabetics volunteers, levels of IL-6 

consistently increased after moderate RE and AE compared to the baseline levels.  

Moderate exercise has major effects on muscle-derived IL-6. In young healthy 

individuals, 3 hours of dynamic two-legged knee-extensor exercise at 50% of individual 

maximal power output only moderately increased HR (113 to 122 beats/min), but 

induced a 16-fold increase in IL-6 mRNA, a 20-fold increase in plasma-IL-6, likely due to 

marked IL-6 release from working muscle (Fischer, Hiscock et al. 2004).  

When the same model was applied in elderly healthy untrained subjects, even higher 

amounts of IL-6 were released from working muscle during exercise at the same 

relative intensity (Pedersen, Steensberg et al. 2004). Higher levels of IL-6 are produced 

in response to acute exercise compared to any other cytokine, IL-6 is released locally in 

the skeletal muscle as a result of physical exercise, and IL-6 is known to stimulate 

hepatic glucose production and to provoke lipolysis (Gleeson 2007). Also paradoxically, 

as mentioned earlier, IL-6 can improve insulin release by stimulating GLP-1 secretion 

from α-cells (rather than solely from intestinal cells) which in turn have insulinotropic 

effect and which in diabetes improve β-cells function and regeneration (Ellingsgaard, 

Hauselmann et al. 2011). These facts suggest that IL-6 could possibly indicate an 

important link between contracting skeletal muscles and exercise-related metabolic 

alterations (Pedersen, Steensberg et al. 2001).  

Moderate exercise can improve immune function; however, high or extreme exercise 

might disturb the immune system (Fitzgerald 1988, Liesen, Baum 1997). Evidence 

suggests that exercise intensity and duration as well as the form of contraction (e.g. 

eccentric or concentric) and muscle damage all influence IL-6 response to acute 

exercise (Reihmane, Dela 2014). The current study observation of a reduction in IL-6 

with chronic exercise training is consistent with some previously published data from a 
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longer duration (12 weeks of AE) (Goldhammer, Tanchilevitch et al. 2005) and the 

current study results mostly not significant due, probably, to small sample size. 

Furthermore, in accordance with the present results, previous study has demonstrated 

that resistin and IL-6 concentrations have reduced significantly after 12 weeks of AE in 

T2T (Kadoglou, Perrea et al. 2007).  

TNFα is one of the primary and most basic mediators of inflammatory processes that is 

highly produced by fat tissues (especially visceral fat) and its levels in the circulation 

indicates the production of this factor in fat tissues (Beavers, Hsu et al. 2010). There are 

different findings on the effect of exercise on the level of TNFα; some studies have 

reported a decrease (Bruun, Helge et al. 2006), and others have shown no change in 

response to exercise (Marques, Mota et al. 2013). Other research has determined that 

the serum level of TNFα did not change in response to 12 weeks of AE because the 

half-life of TNFα was low in the blood (Bruunsgaard 2005). The current study results in 

partially agreement with Bruunsgaard findings, however with shorter time for six 

weeks of combined RE and AE showing no significant changes in ND and diabetic 

volunteers after the exercise trial. Therefore, based on these findings, TNFα cannot be 

considered a stable marker for inflammation.  

A recent study by Ho et al., 2013 investigated the effects of 12-week of RE, AE, or 

combination exercise programme at moderate intensity and showed a reduction in 

TNFα and IL-6 in healthy volunteers with obesity or overweight. They found that TNF-α 

levels were significantly decreased at week 12 compared to baseline by 20.8 % in AE 

group, 26.9 % in RE group, and 32.6 % in the combination group. Thus, combination 

exercise may help to reduce the risk of common chronic diseases such as diabetes, CHD 

and CVD (Ho, Dhaliwal et al. 2013). Furthermore, another study on patients with CAD, 

reported that a 12 weeks of AE at 70–80% of individual maximal HR has reduced 

significantly baseline levels of inflammatory cytokines such as CRP, and IL-6 from 2.50

±1.50 to 1.44±0.57 pg/ml (Goldhammer, Tanchilevitch et al. 2005). 

Moreover, an investigation into the effect of 12 weeks of AE on inflammatory markers 

of CHD in obese men found decreases in the levels of CRP, IL-6, leptin and BF% and an 
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increase in the level of adiponectin in the experimental group relative to the control 

group. In addition, the level of TNFα in the experimental group decreased by 2.86% 

and 23.76% after 6 and 12-week AE, respectively, although this change was not 

statistically significant (Akbarpour 2013). These results were in line with the findings of 

the current study where a combined exercise trial (RE and AE) for six weeks led to a 

reduction by 19.3% in the level of TNFα in overweight ND, 10.2% in T1D, 4.9% in T2T 

and 15.4% in T2I and did not reach significant level. It might be that longer period more 

than (six weeks), for example (12 weeks) or larger sample size would detect significant 

results. For example, a research group has similarly investigated the effects of AE, RE or 

a combined of both exercise on inflammatory markers and metabolic control in T2T. 

They found that 12 weeks of the combined programme was more effective than AE or 

RE alone and had decreased HbA1c, TC, TG, resistin by 8.11%, TNFα by 11.3% and IL-6 

by 3.4% (Jorge, de Oliveira et al. 2011). This result was In agreement with the current 

study findings with regards T2D which reported that resistin and TNFα had reduced by 

2.2%, 4.9%, respectively.  

A 12-week exercise intervention resulted in a significant decrease in circulating IL-6, 

alongside a decrease in visceral adipose tissue and waist circumference, in lean 

subjects, obese subjects and subjects with T2D who underwent an exercise programme 

without weight loss (Dekker, Lee et al. 2007). Furthermore, another study compared 

the effects of 12 weeks of AE to RE in T2T, reported that both AE and RE had decreased 

TNFα and IL-6. They mentioned that AE was preferable in T2D for controlling insulin 

resistance, adipocytokines and inflammatory cytokine levels than RE (Abd El-Kader 

2011). 

Many studies have investigated the relationship between body composition and 

plasma levels of leptin and adiponectin, and most of the findings have demonstrated a 

positive relationship between weight, body mass index, waist size, fat distribution 

(waist/hip ratio) and fat mass on one hand and leptin on the other hand, and a 

negative relationship between these factors and adiponectin (Bouassida, Chamari et al. 

2010, Fu, Luo et al. 2005). 
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The results from studies investigating single exercise bouts including in T2D, suggest 

that serum leptin values tend to be unaltered short duration (41 minutes or less), low 

to moderate intensity exercise, but may be affected by short duration of high intensity 

exercise (Elias, Pandian et al. 2000, Kraemer, Chu et al. 2002). More convincingly, 

studies investigating long duration exercise bouts indicate that serum leptin 

concentrations are reduced with exercise durations ranging from one to multiple hours 

(Hulver, Houmard 2003). Exercise training protocols that result in reduced fat mass will 

lower leptin concentrations, thus, most investigators have reported lower leptin 

concentrations after accounting for fat loss.  

Exercise training-induced reductions in leptin levels have been attributed to alterations 

in energy balance, improvements in insulin sensitivity, alterations in lipid metabolism, 

and unknown factors (Kraemer, Chu et al. 2002) and similar effects have been noted in 

diabetic subjects (Blüher, Mantzoros 2015, Hayashino, Jackson et al. 2014, Moran, 

Barwell et al. 2011, Sandoval, Galassetti et al. 2003). A common concept regarding the 

pathophysiological mechanisms of inflammation associated with atherosclerosis is the 

production of cytokines with inflammation in response to oxidised LDL stimulation and 

macrophages along with atherosclerotic plaques (Nicklas, Beavers 2010). It was 

determined in laboratory experiments that different combinations of cytokines 

stimulate the production of CRP and leukocytes (Akbarpour 2013). The anti-

inflammatory effect of regular exercise may prolong the life of islet cells and empower 

them to produce insulin for a much longer period (Akbarpour 2013, Ellingsgaard, 

Hauselmann et al. 2011). 

Research has shown that participation in regular sport activity decreases the level of 

oxidised LDL and the serum levels of IL-6 and CRP (Nicklas, Beavers 2010). Therefore, 

the effect of regular exercise on the levels of IL-6 may be responsible for the decrease 

in CRP in the experimental groups. In contrast, the relationship between physical 

activity and lower levels of inflammation can be created through the relationship 

between endurance training and lower degrees of general and abdominal obesity. It 

has been found that obese people produce higher levels of leptin and mediators of 

inflammation including , IL-8 and IL-6, compared with volunteers who have normal 
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weight  in the control group, whereas obese volunteers have lower levels of 

adiponectin compared with ideal BMI volunteers (Jorge, de Oliveira et al. 2011, Fu, Luo 

et al. 2005, Jacobi, Ajuwon et al. 2004). In addition, TNFα is one of the primary and 

most basic mediators of inflammatory processes that is related to the high level in fat 

tissues (especially visceral fat) and its levels in the circulation indicates the production 

of this factor in fat tissues (Beavers, Hsu et al. 2010). There are different findings on the 

effect of exercise on the level of TNFα; some studies have reported a decrease (Bruun, 

Helge et al. 2006), and others have shown no change in response to physical training. 

Clearly this reflects the parabolic profiles as shown for several inflammatory markers 

after exercise (Petersen, Pedersen 2005).   

Exercise decreases inflammatory cytokine (and IL-6) in patients with T1D and T2D. 

Exercise could be a therapeutic option for improving abnormalities in inflammation 

levels in patients with diabetes. 

Combined RE and AE exercise training in patients with diabetes is an effective means of 

inducing reduction in IL-6, TNFα levels, thus, possibly improving coronary risk profile. 

According to the results of this study, regular combined (RE and AE) exercise trial may 

be physiologically relevant in decreasing the potential risk of CVD, diabetes 

complications by improving the plasma levels of IL-6, TNFα, resistin and leptin. 

Additionally, combined RE and AE exercise trial can be used as effective non-

pharmacological treatment to manage or prevent some chronic diseases such as 

diabetes.  
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Chapter 7: Conclusion  

 

Aside from the serious personal consequences, the cost of diabetes and its 

complications equates to about £1m/h, but the effects of exercise are so beneficial that 

as a prescribed treatment, it could reduce both risk and cost.  

The results from the first survey showed that current treatment and management of 

diabetes care poses difficulty for T1D and T2I diabetes patients and further 

improvement is required in their health provision. The second survey showed that 

patients from all the groups who did not exercise were most likely to have a HbA1c 

over 8% (64mmol/mol) in comparison with those who performed exercise on a regular 

basis. Type 2 respondents are more at risk because those with T2T and T2I exercised 

less compared with T1D group.  

T2I users who test only once a day, as found in survey 2, form a large minority who are 

at risk because they are unlikely to be managing their daily calorie intake without more 

frequent information. This would have an impact on their HbA1c values and suggests 

poor attitude and/or support but hypoglycaemia and diabetic complications are dual 

hazards for these people. T2D people need the same intensive intervention and 

encouragement as T1D and also early diagnosis to counteract the insidious but 

dangerous course of their condition. In the exercise practical study, the HbA1c values 

decreased significantly in Post-Ex of 12th session compared to the base line reading 

before exercise trial (Pre-Ex 1st session) in all the study groups, indicating how diabetic 

people respond to exercise to reduce their overall risk. Mean BG, insulin and C peptide 

levels decreased similarly after RE and AE, for all the study groups indicating the 

increased efficiency of tissue responses.  

Data from RER readings for all the groups were steady and most of the values indicated 

that carbohydrates was the predominant substrate during the 20 min of AE in all the 

groups. All the volunteers showed significant muscular strength improvement for the 

five different RE exercises working upper and lower muscle group (Chest, Squat, Back, 

Biceps and Triceps) as represented by 1RM. T2T and T2I had a higher percentage 
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improvement than T1D and ND. RPE data correlated well with the objective 

assessment. Increase in muscle mass correlates well with strength and also with 

glucose transfer into cells and thus with increasing sensitivity in both types of diabetes. 

Exercise that includes RE is therefore important and supports the idea of combined 

protocols.  

Risk reduction is also clear from the mean TC, LDL and TG concentrations in all the 

study groups were gradually decreased after the 6th session as well as at the end after 

the 12th session. Mean HDL concentrations were gradually improved in all the study 

groups after the exercise programme. All study groups demonstrated that resting HR 

and blood pressure were significantly improved after six weeks of the exercise 

programme, so that lipids and cardiovascular efficiency are both positive outcomes 

delivered in exercise for diabetes.  

Regular combined (RE and AE) exercise trial is physiologically relevant for improving the 

plasma levels of IL-6, TNFα, resistin and leptin and for improving abnormalities in 

inflammation levels in patients with diabetes.  
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Chapter 8: Limitations and Future work  

Limitations 

The main limitation was sample size. The target number of volunteer was to recruit 60 

subjects: 20 T1D, 20 ND, 20 T2T and 20 T2I. However, fewer were recruited in all 

groups and because T2I were rarer who fulfilled the exclusion criteria. 

Several were rejected in this process. Greater volunteer numbers and even sized 

groups would have improved the confidence in the comparison of the study groups 

(ND, T1D, T2T and T2I). On reflection, NHS ethical approval would have increased the 

pool of possible recruits and although NHS ethical approval can take more than a year, 

it would have been worth doing.  

Future work 

This project has opened the door to the objective assessment of combined exercise as 

a prescribable programme to treat diabetes without necessitating extra 

pharmacological input. Several variables were studied but others have become 

attractive targets that can improve and extend the study area. For example, the period 

of exercise was short (6 weeks with 12 sessions) but could be extended to 12 weeks so 

that meaningful HbA1c changes could be monitored. In addition, the changes in the 

resting, fasted metabolic rate (the resting energy expenditure, REE) were not assessed 

in this study as a baseline where the reading is taken for 20 minutes in the recumbent 

position at the start and finish of the study. Measurement of insulin sensitivity by Oral 

Glucose tolerance test OGTT would be useful to drill down on calorie use, with 

calculations using suitable indices such as the Matsuda Index.  

The team is interested in performing the exercise programme with AE prior to RE to 

assess any differences within the study groups and could also look at the variation in 

the intensity of exercise performed. In this connection, as the study is expanded, the 

more extended screening of cytokines and other inflammatory and metabolic markers 

could be undertaken economically (in terms of cost and time), using suitable multi-

array immunoassay equipment as at the latter part of this PhD project. Many projects 
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could be built on the basis of this one, but the re assessment of volunteers throughout 

a three year period to study physiological and immunological over the long term is 

particularly important as it is known that continuing support is needed for diabetic 

people.   



174 

 

References 

ABD EL-KADER, S.M., 2011. Aerobic versus resistance exercise training in modulation of 
insulin resistance, adipocytokines and inflammatory cytokine levels in obese type 2 
diabetic patients. Journal of Advanced Research, 2(2), pp. 179-183. 

ADA, 2014. American Diabetes Association: Standards of medical care in diabetes-
2014. Diabetes care, 37 Suppl 1, pp. S14-80. 

AKBARPOUR, M., 2013. The effect of aerobic training on serum adiponectin and leptin 
levels and inflammatory markers of coronary heart disease in obese men. Biology of 
sport / Institute of Sport, 30(1), pp. 21-27. 

AMERICAN COLLEGE OF SPORT AND MEDICINE and AMERICAN DIABETES 
ASSOCIATION., 2010. Exercise and Type 2 Diabetes. MEDICINE & SCIENCE IN SPORTS & 
EXERCISE, , pp. 2282-2303. 

ARAUZ-PACHECO, C., PARROTT, M.A. and RASKIN, P., 2002. The treatment of 
hypertension in adult patients with diabetes. Diabetes care, 25(1), pp. 134-147. 

ASANO, R.Y., SALES, M.M. and BROWNE, R.A.V., 2014. Acute effects of physical 
exercise in type 2 diabetes: A review. World Journal of Diabetes, 5(5), pp. 659-665. 

BACCHI, E., NEGRI, C., ZANOLIN, M.E., MILANESE, C., FACCIOLI, N., TROMBETTA, M., 
ZOPPINI, G., CEVESE, A., BONADONNA, R.C., SCHENA, F., BONORA, E., LANZA, M. and 
MOGHETTI, P., 2012. Metabolic effects of aerobic training and resistance training in 
type 2 diabetic subjects: a randomized controlled trial (the RAED2 study). Diabetes 
care, 35(4), pp. 676-682. 

BANSAL, S., BURING, J.E., RIFAI, N., MORA, S., SACKS, F.M. and RIDKER, P.M., 2007. 
Fasting compared with nonfasting triglycerides and risk of cardiovascular events in 
women. Jama, 298(3), pp. 309-316. 

BATTELINO, T., PHILLIP, M., BRATINA, N., NIMRI, R., OSKARSSON, P. and BOLINDER, J., 
2011. Effect of continuous glucose monitoring on hypoglycemia in type 1 diabetes. 
Diabetes care, 34(4), pp. 795-800. 

BEAGLEY, J., GUARIGUATA, L., WEIL, C. and MOTALA, A.A., 2014. Global estimates of 
undiagnosed diabetes in adults. Diabetes research and clinical practice, 103(2), pp. 
150-160. 

BEAVERS, K.M., HSU, F.C., ISOM, S., KRITCHEVSKY, S.B., CHURCH, T., GOODPASTER, B., 
PAHOR, M. and NICKLAS, B.J., 2010. Long-term physical activity and inflammatory 
biomarkers in older adults. Medicine and science in sports and exercise, 42(12), pp. 
2189-2196. 



175 

 

BILLIMEK, J., MALIK, S., SORKIN, D.H., SCHMALBACH, P., NGO-METZGER, Q., 
GREENFIELD, S. and KAPLAN, S.H., 2015. Understanding Disparities in Lipid 
Management Among Patients with Type 2 Diabetes: Gender Differences in Medication 
Nonadherence after Treatment Intensification. Women's Health Issues, 25(1), pp. 6-12. 

BLÜHER, M. and MANTZOROS, C.S., 2015. From leptin to other adipokines in health 
and disease: Facts and expectations at the beginning of the 21st century. Metabolism, 
64(1), pp. 131-145. 

BODEN, G., 2003. Effects of free fatty acids (FFA) on glucose metabolism: significance 
for insulin resistance and type 2 diabetes. Experimental and clinical endocrinology & 
diabetes : official journal, German Society of Endocrinology [and] German Diabetes 
Association, 111(3), pp. 121-124. 

BOMBELLI, M., FACCHETTI, R., SEGA, R., CARUGO, S., FODRI, D., BRAMBILLA, G., 
GIANNATTASIO, C., GRASSI, G. and MANCIA, G., 2011. Impact of body mass index and 
waist circumference on the long-term risk of diabetes mellitus, hypertension, and 
cardiac organ damage. Hypertension, 58(6), pp. 1029-1035. 

BORGHOUTS, L.B., WAGENMAKERS, A.J., GOYENS, P.L. and KEIZER, H.A., 2002. 
Substrate utilization in non-obese Type II diabetic patients at rest and during exercise. 
Clinical science (London, England : 1979), 103(6), pp. 559-566. 

BOUASSIDA, A., CHAMARI, K., ZAOUALI, M., FEKI, Y., ZBIDI, A. and TABKA, Z., 2010. 
Review on leptin and adiponectin responses and adaptations to acute and chronic 
exercise. British journal of sports medicine, 44(9), pp. 620-630. 

BOULE, N.G., WEISNAGEL, S.J., LAKKA, T.A., TREMBLAY, A., BERGMAN, R.N., RANKINEN, 
T., LEON, A.S., SKINNER, J.S., WILMORE, J.H., RAO, D.C., BOUCHARD, C. and HERITAGE 
FAMILY STUDY, 2005. Effects of exercise training on glucose homeostasis: the 
HERITAGE Family Study. Diabetes care, 28(1), pp. 108-114. 

BRUNZELL, J.D., DAVIDSON, M., FURBERG C.D., GOLDBERG R.B., HOWARD B.V., STEIN 
J.H., WITZTUM J.L., AMERICAN DIABETES ASSOCIATION and AMERICAN COLLEGE OF 
CARDIOLOGY FOUNDATION., 2008. Lipoprotein management in patients with 
cardiometabolic risk: consensus statement from the American Diabetes Association 
and the American College of Cardiology Foundation. Diabetes Care, 31(4), pp. 811-822. 

BRUUN, J.M., HELGE, J.W., RICHELSEN, B. and STALLKNECHT, B., 2006. Diet and 
exercise reduce low-grade inflammation and macrophage infiltration in adipose tissue 
but not in skeletal muscle in severely obese subjects. American journal of 
physiology.Endocrinology and metabolism, 290(5), pp. E961-7. 

BRUUNSGAARD, H., 2005. Physical activity and modulation of systemic low-level 
inflammation. Journal of Leukocyte Biology, 78(4), pp. 819-835. 



176 

 

BRZYCKI, M., 2000. Assessing Strength You can judge 1-RM by formula without trying 
risky maximum lifts. Fitness Management, , pp. 34-37. 

BURKE, L.M. and HAWLEY, J.A., 1999. Carbohydrate and exercise. Current opinion in 
clinical nutrition and metabolic care, 2(6), pp. 515-520. 

BURLESON, M.A., O'BRYANT, H.S., STONE, M.H., COLLINS, M.A. and TRIPLETT-
MCBRIDE, T., 1998. Effect of weight training exercise and treadmill exercise on post-
exercise oxygen consumption. Medicine and Science in Sports and Exercise, 30(4), pp. 
518-522. 

BUSE, J.B., GINSBERG, H.N., BAKRIS GL, C.N.G., COSTA F., ECKEL R., FONSECA V., 
GERSTEIN HC., GRUNDY S, N.R.W., PIGNONE M.P., PLUTZKY J., PORTE D., REDBERG R., 
STITZEL K.F., STONE N.J., AMERICAN HEART ASSOCIATION and AMERICAN DIABETES 
ASSOCIATION, 2007. Primary prevention of cardiovascular diseases in people with 
diabetes mellitus: a scientific statement from the American Heart Association and the 
American Diabetes Association. Diabetes Care, 30(1), pp. 162-172. 

CARE, A.P., 2011. 2012 Preventive Care and Clinical Practice Guidelines. Pediatrics, 
128(5), pp. 1007-1022. 

CARTEE, G.D., YOUNG, D.A., SLEEPER, M.D., ZIERATH, J., WALLBERG-HENRIKSSON, H. 
and HOLLOSZY, J.O., 1989. Prolonged increase in insulin-stimulated glucose transport 
in muscle after exercise. The American Journal of Physiology, 256(4 Pt 1), pp. E494-9. 

CHARPENTIER, G., GENÈS, N., VAUR, L., AMAR, J., CLERSON, P., CAMBOU, J.P. and 
GUÉRET, P., 2003. Control of diabetes and cardiovascular risk factors in patients with 
type 2 diabetes: a nationwide French survey. Diabetes & Metabolism, 29(2), pp. 152-
158. 

CHEN, L., PEI, J., KUANG, J., CHEN, H., CHEN, Z., LI, Z. and YANG, H., 2015. Effect of 
lifestyle intervention in patients with type 2 diabetes: A meta-analysis. Metabolism, 
64(2), pp. 338-347. 

CHHABRA, N., 2014. Mechanism of action of insulin. Clinical Cases Biochemistry for 
Medics edn. Biochemistry. 

CHIMEN, M. and KENNEDY, A.E.A., 2012. What are the health benefits of physical 
activity in type 1 diabetes mellitus? A literature review. Diabetologia, 55(3), pp. 542-
551. 

CHRISTIANSEN, T., BRUUN J., PAULSEN, S.K., OLHOLM, J., OVERGAARD, K., PEDERSEN, 
S.B. and RICHELSEN, B., 2013. Acute exercise increases circulating inflammatory 
markers in overweight and obese compared with lean subjects. European Journal of 
Applied Physiology, 113(6), pp. 1635-1642. 



177 

 

CHRISTIANSEN, T., PAULSEN, S.K., BRUUN, J.M., PEDERSEN, S.B. and RICHELSEN, B., 
2010. Exercise training versus diet-induced weight-loss on metabolic risk factors and 
inflammatory markers in obese subjects: a 12-week randomized intervention study. 
American journal of physiology.Endocrinology and metabolism, 298(4), pp. E824-31. 

CHURCH, T.S., BLAIR, S.N., COCREHAM, S., JOHANNSEN, N., JOHNSON, W., KRAMER, K., 
MIKUS, C.R., MYERS, V., NAUTA, M., RODARTE, R.Q., SPARKS, L., THOMPSON, A. and 
EARNEST, C.P., 2010. Effects of aerobic and resistance training on hemoglobin A1c 
levels in patients with type 2 diabetes: a randomized controlled trial. JAMA, 304(20), 
pp. 2253-2262. 

CHURCH, T., 2011. Exercise in Obesity, Metabolic Syndrome, and Diabetes. Progress in 
Cardiovascular Diseases, 53(6), pp. 412-418. 

COLLIER, S.R., KANALEY, J.A., CARHART, R.,Jr, FRECHETTE, V., TOBIN, M.M., HALL, A.K., 
LUCKENBAUGH, A.N. and FERNHALL, B., 2008. Effect of 4 weeks of aerobic or 
resistance exercise training on arterial stiffness, blood flow and blood pressure in pre- 
and stage-1 hypertensives. Journal of human hypertension, 22(10), pp. 678-686. 

CULLEN, T., THOMAS, A.W., WEBB, R. and HUGHES, M.G., 2015. The relationship 
between interleukin-6 in saliva, venous and capillary plasma, at rest and in response to 
exercise. Cytokine, 71(2), pp. 397-400. 

CURRIE, C.J., PETERS, J.R., TYNAN, A., EVANS, M., HEINE, R.J., BRACCO, O.L., ZAGAR, T. 
and POOLE, C.D., 2010. Survival as a function of HbA1c in people with type 2 diabetes: 
a retrospective cohort study. The Lancet, 375(9713), pp. 481-489. 

DAVIDSON, L.E., HUDSON, R., KILPATRICK, K., KUK, J.L., MCMILLAN, K., JANISZEWSKI, 
P.M., LEE, S., LAM, M. and ROSS, R., 2009. Effects of exercise modality on insulin 
resistance and functional limitation in older adults: a randomized controlled trial. 
Archives of Internal Medicine, 169(2), pp. 122-131. 

DCCT and EDIC, 2014. Effect of intensive diabetes treatment on albuminuria in type 1 
diabetes: long-term follow-up of the Diabetes Control and Complications Trial and 
Epidemiology of Diabetes Interventions and Complications study. The Lancet Diabetes 
& Endocrinology, 2(10), pp. 793-800. 

DE FEO, P., DI LORETO, C., RANCHELLI, A., FATONE, C., GAMBELUNGHE, G., LUCIDI, P. 
and SANTEUSANIO, F., 2006. Exercise and diabetes. Acta Biomed, 77(1), pp. 14-17. 

DEKKER, M.J., LEE, S., HUDSON, R., KILPATRICK, K., GRAHAM, T.E., ROSS, R. and 
ROBINSON, L.E., 2007. An exercise intervention without weight loss decreases 
circulating interleukin-6 in lean and obese men with and without type 2 diabetes 
mellitus. Metabolism: clinical and experimental, 56(3), pp. 332-338. 



178 

 

DIABETES UK, 2012-last update, Diabetes in the UK 2012 key statistics on diabetes 
[Homepage of Diabetes UK], [Online]. 

DIABETES. Overview of glucose homoeostasis in healthy, T1D and T2D diabetes [Online 
Image] Available from:http://familylifehealth.com/health/chronic-
conditions/diabetes/ [11/07/2015]. 

DONATH, M.Y., STORLING, J., MAEDLER, K. and MANDRUP-POULSEN, T., 2003. 
Inflammatory mediators and islet beta-cell failure: a link between type 1 and type 2 
diabetes. Journal of Molecular Medicine (Berlin, Germany), 81(8), pp. 455-470. 

DRENOWATZ, C., SUI, X., FRITZ, S., LAVIE, C.J., BEATTIE, P.F., CHURCH, T.S. and BLAIR, 
S.N., 2014. The association between resistance exercise and cardiovascular disease risk 
in women. Journal of Science and Medicine in Sport, (14),. 

DUARTE, C.K., DE ALMEIDA, J.C., SCHNEIDER MERKER, A.J., DE OLIVEIRA BRAUER, F. 
and DA COSTA RODRIGUES, T., 2012. Physical activity level and exercise in patients 
with diabetes mellitus. Revista da Associação Médica Brasileira (English Edition), 58(2), 
pp. 215-221. 

DUNMORE, S.J. and BROWN, J.E., 2013. The role of adipokines in beta-cell failure of 
type 2 diabetes. The Journal of endocrinology, 216(1), pp. T37-45. 

ELIAS, A.N., PANDIAN, M.R., WANG, L., SUAREZ, E., JAMES, N. and WILSON, A.F., 2000. 
Leptin and IGF-I levels in unconditioned male volunteers after short-term exercise. 
Psychoneuroendocrinology, 25(5), pp. 453-461. 

ELLINGSGAARD, H., HAUSELMANN, I., SCHULER, B., HABIB, A.M., BAGGIO, L.L., MEIER, 
D.T., EPPLER, E., BOUZAKRI, K., WUEEST, S., MULLER, Y.D., HANSEN, A.M., REINECKE, 
M., KONRAD, D., GASSMANN, M., REIMANN, F., HALBAN, P.A., GROMADA, J., 
DRUCKER, D.J., GRIBBLE, F.M., EHSES, J.A. and DONATH, M.Y., 2011. Interleukin-6 
enhances insulin secretion by increasing glucagon-like peptide-1 secretion from L cells 
and alpha cells. Nature medicine, 17(11), pp. 1481-1489. 

FAULKNER, M.S., CHAO, W.H., KAMATH, S.K., QUINN, L., FRITSCHI, C., MAGGIORE, J.A., 
WILLIAMS, R.H. and REYNOLDS, R.D., 2006. Total homocysteine, diet, and lipid profiles 
in type 1 and type 2 diabetic and nondiabetic adolescents. The Journal of 
cardiovascular nursing, 21(1), pp. 47-55. 

FEBBRAIO, M.A., STEENSBERG, A., STARKIE, R.L., MCCONELL, G.K. and KINGWELL, B.A., 
2003. Skeletal muscle interleukin-6 and tumor necrosis factor-α release in healthy 
subjects and patients with type 2 diabetes at rest and during exercise. Metabolism, 
52(7), pp. 939-944. 



179 

 

FEITOSA, A.,FEITOSA-FILHO,G.S., FREITAS, F.R., WAJCHENBERG, B.L. and MARANHÃO, 
R.C., 2013. Lipoprotein metabolism in patients with type 1 diabetes under intensive 
insulin treatment. Lipids Health Dis, 11, pp. 12-15. 

FENICCHIA, L.M., KANALEY, J.A., AZEVEDO JR, J.L., MILLER, C.S., WEINSTOCK, R.S., 
CARHART, R.L. and PLOUTZ-SNYDER, L.L., 2004. Influence of resistance exercise 
training on glucose control in women with type 2 diabetes. Metabolism, 53(3), pp. 284-
289. 

FERRANNINI, E., 1988. The theoretical bases of indirect calorimetry: a review. 
Metabolism, 37(3), pp. 287-301. 

FISCHER, C.P., HISCOCK, N.J., PENKOWA, M., BASU, S., VESSBY, B., KALLNER, A., 
SJOBERG, L.B. and PEDERSEN, B.K., 2004. Supplementation with vitamins C and E 
inhibits the release of interleukin-6 from contracting human skeletal muscle. The 
Journal of physiology, 558(Pt 2), pp. 633-645. 

FITZGERALD, L., 1988. Exercise and the immune system. Immunology today, 9(11), pp. 
337-339. 

FORBES, J.M. and COOPER, M.E., 2013. Mechanism of diabetic complications. 93, pp. 
137-188. 

FORSYTHE, L.K., WALLACE, J.M. and LIVINGSTONE, M.B., 2008. Obesity and 
inflammation: the effects of weight loss. Nutrition research reviews, 21(2), pp. 117-
133. 

FRAYN, K.N., 2003. Metabolic Regulation, A Human Perspective. Oxford: Blackwell. 

FRAYN, K.N., 1983. Calculation of substrate oxidation rates in vivo from gaseous 
exchange. J.Appl.Physiol, 55(2), pp. 628-634. 

FRONTONI, S., SOLINI, A., FIORETTO, P., NATALI, A., ZUCCALÀ, A., COSENTINO, F. and 
PENNO, G., 2014. The ideal blood pressure target to prevent cardiovascular disease in 
type 2 diabetes: A neutral viewpoint. Nutrition, Metabolism and Cardiovascular 
Diseases, 24(6), pp. 577-584. 

FU, Y., LUO, N., KLEIN, R.L. and GARVEY, W.T., 2005. Adiponectin promotes adipocyte 
differentiation, insulin sensitivity, and lipid accumulation. Journal of lipid research, 
46(7), pp. 1369-1379. 

FU, Z., GILBERT, E.R. and LIU, D., 2013. Regulation of insulin synthesis and secretion 
and pancreatic Beta-cell dysfunction in diabetes. Current diabetes reviews, 9(1), pp. 25-
53. 



180 

 

GALIC, S., OAKHILL, J.S. and STEINBERG, G.R., 2010. Adipose tissue as an endocrine 
organ. Molecular and cellular endocrinology, 316(2), pp. 129-139. 

GIANSANTI, R., RABINI, R.A., ROMAGNOLI, F., FUMELLI, D., SORICHETTI, P., BOEMI, M. 
and FUMELLI, P., 1999. Coronary heart disease, type 2 diabetes mellitus and 
cardiovascular disease risk factors: a study on a middle-aged and elderly population. 
Archives of Gerontology and Geriatrics, 29(2), pp. 175-181. 

GIOVANNI VINETTI, CHIARA MOZZINI, P.D., ENRICO BONI, LAURA BULLA, ISABELLA 
LORENZETTI, , C.R., ANDREA PASINI, LUCIANO COMINACINI and DEODATO ASSANELLI, 
2015. Supervised exercise training reduces oxidative stress and cardiometabolic risk in 
adults with type 2 diabetes: a randomized controlled trial. Scientific Report, 9238(5), 
pp. 1-7. 

GLEESON, M., 2007. Immune function in sport and exercise. Journal of Applied 
Physiology, 103(2), pp. 693-699. 

GOLDHAMMER, E., TANCHILEVITCH, A., MAOR, I., BENIAMINI, Y., ROSENSCHEIN, U. 
and SAGIV, M., 2005. Exercise training modulates cytokines activity in coronary heart 
disease patients. International journal of cardiology, 100(1), pp. 93-99. 

GOLDSTEIN, R.F., GIBSON-HELM, M.E., BOYLE, J.A. and TEEDE, H.J., 2015. Satisfaction 
with diagnosis process for gestational diabetes mellitus and risk perception among 
Australian women. International Journal of Gynecology & Obstetrics, 129(1), pp. 46-49. 

GOTO, K., ISHII, N., SUGIHARA, S., YOSHIOKA, T. and TAKAMATSU, K., 2007. Effects of 
resistance exercise on lipolysis during subsequent submaximal exercise. Med.Sci.Sports 
Exerc., 39(2), pp. 308-315. 

GOYAL, M., SINGH, S., SIBINGA, E.M., GOULD, N.F., ROWLAND-SEYMOUR, A., SHARMA, 
R., BERGER, Z., SLEICHER, D., MARON, D.D., SHIHAB, H.M., RANASINGHE, P.D., LINN, S., 
SAHA, S., BASS, E.B. and HAYTHORNTHWAITE, J.A., 2014. Meditation programs for 
psychological stress and well-being: a systematic review and meta-analysis. JAMA 
internal medicine, 174(3), pp. 357-368. 

GROSCHNER, L.N., ALAM, M.R. and GRAIER, W.F., 2014. Metabolism-secretion coupling 
and mitochondrial calcium activities in clonal pancreatic beta-cells. Vitamins and 
hormones, 95, pp. 63-86. 

GUARIGUATA, L., WHITING, D.R., HAMBLETON, I., BEAGLEY, J., LINNENKAMP, U. and 
SHAW, J.E., 2014. Global estimates of diabetes prevalence for 2013 and projections for 
2035. Diabetes research and clinical practice, 103(2), pp. 137-149. 

GUELFI, K.J., JONES, T.W. and FOURNIER, P.A., 2005. The decline in blood glucose levels 
is less with intermittent high-intensity compared with moderate exercise in individuals 
with type 1 diabetes. Diabetes Care, 28(6), pp. 1289-1294. 



181 

 

GUY, J., OGDEN, L., WADWA, R.P., HAMMAN, R.F., MAYER-DAVIS, E.J., LIESE, A.D., 
D'AGOSTINO, R.J., MARCOVINA, S. and DABELEA, D., 2009. Lipid and Lipoprotein 
Profiles in Youth With and Without Type 1 Diabetes The SEARCH for Diabetes in Youth 
Case-Control Study. Diabetes Care, 32(3), pp. 416-420. 

HALL, K.E., MCDONALD, M.W. and ET AL., 2013. The role of resistance and aerobic 
exercise training on insulin sensitivity measures in STZ-induced Type 1 diabetic 
rodents. Metabolism, 27(13), pp. 154-156. 

HALSE, R., BONAVAUD, S.M., ARMSTRONG, J.L., MCCORMACK, J.G. and YEAMAN, S.J., 
2001. Control of glycogen synthesis by glucose, glycogen, and insulin in cultured 
human muscle cells. Diabetes, 50(4), pp. 720-726. 

HARING, R., BAUMEISTER, S.E., LIEB, W., VON SARNOWSKI, B., VÖLZKE, H., FELIX, S.B., 
NAUCK, M. and WALLASCHOFSKI, H., 2014. Glycated hemoglobin as a marker of 
subclinical atherosclerosis and cardiac remodeling among non-diabetic adults from the 
general population. Diabetes research and clinical practice, 105(3), pp. 416-423. 

HARRIS, K.C., KURAMOTO, L.K., SCHULZER, M. and RETALLACK, J.E., 2009. Effect of 
school-based physical activity interventions on body mass index in children: a meta-
analysis. Cmaj, 180(7), pp. 719-726. 

HAVEL, P.J., 2002. Control of energy homeostasis and insulin action by adipocyte 
hormones: leptin, acylation stimulating protein, and adiponectin. Current opinion in 
lipidology, 13(1), pp. 51-59. 

HAWLEY, J.A. and LESSARD, S.J., 2008. Exercise training-induced improvements in 
insulin action. Acta physiologica (Oxford, England), 192(1), pp. 127-135. 

HAYASHINO, Y., JACKSON, J.L., HIRATA, T., FUKUMORI, N., NAKAMURA, F., FUKUHARA, 
S., TSUJII, S. and ISHII, H., 2014. Effects of exercise on C-reactive protein, inflammatory 
cytokine and adipokine in patients with type 2 diabetes: A meta-analysis of 
randomized controlled trials. Metabolism, 63(3), pp. 431-440. 

HAYS, N.P., GALASSETTI, P.R. and COKER, R.H., 2008. Prevention and treatment of type 
2 diabetes: Current role of lifestyle, natural product, and pharmacological 
interventions. Pharmacology & Therapeutics, 118(2), pp. 181-191. 

HEIDEMAN, W.H., DE WIT, M., MIDDELKOOP, B.J., NIERKENS, V., STRONKS, K., 
VERHOEFF, A.P. and SNOEK, F.J., 2012. DiAlert: a prevention program for overweight 
first degree relatives of type 2 diabetes patients: results of a pilot study to test 
feasibility and acceptability. Trials, 13, pp. 178-6215-13-178. 

HERBST, A., BACHRAN, R., KAPELLEN, T. and HOLL, R.W., 2006. Effects of regular 
physical activity on control of glycemia in pediatric patients with type 1 diabetes 
mellitus. Archives of Pediatrics & Adolescent Medicine, 160(6), pp. 573-577. 



182 

 

HERMANN, C., KRIKOVSZKY, D., FÜST, G., KOVÁCS, M., KÖRNER, A., SZABÓ, A., 
VANNAY, A. and MADÁCSY, L., 2005. Association between interleukin-6 polymorphism 
and age-at-onset of type 1 diabetes. Epistatic influences of the tumor necrosis factor-
alpha and interleukin-1beta polymorphisms. Eur Cytokine Netw, 16(4), pp. 277-281. 

HISCOCK, N., CHAN, M.H., BISUCCI, T., DARBY, I.A. and FEBBRAIO, M.A., 2004. Skeletal 
myocytes are a source of interleukin-6 mRNA expression and protein release during 
contraction: evidence of fiber type specificity. FASEB journal : official publication of the 
Federation of American Societies for Experimental Biology, 18(9), pp. 992-994. 

HJERRILD, B.E. and GRAVHOLT, C.H., 2006. Diabetes and lipid disorders. International 
Congress Series, 1298(0), pp. 152-159. 

HO, S.S., DHALIWAL, S.S., HILLS, A.P. and PAL, S., 2012. The effect of 12 weeks of 
aerobic, resistance or combination exercise training on cardiovascular risk factors in 
the overweight and obese in a randomized trial. BMC Public Health, 12, pp. 704. 

HO, S.S., DHALIWAL, S.S., HILLS, A.P. and PAL, S., 2013. Effects of chronic exercise 
training on inflammatory markers in Australian overweight and obese individuals in a 
randomized controlled trial. Inflammation, 36(3), pp. 625-632. 

HONG, L.F., LI, X.L., GUO, Y.L., LUO, S.H., ZHU, C.G., QING, P., XU, R.X., WU, N.Q. and LI, 
J.J., 2014. Glycosylated hemoglobin A1c as a marker predicting the severity of coronary 
artery disease and early outcome in patients with stable angina. Lipids in health and 
disease, 13, pp. 89-511X-13-89. 

HORDERN, M.D., DUNSTAN, D.W., PRINS, J.B., BAKER, M.K., SINGH, M.A.F. and 
COOMBES, J.S., 2012. Exercise prescription for patients with type 2 diabetes and pre-
diabetes: A position statement from Exercise and Sport Science Australia. Journal of 
Science and Medicine in Sport, 15(1), pp. 25-31. 

HOSSAIN, M., FARUQUE, M.O., KABIR, G., HASSAN, N., SIKDAR, D., NAHAR, Q. and ALI, 
L., 2010. Association of serum TNF-α and IL-6 with insulin secretion and insulin 
resistance in IFG and IGT subjects in a Bangladeshi population. International Journal of 
Diabetes Mellitus, 2(3), pp. 165-168. 

HOTAMISLIGIL, G.S., 2007. Endoplasmic reticulum stress and inflammation in obesity 
and type 2 diabetes. Novartis Foundation symposium, 286, pp. 86-94; discussion 94-8, 
162-3, 196-203. 

HOTAMISLIGIL, G.S., SHARGILL, N.S. and SPIEGELMAN, B.M., 1993. Adipose expression 
of tumor necrosis factor-alpha: direct role in obesity-linked insulin resistance. Science 
(New York, N.Y.), 259(5091), pp. 87-91. 

HULVER, M.W. and HOUMARD, J.A., 2003. Plasma leptin and exercise: recent findings. 
Sports Medicine, 33(7), pp. 473-482. 



183 

 

IELLAMO, F., MANZI, V., CAMINITI, G., VITALE, C., MASSARO, M., CERRITO, A., ROSANO, 
G. and VOLTERRANI, M., 2014. Validation of rate of perceived exertion-based exercise 
training in patients with heart failure: Insights from autonomic nervous system 
adaptations. International journal of cardiology, 176(2), pp. 394-398. 

INTERNATIONAL DIABETES FEDERATION, 2014. IDF Diabetes Atlas. 6th edn. Brussels, 
Belgium: International Diabetes Federation. 

JACOBI, S.K., AJUWON, K.M., WEBER, T.E., KUSKE, J.L., DYER, C.J. and SPURLOCK, M.E., 
2004. Cloning and expression of porcine adiponectin, and its relationship to adiposity, 
lipogenesis and the acute phase response. The Journal of endocrinology, 182(1), pp. 
133-144. 

JAISWAL, M., SCHINSKE, A. and POP-BUSUI, R., 2014. Lipids and lipid management in 
diabetes. Best Practice & Research Clinical Endocrinology & Metabolism, 28(3), pp. 
325-338. 

JEQUIER, E., ACHESON, K. and SCHUTZ, Y., 1987. Assessment of energy expenditure 
and fuel utilization in man. Annu.Rev.Nutr., 7, pp. 187-208. 

JEUKENDRUP, A.E., 2003. Modulation of carbohydrate and fat utilization by diet, 
exercise and environment. Biochem.Soc.Trans., 31(Pt 6), pp. 1270-1273. 

JEUKENDRUP, A.E. and WALLIS, G.A., 2005. Measurement of substrate oxidation during 
exercise by means of gas exchange measurements. Int.J.Sports Med., 26 Suppl 1, pp. 
S28-S37. 

JORGE, M.L.M.P., DE OLIVEIRA, V.N., RESENDE, N.M., PARAISO, L.F., CALIXTO, A., DINIZ, 
A.L.D., RESENDE, E.S., ROPELLE, E.R., CARVALHEIRA, J.B., ESPINDOLA, F.S., JORGE, P.T. 
and GELONEZE, B., 2011. The effects of aerobic, resistance, and combined exercise on 
metabolic control, inflammatory markers, adipocytokines, and muscle insulin signaling 
in patients with type 2 diabetes mellitus. Metabolism, 60(9), pp. 1244-1252. 

KADOGLOU, N.P., PERREA, D., ILIADIS, F., ANGELOPOULOU, N., LIAPIS, C. and 
ALEVIZOS, M., 2007. Exercise reduces resistin and inflammatory cytokines in patients 
with type 2 diabetes. Diabetes care, 30(3), pp. 719-721. 

KAMIYA, A., OHSAWA, I., FUJII, T., NAGAI, M., YAMANOUCHI, K., OSHIDA, Y. and SATO, 
Y., 1995. A clinical survey on the compliance of exercise therapy for diabetic 
outpatients. Diabetes Research and Clinical Practice, 27(2), pp. 141-145. 

KAPITZA, C., HOVELMANN, U., NOSEK, L., KURTH, H.J., ESSENPREIS, M. and 
HEINEMANN, L., 2010. Continuous glucose monitoring during exercise in patients with 
type 1 diabetes on continuous subcutaneous insulin infusion. Journal of diabetes 
science and technology, 4(1), pp. 123-131. 



184 

 

KAWASAKI, E., 2014. Type 1 Diabetes and Autoimmunity. Clinical Paediatric 
Endocrinology, 23(4), pp. 99-105. 

KIEVIT, P., HOWARD, J.K., BADMAN, M.K., BALTHASAR, N., COPPARI, R., MORI, H., LEE, 
C.E., ELMQUIST, J.K., YOSHIMURA, A. and FLIER, J.S., 2006. Enhanced leptin sensitivity 
and improved glucose homeostasis in mice lacking suppressor of cytokine signaling-3 
in POMC-expressing cells. Cell metabolism, 4(2), pp. 123-132. 

KING, D.S., BALDUS, P.J., SHARP, R.L., KESL, L.D., FELTMEYER, T.L. and RIDDLE, M.S., 
1995. Time course for exercise-induced alterations in insulin action and glucose 
tolerance in middle-aged people. Journal of applied physiology (Bethesda, Md.: 1985), 
78(1), pp. 17-22. 

KJAER, M., HOLLENBECK, C.B., FREY-HEWITT, B., GALBO, H., HASKELL, W. and REAVEN, 
G.M., 1990. Glucoregulation and hormonal responses to maximal exercise in non-
insulin-dependent diabetes. Journal of applied physiology (Bethesda, Md.: 1985), 68(5), 
pp. 2067-2074. 

KOERNER, A., KRATZSCH, J. and KIESS, W., 2005. Adipocytokines: leptin--the classical, 
resistin--the controversical, adiponectin--the promising, and more to come. Best 
practice & research.Clinical endocrinology & metabolism, 19(4), pp. 525-546. 

KOHUT, M.L., MCCANN, D.A., RUSSELL, D.W., KONOPKA, D.N., CUNNICK, J.E., FRANKE, 
W.D., CASTILLO, M.C., REIGHARD, A.E. and VANDERAH, E., 2006. Aerobic exercise, but 
not flexibility/resistance exercise, reduces serum IL-18, CRP, and IL-6 independent of 
beta-blockers, BMI, and psychosocial factors in older adults. Brain, behavior, and 
immunity, 20(3), pp. 201-209. 

KRAEMER, R.R., CHU, H. and CASTRACANE, V.D., 2002. Leptin and exercise. 
Experimental biology and medicine (Maywood, N.J.), 227(9), pp. 701-708. 

KROCHIK, A.G., BOTTO, M., BRAVO, M., HEPNER, M., FRONTROTH, J.P., MIRANDA, M. 
and MAZZA, C., 2015. Association between insulin resistance and risk of complications 
in children and adolescents with type 1 diabetes. Diabetes & Metabolic Syndrome: 
Clinical Research & Reviews, 9(1), pp. 14-18. 

KROOK, A., WALLBERG-HENRIKSSON, H. and ZIERATH, J.R., 2004. Sending the signal: 
molecular mechanisms regulating glucose uptake. Medicine and science in sports and 
exercise, 36(7), pp. 1212-1217. 

KWON, H.R., MIN, K.W., AHN, H.J., SEOK, H.G., KOO, B.K., KIM, H.C. and HAN, K.A., 
2010. Effects of aerobic exercise on abdominal fat, thigh muscle mass and muscle 
strength in type 2 diabetic subject. Korean Diabetes J, 34(1), pp. 23-31. 

LABOUESSE, M.A., GERTZ, E.R., PICCOLO, B.D., SOUZA, E.C., SCHUSTER, G.U., 
WITBRACHT, M.G., WOODHOUSE, L.R., ADAMS, S.H., KEIM, N.L. and VAN LOAN, M.D., 



185 

 

2014. Associations among endocrine, inflammatory, and bone markers, body 
composition and weight loss induced bone loss. Bone, 64(0), pp. 138-146. 

LADITKA, J.N. and LADITKA, S.B., 2014. Stroke and active life expectancy in the United 
States, 1999–2009. Disability and Health Journal, 7(4), pp. 472-477. 

LAOUTARIS, I.D., ADAMOPOULOS, S., MANGINAS, A., PANAGIOTAKOS, D.B., 
KALLISTRATOS, M.S., DOULAPTSIS, C., KOULOUBINIS, A., VOUDRIS, V., PAVLIDES, G., 
COKKINOS, D.V. and DRITSAS, A., 2013. Benefits of combined 
aerobic/resistance/inspiratory training in patients with chronic heart failure. A 
complete exercise model? A prospective randomised study. International journal of 
cardiology, 167(5), pp. 1967-1972. 

LAROSE, J., SIGAL, R.J., KHANDWALA, F. and KENNY, G.P., 2012. Comparison of 
strength development with resistance training and combined exercise training in type 
2 diabetes. Scandinavian Journal of Medicine & Science in Sports, 22(4), pp. e45-54. 

LEE, C.G., BOYKO, E.J., STROTMEYER, E.S., LEWIS, C.E., CAWTHON, P.M., HOFFMAN, 
A.R., EVERSON-ROSE, S.A., BARRETT-CONNOR, E., ORWOLL, E.S. and OSTEOPOROTIC 
FRACTURES IN MEN STUDY RESEARCH GROUP, 2011. Association between insulin 
resistance and lean mass loss and fat mass gain in older men without diabetes mellitus. 
Journal of the American Geriatrics Society, 59(7), pp. 1217-1224. 

LEELARATHNA, L., WARD, C., DAVENPORT, K., DONALD, S., HOUSDEN, A., FINUCANE, 
F.M. and EVANS, M., 2011. Reduced insulin requirements during participation in the 
DAFNE (dose adjustment for normal eating) structured education programme. 
Diabetes research and clinical practice, 92(2), pp. e34-e36. 

LEHUEN, A., DIANA, J., ZACCONE P. and COOKE A., 2010. Immune cell crosstalk in type 
1 diabetes. Nature Reviews Immunology, 10(7), pp. 501-513. 

LI, S., XIAO, J., JI, L., WENG, J., JIA, W., LU, J., ZHOU, Z., GUO, X., LIU, J., SHAN, Z., ZHU, 
D., CHEN, L., ZHAO, Z., TIAN, H., JI, Q., GE, J., LI, Q., LIN, L., YANG, Z., HE, J. and YANG, 
W., 2014. BMI and waist circumference are associated with impaired glucose 
metabolism and type 2 diabetes in normal weight Chinese adults. Journal of diabetes 
and its complications, 28(4), pp. 470-476. 

LIESEN, H. and BAUM, M., 1997. Sport und Immunsystem. Stuttgart: . 

LIU, J., PARK, Y.M., BERKOWITZ, S.A., HU, Q., HAN, K., ORTAGLIA, A., MCKEOWN, R.E. 
and LIESE, A.D., 2015. Gender differences in the association between food insecurity 
and insulin resistance among U.S. adults: National Health and Nutrition Examination 
Survey, 2005-2010. Annals of Epidemiology, . 

LOVRE, D. and FONSECA, V., 2015. Benefits of timely basal insulin control in patients 
with type 2 diabetes. Journal of diabetes and its complications, 29(2), pp. 295-301. 



186 

 

LOVSHIN, J.A. and ZINMAN, B., 2014. Blood Pressure-Lowering Effects of Incretin-
Based Diabetes Therapies. Canadian Journal of Diabetes, 38(5), pp. 364-371. 

LUCOTTI, P., MONTI, L.D., SETOLA, E., GALLUCCIO, E., GATTI, R., BOSI, E. and PIATTI, P., 
2011. Aerobic and resistance training effects compared to aerobic training alone in 
obese type 2 diabetic patients on diet treatment. Diabetes research and clinical 
practice, 94(3), pp. 395-403. 

LYNCH, E.B., LIEBMAN, R., VENTRELLE, J., AVERY, E.F. and RICHARDSON, D., 2014. A 
self-management intervention for African Americans with comorbid diabetes and 
hypertension: a pilot randomized controlled trial. Preventing chronic disease, 11, pp. 
E90. 

MAAHS, D.M., NADEAU, K., SNELL-BERGEON, J.K., SCHAUER, I., BERGMAN, B., WEST, 
N.A., REWERS, M., DANIELS, S.R., OGDEN, L.G., HAMMAN, R.F. and DABELEA, D., 2011. 
Association of insulin sensitivity to lipids across the lifespan in people with Type 1 
diabetes. Diabetic medicine, 28(2), pp. 148-155. 

MAAHS, D.M., OGDEN, L.G., DABELEA, D., SNELL-BERGEON, J.K., DANIELS, S.R., 
HAMMAN, R.F. and REWERS, M., 2010. Association of glycaemia with lipids in adults 
with type 1 diabetes: modification by dyslipidaemia medication. Diabetologia, 53(12), 
pp. 2518-2525. 

MAAHS, D.M. and  ECKEL, R.H., 2015. 11 - Type 1 Diabetes and Associated 
Cardiovascular Risk and Disease. In: D.K.M. MARX, ed, Diabetes in Cardiovascular 
Disease: a Companion to Braunwald's Heart Disease. Content Repository Only!, pp. 
127-137. 

MAAHS, D., TAPLIN, C.E. and  FIALLO-SCHARER, R., 2009. Type 1 Diabetes Mellitus and 
Exercise. Diabetes and Exercise. Humana Press, pp. 1-9. 

MAEDA, S., TANABE, T., OTSUKI, T., SUGAWARA, J., IEMITSU, M., MIYAUCHI, T., KUNO, 
S., AJISAKA, R. and MATSUDA, M., 2004. Moderate regular exercise increases basal 
production of nitric oxide in elderly women. Hypertension research : official journal of 
the Japanese Society of Hypertension, 27(12), pp. 947-953. 

MAIORANA, A., O'DRISCOLL, G., GOODMAN, C., TAYLOR, R. and GREEN, D., 2002. 
Combined aerobic and resistance exercise improves glycemic control and fitness in 
type 2 diabetes. Diabetes research and clinical practice, 56(2), pp. 115-123. 

MÄKINEN, V.P., SOININEN, P., KANGAS, A.J., FORSBLOM, C., TOLONEN, N., THORN, 
L.M., VIIKARI, J., RAITAKARI, O.T., SAVOLAINEN, M., GROOP, P.H., ALA-KORPELA, M. 
and FINNISH DIABETIC NEPHROPATHY STUDY GROUP., 2013. Triglyceride-cholesterol 
imbalance across lipoprotein subclasses predicts diabetic kidney disease and mortality 
in type 1 diabetes: the FinnDiane Study. Journal of Internal Medicine, 273(4), pp. 383-
395. 



187 

 

MALKOVA, D., EVANS, R.D., FRAYN, K.N., HUMPHREYS, S.M., JONES, P.R. and 
HARDMAN, A.E., 2000. Prior exercise and postprandial substrate extraction across the 
human leg. Am.J.Physiol Endocrinol.Metab, 279(5), pp. E1020-E1028. 

MANETTA, J., BRUN, J.F., PEREZ-MARTIN, A., CALLIS, A., PREFAUT, C. and MERCIER, J., 
2002. Fuel oxidation during exercise in middle-aged men: role of training and glucose 
disposal. Med.Sci.Sports Exerc., 34(3), pp. 423-429. 

MANJI, S., SHIKORA, S., MCMAHON, M., BLACKBURN, G.L. and BISTRIAN, B.R., 1990. 
Peritoneal dialysis for acute renal failure: overfeeding resulting from dextrose 
absorbed during dialysis. Crit Care Med., 18(1), pp. 29-31. 

MARQUES, E.A., MOTA, J., VIANA, J.L., TUNA, D., FIGUEIREDO, P., GUIMARÃES, J.T. and 
CARVALHO, J., 2013. Response of bone mineral density, inflammatory cytokines, and 
biochemical bone markers to a 32-week combined loading exercise programme in 
older men and women. Archives of Gerontology and Geriatrics, 57(2), pp. 226-233. 

MARRA, M., SCALFI, L., COVINO, A., ESPOSITO-DEL PUENTE, A. and CONTALDO, F., 
1998. Fasting respiratory quotient as a predictor of weight changes in non-obese 
women. Int.J.Obes.Relat Metab Disord., 22(6), pp. 601-603. 

MARWICK, T.H., HORDERN, M.D., MILLER, T., CHYUN, D.A., BERTONI, A.G., 
BLUMENTHAL, R.S., PHILIPPIDES, G., ROCCHINI, A., ON BEHALF OF THE AMERICAN 
HEART ASSOCIATION EXERCISE,CARDIAC REHABILITATION, CARDIOLOGY,PREVENTION 
COMMITTEE OF THE COUNCIL ON CLINICAL, YOUNG,COUNCIL ON CARDIOVASCULAR 
DISEASE IN THE, NURSING, C.O.C. and COUNCIL ON NUTRITION, P., 2009. Exercise 
Training for Type 2 Diabetes Mellitus: Impact on Cardiovascular Risk: A Scientific 
Statement From the American Heart Association. Circulation, 119(25), pp. 3244-3262. 

MARZOLINI, S., OH, P.I., THOMAS, S.G. and GOODMAN, J.M., 2008. Aerobic and 
Resistance Training in Coronary Disease: Single versus Multiple Sets. Med.Sci.Sports 
Exerc., . 

MATTHEWS, V.B., ALLEN, T.L., RISIS, S., CHAN, M.H., HENSTRIDGE, D.C., WATSON, N., 
ZAFFINO, L.A., BABB, J.R., BOON, J., MEIKLE, P.J., JOWETT, J.B., WATT, M.J., JANSSON, 
J.O., BRUCE, C.R. and FEBBRAIO, M.A., 2010. Interleukin-6-deficient mice develop 
hepatic inflammation and systemic insulin resistance. Diabetologia, 53(11), pp. 2431-
2441. 

MAVRAKANAS, T., FRACHEBOIS, C., SOUALAH, A., ALOUI, F., JULIER, I. and BASTIDE, D., 
2009. C-peptide and chronic complications in patients with type-2 diabetes and the 
metabolic syndrome. Presse medicale (Paris, France : 1983), 38(10), pp. 1399-1403. 

MCARDLE, W., KATCH, F. and KATCH, V., 2006. Exercise Physiology: Energy, Nutrition 
and Human performance. Baltimore, Md: Lippincott Williams and Wilkins. 



188 

 

MEAH, F. and JUNEJA, R., 2015. Insulin Tactics in Type 2 Diabetes. Medical Clinics of 
North America, 99(1), pp. 157-186. 

MELANSON, E.L., SHARP, T.A., SEAGLE, H.M., DONAHOO, W.T., GRUNWALD, G.K., 
PETERS, J.C., HAMILTON, J.T. and HILL, J.O., 2002. Resistance and aerobic exercise have 
similar effects on 24-h nutrient oxidation. Med.Sci.Sports Exerc., 34(11), pp. 1793-
1800. 

MELANSON, E.L., SHARP, T.A., SEAGLE, H.M., HORTON, T.J., DONAHOO, W.T., 
GRUNWALD, G.K., HAMILTON, J.T. and HILL, J.O., 2002. Effect of exercise intensity on 
24-h energy expenditure and nutrient oxidation. J.Appl.Physiol, 92(3), pp. 1045-1052. 

MELTZER, S., LEITER, L., DANEMAN, D., GERSTEIN, H.C., LAU, D., LUDWIG, S., YALE, J.F., 
ZINMAN, B. and LILLIE, D., 1998. 1998 clinical practice guidelines for the management 
of diabetes in Canada. Canadian Diabetes Association. Cmaj, 159 Suppl 8(8), pp. S1-29. 

MERRY, T.L. and MCCONELL, G.K., 2009. Skeletal muscle glucose uptake during 
exercise: a focus on reactive oxygen species and nitric oxide signaling. IUBMB.Life, 
61(5), pp. 479-484. 

MEYER, T., GASSLER, N. and KINDERMANN, W., 2007. Determination of "Fatmax"with 1 
h cycling protocols of constant load. Appl.Physiol Nutr.Metab, 32(2), pp. 249-256. 

MILLAR, W.J. and STEPHENS, T., 1993. Social status and health risks in Canadian adults: 
1985 and 1991. Health Rep., 5(2), pp. 143-156. 

MINUK, H.L., VRANIC, M., MARLISS, E.B., HANNA, A.K., ALBISSER, A.M. and ZINMAN, B., 
1981. Glucoregulatory and metabolic response to exercise in obese noninsulin-
dependent diabetes. The American Journal of Physiology, 240(5), pp. E458-64. 

MITANCHEZ, D., 2010. Fetal and neonatal complications of gestational diabetes: 
perinatal mortality, congenital malformations, macrosomia, shoulder dystocia, birth 
injuries, neonatal outcomes. Journal de gynecologie, obstetrique et biologie de la 
reproduction, 39(8 Suppl 2), pp. S189-99. 

MIYASHITA, M., BURNS, S.F. and STENSEL, D.J., 2008. Accumulating short bouts of brisk 
walking reduces postprandial plasma triacylglycerol concentrations and resting blood 
pressure in healthy young men. Am J Clin Nutr, 88(5), pp. 1225-1231. 

MONAMI, M., VITALE, V., LAMANNA, C., BARTOLI, N., MARTELLI, D., ZANNONI, S., 
ANTENORE, A., TOFFANELLO, G., MARCHIONNI, N. and MANNUCCI, E., 2013. HbA1c 
levels and all-cause mortality in type 2 diabetic patients: epidemiological evidence of 
the need for personalised therapeutic targets. Nutrition, metabolism, and 
cardiovascular diseases : NMCD, 23(4), pp. 300-306. 



189 

 

MONTAIN, S.J., HOPPER, M.K., COGGAN, A.R. and COYLE, E.F., 1991. Exercise 
metabolism at different time intervals after a meal. J.Appl.Physiol, 70(2), pp. 882-888. 

MONTEIRO, C.A., MONDINI, L., DE SOUZA, A.L. and POPKIN, B.M., 1995. The nutrition 
transition in Brazil. Eur.J.Clin.Nutr., 49(2), pp. 105-113. 

MONTERO, D., ROCHE, E. and MARTINEZ-RODRIGUEZ, A., 2014. The impact of aerobic 
exercise training on arterial stiffness in pre- and hypertensive subjects: A systematic 
review and meta-analysis. International journal of cardiology, 173(3), pp. 361-368. 

MORAIS, P.K., CAMPBELL, C.S.G., SALES, M.M., MOTTA, D.F., MOREIRA, S.R., CUNHA, 
V.N.C., BENFORD, R.E. and SIMÕES, H.G., 2011. Acute resistance exercise is more 
effective than aerobic exercise for 24 h blood pressure control in type 2 diabetics. 
Diabetes & Metabolism, 37(2), pp. 112-117. 

MORAN, C.N., BARWELL, N.D., MALKOVA, D., CLELAND, S.J., MCPHEE, I., PACKARD, C.J., 
ZAMMIT, V.A. and GILL, J.M.R., 2011. Effects of diabetes family history and exercise 
training on the expression of adiponectin and leptin and their receptors. Metabolism, 
60(2), pp. 206-214. 

MURTAGH, E.M., BOREHAM, C.A.G., NEVILL, A., HARE, L.G. and MURPHY, M.H., 2005. 
The effects of 60 minutes of brisk walking per week, accumulated in two different 
patterns, on cardiovascular risk. Preventive medicine, 41(1), pp. 92-97. 

MUSI, N., FUJII, N., HIRSHMAN, M.F., EKBERG, I., FROBERG, S., LJUNGQVIST, O., 
THORELL, A. and GOODYEAR, L.J., 2001. AMP-activated protein kinase (AMPK) is 
activated in muscle of subjects with type 2 diabetes during exercise. Diabetes, 50(5), 
pp. 921-927. 

NATHAN, D., CLEARY, P., BACKLUND, J.Y., GENUTH, S.M., LACHIN, J.M., ORCHARD, T.J., 
RASKIN, P., ZINMAN, B. and DIABETES CONTROL AND COMPLICATIONS 
TRIAL/EPIDEMIOLOGY OF DIABETES INTERVENTIONS AND COMPLICATIONS 
(DCCT/EDIC) STUDY RESEARCH GROUP., 2005. Intensive diabetes treatment and 
cardiovascular disease in patients with type 1 diabetes. The New England Journal of 
medicine, 353(25), pp. 2643-2653. 

NICKLAS, B.J. and BEAVERS, K.M., 2010. Exercise, weight loss, 
and effects on inflammation. Current Cardiovascular Risk Reports, 4(4), pp. 284-292. 

NICKLAS, B.J., HSU, F.C., BRINKLEY, T.J., CHURCH, T., GOODPASTER, B.H., KRITCHEVSKY, 
S.B. and PAHOR, M., 2008. Exercise training and plasma C-reactive protein and 
interleukin-6 in elderly people. Journal of the American Geriatrics Society, 56(11), pp. 
2045-2052. 



190 

 

NICKLAS, B.J., ROGUS, E.M. and GOLDBERG, A.P., 1997. Exercise blunts declines in 
lipolysis and fat oxidation after dietary-induced weight loss in obese older women. 
Am.J.Physiol, 273(1 Pt 1), pp. E149-E155. 

NIELSEN, P.J., HAFDAHL, A.R., CONN, V.S., LEMASTER, J.W. and BROWN, S.A., 2006. 
Meta-analysis of the effect of exercise interventions on fitness outcomes among adults 
with type 1 and type 2 diabetes. Diabetes Research and Clinical Practice, 74(2), pp. 
111-120. 

NORDESTGAARD, B.G., BENN, M., SCHNOHR, P. and TYBJAERG-HANSEN, A., 2007. 
Nonfasting triglycerides and risk of myocardial infarction, ischemic heart disease, and 
death in men and women. Jama, 298(3), pp. 299-308. 

NORDESTGAARD, B.G., LANGSTED, A. and FREIBERG, J.J., 2009. Nonfasting 
hyperlipidemia and cardiovascular disease. Current Drug Targets, 10(4), pp. 328-335. 

NORTH, S.L. and PALMER, G.A., 2015. Outcome Analysis of Hemoglobin A1c, Weight, 
and Blood Pressure in a VA Diabetes Education Program. Journal of Nutrition Education 
and Behavior, 47(1), pp. 28-35. 

NYENWE, E.A., JERKINS, T.W., UMPIERREZ, E. and KITABCHI, A.E., 2011. Management 
of type 2 diabetes: evolving strategies for the treatment of patients with type 2 
diabetes. Metabolism, 60(1), pp. 1-23. 

ODEGAARD, J.I. and CHAWLA, A., 2013. Pleiotropic actions of insulin resistance and 
inflammation in metabolic homeostasis. Science (New York, N.Y.), 339(6116), pp. 172-
177. 

OGURI, M., ADACHI, H., OHNO, T., OSHIMA, S. and KURABAYASHI, M., 2009. Effect of a 
single bout of moderate exercise on glucose uptake in type 2 diabetes mellitus. Journal 
of Cardiology, 53(1), pp. 8-14. 

ORMSBEE, M.J., CHOI, M.D., MEDLIN, J.K., GEYER, G.H., TRANTHAM, L.H., DUBIS, G.S. 
and HICKNER, R.C., 2009. Regulation of fat metabolism during resistance exercise in 
sedentary lean and obese men. J.Appl.Physiol, 106(5), pp. 1529-1537. 

PAL, S., RADAVELLI-BAGATINI, S. and HO, S., 2013. Potential benefits of exercise on 
blood pressure and vascular function. Journal of the American Society of Hypertension, 
7(6), pp. 494-506. 

PARK, H. and AHIMA, R.S., 2015. Physiology of leptin: energy homeostasis, 
neuroendocrine function and metabolism. Metabolism, 64(1), pp. 24-34. 

PEDERSEN, B.K. and HOFFMAN-GOETZ, L., 2000. Exercise and the immune system: 
regulation, integration, and adaptation. Physiol Rev, 80(3), pp. 1055-1081. 



191 

 

PEDERSEN, B.K., STEENSBERG, A. and SCHJERLING, P., 2001. Exercise and interleukin-6. 
Current opinion in hematology, 8(3), pp. 137-141. 

PEDERSEN, M., STEENSBERG, A., KELLER, C., OSADA, T., ZACHO, M., SALTIN, B., 
FEBBRAIO, M.A. and PEDERSEN, B.K., 2004. Does the aging skeletal muscle maintain its 
endocrine function? Exercise immunology review, 10, pp. 42-55. 

PENKOWA, M., KELLER, C., KELLER, P., JAUFFRED, S. and PEDERSEN, B.K., 2003. 
Immunohistochemical detection of interleukin-6 in human skeletal muscle fibers 
following exercise. FASEB journal : official publication of the Federation of American 
Societies for Experimental Biology, 17(14), pp. 2166-2168. 

PETERSEN, A.M.W. and PEDERSEN, B.K., 2005. The anti-inflammatory effect of 
exercise. Journal of Applied Physiology, 98(4), pp. 1154-1162. 

POULOS, S.P., HAUSMAN, D.B. and HAUSMAN, G.J., 2010. The development and 
endocrine functions of adipose tissue. Molecular and cellular endocrinology, 323(1), 
pp. 20-34. 

POULTER, N.R., 2009. Blood pressure and glucose control in subjects with diabetes: 
new analyses from ADVANCE. Journal of hypertension.Supplement : official journal of 
the International Society of Hypertension, 27(1), pp. S3-8. 

PRESTES, J., SHIGUEMOTO, G., BOTERO, J.P., FROLLINI, A., DIAS, R., LEITE, R., PEREIRA, 
G., MAGOSSO, R., BALDISSERA, V., CAVAGLIERI, C. and PEREZ, S., 2009. Effects of 
resistance training on resistin, leptin, cytokines, and muscle force in elderly post-
menopausal women. Journal of sports sciences, 27(14), pp. 1607-1615. 

PREZA, G.C., PINON, R., GANZ, T. and NEMETH, E., 2013. Cellular Catabolism of the 
Iron-Regulatory Peptide Hormone Hepcidin. PloS one, 8(3),. 

PURNELL, J.Q., HOKANSON, J.E., MARCOVINA, S.M., STEFFES, M.W., CLEARY, P.A. and 
BRUNZELL, J.D.L., 1998. Effect of excessive weight gain with intensive therapy of type 1 
diabetes on lipid levels and blood pressure. JAMA: The Journal of the American Medical 
Association, 280(2), pp. 140-146. 

RAMALHO, A.C., DE LOURDES LIMA, M., NUNES, F., CAMBUÍ, Z., BARBOSA, C., 
ANDRADE, A., VIANA, A., MARTINS, M., ABRANTES, V., ARAGÃO, C. and TEMÍSTOCLES, 
M., 2006. The effect of resistance versus aerobic training on metabolic control in 
patients with type-1 diabetes mellitus. Diabetes Research and Clinical Practice, 72(3), 
pp. 271-276. 

RASHIDLAMIR, A. and SAADATNIA, A., 2012. The effect of eight weeks of aerobic 
training on the plasma level of adiponectin, leptin, and resistin in healthy middle-aged 
men. Science & Sports, 27(6), pp. 351-356. 



192 

 

REGNÉLL, S.E. and LERNMARK, Å, 2013. The environment and the origins of islet 
autoimmunity and Type 1 diabetes. Diabetic medicine : a journal of the British Diabetic 
Association, 30(2), pp. 155-160. 

REIHMANE, D. and DELA, F., 2014. Interleukin-6: possible biological roles during 
exercise. European journal of sport science, 14(3), pp. 242-250. 

RIDDELL, M. and PERKINS, B.A., 2009. Exercise and glucose metabolism in persons with 
diabetes mellitus: perspectives on the role for continuous glucose monitoring. Journal 
of diabetes science and technology, 3(4), pp. 914-923. 

RODRIGUEZ-CABALLERO, A., GARCIA-MONTERO, A.C., BUENO, C., ALMEIDA, J., VARRO, 
R., CHEN, R., PANDIELLA, A. and ORFAO, A., 2004. A new simple whole blood flow 
cytometry-based method for simultaneous identification of activated cells and 
quantitative evaluation of cytokines released during activation. Laboratory 
investigation; a journal of technical methods and pathology, 84(10), pp. 1387-1398. 

ROMIJN, J.A., COYLE, E.F., SIDOSSIS, L.S., GASTALDELLI, A., HOROWITZ, J.F., ENDERT, E. 
and WOLFE, R.R., 1993. Regulation of endogenous fat and carbohydrate metabolism in 
relation to exercise intensity and duration. Am.J.Physiol, 265(3 Pt 1), pp. E380-E391. 

ROMIJN, J.A., COYLE, E.F., SIDOSSIS, L.S., ROSENBLATT, J. and WOLFE, R.R., 2000. 
Substrate metabolism during different exercise intensities in endurance-trained 
women. J.Appl.Physiol, 88(5), pp. 1707-1714. 

ROSA, J.S., HEYDARI, S., OLIVER, S.R., FLORES, R.L., PONTELLO, A.M., IBARDOLAZA, M. 
and GALASSETTI, P.R., 2011. Inflammatory cytokine profiles during exercise in obese, 
diabetic, and healthy children. Journal of clinical research in pediatric endocrinology, 
3(3), pp. 115-121. 

SALEM, M.A., ABOELASRAR, M.A., ELBARBARY, N.S., ELHILALY, R.A. and REFAAT, Y.M., 
2010. Is exercise a therapeutic tool for improvement of cardiovascular risk factors in 
adolescents with type 1 diabetes mellitus? A randomised controlled trial. Diabetology 
and Metabolic Syndrome, 2(1), pp. 47. 

SALTIEL, A.R. and KAHN, C.R., 2001. Insulin signalling and the regulation of glucose and 
lipid metabolism. Nature, 414(6865), pp. 799-806. 

SANDOVAL, D.A., GALASSETTI, P., TATE, D., NEILL, A. and DAVIS, S.N., 2003. Leptin 
responses to antecedent exercise and hypoglycemia in healthy and type 1 diabetes 
mellitus men and women. Journal of diabetes and its complications, 17(6), pp. 301-
306. 

SCHEEPERS, A., JOOST, H.G. and SCHÜRMANN, A., 2004. The glucose transporter 
families SGLT and GLUT: molecular basis of normal and aberrant function. Journal of 
Parenteral and Enteral Nutrition, 28(5), pp. 364-371. 



193 

 

SCHERR, J., WOLFARTH, B., CHRISTLE, J.W., PRESSLER, A., WAGENPFEIL, S. and HALLE, 
M., 2013. Associations between Borg’s rating of perceived exertion and physiological 
measures of exercise intensity. European Journal of Applied Physiology, 113(1), pp. 
147-155. 

SELVIN, E., MARINOPOULOS, S., BERKENBLIT, G., RAMI, T., BRANCATI, F., POWE, N. and 
GOLDEN, S., 2004. Meta-analysis: glycosylated hemoglobin and cardiovascular disease 
in diabetes mellitus. Annals of Internal Medicine, 141(6), pp. 421-431. 

SELVIN, E., CORESH, J., GOLDEN, S.H., BRANCATI, F.L., FOLSOM, A.R. and STEFFES, 
M.W., 2005. Glycemic control and coronary heart disease risk in persons with and 
without diabetes: the atherosclerosis risk in communities study. Archives of Internal 
Medicine, 165(16), pp. 1910-1916. 

SENN, J.J., KLOVER, P.J., NOWAK, I.A., ZIMMERS, T.A., KONIARIS, L.G., FURLANETTO, 
R.W. and MOONEY, R.A., 2003. Suppressor of cytokine signaling-3 (SOCS-3), a potential 
mediator of interleukin-6-dependent insulin resistance in hepatocytes. The Journal of 
biological chemistry, 278(16), pp. 13740-13746. 

SHRIVER, L.A., 2011. The Effect of Exercise on Insulin Resistance. Master of 
Arts/Science in Nursing Scholarly Projects, 19. 

SIDDIQUI, K., MUSAMBIL, M. and NAZIR, N., 2015. Maturity onset diabetes of the 
young (MODY)—History, first case reports and recent advances. Gene, 555(1), pp. 66-
71. 

SIGAL, R.J., KENNY, G.P., BOULÃ©, N.G., WELLS, G.A., PRUD'HOMME, D., FORTIER, M., 
REID, R.D., TULLOCH, H., COYLE, D., PHILLIPS, P., JENNINGS, A. and JAFFEY, J., 2007. 
Effects of Aerobic Training, Resistance Training, or Both on Glycemic Control in Type 2 
Diabetes. Annals of Internal Medicine, 147(6), pp. 357-369. 

SIGAL, R.J., KENNY, G.P., WASSERMAN, D.H. and CASTANEDA-SCEPPA, C., 2006. 
Physical Activity/Exercise and Type 2 Diabetes. Diabetes Care, 27(10), pp. 2518-2539. 

SILSWAL, N., SINGH, A.K., ARUNA, B., MUKHOPADHYAY, S., GHOSH, S. and EHTESHAM, 
N.Z., 2005. Human resistin stimulates the pro-inflammatory cytokines TNF-alpha and 
IL-12 in macrophages by NF-kappaB-dependent pathway. Biochemical and biophysical 
research communications, 334(4), pp. 1092-1101. 

SIMONSON DC, D.R., 1990. Indirect calorimetry: methodological and interpretative 
problems. Am. J. Physiol, 258, pp. 399-412. 

SINHA, M.K., OHANNESIAN, J.P., HEIMAN, M.L., KRIAUCIUNAS, A., STEPHENS, T.W., 
MAGOSIN, S., MARCO, C. and CARO, J.F., 1996. Nocturnal rise of leptin in lean, obese, 
and non-insulin-dependent diabetes mellitus subjects. The Journal of clinical 
investigation, 97(5), pp. 1344-1347. 



194 

 

SNOWLING, N.J. and HOPKINS, W.G., 2006. Effects of Different Modes of Exercise 
Training on Glucose Control and Risk Factors for Complications in Type 2 Diabetic 
Patients A meta-analysis. Diabetes Care, 29(11), pp. 2518-2527. 

SRINIVASAN, B.T. and DAVIES, M., 2014. Glycaemic management of type 2 diabetes. 
Medicine, 42(12), pp. 711-717. 

STEENSBERG, A., VAN HALL, G., OSADA, T., SACCHETTI, M., SALTIN, B. and KLARLUND 
PEDERSEN, B., 2000. Production of interleukin-6 in contracting human skeletal muscles 
can account for the exercise-induced increase in plasma interleukin-6. J Physiol, 529(1), 
pp. 237-242. 

STEENSBERG, A., KELLER, C., STARKIE, R.L., OSADA, T., FEBBRAIO, M.A. and PEDERSEN, 
B.K., 2002. IL-6 and TNF-alpha expression in, and release from, contracting human 
skeletal muscle. American journal of physiology.Endocrinology and metabolism, 283(6), 
pp. E1272-8. 

STEPPAN, C.M., BAILEY, S.T., BHAT, S., BROWN, E.J., BANERJEE, R.R., WRIGHT, C.M., 
PATEL, H.R., AHIMA, R.S. and LAZAR, M.A., 2001. The hormone resistin links obesity to 
diabetes. Nature, 409(6818), pp. 307-312. 

STEVENS, J.W., KHUNTI, K., HARVEY, R., JOHNSON, M., PRESTON, L., WOODS, H.B., 
DAVIES, M. and GOYDER, E., 2015. Preventing the progression to Type 2 diabetes 
mellitus in adults at high risk: A systematic review and network meta-analysis of 
lifestyle, pharmacological and surgical interventions. Diabetes research and clinical 
practice, 107(3), pp. 320-331. 

STRACHAN, M.J. and  FRIER, B., 2013. History, Normal Physiology, and Production of 
Insulin. Insulin Therapy. London: Springer London, pp. 1-8. 

STRATTON, I., ADLER, A., NEIL, H., MATTHEWS, D., MANLEY, S., CULL, C., HADDEN, D., 
TURNER, R. and HOLMAN, R., 2000. Association of glycaemia with macrovascular and 
microvascular complications of type 2 diabetes (UKPDS 35): prospective observational 
study. British Medical Journal, 7258(321), pp. 405-412. 

SUKALA, W.R., PAGE, R. and CHEEMA, B.S., 2012. Exercise training in high-risk ethnic 
populations with type 2 diabetes: A systematic review of clinical trials. Diabetes 
Research and Clinical Practice, 97(2), pp. 206-216. 

SULTAN, A., THUAN, J. and AVIGNON, A., 2006. Primary prevention of cardiovascular 
events and type 2 diabetes: Should we prioritize our interventions? Diabetes & 
metabolism, 32(6), pp. 559-567. 

SUZUKI, K., NAKAJI, S., YAMADA, M., TOTSUKA, M., SATO, K. and SUGAWARA, K., 2002. 
Systemic inflammatory response to exhaustive exercise. Cytokine kinetics. Exercise 
immunology review, 8, pp. 6-48. 



195 

 

SZENDROEDI, J., FROSSARD, M., KLEIN, N., BIEGLMAYER, C., WAGNER, O., PACINI, G., 
DECKER, J., NOWOTNY, P., MÜLLER, M. and RODEN, M., 2012. Lipid-induced insulin 
resistance is not mediated by impaired transcapillary transport of insulin and glucose 
in humans. Diabetes, 61(12), pp. 3176-3180. 

TAKAO, T., MATSUYAMA, Y., SUKA, M., YANAGISAWA, H., KIKUCHI, M. and KAWAZU, 
S., 2014. Time-to-effect relationships between systolic blood pressure and the risks of 
nephropathy and retinopathy in patients with type 2 diabetes. Journal of diabetes and 
its complications, 28(5), pp. 674-678. 

TAYLOR, M., GREGORY, R., MITCHELL, H., ALBLIHED, M., ALSABIH, A., TOMLINS, P. and 
SAHOTA, T., 2014. Insulin pump users would not rule out using an implantable artificial 
pancreas. Practical Diabetes, 31(1), pp. 18-23a. 

TIBANA, R.A., NAVALTA, J., BOTTARO, M., VIEIRA, D., TAJRA, V., SILVA ADE, O., DE 
FARIAS, D.L., PEREIRA, G.B., DE SOUZA, J.C., BALSAMO, S., CAVAGLIERI, C.R. and 
PRESTES, J., 2013. Effects of eight weeks of resistance training on the risk factors of 
metabolic syndrome in overweight /obese women - "A Pilot Study. Diabetol Metab 
Syndr, 5(1), pp. 11. 

TOKMAKIDIS, S., ZOIS, C., VOLAKLIS, K., KOTSA, K. and TOUVRA, A., 2004. The effects of 
a combined strength and aerobic exercise program on glucose control and insulin 
action in women with type 2 diabetes. European Journal of Applied Physiology, 92(4-5), 
pp. 437-442. 

VAN DER HEIJDEN, G.J., WANG, Z.J., CHU, Z., TOFFOLO, G., MANESSO, E., SAUER, P.J. 
and SUNEHAG, A.L., 2010. Strength exercise improves muscle mass and hepatic insulin 
sensitivity in obese youth. Medicine and science in sports and exercise, 42(11), pp. 
1973-1980. 

VAN GAAL, L.F., MERTENS, I.L. and DE BLOCK, C.E., 2006. Mechanisms linking obesity 
with cardiovascular disease. Nature, 444(7121), pp. 875-880. 

VERGES, B., 2009. Lipid disorders in type 1 diabetes. Diabetes & Metabolism, 35(5), pp. 
353-360. 

WAKI, H. and TONTONOZ, P., 2007. Endocrine functions of adipose tissue. Annual 
review of pathology, 2, pp. 31-56. 

WALLENIUS, V., WALLENIUS, K., AHREN, B., RUDLING, M., CARLSTEN, H., DICKSON, S.L., 
OHLSSON, C. and JANSSON, J.O., 2002. Interleukin-6-deficient mice develop mature-
onset obesity. Nature medicine, 8(1), pp. 75-79. 

WANG, L., BORDI, P.L., FLEMING, J.A., HILL, A.M. and KRIS-ETHERTON, P.M., 2015. 
Effect of a moderate fat diet with and without avocados on lipoprotein particle 



196 

 

number, size and subclasses in overweight and obese adults: a randomized, controlled 
trial. Journal of the American Heart Association, 4(1), pp. e001355. 

WANG, T., CHANG, W., CHIU, Y., LEE, C., LIN, K., CHENG, Y.Y., SU, Y., CHUNG, H. and 
HUANG, M., 2013. Relationships between changes in leptin and insulin resistance 
levels in obese individuals following weight loss. The Kaohsiung journal of medical 
sciences, 29(8), pp. 436-443. 

YAN, Z., LIU, Y. and HUANG, H., 2012. Association of glycosylated hemoglobin level 
with lipid ratio and individual lipids in type 2 diabetic patients. Asian Pacific Journal of 
Tropical Medicine, 5(6), pp. 469-471. 

YARDLEY, J.E., KENNY, G.P., PERKINS, B.A., RIDDELL, M.C., BALAA, N., MALCOLM, J., 
BOULAY, P., KHANDWALA, F. and SIGAL, R.J., 2013. Resistance versus aerobic exercise: 
acute effects on glycemia in type 1 diabetes. Diabetes Care, 36(3), pp. 537-542. 

YARDLEY, J.E., KENNY, G.P., PERKINS, B.A., RIDDELL, M.C., MALCOLM, J., BOULAY, P., 
KHANDWALA, F. and SIGAL, R.J., 2012. Effects of performing resistance exercise before 
versus after aerobic exercise on glycemia in type 1 diabetes. Diabetes Care, 35(4), pp. 
669-675. 

YARDLEY, J.E., ISCOE, K.E., SIGAL, R.J., KENNY, G.P., PERKINS, B.A. and RIDDELL, M.C., 
2013. Insulin pump therapy is associated with less post-exercise hyperglycemia than 
multiple daily injections: an observational study of physically active type 1 diabetes 
patients. Diabetes technology & therapeutics, 15(1), pp. 84-88. 

YAVARI, A., NAJAFIPOOR, F., ALIASGARZADEH, A., NIAFAR, M. and MOBASSERI, M., 
2012. Effect of aerobic exercise, resistance training or combined training on glycaemic 
control and cardio-vascular risk factors in patients with type 2 diabetes. Biology of 
Sport, 29, pp. 135-143. 

YOON, N., DANG, T.Q., CHASIOTIS, H., KELLY, S.P. and SWEENEY, G., 2014. Altered 
transendothelial transport of hormones as a contributor to diabetes. Diabetes & 
metabolism journal, 38(2), pp. 92-99. 

YOSHIDA, H., ISHIKAWA, T., SUTO, M., KUROSAWA, H., HIROWATARI, Y., ITO, K., YANAI, 
H., TADA, N. and SUZUKI, M., 2010. Effects of supervised aerobic exercise training on 
serum adiponectin and parameters of lipid and glucose metabolism in subjects with 
moderate dyslipidemia. J Atheroscler Thromb, 17(11), pp. 1160-1166. 

ZAJADACZ, B., SKARPAŃSKA-STEJNBORN, A., BRZENCZEK-OWCZARZAK.W. and 
JUSZKIEWICZ, A., 2009. The influence of physical exercise on alterations in 
concentrations of neuropeptide Y, leptin and other selected hormonal and metabolic 
parameters in sportspeople. Biology of Sport, 26(4), pp. 309-324. 

  



197 

 

Appendices 

(Appendix 1) 

 

Leicester School of Pharmacy 

Faculty of Health & Life Sciences 
 

De Montfort University Diabetes and Exercise 
_Survey 2011  

 

 

DMU University Diabetes and Exercise Survey 2011 



198 

 

Dear Participant 
 
Our research group in the School of Pharmacy are working to produce a medical device 
that might help people with diabetes maintain the right level of glucose in their blood.  
We would like to invite you to take part in this survey because you have either Type 1 
or Type 2 diabetes. It is an opportunity for you to discuss your experience with various 
aspects of your diabetes and your attitudes with exercise. The information we get from 
this survey will be combined with a practical study we will also be conducting which 
may lead to recommendations to improve the lifestyle of people with diabetes in the 
future. The information could also help research toward a suitable exercise regime for 
people with diabetes. 
 
All information collected about you during the course of the survey will be strictly 
confidential and we will not ask for any personal details. 
 
If you have any questions then please contact us. 
 
Thank you very much for your time. 
Yours sincerely 
 
MJ Taylor 
Professor of Pharmaceutics       
0116 2506317 
mjt@dmu.ac.uk 
 
Ahmed Alsabih 
PhD student 
0116 
P09053155@myemail.dmu.ac.uk 
 
 
 
 
Section A: About you 
 
Q1. Are you? 

1.  Female 

2.  Male 
 

Q2. How would you best describe your occupation? 

1.  Professional 

2.  Skilled 

3.  Semi-skilled 

4.  Manual labour 

5.  Student 

Return to: 

 

FREEPOST RSAT-ZSRT-RRGG 

INsmart Diabetes Survey 

Faculty of Health & Life Sciences 

De Montfort University 

The Gateway Leicester 

 

LE1 9BH 

 

No stamp needed 
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6.  Retired 

7.  Other, please state………………. 
 

Q3. How old are you? 

1.  Between 1 - 10 years 

2.  Between 11 - 20 years 

3.  Between 21 - 30 years 

4.  Between 31 - 40 years 

5.  Between 41 - 50 years 

6.  Between 51 - 60 years 

7.  Between 61 - 80 years 

8.  Over 80 years 
 

Q4. How old were you when your diabetes was first diagnosed? 

1.  Between 1 - 10 years 

2.  Between 11 - 20 years 

3.  Between 21 - 30 years 

4.  Between 31 - 40 years 

5.  Between 41 - 50 years 

6.  Between 51 - 60 years 

7.  Between 61 - 80 years 

8.  Over 80 years 
 

Q5. What is your highest level of education?  

1.  I am still in full time education 

2.  I underwent some form of educational training (e.g. vocational or college) 

3.  I am in or have had a higher education (e.g. university) 

4.  I am still in full time education as a mature student 

5.  I have not had any further education after leaving school 
 

Q6. What is your ethnic group? (Please tick one box from section A to E) 
A. WHITE 

1.  British 

2.   Irish 

3.   Any other White background (Please write in___________________) 
B. MIXED 

4.   White and Black Caribbean 

5.   White and Black African 

6.   White and Asian 

7.   Any other mixed background (Please write in___________________) 
B. ASIAN OR ASIAN BRITISH 

8.    Indian 

9.    Pakistani 

10.  Bangladeshi 
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11.   Any other Asian background (Please write here _______________) 
B.   BLACK OR BLACK BRITISH 

12.   Caribbean 

13.   African 

14.   Any other Black background (Please write in_________________) 
 B.   CHINESE OR OTHER ETHNIC GROUP 

15.   Chinese 

16.   Any other ethnic group (Please write in_____________________) 
Q7. Which country do you live in? 
………………………………………… 
 
Section B: Your diabetes 
 
Q8. How was your diabetes diagnosed?  

1.    By your GP (General Practitioner) 

2.   By hospital clinic 

3.   By friend/ family  

4.   By ambulance/Accident and Emergency  

5.   By yourself 

6.   By medical check-up (eg. work, insurance) 

7.   Other, please state……………………. 
 

Q9. What type of diabetes do you have? 

1.   Type 1 

2.  Type 2 

3.  I don’t know 

4.  Other, please state…………………. 
 

Q10. Please state your height, weight 
1. Height…………. (cm or feet and inches) 
2. Weight…………. (kg or stones and pounds) 

 
Q11. Is there a history of diabetes in your immediate family? 

1.  No  

2.  Yes, please state who……………….. 
 

Q12. What do you find most difficult about your diabetes? 

1.  Healthy diet 

2.  Exercising 

3.  Testing blood glucose levels 

4.  Other, please state……………………………………  
 

Q13. Do you use insulin? 

1.  Yes 
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2.  No. Please go to Q19 
 

Q14. What type of insulin(s) do you use? 

1.  Humalog® (Lispro) 

2.  Novorapid® or Novolog® (Aspart) 

3.  Actrapid® (regular or soluble insulin) 

4.  Humulin S® (regular or soluble insulin) 

5.  Humulin I® (Isophane) 

6.  Insulatard® (Isophane) 

7.  Mixtard® 

8.  Humulin M3® 

9.  Levemir® (detemir)  

10.  Lantus® (Glargine) 

11.  Other (list) _____________ 
 

Q15. How many insulin injections do you give yourself in a normal day? 

1.  1 - 2 

2.  2 - 4 

3.  4 or more  
 
Q16. How long have you been injecting this number of injections each day? 

1.  Ever since I started taking insulin 

2.  Less than one year 

3.  1 – less than 2 years 

4.  2 – less than 5 years 

5.  longer than 5 years 
 
Q17. What was the total amount of insulin you used yesterday (over 24 hours)? 

1.  Between 20 - 39 Units 

2.  Between 40 - 79 Units 

3.  Between 80 - 100 Units 

4.  Other, please state…………………………………… 
 
Q18. What is the typical total amount of insulin you use each day?    

1.  Between 20 - 39 Units 

2.  Between 40 - 79 Units 

3.  Between 80 - 100 Units 

4.  Other, please state…………………………………… 
 
Q19. What was your HbA1c when you were diagnosed with diabetes? (if known) 

1.  Don’t know 

2.  Below 5 % (31) 

3.  Between 5  and 6 % (31 and 42 ) 

4.  Between 6.1 and 7 % (43 and 53 ) 
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5.  Between 7.1 and 8 % (54 and 64 ) 

6.  Between 8.1 and 9 % (65 and 75 ) 

7.  Between 9.1 and 10 % (76 and 86) 

8.  Over 10% (86). Please state…………… 
 

Q20. How often is your HbA1c measured? 

1.   Every 3 months 

2.   Every 6 months 

3.   Every year 

4.   Other, please state…………………………………… 
 

Q21. What is your recent measured HbA1c result? 

1.   Don’t know  

2.   Below 5 % (31) 

3.   Between 5  and 6 % (31 and 42 ) 

4.   Between 6.1 and 7 % (43 and 53 ) 

5.   Between 7.1 and 8 % (54 and 64 ) 

6.   Between 8.1 and 9 % (65 and 75 ) 

7.   Between 9.1 and 10 % (76 and 86) 

8.   Over 10% (86). Please state…………… 
 
Q22. Was your HbA1c taken in the last 3 months? 

1.  Yes 

2.   No. Please state when…………… 
 

Q23. What do you think your HbA1c should be? 

1.   Don’t know 

2.   Below 5 % (31) 

3.   Between 5  and 6 % (31 and 42 ) 

4.   Between 6.1 and 7 % (43 and 53 ) 

5.   Between 7.1 and 8 % (54 and 64 ) 

6.   Between 8.1 and 9 % (65 and 75 ) 

7.   Between 9.1 and 10 % (76 and 86) 

8.   Over 10% (86). Please state…………… 
Q24. In the last 12 months, have you had any of the following tests?  

 Yes No Don’t 
know 

1. Your blood pressure taken by a doctor or nurse    

2. A cholesterol test by a doctor or nurse    

3. An eye test where a photograph of the back of your eyes was 
taken 

   

4. Your bare feet were examined    

5. You have had your weight checked by a doctor or nurse    
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Q25. For each question please tick yes, no or don’t know 

 Yes No Don’t 
know 

1. Has your eyesight suffered as a consequence of your 
diabetes? 

   

2. Do you have diabetic kidney disease?    

3. Do you require dialysis?    

4. Have you had a kidney transplant?    

5. Is your usual blood pressure normal?    

6. Do you take any medication to control your blood 
pressure? 

   

7. Are you on lipid lowering medication (for high cholesterol 
or triglycerides)? 

   

8. Have you ever had a heart attack?    

9. Do you ever have chest pain due to angina?    

10. Have you ever had heart bypass surgery (coronary artery 
bypass)? 

   

11. Have you ever had a balloon angioplasty or a coronary 
stent placed? 

   

12. Have you ever had, or suspected that you had a stroke?    

 
Q26. Please tell us what your cholesterol levels are, if known? 

1. Total cholesterol level………………… 
2. High-density lipoprotein (HDL)…………………. 
3. Low-density lipoprotein (LDL)…………………… 

 
Q27. Have you ever had a low blood glucose ‘hypoglycaemia’? 

1.   Yes  

2.   No. Please go to Q37 
 

Q28. What symptoms do you experience when you have a ‘hypoglycaemia’?  Tick all 
that apply to you 

1.  Pale skin 

2.  Trembling 

3.  Sweating 

4.   A feeling of weakness/fatigue 

5.   Rapid heartbeat 

6.   Hunger 

7.   Agitation/irritability 

8.   Poor concentration 

9.   Blurred vision 

10.    Loss of coherence  

11.    Black out 

12.    Convulsions/Fit 
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13.    Coma 

14.    Other, please state…………………… 
 

Q29. How low does your blood sugar get before you feel these symptoms? 

1.   Don’t know 

2.   Between 4 and 5 mmol/L (72 and  90 mg/dl) 

3.   Between 3.5 and 3.9 mmol/L (63 and 70 mg/dl) 

4.   Between 3 and 3.4 mmol/L (54 and 61 mg/dl) 

5.   Below 3 mmol/L (54 mg/dl), please give a value ___________mmol/L 
 
Q30. What time(s) of day do you have hypoglycaemia? (Tick all that apply) 

1.   Morning 

2.   Afternoon 

3.   Evening 

4.   During night 

5.   Any additional comments………………………………………….. 
 

Q31. Does hypoglycaemia affect your day-to-day activities?  

1.   A great deal 

2.   Quite a lot 

3.   A little 

4.   Not at all 
 

Q32. Do you respond to a low blood sugar by taking a sugary food or drink 
immediately? 

1.   Yes 

2.   No, please state what you do……………………………… 
 
 

Q33. Has problems with hypoglycaemia stopped you permanently from being able to 
drive?  

1.   Yes  

2.   No 
 

Q34. During the past 12 months have you had “severe” hypoglycaemia where you 
passed out or had a seizure that required help from others? 

1.  No, please go to Q36 

2.  Yes, Please state what happened…………………………………….. 
 

Q35. If yes, how many times has this occurred? 

1.   1 - 2 

2.   3 - 5 

3.   6 or more 
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Q36. How many times have you had to go to hospital because of hypoglycaemia in 
the past 12 months?  

1.  None 

2.  1 – 2 

3.  3 – 5 

4.  More than 5 
 

Q37. How many times per week is your measured fasting blood glucose 10 mmol/L 
(180 mg/dl) or above? 

1.   Once  

2.   Twice 

3.   More than twice 

4.   Never 
 

Q38. Has your blood sugar ever been above 20 mmol/L (360 mg/dl)? 

1.   Yes 

2.   No 
 

Q39. Have you ever been in diabetic ketoacidosis (DKA)?  

1.   Yes 

2.   No. Please go to Q41 
 

Q40. Do you know what caused your diabetic ketoacidosis (DKA)?  

1.   Because you were unwell 

2.   Missed taking insulin 

3.   Because you were stressed  

4.   Diet 

5.   Other, please state……………….  
 

Q41. Have you ever been in a coma because of “high” blood glucose?  

1.   Yes 

2.   No 
 

Section C: Your diet 
 
Q42. How would you describe your diet approach?   

1.  You are eating healthily. 

2.  You too busy to find healthy foods or meals. 

3.  You don't know enough about good nutrition or how to eat healthily. 

4.   Sometimes, you try to eat healthy food  

5.  You can’t resist junk food. 

6.  Your eating habits are poor. 
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Q43. Have you been given any dietary advice to help control your diabetes? 

1.  Yes 

2.  No 
 
Q44. Do you follow a medically approved dietary programme to help control your 
diabetes? 

1.  No 

2.  Yes, please state……………………… 
 

Q45. Do you count carbohydrates regularly in order to help you to control your 
diabetes? 

1.  Yes 

2.  No 
 

Q46. How many calories do you think you eat and drink in a typical day? 

1.  1500 or fewer 

2.  Over 1500 up to 2000 

3.  Over 2000 up to 2500 

4.  Over 2500 up to 3000 

5.  Over 3000 up to 3500 

6.  3500 or more 

7.  I don’t know 
 

Q47. Do you eat special diabetic food/drink? 

1.  No  

2.  Yes, please list and state why……………………………….. 
 

Q48.Do you drink alcohol? 

1.   No  

2.   Yes. How many units per week…………… 
Q49. Do you smoke? 

1.  No 

2.  Yes, please state how many per day……………………. 
 
 Section D: Your attitude to exercise 
 
Q50. How important is doing exercise to you? 

1.   Important 

2.   No view   

3.   Not important  
 

Q51. Do you exercise regularly? 

1.  Yes 
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2.  No, you do not exercise at all. For the rest of the survey answer only 
questions 52, 53 and 54. Thank you for your participation in this survey 
 

Q52. Are there any barriers preventing you from taking part in more exercise and 
sport? (Please tick all that apply) 

1.  Health reasons    

2.  Lack of motivation    

3.  Embarrassment about how you look. 
eg overweight or lack of fitness  

4.  You doubt it will lead to weight 
control 

5.  Lack of time    

6.  It does not interest me    

7.  It is too expensive 

8.  Lack of transport 

9.  Fear of Injury 

10.  Don't know 

11.  Other, please state…………… 
 

 
Q53. Which of the following factors influenced your decision to participate in 
exercise and sport? (Please tick all that apply) 

1.   To keep well with your diabetes 

2.  Better control of your blood glucose 

3.  Better for HbA1c value 

4.  To improve health and fitness 

5.   Loss weight 

6.  Family participate in sport 

7.  Because friends do it 

8.  Because you enjoy it 

9.  To relieve stress 

 
Q54. What frustrates you MOST about exercise? Tick all that apply 

1.  Finding time to exercise every day 

2.  Having to change your diet 

3.   Motivating yourself 

4.  Pain after exercise 

5.   Other, please state…………… 
 
Q55. What effect did exercise have on your life after you became diabetic?  

1.   No effect on your diabetes 

2.   Positive effect on your diabetes 
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3.   Negative effect on your diabetes 
 

Q56. How effective has exercise been on each of the following 

 Effective  No change Detrimental Comments 

1. Better general Health     

2. Low HbA1c     

3. Poor blood glucose 
control 

    

4. Fewer Hypoglycaemia 
events 

    

5. Fewer Hyperglycaemia 
events 

    

Q57. Where do you typically exercise?   

1.   At school/college/ work/ university 

2.   In a sports team (e.g. football, netball) 

3.   In a class or club (e.g. aerobics, dance, etc) 

4.   At a gym  

5.   On your journey home (eg. walking or cycling) 

6.   Elsewhere, please state………………………… 
 

Q58. Do you have a membership in any sport centre or physical activity group? 

1.   Yes 

2.   No 
 

Q59. What type of exercise do you do? (Please tick all that apply) 

1.  Walking 

2.  Cycling  

3.  Weight training (resistance 
exercise) 

4.  Swimming 

5.  Team sports 
basketball/football 

6.  Running  

7.  Other, please state…………… 

Q60. Typically what is your blood glucose value pre-exercise? 

1.   Below 5 mmol/l (90 mg/dl) 

2.   Between 5  and 6 mmol/l (91 and 108 mg/dl  ) 

3.   Between 6.1 and 7 mmol/l (109 and 126 mg/dl) 

4.   Between 7.1 and 8 mmol/l ( 127 and 144 mg/dl) 

5.   Between 8.1 and 9 mmol/l (145 and 162 mg/dl) 

6.   Between 9.1 and 10 mmol/l (163 and 180 mg/dl) 

7.   Over 10 mmol/l (180 mg/dl). Please state…………… 
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Q61. At what level of intensity do you exercise? 

1.  Low (Easy, does not induce sweating unless it's a hot, humid day, no 
noticeable change in breathing patterns) 

2.  Moderate (Somewhat hard, sweat after about 10 minutes of exercise. 
Breathing becomes deeper and more frequent) 

3.  High (Hard, sweat after 3-5 minutes. Breathing is deep and rapid) 

4.  Combination between low and moderate 

5.  Combination between low and high 

6.  Combination between high and moderate 
 

Q62. Typically, how many days of the week do you undertake physical activity and 
exercise? 

1.   Every day 

2.   1 - 2 days 

3.   3 - 5 days 

4.   6 days 
 

Q63. How many times do you exercise per day? 

1.   Once 

2.   Twice 

3.   Three times 

4.   More than 3 times 
 

Q64. When do you do your exercise? Tick all that apply 

1.   Morning 

2.   Afternoon 

3.   Evening 

4.   After a meal 

5.   Before a meal 
 
 

Q65. In a typical exercise day how long do you spend participating in sport or 
exercise?   

1.  Less than 30 minutes 

2.  From 30 minutes to less than 1 hour 

3.  From 1 to less than 2 hours 

4.  From 2 to less than 3 hours 

5.  From 3 to less than 4 hours 

6.  More than 4 hours 
 

Q66. How many times do you test your blood glucose in normal day (24 hr)? 

1.  Once 

2.  Two – four  times 

3.  More than 4 times 
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Q67. Does this change on an exercise day? 

1.   Test more 

2.   Test less 

3.   No change 
 

Q68. Do you change the number of insulin injections on exercise day? 

1.   More 

2.   Less 

3.   No change 
 

Q69. Does your insulin dose change in exercise day? 

1.  More, how much………. 

2.  Less, how much……….. 

3.     No change 

4.  Dependent on type of exercise. Please state……………. 
 

Q70. Do you inject insulin pre-exercise? 

1.  No 

2.  Yes, please state how much…………… 
Q71. During the exercise day, for each question please tick all that apply 

 Before 
exercise 

During 
exercise 

After 
exercise 

1. When do you test your 
blood glucose? 

   

2. When do you take your 
insulin dose? 

   

3. When do you take 
carbohydrate? 

   

 
Q72. If your blood sugar was less than 4mmol/L (72mg/dl) pre-exercises, what would 
you do? 

1.  Miss out your pre- exercise bolus 

2.  Reduce your pre- exercise bolus 

3.  Leave the exercises today 

4.  Take some carbohydrate then exercise 

5.  Nothing 

6.  Other, please state…………………………………………… 
 

Q73. Do you experience hypoglycaemia while exercising? 

1.  Always 

2.  Frequently 
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3.  Rarely 

4.  Never 
 

Q74. How many times in the last month has your blood glucose been below 4mmol/L 
(72mg/dl) after exercise? 

1.  Once  

2.  Between 1 - 3 times  

3.  More than 3 times 

4.  None, go to Q77 
 

Q75. If you experience a hypoglycaemia after exercise what action do you take? 

1.  Re-check your blood glucose 

2.  Eat or drink carbohydrate 

3.  Other, please state…………………………………………… 
 

Q76. If you have hypoglycaemia associated after exercise, when would be your major 
risk period? 

1.  0 - 1 hour 

2.  1 - 2 hours 

3.  3 - 6 hours 

4.  More than 6 hours 
 

Q77. How many times in the last month has your blood sugar been above 10mmol/L 
(180mg/dl) after exercises? 

1.  Once  

2.  Between 1 - 3 times  

3.  More than 3 times 

4.  None, go to Q79 
 
 

Q78. If you experienced hyperglycaemia (high blood glucose) after exercise what 
action do you take? 

1.   Inject insulin dose 

2.   Re-check your blood glucose  

3.   Drink water or any drink with no calories 

4.   Seek medical help 

5.   Eat some thing (eg.carbohydrate) 
 

Q79. Have you experienced any of the following symptoms during or after exercise?  
(Please tick all that apply)        

1.  Bleeding 

2.  Chafing 

3.  Flushing  

4.  Hives 
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5.  Hyperthermia 

6.  Muscle cramps 

7.  Red face 

8.  Shortness of breath 

9.  Urinary (colour, blood, pain) 

10.  Other 

11.  None 
 
Q80. Would you like to add any comments? 
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(Appendix 3) 

Appendix (2) 

Leicester School of Pharmacy        

Faculty of Health & Life Sciences 

 

Volunteer Information Sheet 

Title of Project: The effects of aerobic and resistance exercise on 

diabetes 

 

Name of Principal Investigators: Prof MJ Taylor, Mr.Ahmed Alsabih and Mr.Mohamd Alblihed  

     

We would like to invite you to take part in a research study. Before you decide you 

need to understand why the research is being done and what it would involve for you. 

Please take time to read the following information carefully. Talk to others about the 

study if you wish.  

 

Ask us if there is anything that is not clear or if you would like more information. Take 

time to decide whether or not you wish to take part. If you do wish to take part please 

complete the slip at the end of this sheet.  

 

What is the purpose of the study? 

As part of the growing research work into diabetes, School of Pharmacy, De Montfort 

University (DMU) are working to investigate the effects of  combined exercise 

programme (aerobic and resistance) on blood glucose, metabolic parameters that 

could help people with the management of their diabetes. 
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This research involves a combination of two types of exercises and this is where we 

need your help. We would like to invite you to take part in this study which will help us 

to understand the role of exercise and how it can help people with diabetes to 

maintain a healthy body weight and to possibly manage better their blood glucose 

level. 

We will keep your information strictly confidential and nobody other than the research 

team will have access to your personal information.  

Before any research goes ahead it has to be checked by De Montfort University 

Research Ethics Committee. They make sure that the research is fair.  

Why have I been invited? 

You have been invited to take part in this study because you are a healthy male, or 

have either Type 1 or Type 2 diabetes and your age is between (18 – 55). 

Do I have to take part? 

It is up to you to decide. We will answer any questions you have about the study and 

go through this information sheet. We will then ask you to sign a consent form to show 

you have agreed to take part. You are free to withdraw at any time, without giving a 

reason. This would not affect the standard of care you receive from your doctor or 

hospital. 

What will happen to me if I take part? 

Preliminary procedures 

Before enrolling in the study you will be asked to attend a screening visit where we 

will: 

 discuss and complete confidential questionnaires regarding your health, 

family history and physical activity level. 

 measure your blood pressure and heart rate. 

 measure your height and weight  
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 provide an opportunity for you to ask questions. 

 familiarise you with equipment to be used in the study and  teach you how  

to use the recumbent ergometer bike and how to lift the weights safely in 

the multigym machine. 

 This session will also be used to determine the intensity of exercise during 

cycling on the recumbent ergometer bike using Heart Rate Reserve (HRR). 

Also, in this orientation session we will use predicted one repetition 

maximum (1RM) to determine how much weight for different muscles you 

should lift in the resistance exercise session later. 

 

These preliminary procedures will enable us to determine whether you are suitable to 

safely participate in the study or not. 

Main experimental trials  

The main experimental trials will involve 2 x 2 hour exercise sessions a week for a 6- 

week period, (exercise session includes rest + final observation of volunteer for hypos 

etc…). 

Blood glucose levels will be monitored before, during and after each session, using a 

standard finger prick test.  By using the Radiometer, Blood gases, Albumin, Lactate, 

and Electrolytes will be tested before, and after exercise programme. In addition, 

Cholesterol, High density lipoprotein, low density lipoprotein and Triglyceride will be 

monitored before, and after exercise programme using a finger prick test. 

Each exercise session will consist of a combined  exercise protocol of 35 min of 

resistance exercise (3 sets of 8 -10 repetitions at 50 – 60% of  predicted one-repetition 

maximum strength 1-RM ) using upper and lower muscle groups followed by 20 min 

moderate cycling at 50 – 60% of  predetermined heart  rate reserve (HRR).  Heart rate 

(HR) and rate of perceived exertion (RPE) will be taken in a different time points 

throughout the exercise trial. 
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Expenses and payments  

We would like to pay expenses and to offer an incentive of £120 each on completion of 

100% of the dates agreed to. 

What are the possible benefits of taking part? 

There may be no benefits to you but as a result of being involved in this study may will 

receive health and fitness information about yourself including fitness tests and body 

measurement. The findings of this study will be published in scientific journals so that 

understanding about how exercise can help people with diabetes to improve their 

health and control their weight and blood glucose levels. This information may 

contribute towards improved exercise guidelines for the diabetic patients. 

We will provide you with feedback about the main study findings and also about your 

own results and would be delighted to explain our findings and discuss possible 

implications with you. 

What if there is a problem?  

The chance of something going wrong is small. All of the procedures involved in this 

study are low risk and our screening tests are designed to ensure that you will only 

participate if it is safe for you to do so. However, if you have any concerns at any time 

about any aspect of the way you have been approached or treated during the course 

of this study, you should ask to speak to the researchers who will do their best to 

answer your questions (contact details below), and the normal De Montfort University 

complaints mechanisms will be available to you. 

Will my taking part in the study be kept confidential? 

All information that is collected about you during the course of the research will be 

kept strictly confidential. Any information about you, which leaves the University, will 

have your name and address removed so that you cannot be recognised from it. 
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What will happen if I don’t want to carry on with the study? 

While we do not expect the programme to cause you to become upset if this does 

happen then you will have the option to pause or stop your participation immediately, 

you may continue only if you wanted to. If you withdraw from the study, we will 

destroy all your identifiable data, but may use the data collected up to your 

withdrawal  

Who has reviewed the study? 

This study has been reviewed and approved by the Faculty of Health and Life Sciences 

Ethics Committee at De Montfort University. Approval does not guarantee that you 

will not come to any harm if you take part. However, approval means that the 

Committee is satisfied that your rights will be respected, that any risks have been 

reduced to a minimum and balanced against possible benefits and that you have been 

given sufficient information on which to make an informed decision. 

You will be given a copy of this information sheet and a signed consent form to keep 

for your records. 

 

Contact for Further Information 

Any questions about the procedures used in this study are encouraged. If you 

have any doubts or questions, please ask for further explanations by 

contacting Ahmed Alsabih on p09053155@myemail.dmu.ac.uk or Mohamd 

Alblihed on p06004947@myemail.dmu.ac.uk or Prof.Taylor on 01162506317 

or mjt@dmu.ac.uk  

 

Thank you for taking the time to read this Volunteer Information Sheet 

 

  

mailto:p09053155@myemail.dmu.ac.uk
mailto:p06004947@myemail.dmu.ac.uk
mailto:mjt@dmu.ac.uk
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(Appendix 4) 

 

 

 

 

Leicester School of Pharmacy   Faculty of Health & Life Sciences 

 

Standard Operation Procedure (SOP) 

Title of Project: The effects of aerobic and resistance exercise on diabetes 

Name of Principal Investigators: Prof MJ Taylor, Mr.Ahmed Alsabih and Mr.Mohamd 

Alblihed  

Preliminary procedures 

Before enrolling in the study the volunteer will be asked to attend a screening visit 

where we will: 

 discuss and complete confidential questionnaires regarding his health, family 

history and physical activity level. 

 measure his blood pressure. 

 measure his height and weight  

 provide an opportunity for him to ask questions 

 familiarise him with equipment to be used in the study and teach him how  to use 

the recumbent ergometer bike and how to lift the weights safely in the multigym 

machine. 
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 This session will also be used to determine the intensity of exercise (moderate 

intensity) on the recumbent ergometer bike and how much weight he should lift in 

the resistance exercise session later.  

These preliminary procedures will enable us to determine whether the volunteer 

suitable to safely participate in the study or not. 

Main experimental trials  

The main experimental trials will involve 2 x 2 hour exercise sessions a week for a 6- 

week period,( exercise session includes rest + final observation of volunteer for hypos 

etc…). 

Blood glucose levels will be monitored before, during and after each session, using a 

standard finger prick test. Total Cholesterol, High density lipoprotein, Low density 

lipoprotein and Triglyceride will be monitored before, during and after exercise 

programme and after the second session in each week of 6 weeks of exercise 

programme using a finger prick test. There may be occasions when the volunteer may 

not be allowed to participate if that or another health issue is deemed to threaten 

wellbeing. 

Each exercise session will consist of a combined  exercise protocol of 35 min of 

resistance exercise (3 sets of 8 -10 repetitions at 50 – 60% of one-repetition maximum 

strength 1-RM ) using upper and lower muscle groups followed by 20 min moderate 

cycling at 50 – 60% of  predetermined heart  rate reserve (HRR)or ratings of perceived 

exertion (RPE). 

The exercise session will include the following 6 phases: 

1. Stretching: stretch lower and upper muscle groups for 5 min  

2. Warm-up: start with cycling for 10min on the recumbent ergometer bike at low 

to moderate intensity (30 to 40% of HRR). Warm-up is an essential part of the 

exercise session and designed to prepare the body for exercise, increase body 



221 

 

temperature and to reduce the potential post-exercise injury or pain (muscle 

stiffness). 

3. Resistance exercise: this phase will include 35 min of five different exercises 

working upper and lower muscle groups (3 sets of 8 -10 repetitions at 50 – 60% 

of one-repetition maximum strength 1-RM )  and using the Multigym machine 

Working muscle groups as follows: (3 sets of 8 -10 repetitions each exercise) 

a. Squat b. Incline bench 

press 

c. lat curl pull 

down 

d. Triceps e. Biceps  

 

4. Cycling 

The volunteer will do moderate cycling at 50 – 60% of predetermined heart rate 

reserve (HRR) or ratings of perceived exertion (RPE) for 20 min. The volunteer and the 

bike will be attached to monitoring equipment that can produce instant graphical 

representation of performance linked to work done and produce different metabolic 

parameters such as Oxygen consumption (VO2), Carbon Dioxide Production (VCO2), 

Respiratory Exchange Ratio (RER), Heart rate (HR) etc. The volunteer attachment will 

be via a breathing mask and by ECG stick-on electrodes. 
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5. Cool-down: cycling for 5 - 10min on the recumbent ergometer bike at low to 

moderate intensity (30 to 40% of HRR). The purpose of the cool-down phase is 

reducing the risk of injury and brings the body physiological responses back to 

normal such as heart rate and blood pressure. 

6. Stretching: stretch lower and upper muscle groups for 5 min. 

     

I ………………………………(NAME AND ADDRESS OF PARTICIPANT)    would like to 

participate in a focus group/interview in the DMU research study ‘Investigating views 

on acceptable methods for controlling blood sugar’. 

___________________________    

 ___________________ 

Signed by Participant       date 

Name …………………………………..Address…………………………………………….. 

Postcode……………………………….. Telephone number ………………………………… 
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(Appendix 5) 

 

Leicester School of Pharmacy 

Faculty of Health & Life Sciences 

Study Number: 

Patient Identification Number for this trial: 

Consent Form 

Title of Project: The effects of aerobic and resistance exercise on diabetes 

Name of Principal Investigator: Prof MJ Taylor, Mr.Ahmed Alsabih and Mr.Mohamd 

Alblihed  

Please initial at the end of each point 

1. I confirm that I have read and understand the Participant Information Sheet dated. 

(05/10/2011) (Version 2) for the above study. I have had the opportunity to consider 

the information, ask questions and have had these answered satisfactorily. I 

understand that agreeing to take part means that I am willing to undertake some 

exercise and giving samples in the above study. 

2. I understand that my participation is voluntary and that I am free to withdraw at any 

time without giving any reason, without my legal rights being affected. 

3. I understand that any information I provide is confidential, and that no information 

that could lead to the identification of any individual will be disclosed in any reports on 

the project, or to any other party. No identifiable personal data will be published. The 

identifiable data will not be shared with any other organisation.   

4. I understand that confidentiality can be guaranteed for information which I might 

disclose in any session or visit I attend. I understand that this information will be used 

only for the purpose(s) set out in this statement and my consent is conditional on the 
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University complying with its duties and obligations under the Data Protection Act 

1998.  

5. I agree to take part in the above study. 

Participant Name…………………….. Signature…………………….Date…………………. 

Person Taking consent………………...Signature……………………Date………………….. 

When completed, copy for patient; copy for researcher site file. 
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(Appendix 6) 

 

Leicester School of Pharmacy 

Faculty of Health & Life Sciences 

Volunteers Health Screen for Study Volunteers 

Name: ……………………………… Volunteer Identification Number……………………. 

It is important that volunteers participating in research studies are currently in good 

health and have had no significant medical problems in the past.  This is to ensure (i) 

their own continuing well-being and (ii) to avoid the possibility of individual health 

issues confounding study outcomes. 

Please complete this brief questionnaire to confirm fitness to participate: 

At present, do you have any health problem for which you are: 

(a) On diabetes medication, prescribed or otherwise    yes [    ]         no [ ] 

(b) Other medication                                                    yes [    ]          no [ ] 

(c)  Attending your general practitioner                 yes [    ]           no [ ] 

(d) On a hospital waiting list                             yes [     ]          no [ ] 

In the past two years, have you had any illness which required you to: 

(a) consult your GP yes [ ] no [ ] 

(b) was this related to diabetes    yes [ ] no [ ] 

(c) attend a hospital outpatient department  yes [ ] no [ ] 

(d) be admitted to hospital     yes [ ] no [ ] 

Have you ever had any of the following: 

(a) Convulsions/epilepsy     yes [ ] no [ ] 

(b) Asthma      yes [ ] no [ ] 

(c)  Eczema      yes [ ] no [ ] 
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(d)  Heart problems     yes [ ] no [ ] 

(e) A blood disorder     yes [ ] no [ ] 

(f) Head injury      yes [ ] no [ ] 

(g)  Digestive problems     yes [ ] no [ ] 

(h) Hearing problems     yes [ ] no [ ] 

(i) Problems with bones or joints   yes [ ]  no [ ] 

(j) Disturbance of balance/co-ordination  yes [ ]  no [ ] 

(k) Numbness in hands or feet    yes [ ] no [ ] 

(l) Disturbance of vision     yes [ ] no [ ] 

(m) Thyroid problems     yes [ ] no [ ] 

(n) Kidney or liver problems    yes [ ] no [ ] 

(o) Chest pain                               yes [ ] no [ ] 

(p) Any other health problems    yes [ ] no [ ] 

Do you currently smoke     yes [ ] no [ ] 

 Have you ever smoked     yes [ ] no [ ] 

 

 If so, for how long did you smoke and when did you stop? …………………… 

How many units of alcohol do you typically drink in a week? …………………. 

 

If YES to any question, please describe briefly if you wish (e.g. to confirm whether 

problem was short-lived, insignificant or well controlled.) (Use a separate sheet if 

necessary) 

………………………………………………………………. 

Name and address of your GP ………………………………………………………………………………… 

Letter received from GP                                            
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(Appendix 7) 

 

 

Private and confidential  

Volunteer Record Sheet 

 

Volunteer Identification Number: 

 

TITLE…….… FIRST NAME………………………..… SURNAME…………………………….… 

DATE OF BIRTH…………………………………..…. AGE………………MALE / FEMALE … 

CORRESPONDENCE ADDRESS…………………………………………………………….... 

………………………………………………………… POSTCODE: …………………….………. 

HOME TELEPHONE: ……………………………….. MOBILE: ………………………….……….. 

WORK TELEPHONE ……………………………… 

EMAIL ADDRESS: …………………………………………………………………………………. 

Please tick    I am happy for De Montfort University Diabetes and Exercise Group to contact me 

by email  

(We may will be sending key information via emails, so please include an up to date email 

address that you will check on a regular basis)  

PERSON TO CONTACT IN CASE OF EMERGNCY………………….……………………… 

RELATION TO YOU…………….……………………………………………………..………. 

HOME TELEPHONE: ……………………………….. MOBILE: ………………………….…. 

EMAIL ADDRESS: …………………………………………………………………………….. 

Type of diabetes?               Healthy        Type 1                   Type 2                    Other 

Number of years with DM duration………………..… 

Do you have any other medical conditions?   Yes/ No 

If yes, please state: ……………………………………………………….…… 

Do you have any specific dietary requirements?      Yes/ No 

If yes, please state: …………………………………………………………………. 

Name of your GP…………………………………….  Tel…………………………… 

Address …………………………………………………………….Post Code…………………. 

Do you have any existing medical conditions    Yes / No 

If yes, please state.………………..…………………………………………………………………..…  

Any infectious diseases                                       Yes / No 

 If yes, please state ……………………………………………………………………….……….. 
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Have you been in hospitalised the past year        Yes / No  

If yes, why …………………………………………………………………………………………… 

History of acute diabetic complications  

Number of Hypoglycaemia (low blood sugar) event in last month………………………………….. 

Number of Hyperglycaemia (high blood sugar) event in last month ………..……………………….  

Number of Diabetic ketoacidosis event in last month……………………………………………… 

Are you taking any medications, pills or drugs…………….....  If yes, please list and state dose 

………………………………………………………………………………………………….. 

Do you have any of the following?  

 Yes No   Yes  No  

Heart Disease   Liver Disease   

High Blood Pressure   Kidney Disease   

Rheumatic arthritis    Hepatitis   

Heart Murmur   Asthma   

HIV Positive /Aids    Tuberculosis (TB)   

Any allergy    Stroke   

Tumour (Cancer) History   Epilepsy   

Terminally or mentally ill   Any recent surgery   

Restriction in physical activity 

because of disease 

  Had an active infection   

Participation in exercise (aerobic or resistance) 2 times or more weekly for 20 

minutes or longer per session during the previous 6 months  

  

Diabetes mellitus DM 

Type of insulin…………………………………………..…………………. 

Units / day…………………………………………………….……………. 

Injections / day……………………………………………………..………. 

Blood glucose testes / day …………………………………………………. 

PLEASE RETURN THIS FORM TO: De Montfort University Diabetes and Exercise Group 

2012 

Participant Name…………………….. Signature…………………….Date………………….  
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(Appendix 8) 

INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE 
(October 2002) 

 
LONG LAST 7 DAYS SELF-ADMINISTERED FORMAT 

 

FOR USE WITH YOUNG AND MIDDLE-AGED ADULTS (15-69 years) 

 

The International Physical Activity Questionnaires (IPAQ) comprises a set of 4 questionnaires. 
Long (5 activity domains asked independently) and short (4 generic items) versions for use by 
either telephone or self-administered methods are available. The purpose of the 
questionnaires is to provide common instruments that can be used to obtain internationally 
comparable data on health–related physical activity. 
 
Background on IPAQ 
The development of an international measure for physical activity commenced in Geneva in 
1998 and was followed by extensive reliability and validity testing undertaken across 12 
countries (14 sites) during 2000. The final results suggest that these measures have acceptable 
measurement properties for use in many settings and in different languages, and are suitable 
for national population-based prevalence studies of participation in physical activity. 
 

Using IPAQ  

Use of the IPAQ instruments for monitoring and research purposes is encouraged. It is 
recommended that no changes be made to the order or wording of the questions as this will 
affect the psychometric properties of the instruments.  
 

Translation from English and Cultural Adaptation 

Translation from English is encouraged to facilitate worldwide use of IPAQ. Information on the 
availability of IPAQ in different languages can be obtained at www.ipaq.ki.se. If a new 
translation is undertaken we highly recommend using the prescribed back translation methods 
available on the IPAQ website. If possible please consider making your translated version of 
IPAQ available to others by contributing it to the IPAQ website. Further details on translation 
and cultural adaptation can be downloaded from the website. 
 

Further Developments of IPAQ  

International collaboration on IPAQ is on-going and an International Physical Activity 
Prevalence Study is in progress. For further information see the IPAQ website.  
 

More Information 

http://www.ipaq.ki.se/
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More detailed information on the IPAQ process and the research methods used in the 
development of IPAQ instruments is available at www.ipaq.ki.se and Booth, M.L. (2000). 
Assessment of Physical Activity: An International Perspective. Research Quarterly for Exercise 
and Sport, 71 (2): s114-20. Other scientific publications and presentations on the use of IPAQ 
are summarized on the website 
 

INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE 
 
We are interested in finding out about the kinds of physical activities that people do as part of 
their everyday lives. The questions will ask you about the time you spent being physically 
active in the last 7 days. Please answer each question even if you do not consider yourself to 
be an active person. Please think about the activities you do at work, as part of your house and 
yard work, to get from place to place, and in your spare time for recreation, exercise or sport. 
 
Think about all the vigorous and moderate activities that you did in the last 7 days. Vigorous 
physical activities refer to activities that take hard physical effort and make you breathe much 
harder than normal. Moderate activities refer to activities that take moderate physical effort 
and make you breathe somewhat harder than normal. 
 

PART 1: JOB-RELATED PHYSICAL ACTIVITY 

The first section is about your work. This includes paid jobs, farming, volunteer work, course 
work, and any other unpaid work that you did outside your home. Do not include unpaid work 
you might do around your home, like housework, yard work, general maintenance, and caring 
for your family. These are asked in Part 3. 
1. Do you currently have a job or do any unpaid work outside your home? 
 

 Yes 

 
 No Skip to PART 2: TRANSPORTATION 
 
The next questions are about all the physical activity you did in the last 7 days as part of your 
paid or unpaid work. This does not include traveling to and from work. 
 
2.  During the last 7 days, on how many days did you do vigorous physical activities like 

heavy lifting, digging, heavy construction, or climbing up stairs as part of your work? 
Think about only those physical activities that you did for at least 10 minutes at a time. 
_____ days per week 

 
 No vigorous job-related physical activity Skip to question 4 
 
3. How much time did you usually spend on one of those days doing vigorous physical 

activities as part of your work? 
 

_____ hours per day 
_____ minutes per day 

 

 

 

 

http://www.ipaq.ki.se/
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4. Again, think about only those physical activities that you did for at least 10 minutes at 
a time. During the last 7 days, on how many days did you do moderate physical 
activities like carrying light loads as part of your work? Please do not include walking. 
_____ days per week 

 
 No moderate job-related physical activity Skip to question 6 
 
5. How much time did you usually spend on one of those days doing moderate physical 

activities as part of your work? 
 

_____ hours per day 
_____ minutes per day 

 
6. During the last 7 days, on how many days did you walk for at least 10 minutes at a 

time as part of your work? Please do not count any walking you did to travel to or 
from work. 

 
_____ days per week 

 
 No job-related walking Skip to PART 2: TRANSPORTATION 
 
7. How much time did you usually spend on one of those days walking as part of your 

work? 
 

_____ hours per day 
_____ minutes per day 

 
 

PART 2: TRANSPORTATION PHYSICAL ACTIVITY 

These questions are about how you traveled from place to place, including to places like work, 
stores, movies, and so on. 
 
8. During the last 7 days, on how many days did you travel in a motor vehicle like a train, 

bus, car, or tram? 
 

_____ days per week 
 
 No traveling in a motor vehicle Skip to question 10 
 
9. How much time did you usually spend on one of those days traveling in a train, bus, 

car, tram, or other kind of motor vehicle? 
 

_____ hours per day 
_____ minutes per day 

 
Now think only about the bicycling and walking you might have done to travel to and from 
work, to do errands, or to go from place to place. 
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10. During the last 7 days, on how many days did you bicycle for at least 10 minutes at a 
time to go from place to place? 

 
_____ days per week 

 
 No bicycling from place to place Skip to question 12 
11. How much time did you usually spend on one of those days to bicycle from 
place to place? 
 

_____ hours per day 
_____ minutes per day 

12. During the last 7 days, on how many days did you walk for at least 10 minutes at a 
time to go from place to place? 

 
_____ days per week 

 
 No walking from place to place Skip to PART 3: 

HOUSEWORK, HOUSE 
MAINTENANCE, AND 
CARING FOR FAMILY 

 
13. How much time did you usually spend on one of those days walking from place to 

place? 
 

_____ hours per day 
_____ minutes per day 

 
 
PART 3: HOUSEWORK, HOUSE MAINTENANCE, AND CARING FOR FAMILY 
 
This section is about some of the physical activities you might have done in the last 7 days in 
and around your home, like housework, gardening, yard work, general maintenance work, and 
caring for your family. 
 
14. Think about only those physical activities that you did for at least 10 minutes at a time. 

During the last 7 days, on how many days did you do vigorous physical activities like 
heavy lifting, chopping wood, shoveling snow, or digging in the garden or yard? 

 
_____ days per week 

 
 No vigorous activity in garden or yard Skip to question 16 
 
 
15. How much time did you usually spend on one of those days doing vigorous physical 

activities in the garden or yard? 
 

_____ hours per day 
_____ minutes per day 
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16. Again, think about only those physical activities that you did for at least 10 minutes at 
a time. During the last 7 days, on how many days did you do moderate activities like 
carrying light loads, sweeping, washing windows, and raking in the garden or yard? 
_____ days per week 

 
 No moderate activity in garden or yard Skip to question 18 
17. How much time did you usually spend on one of those days doing moderate physical 

activities in the garden or yard? 
 

_____ hours per day 
_____ minutes per day 

 
18. Once again, think about only those physical activities that you did for at least 10 

minutes at a time. During the last 7 days, on how many days did you do moderate 
activities like carrying light loads, washing windows, scrubbing floors and sweeping 
inside your home? 

 
_____ days per week 

 
 No moderate activity inside home Skip to PART 4: 

RECREATION, SPORT AND 
LEISURE-TIME PHYSICAL 
ACTIVITY 

 
19. How much time did you usually spend on one of those days doing moderate physical 

activities inside your home? 
 

_____ hours per day 
_____ minutes per day 

 
PART 4: RECREATION, SPORT, AND LEISURE-TIME PHYSICAL ACTIVITY 
 
This section is about all the physical activities that you did in the last 7 days solely for 
recreation, sport, exercise or leisure. Please do not include any activities you have already 
mentioned. 
 
20. Not counting any walking you have already mentioned, during the last 7 days, on how 

many days did you walk for at least 10 minutes at a time in your leisure time? 
 

_____ days per week 
 
 No walking in leisure time Skip to question 22 
 
21. How much time did you usually spend on one of those days walking in your leisure 

time? 
 

_____ hours per day 
_____ minutes per day 

 

 

 

 



234 

 

22. Think about only those physical activities that you did for at least 10 minutes at a time. 
During the last 7 days, on how many days did you do vigorous physical activities like 
aerobics, running, fast bicycling, or fast swimming in your leisure time? 

 
_____ days per week 

 
 No vigorous activity in leisure time Skip to question 24 
 
23. How much time did you usually spend on one of those days doing vigorous physical 

activities in your leisure time? 
 

_____ hours per day 
_____ minutes per day 

 
24. Again, think about only those physical activities that you did for at least 10 minutes at 

a time. During the last 7 days, on how many days did you do moderate physical 
activities like bicycling at a regular pace, swimming at a regular pace, and doubles 
tennis in your leisure time? 

 
_____ days per week 

 
 No moderate activity in leisure time Skip to PART 5: TIME SPENT 

SITTING 
 
25. How much time did you usually spend on one of those days doing moderate physical 

activities in your leisure time? 
_____ hours per day 
_____ minutes per day 

 
PART 5: TIME SPENT SITTING 
 
The last questions are about the time you spend sitting while at work, at home, while doing 
course work and during leisure time. This may include time spent sitting at a desk, visiting 
friends, reading or sitting or lying down to watch television. Do not include any time spent 
sitting in a motor vehicle that you have already told me about. 
 
26. During the last 7 days, how much time did you usually spend sitting on a weekday? 
 

_____ hours per day 
_____ minutes per day 

 
27. During the last 7 days, how much time did you usually spend sitting on a weekend 

day? 
_____ hours per day 
_____ minutes per day 
 

This is the end of the questionnaire, thank you for participating. 
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(Appendix 9) 

Visit Measurements sheet 

 

 

TRIAL 1 TRIAL 2 

Sessions number  1 3 5 7 9 11 2 4 6 8 10 12 

1. Subject name/Ref Name  Ref: 

2. Date                  /         /                 /         / 

3. Food inventory 
sheet 

 

 

4. Temperature of 
the lab   

 

5. ADI calibration    

6. Zero all input 

 

 

7. Chest polar 
Attached   

 

8. RER at rest 5 min 
on (ADI)   

 

9. BP & HR   at rest   /          mm Hg           bpm  /       mm Hg            bpm 

10. BG  before 
exercise 

mmol/L mmol/L 

11. Stretching for 5 
min    

 

12. Warm up on the 
bike for 5 min (at 
50-55 % HRR) 

 

 

Resistance Sets 1st 2nd 3rd 1st 2nd 3rd 

13. Exercise 1 Squat       

14. Exercise 2 Chest       

15. Exercise 3 Back       

16. Exercise 4 Triceps       

17. Exercise 5 Bicep       

 
RPE HR RPE HR 

18. After 1st  set of 
Resistance     

  

19. After 2nd  set of 
Resistance    

  

20. After 3rd  set of 
Resistance    

  

21. BG after 
Resistance 

                             mmol/L                       mmol/L 

22. BP & HR after /            mm Hg bpm  /          mm Hg bpm 
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Resistance 

23. 5 minute break 
(attach the 3 leads 
ECG, pulse rate 
and mouth piece)   

 

24. Start cardio 
exercise cycling  

 

 

 
RPE HR BG RPE HR BG 

25. At 10 min of 
Cycling 

  

 
   

26. At 20 min of 
Cycling   

 

 
   

27. Stretching for 5 
min 

 

 

28. BP & HR after 
Cycling   

           /            mm Hg bpm         /          mm Hg bpm 

29. BG after Cycling   
                                            mmol/L                                               mmol/L 

 

 Visits  

1st 6th 12th 

1.  Height    

2. Weight     

3. Body water %    

4. Body Fat %    

5. BMI    

6. Blood  Gases  

A. Blood pH 
   

B. pCO2 mmHg    

C. pO2 mmHg    

7. Electrolytes   

A. K+  mmol/L    

B. Na+ mmol/L    

C. Ca+ mmol/L    

D. Cl- mmol/L    

E. Lactate mmol/L     

8.  Lipids profile  
 

A. LDL mmol/L    
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B. HDL mmol/L    

C. Total cholesterol 
mmol/L 

   

D. Triglyceride 
mmol/L 

   

9. HbA1c 1st  12th  

10. Waist (cm):   1st  12th  

11. Hip (cm):   1st  12th  

12. Waist/HIP Ratio:   1st  12th  

13. Blood samples for 

Immuno assay, 

Insulin, C-peptide 

Acute exercise  Chronic exercise 

2nd 4th 6th 8th 12th 

Before 

Exercise 

After  

Resistance 

After 

Cycling  
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(Appendix 10) 

Assessment of caloric intake 

FOOD INVENTORY INSTRUCTIONS 

It is important that you weigh and record everything that you eat and drink except 

water for the day prior to each main experimental trial. Please do not take any alcohol 

on these days.  

Please     

 start a separate page for each day.  

 start a separate line for each item 

 for the day before exercise, try to eat  same food as similar as you can.        

Column 1  

Record meal and time and place of eating. 

Column 2  

Describe each item as accurately as possible, stating where relevant: 

(i) Type and brand 

(ii) Whether food is fresh, dried, canned, frozen, salted, smoked, etc. 

(iii) Whether food is cooked, if so give method of cooking e.g. fried, baked, 

etc. 

Column 3  

Record the weight of each item after cooking: 

(i) Place scales on a level surface 

(ii) place plate or container on top of scales 

(iii) press 'ON/Reset' button to turn on scales 

(iv) once zero appears, add first item of food 

(v) record weight displayed 

(vi) press reset button before weighing next item 
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Wherever possible, record weights in grams. If this is not possible, record weights in 

household measures (e.g. sugar or jam in teaspoons, stating whether level, rounded, 

or heaped). 

Column 4  

Record the weight of any leftovers, such as food remaining on plate, weight of 

container in which food has been weighed, apple cores, etc. 

If food consists of several items, please list each on a separate line i.e. instead of 

writing 'one cheese sandwich', record separately the weights of bread margarine, 

cheese, etc. 

Please remember to record all drinks, as well as food, giving weights where possible, or 

volumes if these are known. Record separately the weight of added milk and sugar. 

An example is shown below.  
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Food Inventory - Example 

Name:.......................................................................Date:..........................................

......... 

1 

 

2 

 

3 4 

Time/Place Description of food/drink Weight of 

food/drink 

(g) 

Weight of 

container/ 

leftovers (g) 

Breakfast Cornflakes (Kelloggs) 28  

8:30am Milk (Sainsbury's virtually fat-free) 48  

Home Bread (Mothers Pride, large white 76  

 sliced, toasted)   

 Flora margarine 7  

 Robinsons lemon marmalade 12  

 Coffee (instant) 2  

 Milk (whole pasteurised) 10  

    

Lunch Cheese (Cheddar) 55  

1:00pm Bread (white, crusty) 76  

Pub Butter 4  

 Chutney (2 teaspoons)   

    

Snack Coffee (instant) 2  

3:30pm Coffee-mate 6  

Office Mars Bar 35  

 Apple 76 8 (core) 

    

Dinner Turkey Fillet (frozen, grilled) 102  

6:30pm Potatoes, old, boiled 320 74 

Home   (leftover) 

 Peas (Birds Eye, frozen, boiled) 50  

 Heinz tomato ketchup 14  

 Yoghurt (Ski strawberry thick and 162 10 

 creamy)  (carton) 

 Coffee, filter 148  

 Milk (Sainsbury's virtually fat-free) 8  

 

 


