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ABSTRACT 

Title: Ets-Insulin-Bolus-Calculation Promotes Tighter Glycaenic Control for 

Type 1 Diabetics. 

Key Terms: Blood glucose profiles; control performance; ets-insulin-bolus calculator; hypo- & 

hyperglycaernia; tight glycaemic control & type 1 diabetics. 

Type 1 Diabetes is a dangerous and life-long disease for which its prevalence is global. Research 

has shown that tight glycaemic control of this disease significantly reduces the risks of developing 

several life threatening diabetic complications. 

The Ets-Insulin-Bolus Calculator (EIBC), inspired by the Ets concept (Equivalent Teaspoon 

Sugar), was primarily designed to assist type I diabetics in improving their blood glucose control. 

The EIBC has shown to improve the average blood glucose level of type 1 diabetics. The need for 

this study however is to determine whether the ET!3C promotes tighter glycaemic control for type 1 

diabetics based on a more-in-depth numerical analysis. 

With the use of the latest technology in blood glucose monitoring, the CGMS from Medtronic, 

mathematical models expressing and rating blood glucose control have been proposed and derived 

in this study. A clinical trial with type 1 diabetics has also been conducted. 

The use of the models together with the clinical trial results have shown that the EIBC does in fact 

promote tighter glycaemic control for type 1 diabetics. 



SAME VATTING 

Titel: Ets-Insulin-Bolus Calculation Promotes Tighter Glycaemic Control for 

Type 1 Diabetics. 

Sleutel Terme: Mate van beheer; bloedglukose profile; ets-insulien-bolus rekenaar; hypo-& 

hyperglycaemia; streng bl.oedglukose beheer & tipe 1 diabetes. 

Tipe 1 Diabetes is 'n ernstige kroniese siekte wat algemeen wereldwyd voorkom. Navorsing het a1 

bewys dat streng bloedglukose beheer by hierdie betrokke siekte die risiko van verskeie 

lewensgevaarlike diabetiese komplikasies aansienlik venninder. 

Die Ets-Insulien-Bolus Rekenaar (EIBC), geinspireer deur die Ets konsep (Ekwivalente Teelepel 

Suiker), is primer ontwikkel om tipe 1 diabetes te help hul bloedglukose beheer te verbeter. 

Hierdie produk het a1 bewys dat dit die gemiddelde bloedglukose vlak van tipe 1 diabetes kan 

verbeter. Die behoefte van die studie is egter om te bepaal of die EIBC strenger bloedglukose 

beheer kan promoveer vir tipe 1 diabetes, gebasseer op 'n meer-in-diepte numeriese analise. 

Met die gebruik van die nuutste tegnologie in bloedglukose monitor, die CGMS van Medtronic, is 

wiskundige modelle voorgestel en afgelei tydens hierdie studie. Die doe1 van hierdie modelle is om 

bloedglukose beheer te kan uitdruk en te gradeer op 'n numeriese wyse. Verskeie kliniese toetse 

saarn met tipe 1 diabetes was ook uitgevoer. 

Die gebruik van die modelle tesarne met die kliniese toets resultate het egter bewys dat die EIBC 

kan strenger bloedglukose beheer meebring vir tipe 1 diabetes. 
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CHAPTER I 

INTRODUCTION 

Millions of people suflering from type I diabetes struggle daily @ control their blood g2tl;cose 

levels. A newly discovered idea, latown as the Ets concept, has been designed which may 

uJtiW4b improve the hlnod glucose conrrol of type 1 diabetics. This study will focus on the 

tightness of glycaemic control for type I diubefics, using the Ets concept. 
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1 .I Background of the Study 

Type 1 Diabetes 

Dinhrie.~ rrrr1liflt.s ix a well known and very serious chronic disease - ii health condition thal 

occurs whcn a person's blood glucose levcl is too high duc lo the body's ioahilily to ulilisc 

glucose cl'fectivcly. Typcs I and 2 diabctes arc charactel-ised by insul'ticient production ol' 

insulin or a resistance to insulin or a co~nbination of both. This prevents efficient blood glucose 

conlrol. 

Type 1 diahetcs, fennel-ly k~~owii as "insulin-dependc111 diabctes". results from a destruction of 

the pancreatic islet p-cells. resulting in insulin deficiency 1 1 .  51. Medical experts have not ye1 

discovered what it is that triggers this reaction in the immune sysren] 121. The life of persons 

living with type I diabetes therefore solely depends on the exle~naI administralion of insulin in 

order lo control their blood glucosc level. Type I diabetes develops most often in children or 

young adul~s, bur according to rcsear-ch cr~n occur at any age 1-31. 

Prevalence of Diabetes 

The prevalence of diabetes is globally reaching epidemic proportions. Ln 3,000 the total nurnber 

of people with diabctes in a11 age groups was cstimalcd to be 171 million. It is predicted that 

this number will i~lcrcase to almost 366 million by the year 2030 14j. Figure 1 illustrates the 

prevalence estimates of diabetes for 2007 accor-ding to the 1nlesn:itional Diabetes Fecieration 

(IDF) 151: 



Revalence estimates of diabetes 2007 
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F'igore 1: Estimated global prevalence of diabetes, 2807. 

According to the World Health Organisation (WHO) more than 8 14 000 South Africans suffer 

horn diabetes and this figwe could rise to 1 286 000 by the end of 2030 [6]. 

Carbohydrate Counting 

At present as many as 70% of all type 1 diabetics use the method known as &hydrate 

counting to manage their blood glucose levels. Carb counting is a fairly old concept, dating 

back to the 1920s. This method is a meal-planning approach used by diabetic persons which 

focuses on the carbohydrate content of meals as the primary nutrient affecting blood glucose 

levels 18). Diabetics then administer a certain amount of insulin according to the amount of 

carbohydrates ingested during main meals. 

Scientific studies using modern research methods have shown, firstly, that carbohydrates are 

the main factor affecting postprandial blood glucose excursions. Secondly, carbohydrates are 

converted to glucose within the first two hours after eating and appear in the systemic 

circulation within 15 minutes after conversion [9, 101. According to Marilyn 171 the results of 

their studies suggested that the estimates concerning carbohydrate content of meals from type 1 

diabetes (n = 184) were quite inaccurate, even among individuals who regularly use the carb 

counting method. 



The Ets concept 

From an engineering point of view is it possible to visualise the human body as a complex 

energy system which is able to receive and utilise energy, in order to accomplish our daily 

tasks. The foods we ingest can be compared to the fuel fed into a car's engine, which is then 

converted into mechanical energy to produce useful output power. The human body functions 

pretty much on the same basis as a car's engine, in that the person's blood glucose level is the 

indicator of the energy available to the body. In this scenario carbohydrates are the main source 

of energy for the human body. 

Although the carbohydrates in a meal are directly metabolised into blood glucose after 

digestion, it is possible that the energy available from different carbohydrates can vary by a 

substantial amount, even when the portion sizes of the carbohydrates are equal. 

A fairly new concept, known as the Ets concept (Equivalent teaspoon sugar), developed by 

Mathews [ I  I]  is a simpler and theoretically more accurate model for representing the energy 

available to the human body from different types of foods. This concept also represents a more 

accurate effect of the different foods on the blood glucose concentration by introducing several 

metabolic efficiency factors which the carb counting method does not account for. Previous 

calculations conducted by Botha and Mathews also proved the Ets concept to be a better 

predictor of insulin response by non-diabetic test subjects than the carb counting model [12, 

141. Figure 2 and Figure 3 illustrate the proof of this conclusion: 

Measured insulin response as a function of 
mass of carbohydrates (CHO) consumed 

10 
- 5% 8 - 
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Figure 2: Measured insulin response as a fundion of mass of carbohydrates (CHO) consumed. 
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Measured insulin response as a function of ets 
consumed 
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Figure 3: Measured insulin response as a function of* consumed. 

From figures 2 and figure 3 we can clearly see that the linear trend fit is better for the insulin 

response a5 a function of Ets than the insulin response as a function of carbohydrates (CHO). 

An analysis of data conducted by Wolever and Bolognesi [41], taken from 15 test subjects, 

revealed similar results for this insulin response experiment. 

A further development of the Ets concept is the simulation of the human energy system by 

Botha [I?]. Figure 4 presents an example of one of the wholeday simulations that was 

performed for one of the diabetic test subjects: 

Whole-day simulation - Example 
14 

c' 12 . - 
I0 - - 

$ 8 - 

I l ime of day (hh:mm) 1 
Figure 4: An example of ooe whole-day simulation for a diabetic subject. 
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The solid h e  on tbe graph is the simulated blood glucose profile, while the dots are the actual 

blood glucose measurements taken by the diabetic subject. This model not only showed that 

simulation of the glycaemic response is possible, but also proved more than 70% accurate for 

long-term simulations and more than 80% accurate for short-term simulations. These 

simulations laid the foundation for developments of novel products initially inspired by the Ets 

concept.. 

Figure 5: Nokh cellphone with the &Insulin-Boh Calculator. 

One of these ~ u c t s  is a cellphone-based application (Figure 5) called the Ets-insulin-bolus 

calculation system (EIBC) developed by Pelzer [14]. This system is a unique cellphone 

program designed to help type 1 diabetics control their bid glucose. The diabetic person 

enters into the program the time, type and amount of any foods or drinks ingested during the 

day, as well as any fmger-stick blood glucose values. The EZBC uses this information, together 

with the Ets theory, to calculate the amount of bolus insulin the diabetic needs to administer in 

order to manage the blood glucose level at a certain target level. 

Clinical trials were previously performed on several type 1 diabetic subjects, using the Ets- 

insulin-bolus calculator. This system not only received good qualitative feedback from 

diabetics, but also conclusively proved that it lowered the HbAlc levels of the test subjects 

who used it. The theory behind the Ets concept is thoroughly explained in the literatures of 

Mathews 1111, Botha [13] and Pelzer [14]. 
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Tightness of Glycaemic Control 

The hemoglobin Alc (HbAlc) is a relatively simple lab test that shows the average amount of 

sugar (also called glucose) that has been present in a person's blood over the past three months 

[ I  5 J. The mapping between HbA 1 c and blood glucose average is shown in Table 1 [ 161 below: 

Table 1 : Relationship between HbA tc  and mean blood glucose levels. 

According to the DCCT [ 171 the HbA l c goal for people with diabetes should be less than 7%. 

Their findings showed that diabetics who keep their HbAlc levels close to 7% have a better 

chance of delaying or even preventing serious diabetic complications. 

Although a person with type 1 diabetes can maintain a healthy HbAlc level, this does not 

necessarily indicate that good glycaemic control was simultaneously achieved. A person's 

actual day-to-day blood glucose profile can display several hypo- and hyperglycaernic events 

(too low or too high blood glucose excursions), and still portray a healthy average blood 

glucose value. Tightness of glycaemic control is per definition the degree of consistency 

achieved by a person's blood glucose level. This study will focus on the tightness of glycaemic 

control achieved by type 1 diabetics using the EIBC. The reduction in hypo- and 

hyperglycaemic events will also be considered for diabetic subjects using the EIBC. 
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1.2 Objective of the Study 

The main purpose of the study is to verify the performance of the Ets-insulin-bolus calculation 

system. Clinical trials wiU be performed in which a number of type 1 diabetic subjects will 

make use of the Ets-insulin-bolus calculator to help control their blood glucose levels. The 

study will focus on the tightness of glycaernic control achieved by the subjects, as well as the 

reduction in hypo- and hyperglycaemic events during the clinical trails. 

The scope of this study consists of the following: 

The characterisation of the tightness of glycaemic control for type 1 diabetics 

The execution of the clinical trials on type 1 diabetics 

Analysis of the clinical test results for deternlination of glycaemic control and 

frequency of hypo- and hyperglycaemic events, and relating this to the EIBC system. 

1.3 Outline of the Study 

This study document consists of seven chapters. 

Chapter 2 discusses the importance of tight glycaemic control for type 1 diabetics. The need 

for this study will be explained in this chapter. 

Chapter 3 is  used to derive equations that will characterise the blood glucose control in a 

numerical fashion. Calculation of the tightness of glycaemic control as well as the frequency of 

hypo- and hyperglycaemic events will be discussed in this chapter. Monitoring blood glucose 

control by means of a CGMS (continuous glucose monitoring system) will also be discussed 

briefly. 

Chapter 4 will give an explanation of the clinical trial protocol in which diabetics make use of 

the ETBC to control their blood glucose. A discussion of the EIl3C's main features is also held 

within this chapter. 
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Chapter 5 reveals the results of the clinical trial, as well as a short discussion of the results. 

Chapter 6 shall serve as the closure of this study. 

1.4 Contribution of this Study 

The Ets concept was initially inspired and developed by Mathews. Botha [I31 made use of the 

Ets concept to develop the simulation model of the human energy system. A further 

development was the Ets-insulin-bolus calculation system by Pelzer [14]. 

The author of this thesis contributed to this study by completing the following tasks: 

The derivation of several equations to calculate the tightness of glycaemic control 

achieved by type 1 diabetics, as well as the algorithm for calculating the frequency of 

hypo- and hyperglycaemic occurrences. The new proposed measure of glycaemic 

tightness is a novel approach and is very useful since the alternatives do not provide 

holistic results. 

The planning and execution of the clinical h-ial on several type I diabetics were done in 

conjunction with the medical practice of Dr L. Johnson at Montana Hospital in Pretoria, 

South Africa. 

1.5 Summary 

Dicthetes mellitus is a chronic disease which affects millions of people worldwide. At present 

many type 1 diabetics use the carbohydrate counting method to help control their blood 

glucose levels. A remarkable new idea known as the Ets concept has been developed which 

theoretically gives a better indication of the effect of different foods on a person's blood 

glucose level. A cellphone-based application known as the Ets-insulin-bolus calculator has 

been designed. The goal of this study is to determine from a numerical point of view whether 

the Ets-insulin-bolus calculator contributes to tighter glycaemic control for type 1 diabetics. 
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CHAPTER 2 

TIGHTNESS OF GLYCAEMIC CONTROL IN 
TYPE 1 DIABETICS 

Type I diabetes is a chr~nic diseuse that causes severul wes of severe complications. Tighter 

glycaemic control effectively reduces the risk of these complications. However, the Ets concept 

was designed to help diabetics achieve tighfer blood glucose control and there exists a need at 

present to determine whether the Ets-insulin-bolus calculator can promote tighter glycaemic 

conrrol for iype I diclbetics. 
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2.1 Introduction 

Type I diabetes, also known as "juvenjle onset" diabetes, are less common than type 2 diabetes 

and approximately 1 out of 10 diabetics suffers from the former type of this disease. Type I 

diabetes usually develops at an early age among people who, in most cases, have a family 

history of type 1 diaberes. Unfortunately no proven cure has yet been found for type 1 diabe~es, 

although diabetes, in contrast with many other illnesses, is a self-managed disease involving 

both a doctor's diagnosis and the patient's co-operation in managing the disease. 

Propel- m.anagement of type 1 d.iabetes is crucial in order to minimise the chances of several 

life-threatening diabetic complications. Research has shown that good glycaemic control 

decreases the risk of diabetic complications, ultimately extending the diabetic's lifespan [IS]. 

In this chapter we wiU emphasise the importance of tight glycaemic control for diabetics as 

well as discuss the need for tbis study. 

2.2 Importance of Tight Glycaernic Control 

2.2.1 Basics of the blood glucose system 

Li.ke many other control systems the human body is a complex biological system wt-tich 

receives and bums energy in order to stay alive and produce useful work. But what type of 

energy does &he human body use? The answer is glucose. Glucose is an ubiquitous fuel in 

biology and is the human body's key source of energy 1191. This glucose is tramporred via the 

bloodstream wh.ich makes i t  possible for body cells to absorb this type of energy. Blood sugar 

is the medical term used to refer to levels of glucose concentration in  the bloodstrean?. 

The blood glucose concentration (be unit used is rnmoVt or mg/dt) is tightly regulated in 

order to keep the human body in homeostasis. The levels of glucose in the blood are 

continuously monitored by cells in  the pancreas. If the blood glucose level falls too low (due to 

excessive exercise or lack of food for extended periods), the alpha cells of the pancreas release 

a hormone called glucagon, which acts on the liver cells. 
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These cells in turn convert glycogen storage into glucose which is then released into the 

bloodsttern, increasing the blood glucose levels. Other causes of an increase in blood glucose 

levels are "stress" hormones such as cortisol and adrenalin, as well as elements such as 

infections, trauma and ingestion of food. 

When levels of blood glucose rise, a different hormone is released Eron~ t.he beta cells found in  

[.he islet of Langerhans in the pancreas. This hormooe, called insulin, causes the liver to 

convert m.ore glucose into glycogen. (This process is known as glycogenesis.) This forces 

about two-thi.rds of the body cclls (primarily muscle and fat tissue cells) to take up glucose 

from the blood, thus decreasing blood glucose levels [20]. 

2.2.2 Difference between diabetic and non-diabetic blood glucose. 

Referring to the previously mentioned metabolic processes these processes are functioning 

normally and witbout any external help in non-diabetic persons. In contrast diabetes is caused 

when there exists a dysfunctioning of these processes, mainly the process of decreasing blood 

glucose. Type 1 diabetes is caused by insufficient or non-existent production of insulin, due to 

the destruction of the islet's beta cells in the pancreas [4J. Type 2 diabetes is primarily due to a 

decreased response to insulin in the tissues of the body ("insulin resistance"). 

Both types of diabetes, if untreated, result in too much glucose remaining in the blood st re an^ 

(hypecglycaemia), causing in most cases long-term diabetic complications. Too much insulin 

and/or exercise without enough corresponding food intake also result in low blood glucose 

(hj~ogl  ycaemia). 

In  t.hjs sn~dy we will specifically focus on type 1 diabetes. 

2.2.3 Diabetic complications 

Abno~nial blood glucose levels in most cases result in  several long- and short-tern3 diabetic 

complications. The risk of developing these complications can be drastically reduced by means 

of proper blood glucose management. Let us f ist  discuss the several diabetic-related 

conditions. 
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Acute 

Diabetic ketoacidosis (DKA) is an acute (short-term) and dangerous complication that can 

cause hy-potension and shock. Inadequate treatment can lead to a coma or even death [21]. 

Non-ketotic hyperosmolw corn (HNS) is the osmotic effect of high glucose levels combi.ned 

with a loss of water which can ultimately progress to a coma [21]. 

Hypoglycaemia or abnormally low blood glucose may develop if the glucose intake does not 

match the Reatment. The patient may become agitated, sweaty, feeling weak and displaying 

many symptoms of sympathetic activation of the autonomic nervous system, resulting in 

feelings similar to dread and immobilised panic. Severe hypoglycaernia may result in loss of 

consciousness, coma and even death. Frequent hypoglycaemic events therefore reduce the 

patient's quality of life, for example leading to loss of employment or the ability to drive a car 

[22,23]. 

According to research, Figure 6 illustrates how the body typically reacts when the blood 

glucose decreases past a certain glycaemic threshold [24]: 

- 

Blood glucose (mrnol/l) 

4 7  

- 
Start of brain dysfunction 

Confusiodloss of 

Coma/seizure 

I I 

Figure 6: Gheose threshold for the activation of the physiological defence to hypoglycaernia. 

Chronic 

Chronic (long-term) elevation of blood glucose causes damage to blood vessels. In chabetes the 

resultant problems are grouped under "microvascular disease" (damage to small blood vessels) 

and "macrovascular disease" (damage to the arteries). 
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Microvascular diseases 

Retinopathy is h e  g~owth of friable and poor-quality new blood vessels i.n the retina of the 

eye, which can lead to severe loss of vision or blindness [25] .  

Neuropathy is the effect of abnornd and decreased sensation due to damage to small vessels 

that supply nerves. Abnormal high blood glucose is one of the major risks for developing 

neu.ropathy, which in  severe cases may necessitate amputation of feet and legs 126). 

Nephropatlty is damage to the kidneys which Ieads to chronic renal failure. Hypel-glycaemja 

increases the 13s k of developing diabetic nephropathy [27]. 

Macrovascular diseases 

Macrova..cular disease leads to cardiovascular disease, ma.inly by acce1erati.ng the following 

diseases: 

Coronary artery disease, lead.ing to heart attacks 

Stroke 

Peripheral vascular diseuse, wh.ich contributes to diabetic foot 

Diabetic myorzecrosis. 

Diabetic foot is characterised by skin ulcers and severe .foot infections. 1.n serious cases this 

disease leads to amputation of toes or feet [28]. Accord.ing to Lecuch and Gentili approximately 

25% of the 14 million diabetics in the USA will develop foot prob1em.s and 6% to 10% of these 

people will undergo amputations [29). 
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Mortality 

The number of deaths attributed to diabetes in national mortality statistics i s  likely to be a huge 

underestimate of the actual number of deaths caused by diabetes. This is because other diseases 

caused by diabetes - such as CVD (cardiovascular disease) - are normally given as the cause 

of death on the death certificates of people with diabetes. 

Various studies have sought to determine the total number of deaths attributable to d.iabetes. 

The best known s l d y  is that of [.he World Health Organisation's Global Burden of Disease 

Project. This study suggests that in  established marker economies such as in the UK there are 

about five times as many deaths indirectly attributable to diabetes as are directly attributable. 

This would mean that there are about 33 000 deaths per year attributable to diabetes - about 

one in seven of all deaths [30']. 

CVD is by far the most common cause of death amongst people with diabetes. For example, in 

the British Diabetic Association's cohort study - a study of 23 752 patients under the age of 30 

years diagnosed with type 1 diabetes throughout the UK - 63% of deaths in men aged 40-59 

with diabetes were horn CVD compared with 35% of men i.n the general population. For 

women aged 4&59 with diabetes, 52% of deaths were from CVD compared with 20% in the 

general population [3 11. 

ln the 5rit.ish Diabetic Association's cohort study men aged 40-59 with d-iabetes were three 

times more likely to die of any cause-, and five times more likely to die of CVD than people 

without diabetes. Women with diabetes were four times more l.ikely to die of any cause, and 

eight rimes more likely to die of CVD [32J. 

Morbidity 

Diabetes causes severe morbidity. Complications of diabetes can be divided into three 

categories : 

Metabolic complications of low blood glucose levels (hypoglycaemia) and of high 

blood glucose levels (hyperglycaerniaj. Diabetic coma is one such tnetabolic 

complication of a particularly severe nature. 
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Dan~age to small blood vessels (microvascular complications) leading in turn to 

damage to the retina (retinopathy), kidneys (nephropathy) and nerves (neuropathy). 

Damage to the larger arteries leading to the brain (leading to stroke) or to the h~ 

(leading to coronary heart disease) or to the legs and feet (leading to peripheral vascular 

disease) (macrovascular complications). 

The World Health Organisation's Global Burden of Disease Pro-iect estimates that in 

established marker economies such as in the UK 3% of years of life lost in disability are due to 

diaberes. This is only slightly less rhat the 4% of years of life lost in  disability due to cancer 

[33]. 

The U K  Prospective Diabetes Study (UKPDS) - a multicentre prospective randomised 

i.ntervention trial where the subjects are people with newly diagnosed type 2 diabetes - has 

Found that nearly half of rhe people with diabetes recruited to the trial had one or more niicro- 

or macrovascular complication, and also showed that about a quarter already had CVD 1341. 

2.2.4 Economical burden 

The complications of diabetes not only have an impact on the individual's social, health and 

psychological behaviour, but also carry an enormous burden for the economy in general. 

Diabetes creates loss in work productivity and disability, and results in h g h  u~ilisation of 

health care resources. 

A report from the ADA concluded that direct rnedicd and indirect expendimes attributable to 

diabetes in the USA in 2002 were estimated at $232 bil-lion! When adjusting for differences in 

age, sex and race, people wirh diabetes had med.icaI expenses that were 2,4 times higher than 

expenses rhat would occur for the same group in the absence of diabetes [35].  

The World Health Organisation estimates that over the nest 10 years (2006-201 61, China will 

lose- $558 bil.lion in  foregone national income due to heart disease, stroke and diabetes done 

[34J. 

CHAPTER 2 - TIGHTNESS OF GLYCPLEMIC CONTROL W TYPE 1 DIPLBETLCS 16 



2.2.5 Tight Glycaemic Control 

As of 2006 no proven cure h a  yet been discovered for diabetes. Although many pancreas 

transplantations have been done over the past few years with increasing success rates over 

time, it is still not recognised as a regular medical practice [37]. However, diabetes is a 

manageable disease which can be controlled within healthy blood glucose levels. Glycaernic 

conk01 can be defined as the management of a diabetic's blood glucose with the goal of 

maintaining rhe blood glucose within certain target levels. Type 1 diabetics manage their blood 

glucose by means of their diet, exercise and external administration of insulin. Most diabetics 

find it difficuit to administer just the right amount of insulin to stay wichin a good glycaemic 

range. 

Because blood glucose levels fluctuate th.roughout the day, the haernoglobin A l c  test (as. 

previously d-iscussed) is cu.rrently used as a proxy measure of long-term glycaemic control i.n 

research trials. This test reflects the average glucose concentration thar was present in the 

bloodstream over the preceding 2-3 months. A non-diabetic's blood glucose is wicdJy 

between 4% and 6% 1381. 

Table 2 shows again the relationship between HbAlc values and the corresponding blood 

glucose values: 

Table 2: Relationship between HbAlc  and mean blood glucose levels. 
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Most diabetics tend to control tbek blood glucose at higher levels than the suggested healthy 

target level. The HbA lc values of these diabetics, when tested, are significantly higher chm the 

proposed 7% [39J. The reason for this poor control is the diabetic's fear of hypoglycaemia 

(hypos For sbort) and its immediate response of bad symptoms. Thus the lowering of a 

diabetic's HbAlc i s  in most cases beneficial to the diabetic on the long-term, up until the point 

where the HbA I c value is indeed inside the ideal blood gIucose range. 

Several international diabetic organisations have established healthy blood glucose ranges for 

diabetics. Guidelines from these organisations. including the American Diabetes Association 

(AIDA), European Diabetes Policy Group, Canadian Diabetes Association (CDA), American 

Association of Clinical Endocrinologists (PLACE), Latin American Diabetes Association and 

the Asian-Pacific Type 2 Diabetes Policy Group recommend that the HbA I c target for diabetes 

should be less than 6 7 % .  These guidelines emphasise the impact of improved glycaemic 

control on most diabetic complications [39,40,41,42,43,44]. 

When it comes to the lower limit of the ideal target range, a blood glucose level less  an 
3,6 m.rnoVt (HbAl c < 4%) is usually described as abnormal low blood glucose, and is called a 

hypoglycaemic atpack or a "hypo" 1381. 

Thus good glycaemjc control means maintaining the blood glucose level between 9,4-3,6 

n~moUt ,  which is an acceptable range for most of the diabetic organisations. "Perfect or tight" 

glycaemic control would mean that the glucose levels were almost always normal (3,9-7,2 

mmoVe) and indistinguishable from those of a non-diabetic person [38]. In another study tight 

glycaemic control (TGC) in the intensive care un i t  UCU) was defined as the maintenance of 

blood glucose between 4,4 and 6,1 mmoVe 1451. It can therefore be seen that the exact 

glycaemic threshold varies between several different post-studies and diabetic associations. In  

this particular study we define the normal glycaemic range as 9,&3,6 rnmol/t. 

The process of achievi-ng tight glycaemic c o n ~ o l  is ,  however, not without risk. In particular, 

the need for frequent, accurate blood glucose measurements md the possibility of prolonged, 

un.recognised hypoglycaemia are of concern. 
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A number of studies have been undertaken since 2001 which addressed the implementation and 

effectiveness of TGC within the ICU. In one particular study, the objective was to introduce 

the process of TGC within the ICU, whilst maintaining patients' safety on critically ill patients 

[46]. Fifty patients were enrolled in this evaluation for seven days, which equated to 7 189 

hours of insulin administration and 6 424 blood glucose measurements. The data were 

transcribed onto an Excel spreadsheet for each patient. 

It is interesting to note the illustration that was used in &.is study for describing the tightness of 

glycaemic control that was actueved. Figure 7 describes the percentage of time TGC was 

maintained for the group of diabetic patients. 

Sugar Sugar Less Sugar Sugar 
Between 4-7 than or Between Greater than 

equal 3.9 7.1-1 0 or equal to 
10.1 

I B I O O ~  sugar Lave k I 
Figure 7: Ul~strstion of TGC by means of time percentage factor. 

During this study 3 965 (61,6%) blood glucose measures were within the 4-7 mmoVt range 

and TGC achieved within a median time of 5 hours. This study used the time percentage factor 

for illustrating the tightness of glycaemjc control achieved by a diabetic patient. 

2.2.6 Benefits of tighter g lycaernic control 

The Diabetes Control and Complications Trial (DCCT) was the largest, most comprehensive 

diabetes study ever coaducted at the time. The National Institute of Diabetes and Digestive and 

Kidney Diseases (NIDDK) conducted this study of 1 441 volunteers with type 1 diabetes at 

29 medical centres in the USA and Canada between 1983 and 1993. The purpose of the study 

was to determine whether intensive treatment (with the goal of achieving tight glycaemic 

conbal) could decrease the risks of developing several diabetic complications. 
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These were the results of the DCCT: 

Tight glycaernic conbol reduced the risk of retinopathy by 76%. 

Tight control reduced the risk of albumin~uia by 54%. 

Cli-nical newopathy was reduced by 44%. 

Kidney disease risk was lowered by 50%. 

The findings of this study defi.nitely indicate that improving and tightening blood glucose 

control substantially lower the risks for developing these diabetic problems 117,47,48,49,50]. 

Studies by Van den Berghe have also demonstrated the effects of tight glycaemic control in 

reducing mortality and improving morbidity in surgical JCU patients [51]. 

2.3 Need for the study 

It will be clear from the previous section that tightening of blood glucose control leads to a 

decreased risk of developing long-term diabetic complications. Tightening of glycaemic 

control also simultaneously implies that a decrease in short-term problems should occur, thus 

improving the diabetic's overall quality of life. 

This is concluded from the fact that tightened glycaemic control means that the blood glucose 

levels remain inside the healthy target range for a longer period than before. This means that 

the frequency andlor intensity of hypos and hypers should be less. 

In chapter 1 the Ets concept by Mathews [I 11 w a  mentioned and previous studies by Pe1ze.r 

1141 have shown [.hat the Ets-i-nsulin-bolus calcuJator can lower the HbA J c levels of diabetics 

using it. Although a diabetic can maintain a healthy HbAlc level, it does not necessarily mean 

&at a tight glycaeruic control is achieved at the same time. 

The HbAlc rest only gives an approximation of the average amount of blood glucose thal was 

present in the bloodstream over rhe preceding 2-3 months. Figure 8 shows an example of the 

rypical blood glucose curve of a type I diabetic: 
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Figure 8: T y p i d  blood glucose curve of a type 1 diabetic. 

hoking at Figure 7 it is clear that it is possible for a diabetic to experience severaI hypos and 

hypers on a daily basis while achieving a mean blood glucose value within the healthy range. 

The goal of this study, however, is to determine whether the Ets concept can tighten the 

glycaemic control of a type 1 diabetic using the EIBC. Fi,o;ure 9 illustrates the meaning of 

tightening the blood glucose control: 
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Figure 9: A blood sugar curve: poor control VS tighter control. 
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Tightening of the blood glucose conrrol 1.iterally means to achieve a "smoother" blood glucose 

curve. tht~s maintaining the bl.ood glucose level for longer periods between the hypo- and 

hypesglycaernic lirnits. This study will also determine whether the use of the EIBC reduces the 

frequency oi'hypo- and hyperglycaemic events. In  the next chapter we will discuss the methods 

for determining thcse changes in blood glucose control. 

2.4 Summary 

During this chapcer we fustly discussed the basics of the human blood glucose system, as well 

as the long- and short-term health complications due to poor glycaernic control. According to 

research the tightening of glycaemic control reduces the risks for developing several serious 

health hazards. There is, however, a huge demand for methods to help improve diabetic blood 

glucose control. The EIBC, based on the Ets concept, was specifical.ly designed to help type 1 

diabetics improve their blood glucose control. The need for this study is to observe whether the 

ElBC can promote tighter glycaemjc control for type 1 diabetic. 
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CHAPTER 3 

CHARACTERIZATION OF GLYCAEMIC CONTROL 

The traditional HbAlc lab test is currently the only method for rating a diabetic's average 

blood glucose control. With the introduction of the CGMS system deeper insight into blood 

glucose control is now possible. This leads to  he need for proposing and constructing a new 

concept for expressing blood glucose control in type I diabetics. 
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3.1 Introduction 

Up until this point t,he conclusion was drawn that diabetes is a ser-ious health concern in many 

counrries, and rbat tightening of blood glucose control for type 1 diabetics will definitely 

promote a positive impact i n  managing this disease and its complications. Tne EIBC was 

initially designed to assist type 1 d.iabetics in achieving an improved g1ycaem.i~ control, thus 

attempting to fulfil a huge demand in the global health sector. 

The purpose of this chapter is to discus the methods necessary ro calculate the blood glucose 

control of diabetics using the EUBC. In the first pact of this chapter we will discuss the latcst 

technology available that will be used during this study to monitor glycaernic control of the 

diabetic sobjects. This will be followed by proposi-ng a new concept for rating blood glucose 

control. This is the point where thc engineering part of th is  study is i.ntroduced in order to 

quant-ify blood glucose conu-01. Several mathematical models will be dcsived and the link 

between blood glucose monitoring and quantifying of blood glucose control will be explained. 

Monitoring of Glycaemic Control 

3.2.1 Determination of blood glucose control 

Once again i t  is necessary to state here that the main objective of this study is to determine 

whether the Ets concept promotes tighter glycaemjc control for type 1 diabetics. Tightness of 

glycaemic control is defined i.n this shl-udy as the degree of consistency achieved by the 

diabetic's blood glucose level - in other words. the "smoothness" of the diabetic's bIood 

glucose profile. This blood glucose profile is, however, required in the first place to calc~ilnte 

the tightness of the diabeti.c's glycncmic control. We will now explore the latest technology in 

blood glucose monitoring which records the diabetic's blood glucose profile on a daily basis. 

3.2.2 Continues Glucose Monitoring System (CGMS) 

The CGMS from Medtron-ic is a stare-of-the-art diagnostic tool used by physicians to track 

continuous blood glucose patterns in people with diabetes. 
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Comprehensive information provided by the CGMS system can identify erratic blood glucose 

fluctuations and trends which often go unnoticed when standard HbAlc tests and finger-sticks 

are used 152). This system provides additional insight to healthcare professionals, enabling 

them to work with their patients to make therapy, dietary and lifestyle adjustments with the 

goal of improving diabetic management. The CGMS system is shown in Figure 10 with all of 

the system's basic components: 

Figure 10: Camtinuom Glucose Modtoring System. 

The monitor is worn discreetly like a pager on the patient's belt or in the pocket. A sensor is 

placed into the skin, usually on the anterior abdominal wall, where it stays for three 

consecutive days. The sensor is connected by a wire to the monitor. The glucose sensor is a 

microelectrode with a thin coating of glucose oxidase beneath several layers of biocornpatible 

membrane. 

The sensor continuously converts glucose from the person's interstitial fluid (liquid fou.nd 

between the cells of the body) into an electronic signal, the strength of which is proportional to 

the amount of glucose present. Blood glucose and interstitial fluid glucose levels are essentially 

equal when blood glucose is not changing rapidly [53]. 

Every five minutes the CGMS records a blood glucose value and stores this data on the system. 

This provides 288 glucose measurements each day, and the glucose sensor is to be used for a 

maximum of three days. 
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The CGMS is, however, intended for occasional rather than everyday use, and is a supplement 

to the standard method of blood glucose monitoring. 

The CGMS system needs several input parameters in order to monitor the diabetic's glycaemic 

profile. Firstly, the patient enters into the monitor the time of several daily events such as when 

food is ingested, insulin taken or when any exercises are done by the patient. Secondly, the 

regular finger-stick values are also entered into the CGMS. The system uses a minimum of 

four external (fmger-stick) blood glucose values per day for calibration purposes. 

After using the CGMS, the sensor can easily be removed horn the skin, and the recorded data 

downloaded via the Cornstation from the monitor to a computer. CGMS Solutions Software 

then simplifies analysis by organising al l  the data into charts, graphs and tables. This is the 

useful output of the system. Figure 11 and Table 3 illustrate the data analysis of the CGMS 

Software after downloading the data from the monitor [54]: 

Figure 11: Daily blood glucose graph from the CGMS. 
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Table 3: Summary of CGMS results. 

. .  - 

The comprehensive data provided by the CGMS system have been shown to assist healthcare 

professionals in opcimising treatment programs for diabetics based on detailed glycaemic 

profiles. It is also a useful educational tool that can improve motivation and collaboration with 

patients 1551. Several metabolic eff~ciency factors used in the EIBC - are calculated from the 

CGMS gl ycaemic profiles. 

Ln the next section we will discuss how these blood glucose profiles will be used to calculate 

the tightness of glycaemic contrd in type 1 diabetes. 

3.3 Derivation of Glycaemic Control Equations 

3.3.1 New concept for defining glycaemic control 

Currently the HbA lc lab test is the only standard reference for rating a diabetic's blood glucose 

conbol. HbAlc test results reveal only an average value of the blood glucose concentration of 

the preceding 2-3 months [15]. 
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Most type 1 diabetics tend to control their blood glucose levels at higher than normal ranges 

out of fear for striking hypoglycaemia. These higher than normal HbAlc values increase the 

changes for developing many long-term health hazards. Lowering of the mean blood glucose 

level is beneficial in most scenarios. 

However, from Figue 8 we have learned that the diabetic's actual daily blood glucose profile 

can reveal several hypo- and hyperglycaernic events and still portray a healthy average blood 

glucose value. The latest technology in blood glucose monitoring bas made this more in-depth 

view of the actual blood glucose response possible. The following factors can now be indicated 

from the CGMS blood glucose profiles: 

Average blood glucose value 

Amount, time and intensity of hypos and hypers 

"Smoothness" of the actual blood glucose profile. 

It is now possible, with the above added information, to optirnise the definition for glycaemic 

control and define a new concept for rating a diabetic's blood glucose cont3.01. Tiis study now 

proposes a new concept for looking at glycaernic control with the support of the CGMS 

system. Refer to Figure 12: 

Figure 12: Area between Curve and Mean of the blood glucose curve. 
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From any continuous curve such as the curve in figure 11 which is bounded with a start and 

end point, an area can be calculated from the graph. Areas are simple and effective methods for 

illustrating blood glucose control, and can easily be calculated from the CGMS profiles. In the 

above figure the area between the curve and the mean is shown, for this area can be used to 

give an indication of the tightness of the actual blood glucose profile. 

This study also now proposes that the performance of a diabetic's blood glucose control should 

not only be influenced by the average blood glucose value (HbAlc), but should rather be a 

function of the HbAlc value, occurrences of hypos and bypers, as well as tightness (or 

smoothness) of the actual blood glucose profile. Thus: 

Control performance = f (HbAlc, hypos, hypers, tightness of profile) (1) 

in terms of areas. 

3.3.2 Area Between Curve and Mean (ABCM) 

Now that the different variables for the blood glucose control have been proposed, the first 

element in the control performance formula can be derived and explained. Firstly. the tightness 

of the blood glucose pxofde gives an indication of the "smoothness" of the diabetic's blood 

glucose profile. Also called the tightness control, the intensity of this variable will be 

determined by means of the area between the curve and the mean (ABCM) of the blood 

glucose profile (refer to Figure 12). 

On a mathematical basis there are several methods for determining the area under a continuous 

curve. This study, however, will make use of one of the simplest methods which is defined by 

the following theorem 1561: 

The area A ofthe region S that lies under the graph of the continuuusfinction f the Limit 

of the sum of the areas of approximating rectangles: 
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Consider the following figure: 

Figure 13: Definition of the Area Under the Curve. 

In this scenario of blood glucose control the blood glucose profile is defined by the hnction 

f (x) which describes the change in blood glucose concentration over time. The CGMS records 

a blood glucose value every five minutes of the day, resulting in 288 blood glucose values per 

day (if the profile is continuous for the whole day). Thus n = 288 in the theorem for each one 

day period, Ax = 5 minutes and f (xi) is the blood glucose value at the ith- time increment. 

Yet the tightness control defined in this study is the area between the curve and the mean. 

Considering the mean value of the curve and the theorem, the calculation of the ABCM is as 

follows: 

Where: BS(t) = blood glucose value as a function of the time 

M = mean value of the blood glucose curve. 

Consider Figure 14 : 
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Figure 14: Crtleulatioo of the ABCM from the blood sugar profile. 

The unit for the ABCM is mmol.min/e. During this study the ABCM is calculated for each 

patient for a certain time period (2-3 days). Two ABCM values will be determined: 

ABCM CHO 

ABCM ETS 

ABCM CHO is for the time period in which diabetics use the traditional carbohydrate counting 

method for controlling their blood glucose levels. The ABCM ETS is calculated for the time 

period when patients are using the ETBC to control their blood glucose levels. 

Both ABCM values will be compared to each other and in the next chapter the two methods 

will be discussed in order to verify the change in tightness control for each of the diabetic 

subjects. 

It can be seen from Figure 14 that the smaller the total ABCM value, the smoother the overall 

blood glucose profile becomes, thus improving tightness control for the patient. The smallest 

ABCM values will be the average value calculated from a typical non-diabetic's blood glucose 

profile. Over a 24-hour period this value has been calculated from this to be 771,93 

mrnol.min/t (n  = 2). This effect of reducing the ABCM will indirectly reduce the occurrence 

andlor intensities of hypos and hypers as well. 
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3.3.3 Hypo- and Hyperglycaemic events 

Abnormal blood glucose levels in diabetics fall into two categories, namely hypoglycaemia and 

hyperglycaemia. Hypoglycaernia (hypos) is characterised by an abnormal low blood glucose 

concentration which is combined with immediate symptoms of tiredness, sweating, dizziness 

and nausea. According to research in the literature study, when the diabetic's blood glucose 

falls below 3,6 m o V t  (HbAlc < 4%), the diabetic goes into a state of hypoglycaemia 1381. 

Although rhere are minor differences in the exact hypoglycaemic threshold among the many 

different diabetic associations, a universal limit of 3,6 mmol/t will be used in this study. 

It has further been noticed from the CGMS Software [53] that each hypoglycaemic event is 

only counted a9 an occurrence when the blood glucose level remains under 3,6 mmol/e for 

more than 30 minutes. Furthermore, the end of one such occurrence is proclaimed only when 

the blood glucose level has returned to the normal range and remains in this range for at least 

30 minutes. This rule of counting is also applicable to the occurrence of hyperglycaemia, and 

shall be used as the norm for measuring the hypo- and hyperglycaemic events in this study. 

Figure 15 illustrates this definition for hypo- and hyperglycaemic events: 
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Rgure 15: Measurement of Hypo's and Hypers from BS profile. 
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Hyperglycacmia (hypers) on the other hand is abnorlnal high blood glucose concentrations 

causing several long-tcrm diabetic complications. According to the research, a state of 

hypergJycaemia is reached when the blood glucose rises above an HbA I c value of 7% or 9,4 

rnmol/e 139, 40, 41, 42, 43, 441. This study will use 9,4 m.moVt as the hyperglycaemic 

threshold for the clin.ica1 trials. 

From the CGMS results obtained from the c,linical trials, the total hypo- and hyperslycaemic 

events will be measured for each patient before and while using the EIBC. I f ,  indeed. the 

CGMS results show a reduced amount of such hypos and/or hypers for a patient using the 

EBC, [.hen clearly the use of the EIBC reduces thc chances for a diabetic to experience hypos 

and/or hypers. The method for expressing the improvement or degradation of this particul-ar 

issue of blood glucose control will be explained i n  the next chapter. 

3-3.4 Area Under the Curve (AUC) 

Most of the type 1 diabetics, being more aFraid of hypos than hypers, control their blood 

glucose i.n a higher blood glucose range than the normal or "healthy" range. Thus most medical 

experts eucou.rage diabetics to control their blood glucose level at a lower range, which in m1-n 

means lowering their average blood glucose levels. This average blood glucose level i s  linked 

ro the traditional Hb.4 1 c values. 

A similar value based on the theory of equation (2) can be calculated using the area under the 

blood glucose curve (AUC). The AUC is calculated by equation (4) as follows: 

AUC = x ( ~ S ( t ) x 5 )  

Where: BS(t) = blood glucose value as a function of the time. 

The AUC value for  he first and the second CCMS test for each diabetic patient will be 

calculated and afterwards compared to each other. The value calculated from the first test is 

known as the AUC c ~ o  while the value calcu laced from the second test is known as the 

AUC E*. 
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IF the AUC ETS is ICSS than the AUC ~110, it can be deduced that the mcnn blood glucose vaIue 

from the second CGMS test is lower than the value in the first CGMS test, rhus indirectly 

imposing a reduced HbAlc value for the test subject using rhe EIBC. 

3.3.5 Overall Control Performance 

Since the different blood glucose control variables have now been derived, the link between 

these conrrol variables can be established in order to construct an overall blood glucose control 

equation. T 4 s  equation is known a5 the 0veral.T control pe~~form~mce and is a function of the 

different control. variables such as in equation (1). 

This section shall also be used to discuss the newly proposed methods for expressing blood 

glucose control. First, let us discuss the main form of the Overdl control performance. This i s  a 

fu.nction of the four different variables and is the combined (addcd) effect of these blood 

glucose con~rol effects, thus: 

0vera.U control performance = ABCMFac + HYPOF,, + I-IYPERF,, + AUCF,, ( 5 )  

in which the different factors are in  units of percentages or fractions of 1 

It has t'urrher been proposed that each variable should be multiplied with several weight 

factors. The reason for these weight factors is thar hypos in general cause short-term 

complications while hypers cause long-term complications. This means that the hypoglycaemic 

events cause a larger negative effect on the immediate blood glucose control of the diabetic 

them the effcct from the occurrences of hypers. Most type I diabetics are more fearful of hypos 

than of hypers. a.nd of all the diabetic-related hospitalisations most are caused by aculc 

symptoms From severe hypos. 

Yet both hypo- and hyperglycaemia affects the diabetic's daily blood glucose control. It is now 

proposed from this srudy that t.he exacl initial vdues of these variable weight Factors should be 

as follows: 

CHAPTER 3 - CHAFWCTERIZATION OF GLYCAEMIC CONTROL 34 



Figure 16: Weight factors for tbe variable control factors. 

Thus the equation for the Overall control performance changes as follows: 

Overall control performance = ( WABCM X ABCMFac ) + ( W H V P ~  X m O F a c  ) + 

( WHYPER x HYPERF,~ 1 + ( WAUC X AuC~ac 1 

Since the definition for the Overall control performance has now been discussed, the methods 

for expressing the rating of the Overall control performance can now be proposed. Remember 

that the main purpose of the study is to determine whether the Ets concept improves or 

deteriorates the overall blood glucose control compared to the carb counting method. 

Two methods will now be proposed for rating the change in overall control performance. 

A. Group method 

Ln the group method the Overall control performance is calculated for the group of test subjects 

as a whole. The calculation remedy is as follows: 

Step I: Determine tbe ABCM, AUC, hypos and hypers for eacb patient before and while 

using the EBC. 

Step 2: Determine the average value for each of the different control variables. 
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Step 3: Determine the different control v<xiable factors as follows: 

111 this method the overall control performance measurement is called the 

Overall Ets performance and is calculated by the following equation (7): 

Overall Ets performance = (ABCMF,, x 0,25) + (HYPOI;,, x 0,35) + 
(HY PERF,, x O,15) + (AUCI,, x 0,251 

The meaning of the Fmal value of the Overall Ets perforn~ance is as follows: 

Overall Ets performance < 1 : The group on average experienced a deteriation in  blood 

glucose control. while using the EIBC. 

Overall Ets performance = 1 : On average the overall blood glucose control remained 

unchanged for the whole s o u p  while using the ELBC. 

O\~erall Ets performance > 1 : The whole group experienced on average an improvement 

in blood glucose control while using the EIBC. 
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B . Individual method 

The individrrul method proposes to calculate the difFerent control variables and the overall 

control performance for each individual test subject. This wiU be done by cornparing the 

control values of the patients with the control values calculated for a typical non-diabetic. Thus 

t.he variable fixtors and the overall control performance are expressed in percentages, and the 

non-diabetic's blood glucose control values represent 100% control. 

The procedure of the individual rneti~oci: 

Step 1: Determine the ABCM, AUC, by-pos and hypers for each patient before and while 

using the EBC.  

It  should be noted that thc time period of the CGMS data for each paticnr differs in  

most cases. 

Step 2: Determine the 24-h factor: 

24-h factor (each patient) = Time*,,,,, [IzJ 
24 

Step 3: Calculate for each patient (both CHO and Ets periods) the control variables per day 

by dividing the values calculated in step 1 with the 24-h factors calculated in step 2: 

ABCMIday = 
ABCM 

24h..fu.ctor 

HYPOS/day = 
HYPO'S 

24h. faclot- 

HYPERS/day = HYPERS 
24h.fncror 

AUC 
AUCIday = 

24h. facfnr 

- 
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Step 4: Determine the same values as in step 3 for several non-diabetic patients and calculate 

the average of these values. Initial staodard values are calculated and proposed from 

this study. 

Step 5: a.) Initial calculation of the max. hypohyper factor : 

Determine b e  mrrx. value from dl of the HYPOSIday and HYPERS/day 

column. Now round off this value to the next integer, e.g. 2,41 -+ 3. 

b.) This study proposes to use this newly calculated max. hypolhyper factor to 

calculate any Futu.ristic individual conh-01 performance. 

Step 6: Calculate the tighmess control of che individual patient by means of the following 

equation (9): 

Step 7:  Calculate Lhe hypo and hyper performance of the individual patient with the follow-ing 

equation (10) and ( I  1): 

HYPO' S l day m m v i ~ u ~ .  
Max. Hypo l Hyper-. Fuctor 

HYPERped- = H y P m s  1 ~ ~ , , l V I " ,  

Mux.Hypo 1 Hyper. Factor 

Step 8: Calculate the AUC peifom~ance of the individual patient with equation (12): 
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Step 9: Finally the overall control performance for the individual patient is calculated as 

follows: 

Overall control perforinance = (ABCMperr x 0.25) + (HYPOp,,., x 0,35) + 
(HYPERperr x 0,15) + (AUCPe,l x 0.25) (131 

In addition for this srudy the overall control performance for each patient will be calculated For 

both the tjme periods before and whjle using ETBC. 

Both the control performance - Ets and the control performance - CHO will be determined and 

deducted from each other co conclude the change in  overall blood glucose control for each 

parient. Afterwards the average value of rhc control performance - Ets and the conrrol 

performance - CHO for the group wi I1 be calculated and compared co each other. 

3.4 Summary 

ln this chapter the main goal was to propose and discuss a new concept for characrerising 

blood glucose control. The CGMS System@ from Mcdtronic has reached new frontiers in 

glycaemic monitoring, and brought with i t  several new opportunities for analysing and rating 

blood glucose control. After discussing the main Features of the CGMS Syste,m, a new 

calculation remedy for expressing blood glucose control was established. 

With the use of the CGMS output data, several new equations and blood glucose control 

variables have been derived. Finally, two new methods have been proposed and explained for 

rating a diabetic's overall blood glucose conb-01 in a numerical and scientific fashion. 
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CHAPTER 4 

CLlNICAL TRlAL PROTOCOL 

In order to conduct medical research on human beings, several ethical guidelines need to be 

addressed. A clinical trial protocol needs to be in place to ensure the safe and orderly 

execution of the trials. A comprehensive discussion of the EIBC i s  also held within this chapter. 
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4.1 Introduction 

The thesis of this study started off with chapter 1 which stated the main objective of the study. 

Chapter 2 was used to explain the reasons for conducting the study. In chapter 3 the 

characterisation models of glycaemic control were derived which formed part of the study's 

methodology. 

In h s  chapter we continue with an explanation of the method of this study by firstly 

discussing the main features of the EIBC. Secondly, tbe clinical trial protocol will be explained 

in further detail. 

4.2 Ets-Insulin-Bolus Calculator (EIBC) 

As stated previously the EIBC, a derivation of the Ets concept, is a cellphone-based application 

with the main goal of assisting type 3 diabetics in achieving better glycaemic control. Figure 

17 once again shows a picture of the EBC: 

Figure 17: Nokia cellphone with ElBC application. 

Type 1 diabetics contxol their blood glucose level, by means of their diet, insuh  dosages and 

exercises. Tfus task is, however, a complex task for most diabetics. 

CHAPTER 4 - CLINICAL TRI.AL PROTOCOL 4 1 



Currently most diabetics make use of either of two d~fferent methods regarding their insulin 

dosages. One method is a fixed amount of bolus (short-acting) insulin after every main meal. 

The diabetic's physician calculates an initial value for the required insulin dosages, and this 

value is optimised as time goes by. This method is not very efficient since not every meal 

affects the blood glucose level in the same way. 

The second method is that of carbohydrate counting and at present as many as 70% of all type 

I diabetics use this method [8]. Thts method definitely requires more attention from the 

diabetic, yet is substantially more efficient than the fit-mentioned method. 

A "third" method is the newly found Ets concept, in which the different foods, together with 

their GI-values and portion sizes are expressed in units of Ets. We will now discuss the bait 

principles of the EIBC. Consider Figure 18 : 

Output : Proposed 
Bolus Insulin dosage 

Blood glucose values 

Figure 1 8  InpuffOutput cycle of the EIBC. 

Diabetic 
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The main function of the EJl3C is to calculate the required amount of bolus insulin for the 

diabetic in order to stabilise the blood glucose level at a healthy target level. More inEormation 

can also be found in the ElBC user guide [57] and in appendix C. 

The calculation is based on the Ets concept and takes into account the food consumption, 

exercises and finger-stick blood glucose values. Thc EIBC's calculation model is a simpliiied 

mathematical equation which represents the I~uman blood glucose level. However, not every 

diaberic's blood glucose system behaves in the same way as any other diabetic's blood glucose 

system. The EIBC has made provision for this issue by introducing several rnetabojic 

eff~ciency factors into the equation. Thus, before the diabetic receives the calculator, hisher 

physician individually c~lstomises the ErBC for each diabetic. 

The ELBC needs the following information regarding the diabetic in  ordcr to set up the 

calculator: 

L .  Length and weight 

2. Age and gender 

3. Activity level (low, medium or high) 

4. Total daily long- and short-acting insulin 

5. Ets sensitivity and insulin sensitivity I'actors 

6. Target blood glucose value 

7. Maximilrn Ers value per meal 

8. Maximum i.nsulin value pe.r dosage 

9. Ets recommended daily allowance. 

The informat-ion in numbers 1, 2 and 3 above is primarily used to calculate the RDA i n  terms 

of Ets for the specfic diabetic. The RDA feature is mainly used for dietetic purposes. hput of 

the total daily bolus and basal insulin are mostly for reference calculation. The metabolic Ets 

and insulin sensi~vity factors are, however, important input variables into the EIBC, and the 

calculation of these variables is explained in the next section. 

Number 6 from the list is the target blood glucose value. This value is normally in the range of 

5-8 rnrnol/C and is used as the set point in  the equation. 
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The EIBC also includes several safety variables in the set-up process. The purpose of these 

safety buffers i s  to warn the diabetic whcn the current food portion wijl cause dangerously high 

blood glucosl: clcvntions. Parr of these safely variables is also to prevent the diabetic from 

administering too much insulin which will in most cases lead to severe hypoglycaemic attacks. 

The following are a I.ist of other beneficial features of the ELBC 11 41: 

Easy-to-use and practical device 

Improved visibility of device 

Complete food database and predefined mea1.s 

Complete exercise database 

Educational tool. 

The main purpose of the EPBC, using the efficiency factors together with all of the other input 

varhbles, is to calculate an accurate proposed insulin requirement. This will lead to a smoother 

blood glucose profile, thus improving overall glycaemic control for the diabetic. 

4.3 Clinical Trial Protocol 

Before any research can be conducted on human beings there are several issues that need to be 

addressed f irst. Any research conducted on human beings is subject to certain ethical 

guidelines 158, 591. Approval should be obliined from an eth.ica1 commitlee within the country. 

In  order to achieve a successful clinical trial within this study, i~ is necessary to follow a 

specific trial prorocol. The clinical trial protocol describes the phases and processes of the trial. 

The protocol consists of the following main outcomes: 

Patient's informed consent (PIC) form 

Pre-trial questionnaire 

First three-day CGMS test 

Use of the EIBC 

Second tb-ree-day CGMS rest 

Apart from t.he trial protocol, tbe final data analysis is done at the end of the trials. 
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4.3.1 Patient Informed Consent form 

The purpose of the PIC form is to inform the d.iabetic patient of the following: 

hrpose of the study 

Methodology of the srudy 

Possible benefits from the study 

Possible risks from the study 

Lnformation regarcling the termination of the study 

The PIC serves as an agreement between the trial subject and the trial coordinator, and sets out 

rhe terms and conditions of participation in Ih t  clinical ~ i a l .  Note that tbe PIC is shown in 

appendix A. 

It should also be noted that any trial subject may at any time w-ithch-aw froin the clinical trial. Ln 

case of certain adverse events happening, tbe trial coordinator andlor trial doctor may ten~~inate 

a trial subject's participation in h e  trials. 

4.3.2 Pre-Trial Questionnaire 

After siyning the PIC fo~m the trial subject needs to complete the pre-trial questionnaire. Th.is 

question.naire is used to obtain the following info~roation regarding the diabetic subject: 

Age 

* Gender 

Weight at onset of trial 

Height 

Daily activity level 

Type and amounr of daily bolus insulin dosage 

Type and amount of daily basal insulin dosage 

Frequency of hypo- and hyperglycaemic occurrences 

Type of insulin rherapy 

Brand and model of blood glucose monitor 

Medical history regarding diabetes or other chronic diseases 
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Target blood glucose level 

HbA 1 c as measured 

The pre-trial questionnaire selves as a baseline exami-nation and is reviewed by the trial 

coordinator and the trial doctor. 

* An example of the pre-trial questionnaire is shown in the appendices. 

4.3.3 First 3-day CGMS Test 

After the diabetic subjecr completes the PI-e-trial questionnaire, the monitoring process of the 

diabetic's blood glucose starts. The diabetic makes use of the CGMS for 3-4 consecutive days 

to monitor and record hisher typical daily blood glucose profile. 

On completjon of setting up and initiating the CGMS for the patient, the subject follows hisher 

typical daily rourine for the first two days. Tr i s ,  however, very important that the patient 

follows hjsher normal daily rouline and not. be intimidated by the CGMS. The blood glucose 

profile obtained from the first two days serves as the baseline profile, and comparisons will be 

made to this baseline. On the third day the patient is asked to follow the rule below: 

Administer the typical required anzoun-t of bolus insulin 90 minutes after eaclz main meal. 

The purpose of this rule is to create the opportunity From t\.liich the Ets and insulin sensitivity 

factors can be successfully calculated. Refer to Figure 19 on the calcul.ation of these factors: 
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Figure 19: Calculation of the Ets- and lnsalin sensitivity factors. 

The Ets and insulin sensitivity factors are calculated with the following equations: 

Ets sensitivity : 

Where: 

BS2 - BS, 
Es = 

ETSCONS 

mmol. L-' 
Ets 1 

BSI = blood glucose value at the start of the meal. 

BS2 = peak blood glucose value after 90 minutes from start of meal. 

ETS CONS = total food in units of Ets ingested during the meal. 

ffier determining the Es factor, this value can be multiplied with the amount of Ets ingested at 

any other instance to calculate the increase in blood glucose that the food ingested shall cause. 

Insulin sensitivity : 

Where: BS3 = peak blood glucose value after 90 minutes from start of meal 

BS4 = lowest blood glucose value after 90 minutes after bolus insulin 

dosage 

INSmJECT = units of insulin injected. 
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When the Is factor is multipIied with the amount of bolus insulin injected at any orber instance, 

the total decrease i n  blood glucose concentration can be calculated. Borh the Es and the IS 

factors are calculated at two or three instances in the last day's profile, from whi.ch an 

arithmetic avcrage is calculated for each factor. 

In addition the diabetic patient writes down on the given EA log sheets the precise amount. 

time and type of all meds, exercises and measured finger-stick blood glucose values. After the 

third day the CGMS is carefully removed and the data from the trial is downloaded onto a 

computer. 

4.3.4 Use of EIBC 

The information from the CGMS is then used by the physician and the trial coordinator to 

determine the various set-up variables as mentioned in section 4.2. After customising the EIBC 

For the specific diabetic, the trial subject then receives the EIBC and starts to use the ErBC for 

its intended pu.rpose. 

The Vial subjects will use the ELBC for approximateJy three months. Th.is three months period 

allows enough time to reflect a possible change in h e  average blood glucose level (HbA lc). 

During this period the trial coordinator is continuously in contact with the trial subject. The 

pati.ent gives feedback regula.rly on the statt~s of the trial. Optimising of the sensitivity factors 

may occur during this period. 

4.3.5 Second 3-day CGMS Test 

At the end of the three-montb period a second and final three-day CGMS test is conducted with 

each of the hial subjects. During this test the diabetic still uses the EPBC to control hisher 

blood glucose level. 

The purpose of this second CGMS test is to record the updated typical blood glucose protile 

while thc patient is using the EIBC. Ttus second profile is compared with the previous basel-ine 

proFile, and the necessary calculations are bei.ng done as described in the previous chapter. 
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During this particular test the subjects do not need to write down on log sheets the same 

information as was required in the previous CGMS test. 

Figure 20: Illustration of diabetic person using the CGMS. 

4.4 Summary 

During this chapter a brief discussion was held on the features of the EIBC. The EIBC is a 

novel device and its performance will be tested i.n this study based on the mathematical 

models. The clinical trial protocol was also thoroughly laid out in this chapter. Chapters 3 and 

4 conclude the methodology of the study. 
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CHAPTER 5 

EZBC PERFORMANCE VERIFICATION 

In order to verib the mission statement of this study, clinical trials wirh several type I 

diabetics are needed. The control equations derived- the previous section are implemnted 

in this chapier to give verification of the EIBC's performance on type I diabetics. 
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5.1 Introduction 

As previously mentioned the ElBC, a development from the Ets concept, was primarily 

designed to assist type 1 diabetics in improving their daily blood glucose control. Cl.inical trials 

are, however, important to determine whether the use of the EIBC by type 1 diabetics improves 

overall blood glucose control. Verification of the ElBC's performance will now be made, using 

the principles and equations derived from the previous chapter. This chapter shall be used to 

expose the results of the cl.inicd trials. 

5.2 Clinical Trial Overview 

This section il.lustrates a quick overview of the clinical trial process. Figure 21 il.lustrates this 

overview: 

PIC foml \ 

b< Pre-Trail Queso'onare 

Clinical Trial Protocol 

b< %Day CGMS test 

Anal~se logsheet & CGMS data 

Reclew & Use ElBC - 3 monrhs 

Figure 21: Layout of Clinical Trial Procedure. 

It should, however, be noted that if the diabetic person experiences severe hypo- or 

hyperglycaemic events during any stage of the trial, the subject should temporarily abort the 

test procedure in order to take correctional steps to improve blood glucose contxol. Any test 

subject also has rhe right to abort the trial at any given time. 

CHAPTER 5 - EIBC PERFORMANCE VERIFtCA'IlON 



5.3 Trial Subject Description 

In Table 4 general Lnfomation of the test subjects participating in the clinical trial is given: 

Table 4: Trial subjects information. 

5.4 Trial Results 

8 

9 

In this section the main results of the trials are shown, followed by short discussions of the 

rcsults. Two of [.he nine test subjects have done an additional CGMS test. 

5.4.1 Tightness Control (ABCM) 

Female 

Female 

G r o ~ ~ p   neth hod 

In Figure 22 the trial results regarding the tightness control achieved with the CHO method and 

the Ets concept IEmC) for each of the test subjects are shown: 
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Tightness Control Results 
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Figure 22: Tfghtness Control achieved with CHO and ETS method. 

The calculated average ABCM values for the group are: 

ABCMc~o = 7 537 mmol.min/t 

ABCMErs = 6 637 mmol.min/t 

This i-ndicates an average improvement of the tightness control with the Ets concept by a 

factor of 1,14. 

Individual method 

Table 5 shows the results of the tightness control as calculated with the individual method for 

each padent: 
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Table 5: ABCM results for each patient with Lndividual Method. 

From Table 5 can it be calculated that the ElBC improved the Tightness Control on average by 

3.65 %. 

5.4.2 Hypo- and Hyperglycaemic Occurrences 

Group method 

An illustration of the hypo- and hyperglycaemic occurrences during the trial is shown in Figure 

1 23 and Figure 24 respectively: 
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HypogtyceamSc Events 

1 2 3 4 5 6 7 8 9 1 0 1 1  

PaUenl 

Figure 23: Amount of Hypo's experienced during trials. 

From Figure 23 it is found that the average number of hypos from the CHO period was 2,27 

and 1,18 for the Ets period. T h i s  shows that the Ets concept improved bypoglycaemic 

occurrences by a factor of 192. 

Hyperglyceamic Events 
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Figure 24: Amount of Hypers experienced during trials. 

The average number of hypers for the CHO period is 5,18 and for the Ets period 3,45. The 

hyperglycaemic occurrences were improved by a factor of 130 by means of the Ets concept. 
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Individual Method 

Table 6: Rypoglycaemic results for each patient with Individual Method 

The average value calculated for the change in hypoglycaemic occurrences is 13.75%. Thus 

the ElBC improved the issue of hypoglycaemia. 

Table 7: Hyperglycaemic results for each patient with Individual Method. 

The Ets concept also improved hyperglycaemic events with an average value of 19.53 %. 
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5.4.3 HbAl c (AUC) 

Group method 

The following results regarding the AUC values from the trial are shown in Figure 25: 

HbAic results in terms of AUC. 

Patient 

Fiyre  25: AUC results for the group during CHO and ETS period. 

As in the ABCM category, a reduction in AUC value relates to an improvement in  HbAlc 

level. From the above figure, six of the I 1  trial results showed improvements in AUC values 

with the use of the EBC. Ln a three-month period the Ets concept on average slightly improved 

the AUC (Hb Alc) with a factor of 1,03. 
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Individual Method 

Table 8: AUC results for each patient with Individual Method. 

The average value in change of AUC calculated for Table 8 is 0,42%. The use of the EBC 

leads to a relatively small improvement in AUC for the test subjects. 

5.4.4 Overall Control Performance 

Group method 

If we combine the above blood glucose control elements using equation (6),  we then calculate 

the Overall Ets performance to be 1,44. According to the equation it shows that the average 

overall blood sugar control for the group of test subjects was improved by 44% for subjects 

using the EIBC. 



Individual method 

Lastly, in Table 9 the results for the overall control performance are shown for each patient as 

well as the change in overall control performance between the CHO and Ets periods: 

Table 9: Overall Control Performance for each patient with Individual Method. 

Looking at the above figures in  Table 9 we can see that all patients improved their overall 

blood sugar control with the use of the EIBC. The average value calculated for the above 

improvement figures for the group is 8,76%. 

5.5 Summary 

In this chapter we firstly discussed the clinical trial procedure. The trial period for each patient 

is three months, for which two CGMS tests per patient are performed at the beginning and at 

the end of the three-month period. 

Secondly, we investigated the end results from the clinical trial in which tbe performance of 

the EBC was tested on a numerical basis. Several performance factors and control percentages 

were calculated, using the control equations. 

- -  
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If rhr: value of thesc factors i.n the groitp marhod were less than one, this implied a deterioration 

of that speci.fic glycaenic element. If the factor' were greater than one, ir implied an 

irnprovemenr. 

The  average values of the clinical trial results showed that the patients using the EIBC 

expcricnccd improvements in tightness control (1,14), hypo occurrences (1,92) and hyper 

occurrences (1,50). On average the A U C  value remained almost the same with m end factor of 

1,03. The Overall Ets performance factor calculated for the 1 I trial results is 1,44. meaning that 

on average the group's blood glucose control were improved when using the Ets concept. 

When using the individ~ial methad the blood sugar control values were comptlred with tbe 

values calculated for a typical non-diabetic and expressed in percentage value, 100% being 

perfect control. The average improvements calculated for the group with the individual method 

was 3,65% in tightness control, while hypog1ycaem.ia improved by 13,75%, hyperglycae~nia 

i.mproved by 19,53% and HbAlc in terms of area i.mproved by 0,42%. On average the whole 

group's overall conuol performance was increased wit11 8,76% after using the EIBC. 
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CHAPTER 6 

CLOSURE 

Chapter 6 serves as the closure of this smdy. The final conclusion regarding rhis siudy's 

objective is wuuie, and recommendations are made for further work in this particularfleld of 

study. 



6.1 Introduction 

Now that the final task in the performance veri.fication process has been completed. a 

conclusion can be drawn regardi-ng the glycaemic control of diabetics using the EIBC. lo th.is 

chapter the overall findings of the study wi.U be mentioned, and recomn~endations for fiuthcr 

work will also be made. Chapter 6 shall serve as the closure for this study. 

6.2 Conclusion of the Study 

The overall conclusion of the study will start off by once again referring to the mission 

statement of the study. The main objective of this sl~tdy was to determine whether the Ets 

concept by means of the Ets-insulin-bolus calculator (EXBC) promotes tighter blood glucose 

control for type 1 diabetics. Tighter glycaemic control means improving the control re~nedy in 

such a way that the actual daily blood glucose profile is tighter or "smoother". This 

en-hancernent automatically reduces [be occurrences and/or intensity of hypo- and 

hyperglycaemic events. thus improving thc short- and long-term quality of the diabetic's 

lifestyle. 

The secondary objccrive of the study was to propose and construct a mathematical model for 

expressing md rating blood glucose control. After discussing in chapter 3 the features of the 

CGMS System@ from Medrronic, two new scientific models have been derivcd in order to 

verif j  thc performance of the EIBC in a numerical fashion. 

This was followed by performing the clinical trials with several t p e  1 diabedcs under the 

controlled supervision of the diabetics' physician, Dr Louise Johnson. The output CGMS data 

from the trials, together with the derived control equations, formed the overall control 

performance figures of the diabetics before and while using the EJBC. 

The final conclusion of the study is that the ELBC does in fact on average im.prove overdl 

blood glucose control and thus promotes tighter glycaemic control -for type 1 diabetics. The 

final figures from both the gt-or1.p metlzod and the individual merlzod support tl~is conclusion. 

CHAPTER 6 - CLOSURE 62 



6.3 Recommendations for Further Work 

Experience gained from this study has shown several oppo~~un.ities for filhlre research. TIic 

fol.lowin~ is a list of recommendations: 

Many of the diabetic trial patients had suggestions on improving the ELBC. It is 

recommended that these suggestions from the patients be investigated, which could 

lead to upgrading the ETBC. 

The development of an educational CD regarding the Ets concept and its products for 

diabetics could lead to improved co-operation horn diabetics during clinical trials. 

Designing and developing a computer program that is capable of receiving all of the 

input data from the ElBC and analysing this data in thc form of graphical blood glucose 

trends and figures. Diabetics could gain deeper insight into their blood glucose 

behaviour with the use of the EIBC. 

The trials in this study were perfmed over a relatively short-term period of tluw 

months. Tt is  rect3mmcnded that cliri.ical tiials monitoring the long-term performance of 

the EiBC be conducted. 
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GLYCEMC CONTROL OF TYPE I DIABETICS USING THE ETS CONCEPT 

PROTOCOL HS-DIAB-004 

Version 1.3 - 21 June 2005 

PATIENT INFORMED CONSENT FORM 

HurnanSim thanks you for your time and wPYIIIingness to help us with this clinical 

fr?aL It is our company's goal to improve the health of diabetics by improving 

their blood g/uco# control. Withdut your help this would not be possible. In 

order br you fo pactidpete in our trlal, w nneed your informed consent. Please 

read tfrrough fhfs agmment and sign it on tbe last page if you agree to 

parl'icipfe in this cl#nI#I W h f .  Please do not hesitate to ask should you have 

any questions. 

RESEARCH 

The purpose of this clinical trial is to determine whether ETS-counting (a concept 

developed from research done by Human-Sim, South Africa) as opposed to 

Carbohydrate-counting can improve blood glucose control for Type 1 -diabetics. Data 

anaiysed of Canadian researchers Lee, Wollever and Bolognesi showed ETS to be a 

more accurate predictor of insulin response than carbohydrates. A cellular phone 

sohare application will be used to calculate boluses using ETS-counting. By entering 

a current M o d  glucose level, selecting the food and beverage items to be consumed 

and exercises to be performed, the program will suggest a bolus. This clinical trial will 

therefore investigate the ETS-counting concept in a practical environment by using a 

cellular phone application. 

SELECTION PROCEDURE 

Between 10 and 20 test subjects will participate in the clinical trial. Trial subjects were 

selected on a random basis from Dr. L. Johnson's practice (convenience samples) 

and had to meet certain inclusion requirements e.g. be at least 14 years old and need 

to be familiar with the carbohydrate counting concept. Participants in this clinical trial 

will not be allowed to plan to become pregnant. be pregnant or breastfeeding for the 

duration of the trial. Adequate contraception must be used for the duration of the trial. 

If a participant does however fall pregnant, the participant will be required to withdraw 
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from the clinical trial. 

TRIAL PROCEDURES 

The trial will be initiated by a briefing session at Dr. L. Johnson's practice at the 

Montana Hospital in Pretoria. The ETS-concept will be explained to all participants 

and demonstrations will be given on operating the cellular phone and the bolus insulin 

calculation software. Each participant will receive a cellular phone with the bolus 

calculation software. A blood sample will be taken to test Glycohemoglobin levels 

(HbAlc). This gives an indication of the quality of blood glucose control for the period 

of three months prior to the trial. A simple procedure will then be performed on test 

subjects to determine sensitivities to ETS and insulin. Blood glucose levels will be 

monitored while first ingesting a meal and then afterwards injecting short acting 

insulin. The calculated values will then be entered into each individual's cellular phone 

to customize it for the specific participant. Participants will then for three months 

calculate their boluses with the device. Technical support will be available to all 

participants. At the end of the trial Glycohemoglobin levels will be tested again and 

compared with the initial values. Participants will also receive a questionnaire at the 

end of the clinical trial. Participants will have to return the cellular phones at the end of 

the trial. 

POSSIBLE BENEFITS TO PARTICIPANTS 

Benefits of participating in this trial may include: 

o improved blood glucose control, 

o fewer occurrences of hypo- and/or hyperglycemia and 

o a better understanding of blood glucose control. 

These benefits can however not be guaranteed. Participation in this clinical trial also 

helps the international scientific community to further diabetic research and could 

eventually improve the lives of many diabetics. 

PARTICIPATION 

Participation in this clinical trial is voluntarv. Partici~ants may at any time decide to 

stop participatina without s u p p l ~ i n ~  a reason. The research company strongly urges 

participants not to withdraw from the trial, as this will have an effect on the statistical 

significance of the research. There are however no foreseeable risks involved by 

withdrawing from the trial. The research institution or study doctor will inform 
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participants if new information becomes available that might influence their willingness 

to continue the study. The research company reserves the right to terminate the 

clinical trial at any stage on their discression, should it become necessary. 

CONFIDENTI.ALITY 

All records identifying participants will be kept confidential, to the extent permitted by 

the applicable laws and/or regulations and will not be made publicly available. If the 

results of this trial are published, the subject's identity will remain confidential. All 

participants have the right to see, copy and correct some of their personal health 

information related to the research as long as this information is held by the study 

doctor (Dr. L. Johnson) or research institution (Human-Sim (Pty) Ltd.). The participant 

agrees that the Monitors, Auditors, the Ethics Committee and the Regulatory 

Authorities be granted direct access to the participant's medical records for 

verification. 

CONTACT INFORMATION 

Should the participant require any help or assistance the following people could be 

contacted at any time: 

Technical assistance, ETS-concept information etc. 

Ruaan Pelzer 083 391 6672 012 809 1051 

Henry Townsend 082 575 2336 012 809 1055 

Medical emergencies 

Dr. L. Johnson 082 821 9680 01 2 548 5409 

I hereby declare that I am willing to participate in the clinical trial as discussed in this 

document. 1 am aware that participation will involve some changes to my insulin 

regime and that I may at any stage decide to withdraw from the clinical trial. 

Name of participant, parent or guardian Signature of participant, parent or guardian Date signed 

Name of investigator or designated person Signature of investigator or designated person Date signed 

A signed copy of this document will be handed to you, the participant. 
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PRE CLINICAL TRIAL QUESTIONNAIRE- ETS BOLUS CALCULATOR 

Please complete the following questionnaire. tf you are not sure what 
is being asked, please consult one of the assistants or doctors. We 
appreciate your time and effort in helping us with this clinical trial. 
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*. 
IF YOU ARE USING AN INSULIN PEN OR SYRINGE AND NOT AN INSULIN PUMP & 

PLEASE COMPLETE THIS PAGE: 

4 what tims(s) do you inject? How many units? 

S H O R T A ~ G M I X E D  INSULIN (BOLUS) 

Typ s: ttkq 

Tolal daily dosa U 

Please give us am indication of the typical dose and time of your boluses: 
e 

Bola 4 Bdus2 Bolus 3 -4  Bdus 5 

~ w h -  Time: h Time: h Time. h n m e :  h- 

Unibs U u n k -  U Units U he- U unk:  U 

, Pen KY Syringe Olher, please specify 

YOUR BLOOD GLUCOSE MONITOR (METER) 

Type or brand of meter: 

How many times per day do you measure 

I your blood glucose leu-'? m 

What is your target blood glucose level? Between mmoM and 

How often do you gel Hypo's @w blood glucose]? 1 
At what time[s) are you mosl likely to get a hypo? 

Early morning Morning Afternoon Early evening 
0 Late in the evening [before going to bed) While sleeping for a short while 

While sleeping for a h g  while 

How often do you have a problem with high blood glucose leuek? - -: 
. .- , - s.,, .. 
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IF YOU ARE USING AN INSULIN PUMP PLEASE COMPLETE M I S  PAGE: I 
= 

Type of insrdin: El.- 

-- 
Totd daily basal dose: U 

Total daily bolus dose: U =  + + 4 + 

Type o m e t e r :  

How many times per day do you measure 
your blood glucose level? 

Whn is your target blood giucose level? ~enveen  ml mmoM andm] mrnoVl 
- - - -  

I 
How often do you get Hypo's (low blood glucose]? I 
At what time@) are you most likely to get a hypo? 
O Early morning O Morning Afternoon 13 Early evening 

Late in the evening [before going t o  bedl While sleepirq for a shmi while 
I 

While sleeping for a long while 

Haw often do you have a problem with high blood glucose levels? - 
- End of Questionnaire - 

Thank you for your time 
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USER'S GUIDE FOR ETS-BOLUS CALCULATION CELLPHONE 

Equivalent Teaspoons -- Sugar 

R PELZER 
--- 

COPYRIGHT O 2004,2005 BY HUMAII-SIM (PTY) LTD., SOUTH-AFRICA 
ALL lt4VEMTlONS MENTlOt4ED ARE PATEt4T PROTECTED 
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DURING THE DURATION OF THIS CLINICAL TRIAL, YOU MAY AT ANY TIME CONTACT US FOR HELP 

OR ASSISTANCE. PLEASE DO NOT HESITATE TO CONTACT US SHOULD YOU EXPEFilENCE ANY 

PROBLEMS OR HAVE ANY QUESTIONS. 

FOR TECHNICAL ASSITANCE (E.G. PROBLEMS WITH THE PHONE OR SOFTWARE) CONTACT 

EITHER 

- RUAAN PELZER, 083 391 6672 OR 

- HENRY TOWNSEND, 082 575 2336 

YOU CAN ALSO CONTACT US AT OUR PRETORIA OFFICE ON 01 2 809 1055. 

IF YOU HAVE A MEDICAL EMERGENCY OR NEED MEDICAL ASSISTANCE PLEASE CONTACT DR. 

LOUISE JOHNSON ON ONE OF THE FOLLOWING NUMBERS: 

- 01 2 548 5409 (PRACTICE AT MONTANA HOSPITAL) 

- 082821 9680 

ALTERNATIVELY, YOU MAY ALSO PHONE YOUR GENERAL PRACTITIONER OR LOCAL HOSPITAL 

TO ASSIST YOU IN CASE OF A MEDICAL EMERGENCY 
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1 - USING WE CELLPHONE 

2 -OPENING THE a - B O L U S  SOFTWARE 

3 -THE L ~ B C W ,  

4 - BLOOD GLUCOSE MEASUREMENTS 

5 - WWISES 
6 - FOOD 

7 - HOW TO CALCULATE INSULIN BOLUSES 

8 - DAILY TOTALS 

9 - SETUP 

10 - WHAT IS -, HOW CAN IT HELP ME? 
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1 - USING THE CELLPHONE 
Here is a brief summary of the most important phone functions. 

TURN THE PHONE ON 
I 

Press and hold top button, ... Wait a few seconds, 
Enter PIN (when asked) and press # 

TURN THE PHONE OFF 

" Make sure the keypad is not locked 

LOCK OR UNLOCK THE KEYPAD 

First press --' and then ' 
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HOW TO MAKE A TELEPHONE CALL 

Make Sure the keypad is unlocked. Enter the telephone number and press the green button (left). Press 

the red button (&#-it) to end ?he call. 
... or.. . 

View your phone book by pressing "Contacts*. Use the Main Key (also called the centre or navigation 

key to move up and down) to select the person to phone and press the green key to make the call. 

Key I Centre Key I Main 

% key 

RECEIVE A KLEPHONE CALL 

To answer a call, press the green button (left). To end the call, press the red button (right). 

HOW TO SEND AN SMS 

To crmte an SMS, press the menu button. Use the navigation key to move to messaning and then 

press the, naviaation key. Select %Jew  me^^ by pressing the navigation key. Select Text messaae 

by pressing the navigation key. While in the Yd box, press the navigation key again to view your 

contad list. Select all the recipigm by moving to them with the navigation key and then pressing the 

navigation key (to flag as a recipient). When you are done, press OK. Type your message in the 

message box. When you are finished, press "Won$' and select "m 

Press menu but 
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To start the ETS-bolus software, make sure that the p b n e  is turned on and the keypad is unlocked. 

Press the menu buttun. 

menu button 

Use the navigation key to move to the ets Bolus Icon. Press the MainKey to open the software 

program. You will have to browse down to see the icon. 

ETS bolus icon 

Help l3lmmuk.. Ta l k  

After a few seconds, the following screen will be displayed. You are now ready to use the bolus 

calculator. 

Logbook Food Exerdw 1' 

Select Exit I 

The different program options will be discussed in the next sections. 
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- - - 

The logbook displays activities for the day entered into the n. These 

activit~es inclirde food intake, exercise, blood glucose measurements and insulin 

boluses. 

TO VIEW THE LQG8OC)K 

Fmd Exerdse 
Move here and press 

MainKeev or mess \ dl! 

WHAT'S 1N THE LOGBOOK? 

-ogbook The date and and time are displayed on top - make 

sure that it is correct1 
&a -- - 

The times of events are shown in the left column, 
04' -- the djflerent actions in the middle and the magnitude 
13819 M 4U 
1twO €xwds ji& I in the right hand column. 
I.- - - 
Ekk - Optiml Food is measured in efs (equivalent teaspoons 

sugar that goes into the blood). Exercise is shown as negative ets (sugar is 

taken out of the blood). Insulin in Units Ill) and blood glucose values in mmolil. 

The ets Bolus Calculator uses this information to calculate bolusses 
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HOW TO REMOVE LOGBOOK ENTRJES 

Move up or down to highlight the entry you want to remove. Then choose 

Options and select whether you want to remove entry (single entry) or Clear all 
(removes all the entries for the day). 

- - - - - - - - - - 
Back Uptio 

Descri Select this to 
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pp 

Yw can use the logbook to store measured Mood glucose values. If you are not going 

to administer an insulin bolus, you can use this option to store your blood glucose 

value. If you are go in^ to take a bolus, go directlv to Insulin - you will be prompted 

there to enter your current blood glucose level. 

While i n the Main menu, select Glucose 

Enter or confirm the time of the measurement 

uw-to: 
Increase value 

~ecrea& value 

I Time of measurement? I 
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Enter the blood glucose value 

- "I--' plucose 

61wose rrreamment 
taken at 09:3Q 

1 - 1  mlll 

jack RcceN 

By pressing A-pt the blood glucose value will be stored in the logbook. 
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It is important to enter your exercises, if any, into the logbook. This will reduce 

your insulin bdus in order to reduce the risk of hypoglycemis. Bolus calculations 

take exercises up to six hours in advance into account. 

TO ENTER AN EXERCISE 

While in the Mai n menu, select Exercise 

I - Wain I 

Q ;@I 
L- g \ 

Tot& 

a "b 
Favaites S e b  Duit 
Select Exit 

Enter or confirm the time of the exercise. Remember that exercises should be 

entered in advance before the bolus calculation preceding the exercise!!! 

U s e r n t o :  
Increase value 

Back Flccepl - 

APPENDMC - EFCU-GUIDE 



ziggs -Bolus Manual 

Select the type of exercise 

Enter the duration of the exercise 

urn 
Increase minutes 

Decreasa minutes 

By pressing Accept the exercise will be stored in the logbook. 

- 

APPENDtX C - EDC USER CJIJJ.DE 



Z&F -Bolus Manual 

6 - FOOD 

The gg Bolus Calcuhfor has a database that contains more than 1500 food 

~terns. 

White in the Main menu. select Food 

& & Tot& 

e9 X 
Famites & Il(t 

Select Exit 

Enter or confirm the time of the meal 

u a - m m  
Inaease value seleae2) Hours Minutes Select 

Decrease value 
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search through the 
database by using 

You now have three optlons. They are: 

u ... Search for food: This option allows you to enter keywords to search for. 

E.g "chocolate" will return items such as "chocolate mi lk ,  "chocolate cake" 

etc . 
a ... Enter-: This is t h e m  counter. If you cannot find the food item in 

the database but know how many grams of carbohydrates there are in the 

food, you can use this option. 

u Browse through the database: This option al IDAE you to browse through 

the database, which is neatly categorized. 

... SEARCH FQR FOOD 

If you quickly want to find an item in the database select . . .  Search for food. The 

following screen will be displayed. 

Enter hns Mow : in a keyrvord &.g. fish 

start sear&- 
Back Sear -. . 

- - 
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Your results will be displayed. Select the item you are looking for and press 

Accept to select the food item or press Back to search over again. 

35 ets I m-. I 
I Fkh sandwich and tartar saul I 

This is the gj& counter. If you cannot Ti nd the food itern in the database but know 

how many grams of carbohydrates there are in the food, you can use this option. 

The follotving screen will be displayed. 

Increase 
grams g ra rns 

I 
How maw grams 

By pressing Accept the amount of carbohydrate grams will be converted to & 
and added to your logbook. Remember to take the portion sire into account when 

entering the grams of carbohydrates. Rather use the . . . Search function or Browse 

through !he database to add food items to your logbook. These two methods will 

prov~de you with more accurate results. 

BROWSE THROUGH THE FOOD DATABASE 
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If you want to add a specific food item, you can browse through the database to 

select it. Let say, for example, we want to add a hot cross bun. First select the 

Food option from the Main Menu. 

Step 1 - Select the main food category 

For our example, select Baking 

Step 2 - Select the food sub-category 

For our example, select Bread 1 - 
rolls 

w 
Muffhs 
Other 
Pancake 

Back 

E. . BREAD ROLLS +-!' 
Push to select 

Sel 

Step 3 - Select the specific food item 

For our example, select Hot 

cross bun 
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Step 4 - Specify the number of portions 

For our example, leis say we are just going to eal a quarter Hot cmss bun. Mov.e the main key up 

and dawn to specify the number of portions. 

By pushing Accept the specified number nf portions Muill be added to the bgbook. 
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7 - How TO CALCULATE INSULIN BOLUSES 

In order to calculate your insulin bolus by using the cell phone - you must make sure 

that: 

o You have entered all the food and beverage items you are about to eat into the 

logbook. When asked the time of the meal, please enter the time that you will 

be taking the meal. 

You have entered any exercises that you will be doing within six hours of the 

insulin bolus being calculated. 

If you have entered your food, beverages and exercises correctly, it will be easy to 

calculate your insulin bolus. 

Step 1 

From the main menu, Move to Insulin and press Select (or press the MainKey). 

Step 2 

Enter the time of the suggestion (insulin bolus] - usually the current time. 

!ilrrHahK#b: 
II Increase value y,d 

Select Select Time of  suggestion? 
Hours Yinutes , : 18 

Decrease value 

Back I 
Step 3 

Measure and enter your current blood glucose level. Press Next to continue. 

Increase value 

What is your measured blood 
glucose level? I 

Decreee value 

Back 
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Step 4 

Check the food, exercise and insulin values. To confirm press Next. If you do not 

agree, go back. 

values and continue 

It IS  important that you check these values. If an extremely high or low count is 

shown far food, it i s  pcssible that the wrong time was used for the meal, nr the 

number of portions was specified incorrectly etc. If you suspect these values not 

to be accurate, first remove the relevant meal items from the logbook and re-enter 

them. Make sure that you do not enter any items twice! 

Step 5 

Using the information from the logbook a suggestion will be made. There are four 

types of suggestions that can be made: 
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Bolus insulin suggestion i f  your predicted blood glucose level is too high a 

suggestion will be made for an appropriate insulin bolus. If vou stronqlv disaaree with 

this su~qested bolus. you must use your own discretion. 

Suggestion to eat additional ets If your predicted blood glucose level is too low, a 

suggestion will be made to eat additional ets (carbohydrate rich food) to raise your 

blood glucose level. 

Suggestion to take no action If your predicted blood glucose level is close to your 

target blood glucose level, then a suggestion will be made to take no action (in other 

words - no bolus insulin or additional ets should be taken). 

Suggestion cannot be calculated If your meal contains too much ets, or it is 

detected that a very large insulin bolus is needed, the suggestion will not be displayed. 

This safety feature is to prevent the system from making extremely high insulin 

boluses that could possibly result in a hypo when administrated. If you do get a 

message that the bolus could not be calculated - you will have to use your own 

discretion to determine your insulin bolus. There are ways to prevent this from 

happening: ensure that you do not consume a very high amount of carbohydrates 

(ets), especially when your current blood glucose level is already high. 
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8 - DAILY TOTALS 

Daily totals give a summary of your food intake including ets, etsCal and calories. It 

also shows the composition of your daily food intake. Remember ets gives you an 

indication of how much glucose there is in your diet. You don't have to worry about 

these values for now, they are only here for your information. 

~ l ~ h e r e G 3 ) ,  press MainKey 

or press Select t r Y Y  
Fwwites 
Select Exit 

amount eaten; 
Green shows 

the amount left 
for the day 

1 '  -15 -1 eft 41 
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9 - SETUP (DON'T USE SETUP BY YOURSELF!) 

It is very important that the values that are entered in the setup, are correct. The bolus 

calculator will not be able to make accurate calculations if these values are not 

correct. The setup values have to be set before the device can be used. One of the 

trial assistants will help you to enter the correct values. It is important that you do not 

change these values by yourself! You do not have to read through this section. 

To VIEW SETUP 

Select Setup 

Q ;a j 
L m  Food Exerdse 

Step 1 - Enter your weight, height and activity level - -  

These values are used to  calculate your RDA's. 

Wress MainKey 
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Step 2 -Enter your gender and insulin regime 
To Male; Short Acting n 

If you are using an insulin 

pump, one of the research 

assistants will help you to 

determine your tdal daily long 

acting insukn [basal) dose. 

r, 
Gender 

Total daily long 
acting insulin 

Totrd dally short 
acting insulin 

- 
Step 3 - EntGryaur age In years 

Step 4 - Select the glucose units you prefer 

Blood glucose meters sold in 

South Africa are usually 

calibrated in -MI. 

3 
Please 
rn 

r 
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Step 5 - Enter your blood 

glucose setup 

One of the research assistants will 

determine these values for you and 

enter them. PO HOT: CHAHGE 
- 

Step 6 - Enter your RDA 

values 

These RDA's (F?ecommended Daily 

Allowances) gives an indication of 

how much energy you need during a 

day. These energy values are 

calculated to maintain your weight at 

a certain daily activity level. It also 

takes your age, weight, gender and 

height into account. 

Step T - Confirm values 
Make sure that all these values are 

correct. If they are not correct press 

BACK until you see the information 

that needs correction, and change it. 

Then press NEXT until you see the 

confinnatio n screen again, check 

the information again and press 

ACCEPT if everything is correct. 

Fktivitr) level High 

EtsSensitiiity 10M1 
li-dmshvrty 1000 
Taget Glucose 100 rngldl 

EtrCalROR 30 
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10 - WHAT IS ETS? HOT CAN IT HELP ME? 

3 is short for Equivalent leaspoons Sugar. We can use* to quantify the 

amount of sugar energy that will enter the blood during digestion. 

For example: Can of - cola = 8 l / !  

This means that there is approximately 8 '95 teaspoons of sugar in a can of cola. This 

also means that one can of cola will have roughly the same effect on your blood 

glucose level as 8'/2 teaspoons of table sugar. Here are some more examples: 
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Slice o f  brown 
bread 

2 K *s 
R i q  Mac burger 

Slice of white 
bread 

3 K *- 
fries 

Medium apple 

Glass Orange juice 

Note the difference between white and brown bread! Some foods may appear to 

be the same - but they are not. In general foods with more fiber contains less 

- : i  than their fibreless equivalents! Highly refi ned carbohydrates (white bread, 

cake, candy etc .) therefore contain more -:& and wi II cause higher blood glucose 

surges! 

Although $3~ and carbohydrates are similar, they are not exactly the same. Both 

are measured in a different way. In general more carbohydrates means 

more q x ,  but this is not always the case. Look at the following examples: 
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All three quantities have the same amount of carbohydrates (SOg] but a different 

amount of $Is. Can you see why counting carbohydrates can be problematic? 

Remember the higher the %I. ,  the higher the rise in blood glucose! 

1 r )1 0- 

Tip: It is important to balance your meals otherwise you may become hungry 

behveen meals and may not get all the fiber and micronutrients you need. We 

propose the easy-to-use % - '//4 - 1/'4 rule. By using the weight of the food, try to 

balance your meal as follows: 

381 gxpple 

p9m $w-$ 
pi$dJ , 

getables; Fruit, Starches 

11 1 g Hi Fiber Bran 

Remember to 

I 

choose low-fat foods! 

'4 ' I  

There is a relationship between your intake, the increase in your blood glucose 

level and therefore also the bolus insulin you need for a meal. allows us to 

calculate this increase in blood glucose level more accurately than when using 

carbohydrates. This means that if we eat less -, less insulin will be needed. 

If you want to choose low -$&-foods there are a few general guidelines: 

=5chGadE 
= 5.8 at$ 
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- R o u ~ h  unrefined food (e-g. rye bread with full grains & seeds) are usually 

lower in a than their refined equivalents (white bread). 

- Colourful vegetables are usually not that high in a. Starchy vegetables 

like potatoes are very rich in a and will cause high surges in your blood 

glucose. Try to avoid french fries. 

- Fruit juice is often h i ~ h  in a s .  Many fruit can be squeezed into a single 

bottle. The fibre you get from eating a whole fruit is also beneficial for you 

thus rather eat whole fruit than drinking fruit juice. 

To summarise: By eating less , less glucose is released into the blood meaning 

that less insulin is needed. Counting a s  helps us to calculate better insulin 

bolusses. 
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End Calculations 

Group Method 

Table 10 shows the processed results of the Group Method calculations for the diabetic test 

subjects: 

Table 10: Summaxy of CGMS end results - Group Method 

I Overall Ets Performance - 
for the whole group 
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Ets 
factor 1.14 1.92 1.50 1.03 



With the Individual Method the values in Table 10 is used to calculate the 24 hour scaled 

values in Table 1 1 : 

Table 11: 24 Hour sded  values of variable control factors. 

From Table I I we see the maximum value from the Avg Hypo's per day and Avg Hypers per 

day was found to be 3.89. This value was rounded of to the ncxt posilivc integer and tbe M a x  

Hypomyper Factor was; then calculated to bc 4. 

Table 12 shows the calculated variable control values of the non-diabetic subjects: 

Table 12: Non-Diabetic variable control values. 

The values from Table 1 1  and Table 12 was then used to determine the Overall Control 

Performance of each patient in the group for both the CHO and ETS periods, and these values 

in shown in Table 13 on the next page: 
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