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ABSTRACT 

Type 2 diabetes mellitus is a worldwide pandemic that causes both micro- and macrovascular 

complications. Although the causal relationship between chronic hyperglycaemia and 

microvascular disease have been established, the relationship between chronic hyperglycaemia 

and macrovascular disease (including cardiovascular disease (CVD)) is not yet well defined. A 

possible causal mechanism may be related to the glycation of haernostatic proteins such as 

fibrinogen. Hyperglycaemia causes non-enzymatic glycation of proteins through direct binding 

of carbohydrates (glucose and to a minor extent fructose) to proteins. The results of this study 

indicated that uncontrolled African type 2 diabetic subjects had a significantly higher level of 

fibrinogen glycation than non-diabetic subjects and that achievement of glycaemic control 

indeed resulted in a significant decrease in fibrinogen glycation. Glycated fibrinogen also 

correlates with and compares well with HbAlc in monitoring glycaemic control. By correlating 

end fibrinogen glycation levels with the average fasting capillary glucose of different 4-day time- 

intervals (fibrinogen has a half-life of 4 days) the study indicated that fibrinogen could be used 

as a short-term indicator of glycaemic control. Because fibrinogen is involved in vascular 

disease itself, glycated fibrinogen may be a better long-term predictor of CVD than current 

markers of glycaemic control. It may also aid in the elucidation of the relationship between 

hyperglycaemia and CVD. The results of this study showed that fibrinogen glycation is indeed 

sensitive to fluctuations in glycaemic control. 



Tipe 2 diabetes mellitus is 'n wereldwye pandemie wat beide mikro- en makro-vaskul3re 

komplikasies veroorsaak. Alhoewel die oorsaak-verwantskap tussen chroniese hiperglisemie en 

mikro-vaskul3re siektes goed gedefinieer is, is die verwantskap tussen chroniese hiperglisemie 

en makro-vaskulere komplikasies (insluitend kardio-vaskulere siektes (KVS)) nog nie goed 

gedefinieer nie. 'n Moontlike meganisme mag verwant wees aan die glikosilering van 

haemostatiese potei'ne soos fibrinogeen. Hiperglisemie veroorsaak nie-ensiematiese 

glikosilering van protei'ne deur direkte binding van koolhidrate (glukose en tot 'n mindere mate 

fruktose) aan prote'ine. Die resultate van hierdie studie dui aan dat ongekontroleerde Afrika tipe 

2 diabetiese proefpersone 'n betekenisvolle hoer vlak van fibrinogeen glikosilering as nie- 

diabetiese proefpersone het en dat die bereiking van glisemiese kontrole we1 'n betekenisvolle 

verlaging in fibrinogeen glikosilering veroorsaak. Geglikosileerde fibrinogeen korreleer en 

vergelyk ook goed met HbAlc in die monitor van glisemiese kontrole. Deur end fibrinogeen 

waardes met die gemiddelde vastende kappilere glukose van verskillende 4-dag tydsintervalle 

(fibrinogeen het 'n half-leeftyd van 4 dae) te korreleer, het die studie aangedui dat fibrinogeen 

oak as 'n kort-termyn indikator van glisemiese kontrole gebruik kan word. Omdat fibrinogeen 

self betrokke is by vaskulere siektes, mag geglikosileerde fibrinogeen 'n beter lang-termyn 

voorspeller van KVS wees as die huidige merkers van glisemiese kontrole. Dit mag ook help om 

die verwantskap tussen hiperglisemie en KVS te verduidelik. Die resultate van hierdie studie het 

aangedui dat fibrinogeen glikosilering we1 sensitief is vir veranderinge in glisemiese kontrole. 



CVD: Cardio-vascular disease 

AGE: Advanced glycated end product 

ROC: Receiver Operator Characteristic 

HbAlc: Glycated haemoglobin 

WHO: World Health Organisation 

SADA: South African Diabetes Association 
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DKA: Diabetic ketoacidosis 

HHS: Hyperosmolar hyperglycaemia state 

ADA: American Diabetes Association 
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VCAM-1: Vascular cell adehesion molecule-1 

IL: Interleukin 

TNF: Tumor necrosis factor 

LDL: Low-density lipoprotein 

AACE: American Association of Clinical Endocrinologists 

HDL: High-density lipoprotein 

VLDL: Very low-density lipoprotein 
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PAI: Plasminogen activator inhibitor 

BMI: Body mass index 

OGTT: Oral glucose tolerance test 

SGM: Self-glucose monitoring 

FBG: Fasting blood glucose 

ELISA: Enzyrne-linked imrnunosorbent assay 
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HOMA: Homeostasis model assessment 
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HCI: Hydrochloride 

NaCI: Sodium chloride 

Na,C03: Sodium carbonate 

NaOH: Sodium hydroxide 

NaHC03: Sodium bicarbonate 
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CHAPTER I: INTRODUCTION 

1 .I. Background and motivation 

Type 2 diabetes mellitus is a worldwide pandemic that causes both micro- and macrovascular 

complications. Data from the Diabetes Control and Complications Trial (DCCT) have 

established the casual relationship between hyperglycaemia and micro-vascular diseases (The 

Diabetes Control and Complications Trial Research Group, 1993; The Diabetes Control and 

Complications Trial/ Epidemiology of Diabetes Interventions and Complications Research 

Group, 2000). The casual relationship between hyperglycaemia and macrovascular disease is 

however not as clearly understood although the bulk of evidence, confirm a relationship 

between glycaemic control and the extent of macro-vascular complications (Boyne & Saudek, 

1999; Haffner, 1999). 

Hyperglycaemia may cause atherosclerosis by several mechanisms. One of these is non- 

enzymatic glycation of plasma proteins. This may result in structural changes that may in turn 

affect the function of these proteins. 

Fibrinogen has been shown to be an independent risk marker for cardiovascular disease (CVD) 

(Stec e l  a/., 2000; Danesh e l  a/., 2005) and may be related to the CVD increase seen amongst 

diabetic subjects. Diabetic patients have been shown to have high fibrinogen levels and that 

fibrinogen undergoes non-enzymatic glycation in the presence of uncontrolled blood glucose 

levels (Liitjens e l  at., 1985). This glycation of fibrinogen may alter its structure and thus also its 

function. The study's focus is to help explain the role of glycated fibrinogen in the relationship 

between type 2 diabetes, hyperglycaemia and macro-vascular disease. 

1.2 Aims and objectives 

The study had two main aims of which the first was to determine whether controlling blood 

glucose levels in outpatient type 2 diabetic subjects would affect fibrinogen glycation. The other 

was to determine how well glycated fibrinogen compares to glycated haemoglobin (HbAlc) in its 

relation to glycaemic control. 

The study included twenty uncontrolled type 2 black African diabetic subjects and twenty non- 

diabetic subjects (age and body mass index matched) as a reference group. During the first 

phase of the intervention period the diabetic subjects were seen by a diabetes educator. They 

were taught how to do self-glucose monitoring, how to co-ordinate insulin-use with meals, how 

to manage hypoglycaemia as well as glucagon administration. Baseline samples were taken at 

the end of Phase 1. During the second phase, the diabetic subjects were controlled with insulin, 

while the use of metformin was continued, Once glycaemic control was achieved, subjects 



remained treated for 8 days (Phase 3) after which end samples were drawn. Blood samples of 

the non-diabetic subjects were drawn within one week of their matched diabetic subject's blood 

sampling. Both groups were outpatients because such a study would reflect real life situations. 

I .3 Structure of dissertation 
The dissertation consists of five chapters, including this introduction chapter. 

The literature chapter provides some background information to the prevalence, pathogenesis 

and complications of type 2 diabetes mellitus. Markers of glycaemic control that are currently 

used are discussed. The relationship between fibrinogen and CVD are discussed where the 

characteristics of fibrinogen and the hypercoagulable state of diabetes and CVD are conferred. 

However, only the causes for the hypercoagulable state related to the topic of the dissertation 

are discussed which include elevated plasma fibrinogen, endothelial dysfunction and glycation 

of haemostatic proteins. How to determine glycated fibrinogen are explained, while some 

evidence for the use of fibrinogen as a marker of glycaemic control is provided. 

Subject recruitment and characteristics are explained in the methodology chapter. The 

methodology chapter also deals with the study design, how blood sampling was done as well as 

how the analytic procedures and statistics were done. 

The results of the study are discussed in chapter 4. This includes the SDS-PAGE analysis, 

baseline characteristics, baseline to end changes (deltas) and Receiver Operator Characteristic 

(ROC) curves. End glycated fibrinogen values were correlated with fasting capillary values at 

different time-intervals and these results are also given. The discussion on these results follows 

in chapter 5 where recommendations for further research are also given. 

An article on the study was accepted for publication in Thrombosis Research (see Annexure A). 



CHAPTER 2: LITERATURE SURVEY 

2.1 Introduction 

Type 2 diabetes is a widespread disease with a significant impact on the world's population. 

Individuals with diabetes need to monitor their blood glucose levels in order to achieve optimum 

glycaemic control. Poor glycaemic control may cause micro- and macrovascular complications. 

Although the casual relationship between chronic hyperglycaemia and microvascular disease 

have been established, the relationship between chronic hyperglycaemia and macrovascular 

disease (including CVD) is not yet well defined. A possible casual mechanism may be related to 

the glycation of haemostatic proteins such as fibrinogen. 

Currently glycaemic control is measured by using the fructosamine assay or HbAl c. Since 

fibrinogen plays a role in CVD and is known to be elevated amongst diabetic subjects, it may be 

useful to study the effect of glycaemic control on glycated fibrinogen. It may provide more 

information between the relationship between hyperglycaemia and macrovascular disease. 

Furthermore, HbAlc and fructosamine have the limitation that it measures glycaemic control as 

an average of a relatively long time period. The fructosamine assay and HbAl c measures 

glycaemic control for a 14 and1 20 day period respectively. Since fibrinogen has a half-life of 

four days, glycated fibrinogen could possibly be used as an indicator of glycaemic control over a 

shorter period of time. 

In this chapter the prevalence, pathogenesis and complications of type 2 diabetes will be 

discussed. The currently used markers of glycaemic control are addressed, while evidence for 

the possible use of fibrinogen as a marker is provided. Characteristics of fibrinogen, its 

importance in diabetes and CVD and how to determine glycated fibrinogen is discussed. 

2.2 Type 2 Diabetes 

2.2.1 Prevalence 

The World Health Organisation (WHO) estimates that there are currently 150 million cases of 

Type 2 diabetes worldwide. This is expected to double by 2025 (Visser et a/., 2003; WHO, 

2003). The 2003 prevalence of diabetes in South Africa was 2 million and this is increasing at a 

rate of approximately 11% per annum (Novo Nordisk (pty) Ltd., 2003). The South African 

Diabetes Association (SADA) estimates that there are up to date, 3 million individuals in South 

Africa with type 2 diabetes, half of which have not yet been diagnosed (Marais, 2005). 



2.2.2 Pathogenesis 

Type 2 Diabetes Mellitus was until recently better known as non-insulin-dependant diabetes 

mellitus (NIDDM) or adult-onset diabetes mellitus. It is more commonly, but not exclusively, 

found in older individuals and certain ethnic groups (Parillo & Riccardi, 2004). The major 

pathogenic factor of type 2 diabetes is insulin resistance. Where insulin resistance is present, 

the demand for insulin production and secretion to maintain normoglycaemia is increased. 

Type 2 diabetes develops when the ability of the beta cells to secrete insulin cannot adequately 

compensate for the degree of insulin resistance. Thus, a predominant insulin resistance occurs 

with relative insulin deficiency. Type 2 diabetes may also be due to a predominant secretory 

defect in conjunction with insulin resistance (Lipkin, 1999; The expert committee on the 

diagnosis and classification of diabetes mellitus, 2002). 

Insulin resistance is generally defined as a reduction in the ability of insulin to regulate glucose 

metabolism properly. A more complex definition is the inability of insulin to stimulate peripheral 

glucose disposal, reduce hepatic glucose production, suppress lipolysis, increase adipose 

tissue lipoprotein lipase, stimulate sodium reabsorption, alter vascular tone and act as a growth 

factor (Lipkin, 1999). 

Key factors related to the development of insulin resistance are obesity and/or central adiposity 

(Augustin et a/., 2002; Bonoro et a/., 2002; Bavenholm et a/., 2003; Lawlor, 2003; Greenfield & 

Cham bell, 2004). High intake of refined carbohydrates increases insulin secretion on demand, 

resulting in hyperinsulinaemia, which may down-regulate insulin receptors and eventually 

reduce insulin efficiency, thereby resulting in insulin resistance (Augustin et a/., 2002). Insulin 

resistance is also associated with diminished physical activity because insulin-stimulated 

glucose uptake is limited (Augustin et a/., 2002; Bavenholm et a/., 2003). 

Aging is another important factor in the development of insulin resistance, probably because 

body weight tends to increase over the age of 55 years, with a concomitant decrease in lean 

body mass, There is also a decrease in growth hormone action in the elderly shown by a 

decrease insulin-growth factor 1 levels. Growth hormone deficiency is associated with increased 

fat mass, decreased muscle mass and subsequently decreased insulin sensitivity 

(Bloomgarden, 2002). 

Hyperglycaemia, dyslipidaemia and hypertension can cause endothelial dysfunction, which may 

result in insulin resistance, by virtue of an impaired delivery of glucose and insulin to target 

tissues (Bonoro el a/., 2002; Caballero, 2003). Low birth weight, low offspring birth weight, 

short adult leg length and childhood social class were found to be independently associated 

with adult insulin resistance. One explanation for the association between low birth weight and 



the risk of type 2 diabetes is that poor intrauterine nutrition leads to small birth size and foetal 

programming that result in changes in glucose metabolism, which might lead to insulin 

resistance and eventually type 2 diabetes (Lawlor, 2003). 

Another theory, also known as the foetal insulin hypothesis, suggests that genetic 

polymorphisms that lead to increased insulin resistance and insulin-mediated impaired foetal 

growth underlie the association between birth weight and type 2 diabetes. The theory are 

supported by the finding that offspring birth weight is associated with increased risk of parental 

(in both mothers and fathers) insulin resistance and diabetes (Lawlor, 2003). The mechanism 

behind the association between offspring birth weight has not been significantly proven 

(Bloomgarden, 2002). 

An explanation for the interaction between birth weight and adult body mass index (BMI) can be 

found in the "thrifly phenotype hypothesis". This hypothesis suggests that the foetus adapts to a 

poor intrauterine milieu by optimising the use of a reduced nutrient supply to ensure survival, 

but favouring the development of certain organs over that of others. This leads to persistent 

alterations in growth and function of developing tissues. An example hereof is an increased 

peripheral muscle resistance to the action of insulin in the developing foetus so that glucose is 

preferentially diverted to essential organs, such as the brain. Later in life, the adult has an 

increased risk for insulin resistance when helshe becomes obese, since helshe was 

"programmed" that glucose should preferentially be diverted to other organs. (Lawlor, 2003; 

Simmons, 2006). 

Adult leg length is an indicator of childhood nutrition. Interruption of growth, due to nutrition 

deprivation, at any stage in an individual's life course, leads to relatively short legs and long 

torso. This is especially so when the interruption occurred in early childhood. The association 

between leg length, childhood social class and the risk of diabetes, appear to be mediated 

through insulin resistance (Lawlor, 2003). 

Although insulin resistance is a precursor for type 2 Diabetes, individuals does not necessarily 

have diabetes when they are insulin resistant. There are different diagnostic cut-off values to 

determine in which category an individual falls. Table 2.1 below, adapted from World Health 

Organisation (1999). shows the plasma and blood values for the diagnosis of diabetes mellitus, 

impaired glucose tolerance (IGT) and impaired fasting glucose (IFG). Individuals with IFG and 

IGT are at risk of developing diabetes because it indicates a level of insulin resistance. One is 

placed in a category depending on whether only fasting glucose or fasting glucose and 2h 

glucose values were obtained. If the value(s) falls into two different categories, the higher one 

applies (Unwin el a/., 2002). 



Table 2.1: Values for the diagnosis of diabetes mellitus, impaired fasting glucose (IFG) and 

impaired glucose tolerance (IGT) (World Health Organisation, 1999). 

I Glucose concentration, mmolll 
I 1 Plasma 

I Fasting concent ration 1 27,O 

Diabetes Mellitus 

Venous 

I Fasting concentration I <7.0 

2h post- glucose load 

IGT 

211,l 

Fasting concentration 

2h post glucose load 

2h post-glucose load 

I FG 

Whole blood 

Venous I Capillary 

7,8-11 ,O 

2.2.3 Complications 

Complications in type 2 diabetes are a result of various factors such as poor glucose control, 

insulin resistance, impaired lipid profile and oxidative stress. Acute complications generally 

include diabetic ketoacidosis (DKA) and hyperosmolar hyperglycaemia state (HHS) (ADA, 

2001). These complications usually occur when various aggravating, causative factors are 

present, such as: infection, cerebrovascular accident, alcohol abuse, pancreatitis, myocardial 

infarction, trauma and certain pharmaceuticals that influence carbohydrate metabolism such as 

corticosteroids, thiazides and sympathomimetic agents. Discontinuation or omission of insulin 

use may also cause DKA or HHS (ADA, 2002). 

Long-term complications as described by the American Diabetic Association (ADA) include 

micro-vascular complications and macro-vascular complications (ADA, 2001). Microvascular 

complications can be caused by hyperglycaemia (Lebovitz, 2001) and include: 

- Retinopathy (with potential loss of vision), 

- Nephropathy (leading to renal insufficiency and renal failure), 

- Peripheral neuropathy (results in pain, loss of sensation and muscle weakness that 

increase the risk of foot ulcers, gangrene and Charcot joints), 

- Autonomic neuropathy (that affects gastrointestinal, cardiovascular and genitourinary 

function)(ADA, 2001; The expert committee on the diagnosis and classification of 

diabetes mellitus, 2002; Parillo & Riccardi, 2004). 



Macrovascular complications in general comprise of cardio-vascular diseases (CVD) that 

include myocardial infarctions and stroke (Parillo & Riccardi, 2004). Type 2 diabetes increases 

the risk of cardiovascular mortality from 40% to 200%. It is considered as an independent risk 

factor for CVD mortality regardless of other risk factors (Unwin et a/., 2002) such as obesity, 

smoking, hypertension, dyslipidaemia, physical inactivity and poor regulated glycaemic control 

(ADA, 2001; DECODE Study group & the European Diabetes epidemiology group, 2001; 

Saydah et al., 2001). 

The Diabetes Control and Complications Trial (DCCT) have established a definite causal 

relationship between chronic hyperglycaemia and microvascular disease (DCCT, 1993; DCCT, 

2000). However, the relationship between chronic hyperglycaemia and macrovascular 

complications is less well defined. Most of the evidence however, confirms a relationship 

between glycaemic control and the extent of macrovascular complications (Boyne & Saudek, 

1999; Haffner, 1999). 

Although both IGT and IFG are associated with in an increased CVD risk (Unwin et al., 2002), a 

study done by Kuusisto et al. (1994) found no statistically significant increase in CVD among 

subjects with impaired glucose tolerance (Kuusisto et a/., 1994). Several other studies (Haffner 

el al., 1997; Ito et al., 1996; Meigs et a/., 1997) also failed to show an association between 

glycaemia and macro-vascular disease. 

The cause of macrovascular complications is multifactorial, with hyperglycaemia being one of 

the responsible factors. Several mechanisms by which hyperglycaemia may cause tissue 

damage that ultimately leads to vascular disease have been proposed (Lebovitz, 2001). These 

include: 

- Increased hexosamine pathway activity (Brownlee, 2005). 

- lncreased flux through the polyol/ sorbitol pathway (Gugliucci, 2000; Brownlee, 2005). 

- Activation of the diacylglycerol-protein kinase C (PKC) second messenger system 

(Gugliucci, 2000; Lebovitz, 2001). 

- Protein glycation and advanced glycated end products (AGE) formation Gugliucci, 2000; 

Lebovitz, 2001). 

Of these mechanisms only protein glycation will be discussed in more detail as it pertains to the 

topic of this dissertation. 

Glycated end products such as glycated fibrinogen, presents an important pathogenic 

mechanism underlying long-term complications of type 2 diabetes (Osei et al. , 2003), because 

hyperglycaemia increases the concentration of AGEs (Gugliucci, 2000; Dunn et al., 2005; Jaleel 

ef al., 2005; Coppola et al., 2006). The formation of AGEs involves non-enzymatic glycation 



reactions between amino acids of extra-cellular proteins and glucose. A Schiff base forms 

through a condensation reaction of the carbonyl group of sugar aldehydes, with the free amino 

groups or NH2 terminus of proteins (Arocha-Piiango, 1987; Singh et a/., 2001; Jaleel eta/., 

2005). In the case of fibrinogen, it seems as if gtycation occurs at the free amino group of lysine 

(Arocha-Piiango, 1 987). 

The Schiff base undergoes rearrangement through reversible acid-based catalysis to form 

intermediate Amadori adducts. Amadori adducts are the first stable product of the Maillard 

reaction. These compounds are known as a-dicarbonyls or oxoaldehydes. Examples hereof are 

H bAl c, fructosamine, 3-deoxyglucosone (3-DG) and methylglyoxal (MGO). 3-DG is formed from 

fructose-3-phosphate (a product of the polyol pathway that has been associated with 

hyperglycaemia induced diabetic complication) by non-oxidative rearrangement and hydrolysis 

of Amadori adducts. MGO may be derived from fructose, ketone bodies and threonine that may 

induce oxidative stress. AGEs form through irreversible chemical reactions of the Amadori 

adducts. Because it remains irreversibly attached to proteins and continue to accumulate over 

the entire lifespan of proteins, it may be a valuable marker for long-term hyperglycaemia 

(Arocha-Pihango, 1987; Singh et a/., 2001 ;Jaleel et a/., 2005). 

The process of AGE formation is illustrated in figure 2.1. The structure of some AGE have been 

identified as N-E-(carboxymethy1)lysine (CML), pentosidine, pyralline, deoxyglucasone-lysine 

dimer (DOLD), glyoxal-lysine dimer (GOLD) and methyl glyoxal lysine dimer (MOLD) (Singh et 

a/. , 2001). 

AGE formation is catalysed by transitional metals and is inhibited by reducing agents such as 

ascorbate. Glycation is enhanced in diabetes because it is concentration dependant in the early 

stages of the Maillard reaction rather than in the later stages, and intracellular sugars such as 

fructose have a much faster glycation rate than glucose. 

AGEs may modify the functional group of proteins that produce abnormal interactions between 

molecules that may lead to their distorted functions (Arocha-Piiango, 1987; Jaleel et a/., 2005). 

Table 2.2 below, adapted from Singh eta/. (2001), shows the biological effects of AGEs at 

cellular level. The formation of AGEs are usually endogenous but can be derived from tobacco 

smoke and food. Heat applied to food can lead to the Maillard reaction that is responsible for 

the non-enzymatic browning. Both the effects of smoking and ingesting AGEs on glycation in 

vivo have not been studied extensively especially amongst diabetic individuals. Thus, more 

studies are required to differentiate between exogenous and endogenous derived AGEs and 

their relation to histological damage (Singh et a/., 2001). 



Figure 2.1 : Process of AGE formation (Singh et a/., 2001) 

DEGRADATION 

LIPID Peroxidation 

fragmentation of ketone Early glycation 

DEGRADATION 

Oxidative pathway Non-oxidative pathway 

CML CEL PYRRALINE 

GOLD MOLD DOLO PYRRALINE 

ADVANCED GLYCATED END-PRODUCTS 

Furthermore, could the incidence of macrovascular disease be explained by the glucose 

hypothesis. According to this hypothesis poor glycaemic control is the cause of the accelerated 

atherosclerosis. Hyperglycaemia might cause atherosclerosis through the production of oxidized 

low-density lipoprotein (LDL) cholesterol, haemorrheological changes, changes in vascular 

reactivity and glycation of end products that include proteins of blood vessel walls (Feener & 

King, 1997). However, the effects of uncontrolled diabetes on macro-vascular diseases go 

beyond hyperglycaemia and hyperinsulinaemia. It could be as a result of associated 

dysmetabolism, abnormalities of clotting factors, hypertension, or other ill-defined conditions, 

that accompany under-insulinazation (Boyne & Saudek, 1999). Nevertheless, optimal glycaemic 

control is important because it could improve cardiovascular outcome in type 2 diabetes (Opie 

et a/., 2006). 



Table 2.2: Biological effects of AGEs at cellular level (Singh et al., 2001). 

AGEs causes: 

Lipid peroxidation causing 

Stimulation of 

inappropriate cellular 

activity that may .r tissue 

remodelling and 

thickening of the 

basement membrane 

Structural changes 

Thrombosis and 

Fi brinolysis 

-E ndothelial dysfunction 

-1 Reactive oxygen species production 

-1 Superoxide Dismutase function 

-1 Nitric Oxide 

-T Endothelin-1 

-t Vascular cell adhesion molecule-1 (VCAM-1) 

-t Secretion of cytokine interleukin-1 (11-l), tumor necrosis factor-p 

(TNF-P), IGF-1A 

-r Mitogenesis 

-t Chemotaxis of mononuclear cells 

-T T-cell stimulation and Interferon-y production 

-t Disruption of molecular order and changes in surface charge eg. 

by causing conformational changes in collagen leading to 

premature ageing in diabetes mellitus 

-7 Irreversible cross-linking between proteins 

-t Cell membrane and matrix changes as in diabetic kidney 

disease 

-t Interference of cell-matrix interaction affecting adhesion and 

spreading 

-t Tissue factor 

-1 Thrombomodulin 

-t Platelet aggregation and fibrin stabilisation that 

- 1 Platelet sutvival 

- t Platelet "stickiness" following glycation of platelet 

glycoprotein receptors llB and ll IA 

- 1 Reduced sensitivity of fibrin1 fibrinogen to plasmin 

following glycation 

- 1 Reduced heparin catalysed thrombin activity following 

glycation of anti-thrombin 111 

2.3 Glycaemic control 

The objective of diabetes therapy is attaining optimal glycaemia. Optimal glycaemia is defined 

as preprandial blood glucose level of 4,4 to 6,7 mmollL and a bedtime blood glucose level of 5,6 

to 7,8 mmol1L (Lipkin, 1999). These values are generalised, thus patients with comorbid 



diseases, very young or older patients, pregnant women and patients with unusual conditions 

may need different treatment goals or target values (ADA, 2001). 

Currently, there are two markers of long-term glycaemic control namely HbAl c and 

fructosamine. 

2.3.1 Markers and target values 

2.3.1.1 HbAlc 

HbAl c is formed when glucose combines, non-enzymatically with haemoglobin in erythrocytes 

(Osei et a/. , 2003). Erythrocytes have an average half-life of 120 days and therefore, 

haemoglobin within the erythrocyte has a relatively long life in blood. HbAlc has a half-life of 

approximately 29 days and decays slowly (Jaleel et a/., 2005). It reflects glycaemic control over 

the preceding 6-1 2 weeks and is a significant predictor of long-term complications of type 2 

diabetes (The Diabetes Control and Complications Trail Research Group, 1993; Singh et a/., 

2001; Brand-Miller et a/., 2003;Osei el a/., 2003; Miciagna et a/., 2004). 

Although, HbAlc represents both fasting and postprandial glycaemic states, it cannot be used 

independently for screening or diagnosing diabetes because it has a 65% sensitivity and a 94% 

specificity for the diagnosis of diabetes (ADA, 1999; Rohlfing et a/., 2002; Yates & Laing, 2002; 

Monnier et a/., 2003). It also correlates more with early or late postlunch glucose levels than 

with fasting glucose levels (Heine et a/., 2004) and does not reflect the quality of diabetes 

control or fluctuating hyperglycaemia due to its long half-life (Hammer et a/., 1989). A short 

period of hypo- or hyperglycaemia before HbAlc measurement will not alter the results and 

therefore it is possible that such conditions may be masked by a normal or near normal 

measurement. This might be problematic, especially among insulin treated diabetic individuals 

because, nocturnal hypoglycaemia is common among them (Peacock, 1984). 

Nevertheless, HbAl c is a surrogate marker for biological products of hyperglycaemia that is 

associated with diabetic complications and therefore it is a valuable tool in the monitoring of 

diabetes. Sustained elevated plasma glucose values of more than 10mmollL corresponds to an 

HbAlc concentration of 10% or more (Lipkin, 1999). The goal for most patients is to achieve an 

HbAl c concentration of ~ 7 %  in order to reduce complications (Lipkin, 1999; ADA, 2001 ; DeWitt 

& Hirsch, 2003). The American Association of Clinical Endocrinologists (AACE) recommends a 

value of c6,5% (AACE, 2002). The non-diabetic range is 4-6% (ADA, 2001). 

2.3.1.2 Fructosarnine 

Fructosamine levels are related to glycaemic control in the preceding 2 4  weeks (Winocour el 

a/., 1988; Gugliucci, 2000; Miciagna et al., 2004). The fructosamine assay reflects glycation of 



total serum proteins and has a half-life of approximately 16.5 days. Albumin is the major 

component measured by the fructosamine assay. Due to its half-life of 19 days (Jateel et a/., 

2005), the assay provides an indication of glycaemic control over a relatively long period of 

time. Futhermore, fructosamine is based on reducing chemistry and therefore, any reducing 

substance present in serum can affect the value measured (Hammer et a/., 1989). 

Because both HbAlc and fructosamine are makers of glycaemic control for a relatively long 

preceding period, other glycated plasma proteins with shorter half-lives may be more effective 

to indicate the short-term effects of treatment. This will allow earlier intervention strategies, that 

will eventually assist in the prevention of long-term complications of hyperglycaemia, 

Fibrinogen has a half-life of four days. Glucose binds non-enzymatically to it (Mirshahi el a/., 

1987), causing it to become a glycated plasma protein. Therefore, fibrinogen may be a valuable 

short-term indictor of glycaemic control that also correlates well with HbAlc levels (Hammer et 

a/. , 1 989). 

Rakhimova et a/. (1999) found glycated fibrinogen to be an indicator of glycaemia levels during 

3 4  days before measurement. They also found that glycated fibrinogen, in contrast with HbAl c, 

can be used to express carbohydrate metabolism after starting a new treatment strategy 

(Rakhimova el a/., 1999). Other studies that provide some evidence for the use of fibrinogen as 

marker of glycaemic control is discussed in section 4.4. 

2.4 Fibrinogen and cardio-vascular disease 

2.4.1 Structure and function of fibrinogen 

Fibrinogen is a large fibrous glycoprotein (Weisel, 2005) with a molecular weight of 340,000 DA 

(Manten et 81.. 2004). It is synthesized in the liver (KO el a/., 1997) and has three pairs of 

polypeptide chains (Aa, BP and y) linked together with 29 disulfide bonds and is 45nm in length. 

The molecule consists of three main structural regions, a central region (E) and two distal 

regions (D) connected to the E region by two a-helical coiled-coil rods (Scott el a/., 2004; Dunn 

el a/., 2005; Weisel, 2005). Region E contains fibrinopeptides A and B and the amino acid 

termini of all six polypeptide chains. The two D regions contain the carboxyl termini of the BP 

and y chains and those from the Aa chain that extent to form flexible acdomains (Figure 2.2) 

(Scott eta/., 2004). Calcium ions are important for the maintenance of its structure and function 

(Dunn el a/., 2005; Weisel, 2005). 



Figure 2.2: Fibrinogen (Wellcome Trust Centre for Human Genetics, 2005). 
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Soluble fibrinogen can be converted to insoluble fibrin polymers via intermolecular interactions 

where two fibrinopetides, Aa and BP (at the central region of fibrinogen molecule) are cleaved 

by trombin at region E. Fibrin monomers polymerise to yield a three-dimensional network, the 

fibrin clot, which is essential for hemostasis. Factor Xllla, a transglutaminase, covalently binds 

specific glutamine residues in one fibrin molecule to lysine residues in another fibrin molecule 

via isopeptide bonds. This stabilises the fibrin clot against mechanical, chemical and proteolytic 

insults (Standeven et a/., 2002; Scott et at., 2004; Weisel, 2005). 

Fibrinogen is an acute phase protein, that also binds to activated allbP3 integrin on the platelet 

surface, forming bridges necessary for platelet aggregation in hemostasis. It has important 

adhesive and inflammatory functions through specific interactions with other cells, because it 

specifically binds to other proteins such as fibronectin, albumin, thrombospondin, von 

Willebrand factor, fibulin, fibroblast growth factor-2, vascular endothelial growth factor, and 

interleukin-I (Standeven el a/., 2002; Weisel, 2005). 

Infection, inflammation, hypertension, smoking, advanced age, female gender, LDL cholesterol 

and triglycerides are associated with elevated fibrinogen levels (Scott el at., 2004). Fibrinogen 

levels are in general higher in type 2 diabetic individuals, than in non-diabetic individuals 

(Missov et at., 1996; Reid et a\., 2000; Mills et at., 2002; Scott et a\., 2004; Coppola et a\., 2006). 

The Rotterdam Study found no significant difference in fibrinogen levels between individuals 

with type 2 diabetes and those without diabetes, but that fibrinogen levels are significantly 

elevated among individuals requiring insulin therapy (Missov et al., 1996). 



However, there are conflicting results regarding the effect of insulin on plasma fibrinogen levels. 

These differences could be related to different experimental techniques or differences in the 

insulin activity between type 1 and type 2 diabetic individuals, that may be related to underlying 

insulin resistance in type 2 diabetic individuals. The effect of elevated hormones such as 

glucagons may also contribute to an increase in fibrinogen levels (Dunn & Arihs, 2004). 

There are some evidence that improving metabolic control causes fibrinogen levels to fall 

(Ceriello, 1997), whereas other studies found that improvement in glycaemic control was not 

significantly associated with reduced plasma fibrinogen levels (Dunn & Ariens, 2004). 

Fibrinogen levels in diabetic individuals may also result from the interaction between an 

individual's fibrinogen genotype and their glycometabolic control. That may also in part explain 

the conflicting results (Dunn & Ariens, 2004). It has been found that glycaemic control has an 

effect on high fibrinogen levels in diabetic subjects with a2a2 genotype (Ceriello et at., 1998). 

2.4.2 Hypercoagulable state of diabetes and CVD 

There are various causes for the hypercoagulable state seen in diabetes mellitus (Table 2.3) of 

which only those related to the topic of this dissertation will be discussed. 

Table 2.3: Lipid coagulation and fibrinolytic abnormalities seen in diabetes associated with 

increased cardiovascular risk adapted from Sowers & Lester (1999). 

1, Elevated plasma levels of very low-density lipoprotein (VLDL), LDL, 

and lipoprotein(a). 

2. Decreased plasma high density lipoprotein (HDL) cholesterol. 

3. lncreased lipoprotein oxidation. 

4. l ncreased lipoprotein glycation. 

5. lncreased small dense LDL cholesterol products. 

6. Decreased lipoprotein lipase activity. 

7. Elevated plasma levels of factor Vll and VIII. 

8, lncreased fibrinogen and plaminogen activator inhibitor 1 levels. 

9. Elevated t hrom bin-antithrombin complexes. 

10. Decreased antithrombin Ill, protein C and S levels. 

11. Decreased plasminogen activators and fibrinolytic activity. 

12. Glycation of haemostatic proteins. 

2.4.2.1 Elevated plasma fibrinogen 

Elevated plasma fibrinogen levels are an independent risk factor for CVD. Mechanisms by 

which fibrinogen may increase cardiovascular complications are: 



- Fibrinogen specifically binds to activated platelets via glycoprotein llbllla that 

contributes to platelet aggregation. 

- High levels of fibrinogen promote fibrin formation that leads to clot formation. 
- Fibrinogen contributes to plasma viscosity (Stec et a/., 2000). 

Hyperglycaemia andlor insulin resistance may cause oxidative stress, a condition where high 

levels of free radicals are present. These free radicals activate thrombin formation that causes 

an increase in the production of prothrombin fragments (F1+2) and an increase in fibrinogen 

turnover that leads to an increase in fibrin and consequently the production of D-dimer. Both 

F1+2 and D-dimer regulate fibrinogen production in the liver and their increased release into the 

circulation may produce an increase in circulating fibrinogen, This suggests that high fibrinogen 

levels in plasma might be a risk marker for CVD because it reflects increased thrombin 

formation and thus an increased risk for a thrombotic event to occur (Ceriello, 1997). 

2.4.2.2 Endothelial dysfunction 

Endothelial function plays a role in regulating vascular tone, controls matrix protein synthesis, 

stimulates cell growth and migration, controls permeability, regulates thrombogenesis and 

modulates inflammatory responses (Lebovitz, 2001; Nettleton & Katz, 2005). Endothelial 

dysfunction is caused by insulin resistance, hypertriglyceridaemia, increased levels of LDL 

cholesterol, hyperglycaemia and hypertension (Rattan ef a/., 1997; Tooke et al., 1995. Lebovitz, 

2001). Alterations in vascular endothelium associated with diabetes in turn may cause: 

- Impaired fibrinolytic activity. 

- lncreased endothelial cell procoagulant activity. 

- lncreased endothelial cell surface thrombomodulin. 

- Impaired plasmin degradation of glycated fibrin. 

- lncreased levels of advanced glycated end products (Sowers & Lester, 1999). 

2.4.2.3 Glycation of haemostatic proteins 

Glycation and/or the formation of AGES is another mechanism responsible for the pro-coagulant 

state that often exists in individuals with diabetes (Sowers & Lester,1999). 

Fibrinogen was found to be glycated in diabetic patients (Liitjens et a/., 1985). Despite it's 

relatively short half-life of four days, its clearance is exponential. It is therefore assumed that a 

small amount of fibrinogen may remain for a long time in circulated plasma leading to the 

presence of highly glycated fibrinogen. This may lead to poorly degradable fibrin that may be 

responsible for capillary occlusion and therefore also atherosclerotic complications in diabetic 

patients (Arocha-Pifiango, 1987; Mirshahi et a/., 1987). Glycated fibrinogen is preferentially 

distributed in the extravascular compartment whereas non-glycated fibrinogen is found in the 



intravascular compartment. This will result in an increased uptake of fibrinogen into vessel walls 

that could contribute to atherosclerotic disease progression in diabetic individuals (Dunn & 

Ariens, 2004). Fibrinogen synthesis is also increased during inflammatory conditions like 

atherosclerosis (Ganda & Arkin, 1992; Ridker el a!. , 2001). 

Apart from fibrinogen, other haemostatic proteins have also shown to be glycated in individuals 

with diabetes. This structural change could possibly lead to an alteration in function. Examples 

of such proteins are: 

- Plasminogen (Geiger & Binder, 1986). 

- Antithrombin Ill (Brownlee el a/., 1984). 

- Plasminogen activator inhibitor (PAI) (Cortizo & Gagliardino, 1991). 

2.5 Determination of glycated fibrinogen 

Various methods have been used to determine glycated fibrinogen in vitro and in vivo. The most 

frequently used methods will be discussed below. 

Before glycated fibrinogen can be measured, fibrinogen needs to be isolated out of plasma. 

Some of the fibrinogen purifying methods are: 

- Glycine precipitation (Hammer et ai., 1989). 

- Fibrinogen antibody column such as the IF-I antibody (Kamiya Biomedical company, 

Seattle, USA) bound to a cyanogen-bromide (CNBr) activated resin (Pharmacaeia 

bought over by Pfizer, New York, USA) (Takebe et ai., 1995). 

- Precipitation with polyethylene glycol 6000 (Vila et a/., 1985). 

Methods generally used for the determination of glycated fibrinogen include: 

- Thiobarbuturic acid method for measuring S-hydroxymethyl furfural (FlOckiger & 

Winterhalter, 1976). 

- HPLC method for measuring furosine (Schleicher & Weiland, 1981; Liitjens et a/., 1985; 

Arocha-Pihango, 1987). 

- Glucose incorporation into fibrinogen can be measured using scintillation counting. This 

was done for in vitro glycation (Ney eta/., 1985). 

- Measurement of I -deoxy-1 -morpholino-D-fructose (DMF) (Suzuki et al., 1990). 

- GlyPr& assay (Genzyme Diagnostics, Cambridge, MA) that provides a direct 

measurement of glycated protein. 

These methods express glycation as mol glucose bound per mol fibrinogen. Fibrinogen 

glycation can also be expressed as percentage glycated fibrinogen from total fibrinogen. This 

can be done by using an affinity chromatography column containing immobilised m- 
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aminophenyl boronic acid on cross-linked 6% beaded agarose (Glyco-Gel B, Pierce (UK) Ltd) 

(Hammer et at., 1989). 

In order for glycated fibrinogen to be used as a diagnostic tool, these methods need to be 

improved or new methods need to be developed as these methods are time consuming and 

labour intensive, 

2.6 Evidence for the use of fibrinogen as marker of glycaemic control 

There is some evidence that fibrinogen glycation can be used as a marker of glycaemic control, 

due to its short half-life. Studies (Hammer et a/., 1989; Bruno et a/., 1996; KO et at., 1997; 

Ceriello et a/., 1998; Lam etal., 2000; Reid etal., 2000; Jain et a/., 2001) found that glycated 

fibrinogen levels correlate well with HbAlc levels. Since HbAlc is currently an accepted marker 

for glycaemic control, this evidence suggests that fibrinogen may also be a marker thereof. 

A cross-sectional study was undertaken by Hammer et a/. (1989) where they measured 

glycated fibrinogen and HbAl c on a single occasion in non-diabetic subjects and well-controlled 

diabetic individuals. They also measured glycated fibrinogen and HbAl c in newly diagnosed 

diabetic patients receiving treatment for three to four consecutive weeks. In pregnant diabetic 

individuals deteriorating control is expected after delivery. Thus, in order to predict deteriorating 

diabetic control, Hammer et a/. (1989) measured glycated fibrinogen and HbAlc in women after 

delivery at frequent intervals for seven weeks. They found that in subjects with stable diabetic 

control the levels of glycated fibrinogen corresponded closely with the level of HbAl c. In the 

newly diagnosed diabetic individuals, fibrinogen glycation dropped more rapidly than HbAl c 

after pharmaceutical treatment. Glycated fibrinogen levels rose rapidly after delivery when 

diabetic control deteriorates, Their results indicated that short-term (days) fluctuations in 

glucose levels resulted in changes in the degree of fibrinogen glycation. Glycated fibrinogen 

correlates better with short-term glycaemic control than HbAlc (Hammer et a/., 1989). 

Ardawi et a/. (1990) compared glycated fibrinogen as a marker of short-term glycaemic control 

to HbAlc and glycated albumin. They found that after 6 days of treatment in newly diagnosed 

diabetic individuals, only glycated fibrinogen was significantly decreased. This suggested that 

glycated fibrinogen provides earlier objective evidence for glycaemic control and may be 

regarded as a short-term (2-3days) indicator thereof (Ardawi et a/., 1990). 

As already mentioned Rakhimova et a/. (1999) found glycated fibrinogen to be an indicator of 

glycaemia levels during 3-4 days before measurement (Rakhimova et a/., 1999). Suzuki et a/. 

(1990) found that glycated fibrinogen was significantly higher in diabetic patients, than in normal 

subjects and that the glycated fibrinogen value correlated with blood glucose levels (Suzuki et 



at., 1990). Kitamura et at. (1 992) also indicated that glycated fibrinogen levels depend on 

plasma glucose levels. In their study non-treated diabetic patients' glycated fibrinogen levels 

were significantly higher than non-diabetic or well-controlled diabetic individuals (Kitamura et at., 

1992). 

Thus, glycated fibrinogen correlates well with HbAl c and is suggested to be an indicator of 

short-term glycaemic control, However, most of the mentioned evidence is from cross-sectional 

data andlor does not clearly state whether the study was done on type 1 or 2 diabetic 

individuals. This study is the first study investigating the effect of insulin treatment on fibrinogen 

glycation among outpatient diabetic patients not on intensive hospital treatment. This would 

make the results applicable to the majority of diabetic individuals as it reflects real life situations. 

2.7 Conclusion 

Some evidence exists for the relationship between glycaemic control and macrovascular 

disease and non-enzymatic glycation of fibrinogen may partly explain this relationship. 

Fibrinogen has been shown to be an independent risk marker for CVD. The increased CVD risk 

amongst individuals with diabetes may be related to the increased fibrinogen levels found in 

diabetic patients as well as, the glycation of fibrinogen in the presence of uncontrolled blood 

glucose levels. This glycation may alter the structurel function of fibrinogen. 

Glycated fibrinogen correlates well with HbAl c, an accepted marker of glycaemic control, and 

plasma glucose levels. Measuring glycated fibrinogen and determining how glycation changes 

with glycaemic control whilst also, comparing the ability of glycated fibrinogen to monitor 

glycaemic control with HbAlc may help explain the relationship between glycaemic control and 

CVD. 

Based on the literature studied, it was determined that there it is a need to study the 

relationship, between blood glucose levels and fibrinogen. Because fibrinogen is a protein 

involved in vascular disease, knowledge regarding the effect of glycaemic control on fibrinogen 

glycation may help explain the association between CVD and chronic hyperglycaemia. 



- Access to telephone to enable telephonic follow up. 

Exclusion criteria of diabetic and non-diabetic subjects: 

- Major surgery within the last 6 months prior to the study or at any time during the study. 

- Acute infection during the study. 

- Macro-vascular complications e.g. stroke, deep vein thrombosis, MI, gangrene, diabetic 

foot, ischaemic heart disease, peripheral arterial disease. 

- Diseases that could influence haemostasis such as thrombocytopenia, cancer, liver 

disease. 

- Patients on aspirin, warfarin, steroids, hormone replacement therapy or non-steroidal 

anti-inflammatory drugs. 

- Visual impairment severe enough to restrict self-glucose monitoring (diabetic subjects 

only). 

- Proteinuria on urine dipstick (>300mg/day). 

Inclusion criteria for non-diabetic subjects: 

With the exception of type 2 diabetes, the same inclusion criteria were adhered to. 

Non-diabetic subjects with matching anti-hypertensive drug use (hidrochlorothiazide, ACE- 

inhibitor - Perindopril and Nifedipine- Adalat), age, gender and BMI were recruited, Venesection 

(baseline and end) for the non-diabetic subjects was done within a week of venesection of the 

matched diabetic subject. A fasting blood glucose and a 2-hour post glucose challenge blood 

glucose (OGTT) was done in order to rule out diabetes. 

3.3 Study design 

In this, parallel, controlled intervention study, twenty black African type 2 diabetic subjects were 

included. They were treated with insulin, whilst continuing the use of metformin until glycaemic 

control was achieved (4 out of 5 subsequent readings within normal glucose range). The 

patients then remained controlled for 8 days, before end blood sampling was done. Because 

fibrinogen has a half-life of 3-4 days, an &day period was chosen in order to provide enough 

time for unglycated fibrinogen to be produced, after glycaemic control had been achieved. 

Twenty non-diabetic black African subjects with the same socio-economic background than the 

diabetic subjects were included as a reference group in order to control for variation over time. 

3.3.1 Study protocol 

The intervention period for the diabetic subjects consisted of 3 phases. 

Phase 1: 

Upon the first visit, diabetic subjects were seen by a diabetes educator who taught them how to 

do self-glucose monitoring (SGM). Additional education included co-ordination of insulin-use 



CHAPTER 3: METHODS 

3.1 Introduction 
The study included 20 type 2 diabetic subjects on insulin therapy and 20 non-diabetic subjects. 

There were two study aims namely: 

- To determine whether intensive treatment of type 2 diabetes lowers fibrinogen glycation 

To determine whether glycated fibrinogen could be used as a diagnostic short-term 

indicator of glycaemic control in type 2 diabetic patients. 

The study was done on outpatients as it reflects real life situations. Volunteers with type 2 

diabetes were recruited from the Kalafong and Mamelodi diabetic clinics. They received Lantus 

after recruitment, while continuing the use of Metformin during the study period. They were also 

taught to do self-glucose monitoring twice daily, Upon their visits to the clinics, the physicians 

determined how their insulin needed to change in order to achieve optimal blood glucose 

control. Baseline blood sampling was done before insulin treatment was started. Patients stayed 

on Lantus for the following nine days where after end blood sampling were done. Fibrinogen 

has a half life of 4 days, therefore a treatment period of 8 days, after glucose control have been 

reached, will suffice to result in the formation of normal (unglycated) fibrinogen. 

In this chapter subject recruitment and characteristics are discussed. The study-design and how 

blood sampling, analytic procedures and statistics were done are explained. In chapter 4 the 

results of the study is discussed and in chapter 5 follow the conclusions and recommendations 

regarding the results obtained. 

3.2 Subjects 

3.2.1 Recruitment 

Volunteer type 2 diabetic subjects were recruited from the Kalafong and Mamelodi Diabetic 

Clinics. These diabetic subjects were matched with a non-diabetic subject for anti-hypertensive 

drug use, age, gender and BMI. All subjects came from the same socio-economic background, 

3.2.2 Inclusion and exclusion criteria 

Inclusion criteria of diabetic patients: 

- Uncontrolled type 2 diabetic patients (HbAlc > 9%). 

- Male and female. 

- BMI > 25kg/m2. 

- Age: 40-65 years. 

- Blood pressure sufficiently controlled as not to necessitate treatment change in the 

following 4-6 weeks (<I40190 mmHg). 



with meals, management of hypoglycaemia and the use of glucagon (each patient was issued 

with a Glucagen hypokit and glucagons for intra-muscular (IM) administration). Fasting capillary 

glucose was measured and charted in a diary daily for 1 week. 

Hypoglycaemic events were also recorded. Hypoglycaemia was categorized as symptomatic if 

clinical symptoms were confirmed by measurement of a blood glucose value c 2.8 mmolfl or as 

asymptomatic in the case of any event without symptoms but with a confirmed blood glucose 

level c 2,8 mmolfl. Severe hypoglycemia was defined as an event, with symptoms consistent 

with hypoglycaemia, for which the subject required assistance of another person and which was 

associated with a blood glucose level c 2.8 mrnolfl or prompt recovery after oral carbohydrate, 

intravenous glucose, or glucagon administration. Nocturnal hypoglycaemia was defined as 

hypoglycaemia occurring while the subject were asleep between the evening injection and 

getting up in the morning, i.e. before the morning determination of fasting blood glucose. 

Phase 2: 

Subjects continued the use of metformin, while the use of sulfonylureas was stopped. 10 IU 

Glargine (Lantus, Sanofi-Aventis Pharrnaceuticlas, Paris, France) daily at 22:OO was then 

added. Metformin treatment stayed unchanged throughout the study period. Insulin was up- 

titrated every third day according to the fasting blood glucose values (FBG) in order to achieve 4 

out of 5 FBG values less than 7.2 rnmolfl. Subjects visited the clinics once weekly and had 

telephonic follow-ups every third day. During that time period, fasting and post-meal glucose 

levels were stored electronically on each subjects' glucometer. 

Phase 3: 

Depending on the documented post-prandial glucose values (after breakfast, lunch and supper), 

short acting insulin, Insulin Aspart (Novo Nordisk, Bagsvaxd, Denmark), was given pre-meal, if 

needed, to ensure post-prandial glucose values of less than 10 mmolll. Once achieved, post 

supper and FBG were again targeted with pre-meal Novorapid as well with adjustment of the 

Lantus, if needed, to achieve both post supper and FBG goals. Once the majority of fasting 

values were ~ 7 . 2  and the post meal values c10mmolfl, the patient remained treated for 8 days 

after which blood sampling was done. All capillary glucose values were downloaded 

electronically and documented. 

Baseline samples and anthropometrical measurements were taken at the end of Phase 1. End 

samples and measurements were taken at the end of Phase 3. Blood samples of non-diabetic 

subjects were drawn within one week of their matched diabetic subject's blood sampling. 



3.4 Blood sampling 

A medical doctor did fasting venous blood sampling with minimal stasis before 10 AM. For the 

determination of insulin and lipids, blood was left to clot for preparation of serum. Blood was 

collected into sodium fluoride tubes for venous glucose determination. For the determination of 

HbAIC, Ethylene-diamine-tetra-acetic acid (EDTA) blood was collected, whilst citrate blood 

was collected for the determination of fibrinogen and fibrinogen glycation. Blood was 

centrifuged for 15 minutes at 2000g at 4'C within 30 minutes of collection. Both, serum and 

plasma were stored at -82'C until analysis. 

3.5 Anthropometry 

Height and weight for both the diabetic and non-diabetic subjects were measured at baseline 

and end (weight). A stadiometer and precision health scale were used to measured height and 

weight respectively. Measurements were taken whilst subjects were standing in the correct 

position wearing light indoor clothing without shoes. BMI were calculated as kg/m2. 

3.6 Analytical procedures 

3.6.1 Insulin, glucose, lipid and fibrinogen measurements 

Fasting insulin was measured with an enzyme-linked immunosorbent assay (ELSA) method on 

the lmmulite 2000 Analyzer (Diagnostic Products Corporation, Los Angeles, California, USA). 

Capillary glucose was measured with glucometers (Accu-Chek Active, Roche Diagnostics, 

Mannheim, Germany). Plasma glucose, baseline HbAlC and serum lipids were measured on a 

Synchron LX clinical System (Beckman Coulter Inc., Fullerton, CA, USA). LDL cholesterol was 

calculated by using the Friedewald formula (Friedewald et at., 1972). Insulin resistance was 

calculated using the homeostasis model assessment (HOMA). (HOMA = (fasting insulin x 

fasting venous glucose)/22.5 (Katz et a/., 2000)). Plasma fibrinogen (modified Clauss method) 

was measured on an Automated Coagulation Laboratory 2000 (Instrumentation Laboratories, 

Milan, Italy) (between run variation coefficient volumes (CV) = 3%). 

3.6.2 Fibrinogen purification 

Fibrinogen was purified from the plasma for each subject using IF-I affinity chromatography. 

For the preparation of the chromatography column a washing solution, coupling buffer, blocking 

buffer and washing buffer was prepared. 

- Washing solution: The washing solution is ImM hydrochloride (HCI) that is used to 

remove the preservatives and salt from the CNEr activated resin (Pharmacia, cat#l7- 

0430-01, 159 package). For its preparation, the pH of 1000ml distilled water was 

adjusted to 3.0 with HCI. 



- Coupling Buffer: The Coupling Buffer is used to maintain proper pH during coupling 

reaction. It was prepared by adjusting the pH of a 0.1 M solution of sodium bicarbonate 

(NaHC03) (Molecular weight (MW)=84.01, 500 ml, 4.2 g) to 8.3 with a 0.1M solution of 

sodium carbonate (Na2C03) (MW=105.99, 500 ml, 5.3 g). Sodium chloride (NaCI) 

(14.6g) was added to 500ml of this solution to have a final concentration 0.5M. 

- Blocking Buffer: The Blocking buffer was made by adding 40ml distilled water to 

3.017ml Ethanolamine. Sodium hydroxide (NaOH) was used to adjust the pH to 8.0. 

- Washing Buffer: 6.8049 Sodium acetate (0.1M) and 14.6 g NaCl (0.5M) were mixed 

together in 500ml distilled water. The pH was adjusted to 4.0 with acetic acid. 

The procedure for preparing the IF-1 affinity chromatography column is described below: 

- 1.5g of CNBr activated Sepharose powder was weighed and added to 50ml of the 

Washing Solution. Thereafter it was incubated for 10 minutes that allowed the resin to 

swell. 

- The swollen resin was placed into a 30ml sintered glass funnel and washed with 900ml 

of Washing Solution. 

- Coupling Buffer and 1.15ml of IF-1 antibodies were combined in a 50ml cylinder. 

- The resin in the glass funnel was now washed with 60ml of Coupling Buffer and 

immediately transferred into the 50ml cylinder. Thereafter the volume was adjusted to 

20ml with the Coupling Buffer. Resin was never allowed to dry. 

- The 50ml cylinder was sealed with parafilm and rotated upside down for an hour at room 

temperature. 

- After rotation, 20ml of Blocking Buffer was added to the suspension in the cylinder. The 

cylinder was sealed and rotated once again for an hour at room temperature. 

- The resin was again placed on the 30ml sintered glass funnel and was washed 

alternatively with the Coupling Buffer and Washing Buffer. Thereafter it was washed with 

100ml of 20mM Tris pH 7.4, 0.3M NaCI, 0.05% Sodium azide (NaN3), transferred to a 

50ml tube and stored in the refrigerator (Takebe et a/., 1995). 

During the purification of plasma fibrinogen by the IF-1 affinity chromatography column several 

buffers were used: 

- Equilibration Buffer: 

0.02M Tris 

0.3M NaCl 

1 mM Calcium chloride (CaCI2) 



0.02% NaN3 

pH = 7.4 (titrate to pH with 5M HCI) 

- Dilution Buffer: 

50mM Tris 

100rnM NaCl 

pH = 7.4 

- Wash Buffer I: 

0.02M Tris 

1M NaCl 

7 mM CaCI2 

pH = 7.4 (titrate to pH with 5M HCI) 

- Wash Buffer II: 

0.05M Na acetate 

0.3M NaCl 

IrnM CaCI2 

pH = 6 (titrate to pH with 5M NaOH) 

- Elution Buffer: 

0.02M Tris 

0.3M NaCl 

5rnM EDTA 

pH = 7.4 (titrate to pH with 5M HCI) 

- Dialysis Buffer I: 

0.05M Tris 

0.1 M NaCl 

? mM CaCI2 

pH = 7.4 (titrate to pH with 5M HCI) 

- Dialysis Buffer II: 

0.05M Tris 

0. I M NaCl 

pH = 7.4 (titrate to pH with 5M HCI) 



Citrated plasma (2ml) was thawed in a water bath at 37OC until thoroughly defrosted. Heparin 

(Final concentration (FC) =IU/ml), benzamidine (FC=5mM) and CaCI2 (FC=20mM) were added 

to plasma. CaClz was added last. Plasma was diluted to 5ml with the dilution buffer and was 

filtered through a 0.2pm syringe filter. 

For plasma purification, 5ml of the diluted and filtered plasma was loaded onto the IF-1 affinity 

chromatography column equilibrated with the equilibration buffer. The column was washed with 

6 column volumes (cv) wash buffer I and 6cv wash buffer 11. Fibrinogen was eluted with 3cv 

elution buffer and +18ml were collected. The column was now equilibrated in 5cv equilibration 

buffer. The collected fibrinogen fractions was concentrated using an Amicon CentriplusB 

Centrifugal Filter Device according to the manufacturer's instructions. Samples were 

concentrated at 25OC to achieve a final volume of *2ml. The concentrated sample was dialysed 

twice with Dialysis Buffer I and three times with Dialysis Buffer II at 4OC. The dialysed sample 

was stored at -80°C. 

3.6.3 Sodium dodecyl sulphate polyacrylarnide gel electrophoresis (SDS-PAGE) 

analysis 

The purified fibrinogen was run on 10% SDS-PAGE gels to confirm purity and the absence of 

degradation of the fibrinogen preparations. The running gel was prepared as follow: 

Acrylamide 40% 3 ml 

1.5M Tris pH 8.8 3.75ml 

SDS 10% 0.15ml 

Double distilled water 8.10ml 

10% Ammonium persulfate 0.05ml (APS stock is stored at -20°C) 

TEMED* 0.01 ml 

15 ml 

APS and tetramethylethylene diamine N,N,N~,N'- (TEMED) were added 

before the gel was thawed because they activate clotting of gel. Stacking gel was prepared 

according to the following recipe: 

Acrylamide 40% 0.49 ml 

0.5M Tris pH 6.8 1.25 ml 

SDS 10% 0.05 ml 

ddWater 3.15 ml 

1 OO/~Ammonium persulfate 0.025 ml 

TEMED 0.005 ml 



The sample (6mg) was loaded onto the gel. After electrophoresis was finished, the gel was 

stained with Coomasie Blue. 

3.6.4 Fibrinogen glycation 

Finally, fibrinogen glycation was measured with a two-reagent enzymatic assay (GlyProm assay, 

Genzyme Diagnostics, Cambridge, MA, see Annexure 6 for package insert) using the purified 

fibrinogen. This assay provides a specific method for the direct measurement of glycated serum 

proteins in plasma or serum. 

Two reagents were used in this assay. Among the content of the first reagent is Proteinase K 

and among the second, the enzyme, ketoamine oxidase (KAO). The first reagent provides an 

on-line digestion of the sample and the subsequent release of glycated fibrinogen fragments. 

KAO in the second reagent facilitated the specific oxidation of the ketoamine bond of the 

glycated protein fragment substrate. Hydrogen peroxide is then released so that the amount of 

glycated fibrinogen could be calorimetrically determined in an end-point reaction. 

The first step of the test procedure involves adding 250pL of reagent 1 to 20pL of the test 

sample. After incubation at 37OC for 5 minutes, the absorbance at 550nm was again measured 

to obtain value A l .  The second step involved the addition of reagent 2 and then incubation at 

37OC for 3-5 minutes where after the absorbance at 550nm was measured to obtain value A 2  

The total change in absorbance (M) was determined by subtracting A1 from A2. The increase 

in absorbance at 550nm, is proportional to the glycated fibrinogen concentration in the sample. 

Glycated fibrinogen was then calculated using the following formula: 

Glycated fibrinogen (prnoUL) = AA sarn~le X Calibrator value (prnoHL) provided on the vial lable 
AA calibrator 

Results were reported as ymol/L of glycated fibrinogen. 

See package insert included in annexure 6. 

3.7 Statistics 

An investigator blinded to the treatment groups captured the data in an Excell data sheet. Once 

the datasheet has been completed, the data was transferred to the Statistics (Statsoft Inc., 

Tulsa, Oakjahoma, USA) and Medcalc statistical software packages with which all statistical 

analyses were conducted. 

There is not a defined clinical significant difference known for the main outcome variable, 

fibrinogen glycation. Therefore a power calculation was done using 1 standard deviation (SD) 



as a clinical significant difference. To achieve a difference of 1 SD at 80% power, 5% 

significance, each group should have consisted of at least 16 individuals. 

Computer software packages as mentioned earlier were used for statistical analysis. Data was 

tested for normality. Normally distributed data is presented as the mean (95% confidence 

interval) and not normally distributed data as median (25'" 75" percentile). Baseline 

characteristic differences and the differences in changes during the intervention between the 

two groups were determined using the t-test for independent samples for parametric data and 

the Mann-Whitney U test for non-parametric data. Differences from baseline to end within each 

group were determined using the t-test for dependent samples. Spearman-correlation was used 

for all the correlations that were done. Receiver Operator Characteristic (ROC) curves were 

used to determine how well glycated fibrinogen compare to HbAl c in monitoring glycaemic 

control. Agreement was assessed between glycated fibrinogen and the current standard 

indicator of glycaemic control, HbAl c as well as fasting venous glucose. ROC curves were also 

used to determine the optimal threshold level of glycated fibrinogen to indicate glycaemic 

control. 



CHAPTER 4: RESULTS 

4.11 Introduction 
The study's aims were to determine whether intensive treatment of type 2 diabetes lowers 

fibrinogen glycation and whether glycated fibrinogen could be used as a short-term indicator of 

glycaemic control. In this chapter the results of the intervention are presented to help explain 

whether these aims were met. 

SDS-PAGE analysis was done to check the purity and absence of degradation of the purified 

fibrinogen. To ensure that the diabetic and non-diabetic subjects were comparable, baseline 

characteristics were compared between the two groups. In order to determine whether the 

intervention was successful, baseline and end values of the diabetic subjects were compared. 

Baseline and end values were determined within the non-diabetic group in order to determine 

variation over time. To determine whether changes in the diabetic group differed significantly 

from the changes in the nondiabetic group the deltas (change from baseline to end) were 

compared. Correlations between baseline characteristics were done in order to determine 

whether any relationship existed between the variables. Change in glycation during the 

intervention was correlated, with baseline levels as well as changes during the intervention in 

other metabolic variables in order to determine the possible role of baseline levels, in the 

perceived changes and to determine whether the changes in the different variables were inter- 

related. 

Receiver Operator Characteristic (ROC) curves (also called relative operating characteristic 

curves) was used to compare glycated fibrinogen with HbAlc in their ability to predict glycaemic 

control. A cut-off value was also determined with the best trade off between sensitivity and 

specificity of glycated fibrinogen to indicate glycaemic control. 

To estimate for which time period glycated fibrinogen corresponds to glucose concentrations, 

end glycated fibrinogen values were correlated, with the average fasting capillary glucose of 

different time intervals preceding the date of end blood sampling, using the daily capillary 

values. 

In this chapter the SDS-PAGE results are described in section 4.2, baseline characteristics are 

discussed in section 4.3, differences between baseline and end values as well as deltas in 

section 4.4 and ROC curves in section 4.5, Glycated fibrinogen was correlated with the average 

fasting capillary glucose concentration for different time-intervals as discussed in section 4.5. 



4.2 SDS-PAGE gel 

Figure 4.1 shows the SDS-PAGE analysis of purified fibrinogen from plasma samples. Lane 1 

shows a commercial human fibrinogen preparation (5 pg)(MP Biologicals cat no. 151 123), 

which was used for comparison. Lane 2 is fibrinogen isolated from a diabetic subject before the 

glucose control intervention period and lane 3 after the glucose control intervention period. 

Fibrinogen of a non-diabetic subject before the intervention period and after the intervention is 

shown in lane 4 and 5 respectively. The positions of a molecular weight marker (x to3) and the 

respective peptides, Aa, BP, and y are indicated on the left and right hand side, respectively, 

Figure 4.1: SDS-PAGE analysis of purified fibrinogen from plasma samples. 

4.3 Baseline characteristics 

Two non-diabetic subjects failed to return for end blood sampling and were excluded from the 

study. Only one of the subjects smoked and alcohol consumption was uncommon in both 

groups. 

Table 4.1 indicates the baseline characteristics of the diabetic and non-diabetic subjects. The 

two groups were comparable regarding gender, age, BMI, fasting insulin, fibrinogen 

concentration, blood pressure (systolic and diastolic), total cholesterol, LDL and HDL 



cholesterol. Non-diabetic subjects were also specifically chosen, to be comparable with the 

diabetic subjects regarding gender, age, BMI and blood pressure. All the subjects were 

therefore hypertensive and either overweight or obese. 

The diabetic group had significantly higher fasting venous glucose, HbAlc, insulin resistance, 

triglycerides and fibrinogen glycation. Both, the high baseline fasting venous glucose and 

HbAlc levels confirms that the subjects had diabetes and that their blood sugar levels were 

uncontrolled. The higher insulin resistance levels seen in the diabetic group was expected since 

insulin resistance is the major pathogenic factor of type 2 diabetes (Lipkin, 1999). Mean 

duration of diabetes in the type 2 diabetic subjects was 11 years, were the minimum was 5 

years. Thus, none of the diabetic subjects were newly diagnosed. 

Table 4.1: Baseline characteristics of subjects 

Variables 

Patients (n) 

Sex (malelfemale) 

Age (years) 

Body mass index (kg/m2) 

Venous glucose (mmollL) 

Fasting Insulin (~UIL) 

H~AIC 

Insulin resistance (HOMA) 

Fibrinogen (g/L) 

Fibrinogen glycation (mol glucoselmol fibrinogen) 

Systolic blood pressure (mmHg) 

Diastolic blood pressure (mmHg) 

Total cholesterol (mmolll) 

Triglycerides (mmol1L) 

High density lipoprotein cholesterol (mmollL) 

Low density lipoprotein cholesterol (mmol1L) 

Duration of diabetes (years) 

Type 2 diabetic 

subjects 

20 

Non-diabetic subjects 

% confidence interval); a DE 

not normally distributed and therefore reported as median (25,75 percentile); Insulin resistance = (fasting insulin x fasting 

venous glucose)/22.5; HOMA = Homeostasis Model Assessment. 



Baseline glycated fibrinogen for the total group correlated significantly with baseline HbAlc (r = 

0.8), fasting venous glucose (r  = 0.69) and the average of the preceding four days fasting 

capillary glucose (r = 0.5). 

4.4 Baseline to end changes (Deltas) 

The average duration between baseline and end blood sampling for the diabetic subjects were 

69.5 (range: 15 - 148) days and 75 (range: 8 - 154) days for the non-diabetic subjects. 

Table 4.2 indicates the differences between the diabetic and non-diabetic subjects of selected 

variables for the intervention period. Except for a minor increase in fasting glucose levels (p = 

0.05), there were no significant changes in the non-diabetic group during the intervention for 

variables measured. There was, however a significant increase in BMI from baseline to end in 

the diabetic group (p = 0.001). Fasting venous glucose and fibrinogen glycation decreased 

significantly during the intervention (p = 0.0008 and p = 0.0002 respectively) in the diabetic 

group while no changes were seen in the non-diabetic group. 



Fibrinogen (gll) / 4.25 (3.88; 4.63) / 4.36 (3.99; 4.73) 1 0.1 1 (-0.34; 0.55) 1 0.62 ( 4.02 (3.59 ; 4.45) ( 3.85 (3.43; 4.28) 1 -0.16 (-0.52; 0.19) 1 0.35 1 0.33 1 

Table 4.2: Differences between diabetic and non-diabetic subjects of selected variables for the intervention period 

I I I I I I 1 I I I 

Data represented as the mean (95% confidence interval) 
a Values differed significantly at baseline (P<0,05); Between group comparison was made between the baseline to end changes of each group 

Between 
group 
comparison b 

P 

0.009 

Fibrinogen glycation 
(mol glucoselmol 
fibrinogen) 

Variable 

;lass index 
kglm2 

Fasting glucose 

Non-diabetic subjects (n = 18) 

7.843 (6.59; 9.10) 

5.18a(4.56 ; 5.80) 5.63 (4.95; 6.31) 0.46 (0.00; 0.91) I I 1 0.05 I 0.0003 I (mmollL) 

Type 2 diabetic subjects (n = 20) 

P 

0.14 

Baseline 

31.7 (28.8 ; 34.7) 

5.24 (4.47; 6.01) 

P 

0.001 

Baseline 

30.8 (28.0; 33.7) 

0.0008 

End 

32.0 (28.9; 35.1) 

14.6a(10.8; 18.4) 

-2.60 (-3.82;-1.39) 

Baseline to end 
changes 

0.30 (-0.11; 0.72) 

6.72 (5.51; 7.92) -7.88 (-12.04;-3.72) I 

End 

32.2 (28.9; 35.5) 

Baseline to end 
changes 

1.79 (0.79; 2.79) 

0.0002 3.94a (3.46 ; 4.32) 3.89 (3.43; 4.07) -0.19 (-0.55; 0.17) 0.27 0.0007 



Fibrinogen levels did not differ significantly between the two groups at baseline. These levels 

were slightly higher than normal fibrinogen levels in both groups (2 - 4glL)(Lancet, 2006). There 

was no significant change in fibrinogen levels from baseline to end in either group. 

The increase in BMI in the diabetic group differed significantly (p = 0.009) from that of the non- 

diabetic group. The drop in venous glucose concentration and fibrinogen glycation in this group 

also differed significantly (p = 0.0003 and p = 0.0007 respectively) from that in the non-diabetic 

subjects. Although end fibrinogen glycation levels of the diabetic subjects decreased with 

achieving glucose control, the end glycation levels (5.24 mol glucoselmol fibrinogen) is still 

higher than those of the non-diabetic patients (3.94 mol glucoselmol fibrinogen) at baseline. 

A significant correlation (r = 0.52, p = 0.001) between the decrease in fibrinogen glycation and 

venous glucose was found amongst the total group but not for the diabetic group alone. The 

decrease in fibrinogen glycation for the total group did not correlate with the increase in BMI (p 

= 0,635), nor with changes in fibrinogen levels (p = 0.768). Within the diabetic group, the 

correlation between the decrease in fibrinogen glycation and the decrease in capillary glucose 

was significant (r = 0.6, p = 0.005). The value of capillary glucose used for the correlation was 

obtained by calculating the average of 4 days' values measured at baseline and end. This 

decrease in fibrinogen glycation within the diabetic group did not correlate significantly with 

changes in BMI (p = 0,825)' venous glucose (p = 0.254) nor fibrinogen levels (p = 0.508) or with 

the respective baseline values. 

4.5 ROC curves 

The comparison between the accuracy of glycated fibrinogen and glucose control were 

investigated by using ROC curves. ROC curves can be used to determine the cut-off glycated 

fibrinogen level that indicates controlled (mean glucose < 6.4mmollL) or uncontrolled (mean 

blood glucose >6,4 mmollL) blood glucose levels. This cut-off value relates to the point were the 

best trade-off between sensitivity and specificity exist. The higher the sensitivity and specificity 

of the test (glycated fibrinogen in this case), the better the accuracy of the test for the variable 

investigated (glycaemic control). 

Sensitivity can be defined as the ability of the test to correctly classify uncontrolled patients as 

uncontrolled. Thus, sensitivity gives the proportion of cases detected by the test to have poor 

glycaemic control relative to all cases that actually have poor control. Specificity is the ability of 

a test to identify patients who are well controlled. 

The area under the curve (AUC) provides an indication of how well the test (glycated fibrinogen) 

performs in discriminating between glycaemic controlled and uncontrolled. A value of 1.0 



indicates that the test performance is equal to the reference or gold standard (in this case 

HbAlc) with 100% sensitivity and 100% specificity. 

The ROC curve of fibrinogen glycation with HbAl c as reference value is shown in figure 4.2. 

The AUC of baseline glycated fibrinogen is 0.95 (95% confidence interval between 0.817 and 

0.992), which indicates that glycated fibrinogen has a very good ability to indicate glycaemic 

control. 

Figure 4.2: ROC curve for fibrinogen glycation with HbAl c as reference value 

- ROC curve for fibrinogen 
glycation 

- Cut-off value of 5.62 rnol 
glucose/ mot fibrinogen 

A glycated fibrinogen value of 5.62 rnol glucose/ rnol fibrinogen had the best trade-off between 

sensitivity and specificity. It has a sensitivity of 78.9% (54.4, 93.8) and specificity of 100% (80.3, 

100.0) to discriminate between glycaemic controlled and uncontrolled with HbAl c as reference. 

This relates to a positive likelihood ratio of 13.42 for glycated fibrinogen with HbAlc as gold 

standard. This means that the probability of having a glycated fibrinogen level above 5.62 rnol 

glucose/ rnol fibrinogen is 13.42 times as high to be present in a patient with poor glycaemic 

control than in a patient with good glycaemic control. Thus the positive likelihood ratio relates to 

the tests ability to identify those individuals who truly have poor glycaemic control from those 

individuals who have optimum glycaemic control. 

Figure 4.3 shows the comparison of the ROC curves of glycated fibrinogen and HbA1C using 

fasting venous glucose as reference. The AUC for glycated fibrinogen is 0.85 (0.696,0.949) and 

that of HbAlc is 0.89 (0,739,0.968). Since the AUC for HbAlc is closer to 1.0 than that of 

glycated fibrinogen, it is suggested that HbAlc has a higher sensitivity and specificity. However, 

this difference between the AUC of glycated fibrinogen and HbAl c is only 3.5%. This is not 



statistically significant (p = 0.537), suggesting that no statistically significant difference in 

sensitivity and specificity trade-off could be demonstrated between glycated fibrinogen and the 

current gold standard, HbAl c. 

Figure 4.3: Comparison of ROC curves of glycated fibrinogen and HbAlc using fasting venous 

glucose as reference 

Glycated fibrinogen 

4.6 Fibrinogen glycation and fasting capillary glucose at 

different time-intervals 

The end glycated fibrinogen value was correlated with the average fasting capillary values of 

different time intervals preceding the date of end blood sampling. Time-intervals of 4 days were 

chosen as that which corresponds with fibrinogen haif-life. As shown in table 4.3, there were 5 

different time intervals. Day 0 were assigned to the day upon which end blood sampling was 

done. Days -4, -5, -8, -9 and -12 corresponded then to the number of days preceding end blood 

sampling. These values were obtained from the daily patient recorded fasting capillary blood 

glucose values. 



Table 4.3: Correlation of glycated fibrinogen with the average fasting capillary glucose 

concentration over different time intervals 

Fibrinogen glycation 
Intervals Time I-44 

I -9 to -1 2 days / 0.33 1 0.16 I 
-5 to -8 days 1 0.54 0.01 4 

I I 

The weakest correlation existed between fibrinogen glycation and the first time interval (day 0 to 

0 to -8 days I 0.47 
I I 

-4) (r = 0.31, p = 0.74), whereas the -5 to -8 day time interval showed the strongest correlation 

0.038 

0 to -12 days I 0.53 

with glycated fibrinogen (r = 0.54; p = 0.014). The correlation between fibrinogen glycation and 

0.01 7 

days -9 to -12 were also not significant (r = 0.33 and p = 0.16). When the 0 to -4 day time 

interval group were combined with the preceding 4 day time intervals to form days 0 to -8 and 0 

to -12, significant correlations (r = 0.47; p = 0.038 and r = 0.53 and p = 0.017 respectively) were 

still observed. This is however not as strong as for the -5 to -8 day time interval. Overall, 

fibrinogen glycation showed a strong correlation with the preceding 12 days (r = 0.53; p = 
0.01 7). 



CHAPTER 5: DISCUSSION 

5.1 Introduction 

This study had two main aims. The first was to determine whether controlling blood glucose 

levels in outpatient type 2 diabetic subjects would affect fibrinogen glycation. The other was to 

determine how well glycated fibrinogen compares to HbAl c in its relation to glycaemic control. 

In this chapter the results with regards to the two aims are discussed in more detail, thus by 

elaborating on the factors related to the results obtained. Recommendations for further research 

are also given. 

5.2 Fasting glucose, lipid profile, insulin resistance and body mass 

index 

High fasting venous glucose, HbAlc and insulin resistance levels are commonly associated with 

diabetic individuals because they struggle with uncontrolled blood sugar levels. Hypertension, 

increased adiposity and abnormalities of lipoprotein metabolism are also often found amongst 

diabetic subjects (The Expert Committee on the diagnosis and classification of diabetes 

mellitus, 2002). Thus, the diabetic subjects in this study had typical characteristics associated 

with diabetes. 

Serum triglycerides are known to be elevated in type 2 diabetic subjects. This is reflected in the 

baseline characteristics indicating that the serum triglycerides of the diabetic subjects are 

significantly higher, than the non-diabetic subjects. Although no significant differences in LDL- 

and HDL-cholesterol were found between the two groups, type 2 diabetic subjects are known to 

have smaller and denser LDL-cholesterol. This makes LDL-cholesterol more susceptible to 

oxidation, which is central to atherogenesis (Goldstein & Miiller-Wieland, 2003). 

The diabetic group was significantly more insulin resistant than the non-diabetic group, while 

fasting insulin concentrations were similar. Higher insulin resistance levels seen in the diabetic 

group was expected since insulin resistance is the major pathogenic factor of type 2 diabetes 

(Lipkin, 1999). The lower fasting insulin levels may be due to the fact that l3-cell production of 

insulin in the pancreas are diminished due to progressive destruction of the l3-cells over several 

years (The Expert Committee on the diagnosis and classification of diabetes mellitus, 2002). 

None of the diabetic subjects were newly diagnosed. The shortest duration between diagnosis 

and the start of the study intervention is 5 years. 

During the intervention there was a significant increase in BMI in the diabetic group. This is 

probably due to the exogenous insulin they received during the intervention. In the United 



Kingdom Prospective Diabetes Study (UKPDS) patients on insulin therapy gained significantly 

more weight than those treated with sufonylureas or metformin (DeWitt & Hirsch, 2003). Type 2 

diabetic patients generally experience weight gain as they attempt better glycaemic control with 

the use of insulin, because of reduced glycosuria leading to reduced urinary calorie loss and 

intermittent over-insulinization which can resuit in hypoglycaemia, hunger and subsequently 

increased energy intake (Bell, 2002; DeWitt & Hirsch, 2003; Gottesman, 2004). Weight gain in 

the setting of insulin treatment might also be due to increased adiposity without any changes in 

lean body mass. This is due to reduced glycosuria and reduction in daily energy expenditure. 

The reduction in daily energy expenditure may be caused by a decrease in metabolic futile 

cycling involving protein, free fatty acids and glucose fuels (Boyne & Saudek, 1999). 

As already mentioned, baseline fasting glucose levels of the diabetic subjects were above the 

recommended levels of 4.4 to 6.7 mmollL (Lipkin, 1999), which differed significantly (P = 

0.0003) from the non-diabetic subjects, These levels decreased significantly (P VISSER, M.E., 

STEYN, N., SETSUBI, 0. 2003. Reducing chronic diseases of lifestyle and managing HIV 

using an evidence-based approach - what every clinician should know. CME, 21 :516-522. = 

0.0008) during the intervention to levels (6.72 mmolll) were optimal blood glucose control is 

defined. No significant changes within the non-diabetic group were found. 

5.3 Fibrinogen concentration and glycation 

Plasma fibrinogen levels are associated with some conventional risk factors for cardiovascular 

disease, including age, gender, smoking, hypertension and diabetes mellitus (Kain el a/. 2002). 

It increases with age and obesity, is higher in smokers than non-smokers, and fall with 

moderate alcohol consumption. In women the concentrations are higher in those using oral 

contraceptives (Meade el al. , 1 979; Lee el a/. , 1990). 

In this study the subjects were matched for age and gender. They were all borderline 

hypertensive. Smoking and alcohol consumption was infrequent, Thus, they were similar except 

for having type 2 diabetes or not. Because there is some evidence suggesting that diabetic 

subjects have high fibrinogen levels, it was expected that the diabetic subjects' baseline 

fibrinogen levels would differ from the non-diabetic subjects. The diabetic subjects had 

relatively high fibrinogen concentrations on average (4.25911) as expected, since Type 2 

diabetic subjects have been shown to have high plasma fibrinogen levels (Lutjens el a/., 1985; 

Ford el a/. , 1991 ; Donders el a/., 1993; Asakawa el a/, , 2000). However, there was no difference 

between the mean fibrinogen concentration in the diabetic and non-diabetic group. Both had 

high fibrinogen concentrations. 



There are several possible explanations, for why fibrinogen glycation is not further elevated in 

the diabetic subjects. Increased fibrinogen levels are related to hyperinsulinaemia and it has 

been suggested that this relationship is not independent of the accompanying inflammatory 

reaction whereby acute-phase proteins such as fibrinogen are formed. This independent 

relationship has been found in non-diabetic subjects (Juhan-Vague et at,, 1993; Mertens & Van 

Gaal, 2002). Because the diabetic and non-diabetic subjects in this study had similar fasting 

insulin levels it may explain the similar fibrinogen concentration that has been found. 

The release of free fatty acids in insulin resistance could also cause a rise in fibrinogen levels 

(Juhan-Vague et a/., 1993). Since free fatty acids were not measured in this study, its link to 

insulin resistance and fibrinogen cannot be exemplified. 

Variation in fibrinogen levels is also determined by genetic factors (Kain et at., 2002). Higher 

fibrinogen levels have also been found in black individuals compared to Caucasians (Folsom et 

at., 1992; Jerling et at., 1994). This may account for the relatively high fibrinogen levels found in 

the non-diabetic group. It may also be due to one of many other factors as already mentioned 

such as age, hypertension and obesity. Because the groups were similar regarding these 

matters, these might be responsible for the increased fibrinogen levels in both the diabetic and 

non-diabetic subjects. It is also considered that obesity per se rather than insulin resistance 

(that usually cause type 2 diabetes) results in high fibrinogen levels (Juhan-Vague et at., 1999; 

Mertens & Van Gaal, 2002). Ditschuneit et a/. (1995) found that a reduction in BMI has been 

accompanied by a fall in fibrinogen levels. Since the subjects were matched according to BMI, 

this provides a further explanation for the similar fibrinogen levels. 

Although a number of studies (Ford et at., 1991; Donders et at., 1993; Crook et at., 1996; 

Asakawa et a/., 2000; Streja et at., 2003) found an increase in fibrinogen levels in type 2 

diabetic subjects, some controversy remains as to whether fibrinogen levels are increased in 

diabetic subjects in general or only in those with CVD. Missov et a/. (1 996) found no increase in 

fibrinogen levels in type 2 diabetic subjects. Other studies however Danesh et at. (2005) 

demonstrated that fibrinogen is associated with the incidence of CVD. A study done by Ganda 

& Arkin (1992) revealed that fibrinogen is one of only three independent predictors of vascular 

complications. The others are diabetes duration and hypertension (Ganda & Arkin, 1992). The 

subjects in the study were chosen not to have CVD, which may explain why their fibrinogen 

levels were not further increased. 

The average glycation of fibrinogen at baseline in the diabetic group was almost twice as high 

as that of the non-diabetic subjects (7.48 and 3.75 mol glucoset mol fibrinogen). This 

significantly decreased (P = 0.0002) after achieving glycaemic control (with almost 33%), 



although not to the level of glycation seen in the non-diabetic group. No significant fibrinogen 

glycation changes were found in the non-diabetic group. 

Other studies (Hammer et el., 1988; Ardawi et al., 1990) also showed a decrease in fibrinogen 

glycation with improvement of glycaemic control in diabetic subjects. However, it is not clear 

from their results whether the results were obtained from type 1 or 2 diabetic subjects. Hammer 

et a/. (1 988) and Ardawi et al. (1 990) reported their results after intensive treatment of 3 and 6 

days respectively. Results found with this study shows that a decrease in fibrinogen glycation 

can also be achieved in the majority of type 2 diabetic subjects that attend out-patient clinics. 

A significant correlation (r = 0.52, p = 0.001) between the decrease in fibrinogen glycation and 

venous glucose were found amongst the total group but not for the diabetic group alone. 

However, there was a significant ( r= 0.6, p = 0.005) correlation between the decrease in 

fibrinogen glycation and capillary glucose within the diabetic group. The reason why there is a 

significant correlation between glycated fibrinogen and capillary glucose and not between 

glycated fibrinogen and venous glucose within the diabetic group is probably because venous 

glucose measurement was done at one point in time. The value of capillary glucose used for 

the correlation was however obtained by calculating the average of 4 days' values. This is a 

better reflection of the true fasting glucose levels around the time of blood sampling as opposed 

to one single venous glucose measurement. It can be further validated by the fact that a 

significant correlation was found between the decrease in fibrinogen glycation and the decrease 

in fasting venous glucose, when the sample size was increased by including the results of the 

total group. 

The level of fibrinogen glycation found in the study is 7.84 (6.59; 9.10) mol glucose/ rnol 

fibrinogen for the diabetic group and 3.89 (3.46; 4.32) rnol glucose/ rnol fibrinogen for the non- 

diabetic group. These values are similar to that found by Suzuki et a/. (1990). They found 

fibrinogen glycation to be 8.1 * 3.64 and 3.1 3 * 1.29 rnol glucose/ rnol fibrinogen in diabetic and 

non-diabetic subjects respectively (Suzuki el al., 1 990). A study done by tiitjens et al. (1 985) 

found the level of glycation to be 1.3 2 0.19 and 1.33 * 0.21 rnol glucose/ rnol fibrinogen for 

uncontrolled type 1 diabetic patients and 1.06 * 0.08 and 0.95 * 0.17 mot glucose/ rnol 

fibrinogen for non-diabetic volunteers (tiitjens el a/,, 1985). In this study and in the study done 

by Suzuki el al. (1 990), a commercially available kit for measuring fibrinogen glycation was 

used. Liitjens et al. (1 985), however used the thiobarbituric acid method (Flilckiger & 

Winterhalter, 1976) and high performance liquid chromatography according to the method of 

Schleicher & Wieland (1981) for the determining of fibrinogen glycation (LUtjens et a/., 1985). 

Thus, the different methods used may explain the differences in glycation levels measured. 



Hammer et a/. (1988) and Ardawi et a/. (1990) also measured fibrinogen glycation in diabetic 

subjects. Their results are however expressed as glycated fibrinogen as a percentage of total 

fibrinogen and not as the number of glucose molecules bound to one molecule of fibrinogen. It 

is therefore not comparable to the results found in this study. 

Glycated fibrinogen has previously been suggested as a short-term indicator of glycaemic 

control (Hammer et sl., 1989; Ardawi ef a/. , 1990; Suzuki et a/. , 1990; Kitamura e l  a/. , 1992; 

Rakhimova el a/. , 1999). How well it compares with HbAl c, the current gold standard for 

determining glycaemic control, has until now not yet been determined. This study indicated that 

glycated fibrinogen is comparable to HbAlc in monitoring glycaemic control in type 2 diabetic 

individuals. ROC curves were used to assess the discriminatory value of a diagnostic test. 

When using the HbAl c as the gold standard, the area under ROC curve of glycated fibrinogen 

is 0.95. This indicates that in ninety five percent of cases, based on the glycated fibrinogen 

value, individuals will be correctly classified as either having good (HbAl c < 7%) or poor 

(HbAlc > 7%) glycaemic control with a 95% confidence interval between 0.817 and 0.992. 

There was no significant difference between the ROC curve for glycated fibrinogen and HbAl c 

in predicting glycaemic control, when using fasting plasma glucose as the reference. The AUC 

for glycated fibrinogen is 0.85 (0.70, 0.95) and that of HbAlc is 0.89 (0.74,0.97). This small 

difference is most likely due to the shorter half-life of fibrinogen compared to haemoglobin. 

Fibrinogen is also an acute-phase protein and plasma levels may change noticeably during 

illness (Hammer et a/. , 1988). 

The level of fibrinogen glycation as indicated by the ROC curves with the highest combination of 

sensitivity and specificity for predicting glycaemic control was 5.62 rnol glucose1 rnol fibrinogen. 

This level of glycation has a 78.9% (54.4, 93.8) sensitivity, 100% (80.3, 100.0) specificity and a 

13.42 times positive likelihood ratio to predict glycaemic control of 13.42 with HbAl c as 

reference. Thus, a glycated fibrinogen value above the optimal threshold level of 5.62 rnol 

glucose1 rnol fibrinogen is 13.42 times more likely to occur in subjects with uncontrolled HbAl c 

(>7%) than in individuals who are well controlled. 

HbAlc was used as a reference because it is the current gold standard. It is however important 

to mention that a gold standard or treatment paradox exists. Because HbAlc is the gold 

standard, it was accepted that it has a 100% sensitivity and specificity. If a test or parameter 

then do better than the gold standard, it will seem as if the test are weaker than what it actually 

is. It will seem as if the test falsely predicts more subjects to have a disease. In this case it will 

seem as if there are more subjects with increased glycated fibrinogen values than what is really 

the truth. 



Therefore, in this study the AUC for glycated fibrinogen was compared with the AUC of HbAlc 

with fasting plasma glucose as reference. The difference between these two AUCs was 3.5%, 

which is not statistically significant suggesting that glycated fibrinogen compares well with 

HbAlc. Based on the available literature, HbAl c has 65% sensitivity and 94% specificity for the 

diagnosis of diabetes (ADA, 1999; Rohlfing et a/., 2002; Yates & Laing, 2002; Monnier et a/., 

2003). These results on HbAl c can however not be compared with the results found in this 

study. The results of this study compare glycated fibrinogen with HbAl c while using fasting 

plasma glucose as a reference. It therefore does not relate to diagnosis of diabetes. 

Fibrinogen is an ideal short-term marker for monitoring glycaemic control due to its short half-life 

of 3 4  days. It could therefore be useful in the early assessment of the effectiveness of a 

treatment regime. This is especially important in developing countries where daily home glucose 

monitoring is not an option as very few of these diabetic patients have their own glucometers 

and HbAlc cannot be used for monitoring short-term (days) fluctuations in glucose control. It 

could also be successfully applied in research studies with a shorter duration, in order to 

determine the effectiveness of a treatment. Evidence for this exists from cross-sectional 

studies, which found that glycated fibrinogen correlated with blood glucose levels 3 to 4 days 

prior to measurement (Rakhimova eta/., 1999) and with blood glucose at the same time or one 

day earlier (Suzuki et a/., 1990). 

Although it was not the main aim of the study, end fibrinogen glycation level was correlated with 

the average fasting capillary glucose of different 4-day time-intervals (fibrinogen has a half-life 

of 4 days) in order to assess with which time-interval fibrinogen correlated best. By correlating 

end fibrinogen glycation levels with the average fasting capillary glucose of different 4-day time- 

intervals the study indicated that fibrinogen could be used as a short-term indicator of glycaemic 

control. The weakest correlation existed between fibrinogen glycation and the first time interval 

(day 0 to -4) (p = 0.74). This may be due to high levels of circulating glycated fibrinogen still 

present in the circulation that was formed before optimal glycaemia was achieved. Clearance of 

glycated fibrinogen has been shown to be exponential. Therefore it is assumed that a small 

amount of glycated fibrinogen may remain for a long time in circulating plasma despite its short 

half-life. This may lead to the presence of highly glycated fibrinogen in plasma (Arocha-Piiiango, 

1987; Mirshahi et al., 1987) for periods longer than its half-life. The -5 to -8 day time interval 

showed a much stronger correlation with glycated fibrinogen (r = 0.54; p = 0.014). Overall, 

fibrinogen glycation showed a strong correlation with the preceding 12 days (r = 0.53; p = 0.01 7) 

of which the -5 to -8 day time interval made the most important contribution. 

These results are comparable to that of Hammer et a/. (1998) and Ardawi et a/. (1990). Hammer 

et a/. (1998) reported a 15% decrease in fibrinogen glycation after 3 days of treatment in 12 



newly diagnosed diabetic patients. The HbAlc values of the same diabetic subjects decreased 

with only 3.5%, which shows that giycated fibrinogen reflects changes in diabetic control at an 

earlier stage than glycated haemoglobin (Hammer et a/., 1998). 

Ardawi et a/. (1990) reported that there was a 33,4% decrease after 6 days in fibrinogen 

glycation in ten newly diagnosed diabetic subjects, without any significant decrease in HbAl c 

levels. Despite the similar fasting blood glucose levels of these two studies (Ardawi et a/.,  1990; 

Hammer, et. a/., 1998) (9.9 k 2.3 mmol/L and 9.7 k 1.4 mmol/L respectively), a more 

pronounced decrease in fibrinogen glycation was seen after the longer study period of 6 days 

(33%) compared to the 3-day period (1 5%). This is comparable to the better correlation that 

was found for the longer 8-day period (p = 0.038) than the initial 4-day period (p = 0.74). 

The extent of in vivo glycation of proteins is not only dependent on the extent and duration of 

glucose exposure but also on the half-life of the protein and its chemical characteristics such as 

the intrinsic susceptibility to non-enzymatic glycation. 

Acidic proteins have been found to be less susceptible to glycation than basic proteins (Austin 

et a/., 1987). Fibrinogen was shown to have a low intrinsic susceptibility to in vivo glycation. 

Austin et a/. (1987) demonstrated that fibrinogen of five diabetic subjects was on average 5.9% 

gfycated while fibrinogen that was in vitro exposed to 0.5 mol/L glucose for two days was 65.1% 

glycated. A possible explanation for this seemingly low intrinsic susceptibility to in vivo glycation 

may be the fact that fibrinogen is an acidic protein, This relatively low intrinsic susceptibility to 

non-enzymatic glycation may further explain why it was found that fibrinogen correlates better 

with a longer time-interval than just its half-life. 

Results from this study can be used to help explain the link between hyperglycaemia and CVD. 

Glycated fibrinogen is preferentially distributed in the extravascular compartment whereas non- 

glycated fibrinogen is found in the intravascular compartment. This will result in an increased 

uptake of fibrinogen into vessel walls that could contribute to atherosclerotic disease 

progression in diabetic individuals (Dunn & Ariens, 2004). Results from this study show that 

glycation of fibrinogen is indeed sensitive to fluctuations in blood glucose. Uncontrolled glucose 

levels may therefore contribute to the development of CVD through the production of glycated 

fibrinogen, which in turn has been shown to have an increased level of uptake into the vessel 

wall, and in doing so contributes to atherosclerotic disease progression. 

5.4 Limitations 

The study had some limitations worth mentioning. Determining fibrinogen glycation levels and 

fasting capillary glucose every fourth day would have provided better correlations to help 



determine for which time-interval fibrinogen correlates best. This was not done since 

determining whether glycated fibrinogen could be used as a short-term indicator of glycaemic 

control was not the main study aim. The results of this study in this regard should therefore be 

handled circumspectedly. 

Measuring HbAlc at the end of the intervention would have also helped to better explain the 

relationship between glycated fibrinogen and glycaemic control. This was not done because the 

planned study duration was shorter than three months and HbAlc is not as sensitive for 

fluctuations in glycaemic control in shorter than three month time-intervals. 

Because there is a genetic variation in fibrinogen levels, repeating the study in another ethnic 

group may help confirm the results found in this study. Not all type 2 diabetic are obese and 

thus it may be helpful to repeat the study in non-obese individuals to exclude the factors related 

to obesity. 

5.5 Conclusion 

The methods for determining glycated fibrinogen that are currently used, are time consuming 

and labour intensive. In this study, a commercially available kit was adapted for the fast and 

easy determination of glycated fibrinogen. This was used to show that fibrinogen is significantly 

more glycated in type 2 diabetic individuals than in non-diabetic individuals. Fibrinogen glycation 

can also be successfully reduced in outpatients through optimal glycaemic control. 

Glycated fibrinogen correlates with and compares well with HbAlc in monitoring glycaemic 

control. By correlating end fibrinogen glycation levels with the average fasting capillary glucose 

of different 4-day time-intervals (fibrinogen has a half-life of 4 days) the study indicated that 

fibrinogen could be used as a short-term indicator of glycaemic control. Because fibrinogen is 

involved in vascular disease itself, glycated fibrinogen may be a better long-term predictor of 

CVD than the current markers of glycaemic control (HbAl c and fructosamine). It may also aid in 

the elucidation of the relationship between hyperglycaemia and CVD. The results of this study 

showed that fibrinogen glycation is indeed sensitive to fluctuations in glycaemic control. 



CHAPTER 6: REFERENCES 

AACE. 2002. The American Association of Clinical Endocrinologists medical guidelines 

for the management of diabetes mellitus: the AACE system of intensive diabetes self- 

management 2002 update. Endocrine Practice, 8(Suppl. I ) :  41-82. 

AMERICAN DIABETES ASSOCIATION. 1999. Screening for type 2 diabetes. Diabetes 

Care, 22(SuppI. 1 ): S20-S23. 

AMERICAN DIABETES ASSOCIATION. 2001. Standards of medical care for patients 

with diabetes mellitus. Diabetes Care, 25(Suppl 1):SlOO-S108. 

AMERICAN DIABETES ASSOCIATION. 2002. Hyperglycemic crisis in patients with 

diabetes mellitus. Diabetes Care, 24:S33-S43. 

ARDAWI, M.S., NASRAT, H.N., MIRA, S.A., FATANI, H.H. 1990. Comparison of 

glycosylated fibrinogen, albumin, and haemoglobin as indices of blood glucose control in 

diabetic patients. Diabetes Medicine, 7(9): 81 9-824. 

AROCHA-PINANAGO, C.L. 1987. Glycosylation of human fibrinogen and fibrin in vitro, 

its consequences on the properties of fibrin(ogen). Thrombosis Research, 48:279-289. 

ASAKAWA, H., TOKUNAGA, K., KAWAKAMI, F. 2000. Elevation of fibrinogen and 

thrombin-antithrombin Ill complex levels of type 2 diabetes mellitus patients with 

retinopathy and nephropathy. Journal of Diabetes Complications, 14(3): 121 -1 26. 

AUGUSTIN, L.S., FRANCESHI, S., JENKINS, D.J.A, KENDALL, C.W.C., LAVECCHIA. 

C. 2002. Glycemic index in chronic disease: a review. European Journal of Clinical 

Nutrition, 56: 1049-1 071 . 

AUSTIN, G.E., MULLINS, R.H., MORIN, L.G. 1987. Non-enzymatic Glycation of 

individual plasma proteins in normoglycaemic and hyperglycaemic patients. Clinical 

Chemistry, 33(12): 2220-2224. 

BAVENHOLM, P.N., KUHL, J., PIGON, J., SAHA, A.K., RUDERMAN, N.B., EFENDIC, 

S. 2003. Insulin resistance in type 2 diabetes: association with truncal obesity, impaired 

fitness, and atypical malonyl coenzyme A regulation. The journal of Clinical 

endocrinology and metabolism, 88(1):82-87. 

BELL, D.S.H. 2002. Current status of Diabetes treatment. Southern Medical Journal, 

95(1):24-30. 

BLOOMGARDEN, Z.T. 2002. Obesity, hypertension, and insulin resistance. Diabetes 

Care, 25:2088-2097. 

BODEN, G., CARNELL, L.H. 2003. Nutritional effects of fat on carbohydrate 

metabolism. Best practice & Research Clinical Endocrinology & Metabolism, 17:399- 

41 0. 

BONORA, E., TARGHER, G., ALBERICHE, M., FORMENTINI, G., CALCATERRA, F., 

LOMBARDI, S., MARINI, F., POLI, M., ZENARI, L., RAFFAELLI., PERBELLlNl S., 

4 5 



ZENERE M.B., SAGGlANl F., BONADONNA, R.C., MUGGEO, M, 2002. Predictors of 

insulin sensitivity in type 2 diabetes mellitus. Diabetic Medicine, 49535-542. 

- BOYNE, M.S., SAUDEK, C.D. 1999. Effect of insulin therapy on macrovascular risk 

factors in type 2 diabetes. Diabetes Care, 22(Suppl. 3):C45-C53. 

- BRAND-MILLER, J., HAYNE, S. 2003. Low-Glycemic Index Diets in the Management 

of Diabetes. Diabetes Care, 26(8):2261-2267. 

- BROWNLEE, M. 2005. The pathobiology of diabetic complications, a unifying 

mechanism. Diabetes, 54:1615-1624. 

- BROWNLEE, M., VIASSARA, H., CERAMI, A. 1984. Inhibition of heparin-catalyzed 

human antithrombin Ill activity by nonenzymatic glycosylation. Diabetes, 33532-535. 

- BRUNO, G., CAVELLO-PERIN, P., BARGERO, G., WALKER, M. 1996. Association of 

fibrinogen with glycaemic control and albumin excretion rate in patients with non-insulin 

dependent diabetes mellitus. Annals of Internal Medicine, 125:653-657. 

- CABALLERO, A.E. 2003. Endothelial dysfunction in obesity and insulin resistance: a 

road to diabetes and heart disease. Obesity Research, 1 1 (1 1 ): 1 278-1 289. 

- CERIELLO, A. 1997. Fibrinogen and diabetes mellitus: is it time for intervention trials? 

Diabetologia, 40:731-734. 

- CERIELLO, A. 2003. The possible role of postprandial hyperglycaemia in the 

pathogenesis of diabetic complications. Diabetologia, 46(SuppI,l):M9-M16. 

- CERIELLO, A., MERCURI, F., FABBRO, D., GIACOMELLO, R., STEL, G., TONUTTI, 

L., MOTZ, E., DAMANTE, G. 1998. Effect of intensive glycaemic control in fibrinogen 

plasma concentrations in patients with type II diabetes mellitus. Relation with P- 
fibrinogen genotype. Diabetologia, 41 : 1270-1 273. 

- CERIELLO, A,, QUATRAR, A,, DELL0 RUSSO, P. 1990. Protein C deficiency in insulin 

dependant diabetes: a hyperglycemia-related phenomenon. Thrombosis and 

Haemosfasis, 64: 1 04-1 07. 

- COPPOIA, G., CORRADO, E., MURATORI, I., TANTILLO, R., VITALE, G., LO COCO, 

L., NOVO, S. 2006. Increased levels of C-reactive protein and fibrinogen influence the 

risk of vascular events in patients with NIDDM. International journal of cardiology, 

1 O6(l): 16-20, 

- CORTIZO, AM; GAGLIARDINO, JJ. 1991. Protein glycation: its role in the changes 

induced by diabetes in the properties of the serum insulin-like growth factor4 binding 

proteins. The Journal of Endocrinology, 131 (1):33-38. 

- CROOK, M., COUCHMAN, S., TUTT, P. 1996. Plasma fibrinogen and its relationship to 

plasma sialic acid in non-insulin-dependant diabetes mellitus. Blood Coagulation and 

Fibrinolysis, 7:586-589. 

- DANESH, J., LEWINGTON, S., THOMPSON, S.G., LOWE, G.D., COLLINS, R., 

KOSTIS, J.B., WILSON, A.C., FOLSOM, A.R., WU, K., BENDERLY, M., GOLDBOURT, 

46 



U., WILLEIT, J., KIECHL, S., YARNELL, J.W., SWEETNAM, P.M., ELWOOD, P.C., 

CUSHMAN, M., PSATY, B.M., TRACY, R.P., TYBJAERG-HANSEN, A,, HAVERKATE, 

F., DE MAAT, M.P., FOWKES, F.G., LEE, A.J., SMITH, F.B., SALOMAA, V., HARALD, 

K., RASl R, VAHTERA, E., JOUSILAHTI, P., PEKKANEN, J., D'AGOSTINO, R., 

KANNEL, W.B., WILSON, P.W., TOFLER, G., AROCHA-PINANGO, C.L., RODRIGUEZ- 

LARRALDE, A., NAGY, E., MIJARES, M., ESPINOSA, R., RODRIQUEZ-ROA, E., 

RYDER, E., DIEZ-EWALD, M.P., CAMPOS, G.. FERNANDEZ, V., TORRES, E., 

MARCHIOLI, R., VALAGUSSA, F., ROSENGREN, A., WILHELMSEN, L., LAPPAS, G., 

ERIKSSON, H., CREMER, P., NAGEL, D., CURB, J.D., RODRIGUEZ, B., YANO, K., 

SALONEN, J.T., NYYSSONEN, K., TUOMAINEN, T.P., HEDBLAD, B., LIND, P., 

LOEWEL, H., KOENIG. W., MEADE, T.W., COOPER, J.A., DE STAVOLA, B., 

KNOTTENBELT,C., MILLER, G.J., COOPER, J.A., BAUER, K.A., ROSENBERG, R.D., 

SATO, S., KITAMURA, A., NAITO, Y., PALOSUO, T., DUCIMETIERE, P., AMOUYEL, 

P., ARVEILER, D., EVANS, A.E., FERRIERES, J., JUHAN-VAGUE, I., BINGHAM, A., 

SCHULTE, H., ASSMANN, G., CANTIN, B., LAMARCHE, B., DESPRES, J.P., 

DAGENAIS, G.R., TUNSTALL-PEDOE, H., WOODWARD, M., BEN-SHLOMO, Y., 

DAVEY SMITH, G., PALMIERI. V., YEH, J.L., RUDNICKA, A., RIDKER, P., 

RODEGHIERO, F., TOSETTO, A., SHEPHERD, J., FORD, I., ROBERTSON, M., 

BRUNNER, E., SHIPLEY, M., FESKENS, E.J., KROMHOUT, D., DICKINSON, A., 

IRELAND, B., JUZWISHIN, K., KAPTOGE, S., LEWINGTON, S., MEMON, A., 

SARWAR, N., WALKER, M., WHEELER, J., WHITE, I., WOOD, A. 2005. Plasma 

fibrinogen level and the rsik of major cardiovascular diseases and nonvascular mortality. 

The Journal of the American Medical Association, 294(14):1799-1809. 

- DECODE STUDY GROUP, THE EUROPEAN DIABETES EPIDEMIOLOGY GROUP. 

2001. Glucose tolerance and cardiovascular mortality: Comparison of fasting and 2-hour 

diagnostic criteria. Archives of internal Medicine, 161 ~397-405. 

- DeWITT, D.E., HIRSCH, I.B. 2003. Outpatient insulin therapy in type 1 and type 2 

Diabetes Mellitus. Journal of the American Medical Association, 289(17):2254-2264. 

- DITSCHUNEIT, H.H., FLECHTNER-MORS, M., ADLER, G. 1995. Fibrinogen in obesity 

before and after weight reduction. Obesity Research, 3:43-48. 

- DONDERS, S.H., LUSTERMANS, F.A. VAN WERSCH, J.W. 1993. Glycometabolic 

control, lipids, and coagulation parameters in patients with non-insulin-dependant 

diabetes mellitus. International Journal of Clinical Laboratov Research, 23(3): 155-1 59. 

- DUNN, E.J., ARleNS, R.A.S., GRANT, P.J. 2005. The influence of type 2 diabetes on 

fibrin structure and function. Diabetologia, 48: 1 198-1 206. 

- ERNST, E., RESCH, K.L. 1993. Fibrinogen as a cardiovascular risk factor: a meta- 

analysis and review of the literature. Annals of lnternal Medicine, 11 8:956-963. 



FEENER, E.P., KING, G.L. 1997. Vascular dysfunction in diabetes mellitus. Lancet, 

350(Suppl. 1):9-13. 

FLOCKIGER, R., WINTERHALTER, K.H. 1976. In vitro synthesis of hemoglobin Alc. 

Febs Letters, 7 1 (2): 356-360. 

FOLSOM, A.R., WU, K.K, CONIAN, M.G., FINCH, A,, DAVIS, C.E. MARCUCCI, G. et 

al. 1992. Distributions of haemostatic variables in blacks and whites: population 

reference values from the Atherosclerosis Risk in Communities (ARC) Study. Ethn Dis 

2(1):35-46. 

FORD, I., SINGH, T.P., KITCHEN, S., MAKRIS, M., WARD, J.D., PRESTON, F.E. 

1991. Activation of coagulation in diabetes mellitus in relation to the presence of 

vascular complications. Diabetes Medicine, 8(4):322-329. 

FRIEDEWALD, W.T., LEVY R.I., FREDRICKSON, D.S. 1972. Estimation of the 

concentration of low density lipoprotein cholesterol in plasma, without use of the 

preparative ultracentrifuge. Clinical Chemistry, 18:499-502. 

GANDA, O.P., ARKIN, C.F. 1992. Hyperfibrinogenemia. An important risk factor for 

vascular complications in diabetes. Diabetes Care, 15: 1245-1 250. 

GEIGER, M., BINDER, B.R. 1986. Nonenzymatic glucosylation as a contributing factor 

to defective Fibrinolysis in Diabetes mellitus, Haemostasis, 16:439-446. 

GOLDSTEIN, 6. J., MULLER-WIEIAND, D. 2003. Textbook of type 2 diabetes. Londen 

: Martin D u n k  345p. 

GOlTESMAN, 1. 2004. Managing obesity and glycemic control in insulin-using patients: 

clinical relevance and practise recommendations, Diabetes Research & Clinical Practice, 

65SlS17-S22. 

GREENFIELD, J.R., CHAMBELL, L.V. 2004. Insulin resistance and obesity. Clinics in 

Dermatology, 22(4):289-295. 

GUGLIUCCI, A. 2000. Glycation as the glucose link to diabetic complications. Journal 

of the American Osteopath Association, 100(10):621-634. 

HAFFNER, S.M. 1999. Epidemiological studies on the effects of hyperglycemia and 

improvement of glycaemic control on macrovascular events in type 2 diabetes. Diabetes 

Care, 22(Suppl. 3):C54-C56. 

HAFFNER, S.M., MITCHELL, B.D., STERN, M.P., HAZUDA, H.P. 1991. Macrovascular 

complications in Mexican American with type II diabetes. Diabetes Care, 

14(Supp1.3):665-671. 

HAMMER, M.R., JOHN, P.N., FLYNN, M.D., BELLINGHAM, A.J., LESLIE, R.D.G. 

1989. Glycated fibrinogen: a new index of short-term diabetic control. Annals of clinical 

biochemistry, 26: 58-62. 



HEINE, R.J., BALKAU, B., CERIELLO, A., DEL PRATO, S., HORTON, E.S., 

TASKINEN, M-R. 2004. What does postprandial hyperglycaemia mean? Diabetic 

Medicine, 21 :208-213. 

ITO, H., HARANO, Y., SUZUKI, M., HATTORI, Y., TAKEUCHI. M., INADA, H., INOUE, 

J., KAWAMORI, R., MURASE, T., OUCHI, Y., UMEDE, F., NAWATA, H., ORIMO, H, 

1996. Risk factor analyses for macro-vascular complications in nonobese NIDDM. 

Diabetes, 45(Suppl. 3):S19-S23 (Abstract). 

JAIN, A., GUPTA, H., NARAYAN, S. 2001. Hyperfibrinogenaemia in patients of 

diabetes mellitus in relation to glycaemic control and urinary albumin excretion rate. J 

Assoc Physicians India, 49225-230. 

JALEEL, A*, HALVATSIOTIS, P., WILLIAMSON, B., JUHASZ, P., MARTIN, S., NAIR, 

K.S. 2005. Identification of Amadori-modified plasma proteins in type 2 diabetes and 

the effect of short-term intensive insulin treatment, Diabetes Care, 28(3):645-652. 

JERLING, J.C., VORSTER, H.H., OOSTHUIZEN, W., SILVIS, N., VENTER, C.S. 1994. 

Differences in plasminogen activator inhibitor 1 activity between blacks and whites may 

be diet related. Haemostasis, 24(6):364-368. 

JUHAN-VAGUE, I., MORANGE, P., RENUCCI, J.F., ALESSI, M.C. 1999. Fibrinogen, 

obesity and insulin resistance. Blood Coagulation and Fibrinolysis, 1 O(Suppl 1):S25-S28. 

JUHAN-VAGUE, I., THOMPSON, S.G., JESPERSEN, J. 1993. Involvement of the 

hemostatic system in the insulin resistance syndrome. A study of 1500 patients with 

angina pectoris. The ECAT Angina Pectoris Study Group. Arteriosclerosis, Thrombosis, 

and Vascular Biology, 13: 1865-1 873. 

KAIN, K., BLAXILL, J.M., CATTO, A.J., GRANT, P.J., CARTER, A.M. 2002. Increased 

fibrinogen levels among South Asians versus Whites in the United Kingdom are not 

explained by common polymorphisms. American Journal of Epidemiology, 156(2):174- 

179. 

KATZ, A., NAMBI, S.S., MATHER, K. et al. 2000. Quantitative insulin sensitivity check 

index: a simple, accurate method for assessing insulin sensitivity in humans. Journal of 

Clinical Endocrinology Metabolism, 85: 2402-24 1 0. 

KITAMURA, M., ASAI, K., KUZUYA, F. 1992. Clinical significance of measuring 

glycated fibrinogen in plasma in diabetes mellitus. Nippon Ronen lgakkai Zasshi, 

29(5):396-402. 

KO, G.T.C., YEUNG, V.T.F., CHAN, J.C.N., CHOW, C., LI, J.K.Y., SO, W., TSANG, 

L.W. W., COCKRAM, C.S. 1997. Plasma fibrinogen concentration in a Chinese 

population. Atherosclerosis, 131 :211-217. 

KUUSISTO, J., MYKKANEN, L., PYORALA, K., LAAKSO, M. 1994. NIDDM and its 

metabolic control predict coronary heart disease in elderly subjects. Diabetes, 43:960- 

967. 



- LAM, T.H., LIU, L.J., JANUS, E.D., LAM, K.S.L., HEDLEY, A.J. 2000. Fibrinogen, other 

cardiovascular risk factors and diabetes mellitus in Hong Kong: a community with high 

prevalence of Type 2 diabetes mellitus and impaired glucose tolerance. Diabetic 

Medicine, 17(11):798-806. 

- LANCET. 2006. Lancet test database. [Web:] htt~:llwww.lancet.co.za [Usage date: 20 

October 20061 

- LAWLOR, D.A., DAVEY SMITH, G., EBRAHIM, S. 2003. Life course influences on 

insulin resistance: findings from the British Women's Heart and Health Study. Diabetes 

Care, 26(1):97-103. 

- LEBOVITZ, H.E. 2001. Effect of the postprandial state on non-traditional risk factors. 

American Journal of cardiology, 88(Suppl):20H-25H. 

- LEE, A.J., SMITH, W.C., LOWE, G.D., TUNSTALL-PEDOE, H. 1990. Plasma 

fibrinogen and coronary risk factors: the Scottish Heart Health Study. Journal of Clinical 

Epidemiology, 43(9):913-919. 

- LIPKIN, E. 1999. New strategies for the treatment of type 2 diabetes. Journal of the 

American Dietetic Association, 99(3):329-334. 

- LuTJENS, A., TE VELDE, A.A., VAN DER VEEN, E.A., VAN DER MEER, J. 1985. 

Glycosylation of human fibrinogen in vivo. Diabetologia, 28187-89, 

- MANTEN, G.T.R., SIKKEMA, A.F.J.M., HAMEETEMAN, T.M., VISSER, G.H.A., DE 

GROOT, P.G., VOORBIJ, H.A.M. 2004. Fibrinogen and high molecular weight 

fibrinogen during and after normal pregnancy. Journal of thrombosis research. 

- MARAIS, M. 2005. Oral communication to author. Pretoria. 

- MEAD€, T.W., CHAKRABARTI, R., HAINES, A.P., NORTH, W.R., STIRLING, Y. 1979. 

Characteristics affecting fibrinolytic activity and plasma fibrinogen concentrations. British 

Medical Journal, 1 : I 53-1 56. 

- MEIGS, J.B., SINGER, D.E., SULLIVAN, L., DUKES, K.A., D'AGOSTINO, R.B., 

NATHAN, D.M., WAGNER, E.H., KAPLAN, S.H., GREENFIELD, S. 1997. Metabolic 

control and prevent cardiovascular disease in non-insulin-dependent diabetes mellitus: 

the NlDDM Patient Outcomes Research Team. American Journal of Medicine, 1 O2:38- 

47. 

- MERTENS, I., VAN GAAL, L.F. 2002. Obesity, haemostasis and the fibrinolytic system. 

Obesity Reviews, 3(2):85-101. 

- MILLS, J.D., ARIeNS, R.A.S., MANSFIELD, M.W., GRANT, P.J. 2002. Altered fibrin 

clot structure in healthy relatives of patients with premature coronary artery disease. 

Circulation, 106: 1938- 1942. 

- MIRSHAHI, M., SORIA, J., SORIA, C., BERTRAND, O., MIRSHAHI, M., BASDEVANT, 

A. 1987. Glycosylation of human fibrinogen and fibrin in vitro its consequences on the 

properties of fibrin(ogen). Thrombosis Research, 48(3):279-289. 

50 



MISCIAGNA. G., LOGROSCINO, G., DE MICHELE, G., CISTERNINO, A.M., GUERRA, 

V., FREUDENHEIM, J.L. 2004. Fructosamine, glycated hemoglobin, and dietary 

carbohydrates. Clinica chimica acta; international journal of clinical chemistry, 340(1- 

2):139-147. 

MISSOV, R.M., STOLK, R.P., VAN DER BOM, J.G., HOFMAN, A., BOTS, M.L., POLS, 

H.A., GROBBEE, D.E. 1996. Plasma fibrinogen in NIDDM: the Rotterdam study. 

Diabetes Care, 19(2): 157-1 59. 

MONNIER, L., LAPINSKI, H., COLETE, C. 2003. Contributions of fasting and 

postprandial plasma glucose increments to overall diurnal hyperglycemia pf type 2 

diabetic patients. Variations with increasing levels of H bA1 c. Diabetes Care, 26:881-883. 

NETLETON, J,A., KATZ, R. 2005. n-3 Long-Chain polyunsaturated Fatty Acids in type 

2 Diabetes: A Review. Journal of the American Dietetic Association, 105:428-440, 

NEY, K.A., PASQUA, J.J., COLLEY, K.J., GUTHROW, C.E., PIZZO, S.V. 1985. In vitro 

preparation of nonenzymatically glucosylated human transferring, a2-Macroglobulin, and 

fibrinogen with preservation of function. Diabetes, 34:462-469. 

NOVO NORDISK (PTY) LTD, 2003. Your personal guide to diabetes. South Africa. 

OPIE, L.H., COMMERFORD, P.J., GERSH, B.J. 2006. Controversies in stable 

coronary artery disease. The Lancet, 367:69-78. 

OSEI, K., RHINESMITH, S., GAILIARD, T., SCHUSTER, D. 2003. Is glycosylated 

hemoglobin A l c  a surrogate for metabolic syndrome in nondiabetic, first-degree relatives 

of African-American patients with type 2 diabetes? The Journal of Clinical Endocrinology 

& Metabolism, 88(10):4596-4601. 

PARILLO, M., RICCARDI, G. 2004. Diet composition and the risk of type 2 diabetes: 

epidemiological and clinical evidence. British Journal of Nutrition, 927-9. 

PEACOCK, 1. 1984. Glycosylated haemoglobin: measurement and clinical use. Journal 

of Clinical Pathology, 37:84l -851. 

RAKHIMOVA, G.N., AK8AROV, Z.S., TARAKULOV, 1. 1999. Significance of glycated 

fibrinogen measurements in diabetes mellitus. Klin Lab Diagn. 218-21. 

RAMIREZ, LC., ARAUZ-PACHECO, C., LACKNER, C. 1992. Lipoprotein (a) levels in 

diabetes mellitus: relationship to metabolic control. Annals of Internal Medicine, I 17:42- 

47. 

REID, H.L., VIGILANCE, J., WRIGHT-PASCOE, R.A., WOO-KANG, E. 2000. The 

influence of persistent hyperglycaemia on hyperfibrinogenaemia and hyperviscosity in 

diabetes mellitus. West lndian Medical Journal, 49(4):281-284. 

RIDKER, P.M., STAMPFER, M. J., RIFAI, N. 2001. Novel risk factors for systemic 

atherosclerosis, a comparison of C-reactive protein, fibrinogen, homocysteine, 

lipoprotein (a), and standard cholesterol screening as predictors of peripheral arterial 

disease. Journal of the American Medical Association, 285: 2481 -2485. 



ROHLFING, C.L., WIEDMEYER, H.M., LITTLE, R.R., ENGLAND, J.D., TENNILL, A., 

GOLDSTEIN, D.E. 2002. Defining the relationship between plasma glucose and 

HbAlc: analysis of glucose and HbAlc in the Diabetes Control and Complications Trial. 

Diabetes Care, 23275-285. 

SAYDAH, S.H., LORIA, C.M., EBERHARDT, M.S., BRANCATI, F.L. 2001. Subclinical 

states of glucose intolerance and risk of death in the US. Diabetes Care, 24:447-453. 

SCHLEICHER, E., WIELAND, O.H. 1981. Specific quantitation by HPLC pf protein 

(lysine) bound glucose in human serum albumin and other glycosylated proteins. Journal 

of Clinical Chemistry and Clinical Biochemistry, 19(2):81-87. 

SCOTT, E.M., ARleNS, R.A.S., GRANT, P. J. 2004. Genetic and environmental 

determinats of fibrin structure and function. Arteriosclerosis Thrombosis and Vascular 

Biology, 24: 1558-1 566. 

SIMMONS, R.A. 2006 Development origins of diabetes: The role of oxidative stress. 

Free Radical Biology & Medicine, 40(6):917-922. 

SINGH, R., BARDEN, A., MORI, T., BELLIN, L. 2001. Advanced Glycation end- 

products: a review. Diabetologia, 44: 129-146. 

SOWER, J.R., LESTER, M.A. 1999. Diabetes and cardiovascular disease. Diabetes 

Care, 22(Suppl. 3):Cl4-C2O. 

STANDEVEN, K.F., ARIeNS, R.A.S., WHITAKER, P., ASHCROFT, A.E., WEISEL, J.W., 

GRANT, P.J. 2002. The effect of dimethylbiguanide on thrombin activity, FXlll 

activation, fibrin polymerisation, and fibrin clot formation. Diabetes, 51 : 189-1 97. 

STEC, J.J., SILBERSHATZ, H., TOFLER, G.H., MATHENEY, T.H., SUTHERLAND, P., 

LIPINSKA, I., MASSARO, J.M., WILSON, P.F.W., MULLER, J.E., D'AGOSTINO, R.B. 

2000. Association of fibrinogen with cardiovascular risk factors and cardiovascular 

disease in the Framingham Offspring population. Circulation, 102:1634-1638. 

STEIN, J.H., ROSENSON, R.S. 1997. Lipoprotein Lp(a) excess and coronary heart 

disease. Archives of internal Medicine, 1 57: 1770-1 776. 

STREJA, D., CRESSEY, P., RABKIN, S. 2003. Associations between inflammatory 

markers, traditional risk factors, and complications in patients with type 2 diabetes 

mellitus. Journal of Diabetes complications, 17:120-127. 

SUZUKI, S., KOKUBU, M., SAITO, E., MAKISE, J., KANAYAMA, M., YAMANAKA, M. 

1990. Assay of glycated fibrinogen in plasma as an indicator of blood glucose control. 

Rinsho Byori, 38(3): 306-31 0.  

TAKEBE, M,, SOE, G., KOHNO, I., SUGO, T., MATSUDA, M. 1995. Calcium ion- 

dependent monoclonal antibody against human fibrinogen: preparation, characterization, 

and application to fibrinogen purification, Thrombosis Haemostasis, 73:662-667. 

THE DIABETES CONTROL AND COMPLICATIONS TRIAL RESEARCH GROUP. 

1993. The effect of intensive treatment of diabetes on the development and progression 



of long-term complications in insulin-dependant diabetes mellitus. New England Journal 

of Medicine, 329(14):977-986. 

- THE DIABETES CONTROL AND COMPLICATIONS TRIAL RESEARCH GROUP1 

EPIDEMIOLOGY OF DIABETES INTERVENTIONS AND COMPLICATIONS 

RESEARCH GROUP. 2000. Retinopathy and nephropathy in patients with type 1 

diabetes four years after a trial of intensive therapy. New England Journal of Medicine, 

342(6):381-389. 

- THE EXPERT COMMITTEE ON THE DIAGNOSIS AND CLASSIFICATION OF 

DIABETES MELLITUS. 2002. Report of the expert committee on the diagnosis and 

classification of diabetes mellitus. Diabetes Care, 25(SuppI.l):S5-S20. 

- THE EXPERT COMMITTEE ON THE DIAGNOSIS AND CLASSIFICATION OF 

DIABETES MELLITUS. 1999. Report of the expert committee on the diagnosis and 

classification of diabetes mellitus. Diabetes Care, 22(SuppI. 1):Sl -S19. 

- UNWIN, N., SHAW, J., ZIMMET, P., ALBERTI, K.G.M.M. 2002. Impaired glucose 

tolerance and impaired fasting glycaemia: the current status on definition and 

intervention. Diabetic Medicine, 19:708-723. 

- VILA, V., REGANCYN, F., LLOPIS, F., AZNAR, J. 1985. A rapid method for fibrinogen 

from human plasma by precipitation with polyethylene glycol 6000. Thrombosis 

Research, 39:651-656. 

- VISSER, M.E., STEYN, N., SETSUBI, 0 .  2003. Reducing chronic diseases of lifestyle 

and managing HlV using an evidence-based approach -what every clinician should 

know. CME, 21 :516-522. 

- VUKOVICH, T.C., PROIDL, S., KNOBL, P., TEUFELSBAUER, H., SCHNACK, C., 

SCHERNTHANER, G. 1992. The effect of insulin treatment on the balance between 

tissue plasminogen activator and plasminogen activator inhibitor-1 in type 2 diabetic 

patients. Thrombosis Haemostasis, 68253-256. 

- WEISEL, J.W. 2005. Fibrinogen and Fibrin. Advances in Protein Chemistry, 70:247. 

- WELLCOME TRUST CENTRE FOR HUMAN GENETICS. 2005. Fibrinogen. [Web:] 

http://www.well.ox.ac.uk/-fiona~/fibrinoqen.shtml [Usage date: 20 February 2006) 

- WINOCOUR, P., BHATNAGAR, D., KALSI, P., HILLIER, V., ANDERSON, D. 1988. 

Relative clinical usefulness of glycosylated serum albumin and fructosamine during 

short-term changes in glycemic control in IDDM. Diabetes Care, 12665-672. 

- WORLD HEALTH ORGANISATION. 1999. Definition, diagnosis and classification of 

diabetes mellitus and its complications. Report of a WHO consultation. Partl: Diagnosis 

and classification of diabetes mellitus. Geneva. 

- WORLD HEALTH ORGANISATION. 2003. Diet, nutrition and the prevention of chronic 

disease: report of a joint WHOIFAO expert consultation. WHO Technical Series, 916. 



- YATES, A.P., LAING, 1. 2002, Age-related increase in hemoglobin Alc and fasting 

plasma glucose in accomplished by a decrease in P-cell function without change in 

insulin sensitivity: evidence from cross-sectional of hospital personnel. Diabetes 

Medicine, 1 9:254-258. 



ANNEXURE A: Article: Glycation of fibrinogen in uncontrolled diabetic patients and the 

effects of glycaemic control on fibrinogen glycation. 
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Abstract 

Introduction 

Evidence exists for a relationship between glycaemic control and macrovascular disease. 

Non-enzymatic glycation of proteins may explain this relationship in part. We investigated 

the effect of blood glucose control, under out-patient conditions, on fibrinogen glycation as 

well as the relationship between glycated fibrinogen and glycaemic control using a new 

sensitive method for the measurement of glycated fibrinogen. 

Materials and Methods 

Blood samples were taken from twenty subjects with uncontrolled Type 2 diabetes 

(HbAlc>7%) to determine the levels of glycation. The subjects were then treated with insulin 

in order to control blood glucose. Twenty age and BMI matched non-diabetic subjects were 

included as a reference group. 

Results 

The subjects with diabetes had significantly higher mean fibrinogen glycation at baseline 

than the non-diabetic subjects (7.84 vs 3.89 mol glucose I mol fibrinogen; p c 0.007). After 

control of blood glucose, fibrinogen glycation was reduced significantly in the subjects with 

diabetes (7.84 to 5.24 mol glucose 1 mol fibrinogen; p < 0.0002). The change in glycation 

during the intervention correlated significantly with the change in capillary glucose in the 

diabetic group (r=0.6, p=0.005). Fibrinogen glycation was comparabie to HbAlc in predicting 

glycaemic control (p=0.54). Fibrinogen glycation correlated best with the average fasting 

capillary glucose of the preceding 5 - 8 days (r=0.54, p=0.074). 

Conclusion 

We conclude that glucose control under out-patient conditions decreases fibrinogen glycation 

in subjects with Type 2 diabetes and that glycated fibrinogen compares well with HbAlc in its 

relation to glycaemic control. 

Keywords: glycation; glycated fibrinogen; Type 2 diabetes; glycaemic control 

Abbreviations 

HbAlc - glycated heamoglobin; CVD - cardiovascular disease; LDL - low density 

lipoprotein; BMI - body mass index; EDTA - Ethylenediaminetetraacetic acid; ROC curves 

- receiver operator characteristic curves 



Diabetes mellitus is a worldwide pandemic with a projected increase in prevalence from I71  

million people in 2000 to 366 million in 2030 (I). Both Type I and 2 diabetes are powerful 

and independent risk factors for cardiovascular disease (CVD), such that patients with 

diabetes have a two to fourfold increased risk for developing CVD along with increased 

at herosclerosis (2;3). 

The major vascular complications of diabetes are atherosclerosis and microvascular disease, 

constituting the main cause of mortality and morbidity in diabetes mellitus. Data from the 

Diabetes Control an Complications Trial have unequivocally established a causal relationship 

between chronic hyperglycemia and microvascular disease (43). The relationship between 

chronic hyperglycemia and macrovascular complications is not as well defined. The bulk of 

the evidence does however, suggest a relationship between glycaemic control and the extent 

of macrovascular complications (6-8). 

Pathophysiologically, hyperglycemia might cause atherosclerosis by several mechanisms, 

the most important of which is most likely the non-reactive enzymatic glycation of plasma 

proteins and lipids and the formation of reactive advanced glycation end products (AGE'S) 

mediated by oxidative stress mechanisms (9), Advanced glycation end products potentially 

modulate initiating steps in atherosclerosis through blood-vessel wall interactions, triggering 

of inflammatory-proliferative processes, propagation of inflammation and vascular 

perturbation as well as through promotion of the formation of oxidized LDL (10). 

Fibrinogen has been shown to be an independent risk marker for CVD (11). Fibrinogen may 

contribute significantly to the increased CVD risk in patients with diabetes both in that they 

generally have elevated fibrinogen levels and that fibrinogen undergoes non-enzymatic 

glycation in the presence of uncontrolled blood glucose tevels in the diabetic subject (12-15). 

This glycation can alter fibrinogen structure I function, which may then result in the formation 

of a tight and rigid fibrin network that is resistant to lysis (l6-18). Measuring glycated 

fibrinogen and determining how glycation changes with glucose control together with 

comparing the ability of glycated fibrinogen to monitor glycaemic control with that of HbAlc 

may shed more light on the relationship between glycaemic control and macrovascular 

complications. 

Although glycated fibrinogen has been suggested as a short term index of glycaemic control 

based on its short half life of three to four days (14;l9;20), this is the first study to determine 

the effect of glycaemic control on fibrinogen glycation in out-patient subjects and to 

demonstrate how well it compares with HbAlc in its relation to glycaemic control using a new 

sensitive method for the determination of fibrinogen glycation. The study was done under 



out-patient conditions, in order to determine the applicability of these measurements to the 

majority of subjects with diabetes and not only to those receiving intensive in-hospital 

treatment. 

Materials and methods 

Study design: 

In this, parallel, controlled intervention, twenty black African subjects with Type 2 diabetes, 

uncontrolled (HbAlc > 7%) on oral hypoglycaemic agents, were included and treated with 

insulin, until glycaemic control was achieved (four out of five subsequent readings within 

normal glucose range). The patients then had to remain controlled for eight days before end 

blood samples were drawn. This eight day period was chosen in order to provide enough 

time for unglycated fibrinogen to be produced (half-life 3-4 days) after glycaemic control had 

been achieved. Twenty non-diabetic black African subjects were included as a reference 

group in order to control for variation over time. All subjects signed informed consent and 

ethical approval was obtained form the ethics committees of both the University of Pretoria 

and the North-West University, South Africa. 

Subjects 

Type 2 diabetic subjects: Inclusion criteria: Patients had to be uncontrolled (HbAlc > 9%) 

on maximum dose combination oral hypoglycaemic medication; BMI > 25kg/m2; 40-65 years 

of age; blood pressure sufficiently controlled not to necessitate treatment change during 

intervention (c 740190 mmHg). 

Exclusion criteria: Major surgery in the preceding six months; macrovascular complications; 

disease that can influence haemostasis (e.g. thrombocytopenia, cancer, liver disease) 

patients on aspirin, warfarin, steroids, hormone replacement therapy or non-steroidal anti- 

inflammatory drugs; proteinuria on urine dipstick (> 300mglday) or acute infection. 

Non-diabetic controls: Non-diabetic subjects with matching anti-hypertensive drug-use 

(hidrochlorothiazide, ACE-inhibitor - Perindopril and nifedipine - Adalat), age, gender and 

BMI were recruited. The same inclusion and exclusion criteria as for the subjects with 

diabetes were adhered to. Baseline oral glucose tolerance tests were done to rule out 

diabetes. 

Study protocol 

The intervention in the diabetic group consisted of 3 phases. 

Phase 1: On the first visit, the subjects were seen by a diabetes educator. They were 

taught how to do self glucose monitoring, co-ordination of insulin use with meals, symptoms 



and management of hypoglycaemic events and the use of glucagon. Fasting capillary 

glucose was measured daily for 1 week. 

Phase 2: Subjecls received 10 IU basal analogue insulin Glargine (Lantus, Sanofr-Aventis 

Pharmaceuticals, Paris, France) daily at 22:OO in addition to current treatment of maximum 

dose oral hypoglycaemic treatment, Metformin use was unchanged from before and during 

the intervention. Insulin administration was adjusted indiv~dually until four out of five 

subsequent fasting glucose values were less than 7.2 mmol/L (21). Sulphonylureas was 

stopped 

Phase 3: Post-prandial glucose was now controlled with pre-meal administration of short- 

acting insulin Aspart (Novo Nordisk, Bagsvmd, Denmark) as required. Once both fasting 

and post-prandial (glucose < 10mmol/l (21)) glycaemic control was achieved, the subjects 

remained on treatment for eight days. Capillary glucose was measured twice daily, fasting 

and once post-prandially throughout the intervention. Baseline blood samples and 

anthropometric measurements were collected at the end of phase 1 and end samples and 

measurements at the end of phase 3. Blood samples of non-diabetic subjects were drawn 

within one week of their matched diabetic subject's blood sampling. 

Blood sampling 

Fasting venous blood samples were drawn with minimal stasis by a medical doctor before 10 

AM. For the determination of insulin and lipids, blood was left to clot for preparation of 

serum. For venous glucose determination, blood was collected into sodium fluoride tubes. 

EDTA blood was collected for the determination of HbAlc. Citrate blood was collected for 

the determination of fibrinogen and fibrinogen glycation. Blood was centrifuged for 95 

minutes at 20009 at 4°C within 30 minutes of collection. Serum and plasma were stored at - 
82'C until analysis. 

Analytical procedures: 

Capillary glucose was measured with glucometers (Accu-Chek Active, Roche Diagnostics, 

Mannheim, Germany). Fasting insulin was measured with an enzyme-linked immunosorbent 

assay (ELISA) method on the lmrnulite 2000 Analyzer (Diagnostic Products Corporation, Los 

Angeles, California, USA). Plasma glucose, baseline HbAlc and serum lipids were 

measured on a Synchron LX clinical System (Beckman Coutter Inc., Fullerton, CA, USA). 

Low-density lipoprotein cholesterol was calculated by using the Friedewatd formula (22). 

Insulin resistance was calculated using the homeostasis model assessment (HOMA) as: 

(fasting insulin x fasting venous glucose)/22.5 (23). Plasma fibrinogen (modified Clauss 

method) was measured on an Automated Coagulation Laboratory 200 (Instrumentation 



Laboratories, Milan, Italy) (between run CV = 3%). Fibrinogen was purified from the plasma 

of each subject using IF-I affinity chromatography as described previously (24). Purified 

fibrinogen was run on 10% SDS PAGE gels to confirm purity and the absence of degradation 

of the fibrinogen preparations. Fibrinogen glycation was measured with a two-reagent 

enzymatic assay (Gly~ro' assay, Genzyme Diagnostics, Cambridge, MA (between run CV = 

5%). This is a specific enzymatic method for the direct measurement of glycated proteins in 

serum or plasma. The first reagent digests the proteins and subsequently releases glycated 

protein fragments. Ketoamine oxidase in the second reagent facilitates the specific oxidation 

of the ketoamine bond of the glycated protein fragment substrate. Liberation of hydrogen 

peroxide allows a colorimetric determination of the amount of glycated protein in an end-point 

reaction. Absorbance at 550nm is measured after the addition of reagent 1 and again after 

reagent 2. Results are calculated as follows: 

Gtycated protein (pmol/L) = &I sample / bA calibrator x calibrator value (pmoVL). 

Statistical analysis: 

A power calculation was done using f standard deviation as a clinical significant difference, 

as a defined clinical significant difference is not known for the main outcome variable, 

fibrinogen glycation. To achieve a difference of 1 standard deviation at 80% power, 5% 

significance, each group should consist of at least 16 individuals. The computer software 

package, Statistica (Statsoft Inc., Tulsa, Oaklahoma, USA) was used for statistical analysis. 

Data was tested for normality. Normally distributed data is presented as the mean (standard 

deviation) and not normally distributed data as median (25'h ; 751'~ percentile). Differences in 

baseline characteristics as well as differences in changes during the intervention between 

the two groups were determined using the t-test for independent samples for parametric data 

and the Mann-Whitney U test for non-parametric data. Differences from baseline to end 

within each group were determined using the paired t-test. Spearman-correlation was used 

for all correlations. In order to determine how well glycated fibrinogen compared to HbAlc in 

monitoring glycaemic control, agreement was assessed between glycated fibrinogen and the 

current standard measure for blood glucose control - HbAlc, as well as fasting venous 

glucose, utilizing the area under the Receiver Operator Characteristic (ROC) curves. ROC 

curves were also used to determine the optimal threshold level of glycated fibrinogen to 

indicate glycaemic control. The sensitivity and specificity for this glycated fibrinogen value 

was determined, for both HbAlc and fasting venous glucose level as reference. 

Results 

Two non-diabetic subjects failed to return for end blood sampling and were hence excluded 

from the study. Table 1 presents the baseline characteristics of the two groups. They were 



comparable regarding age, BMI, blood pressure, fibrinogen concentration and fasting insulin. 

The diabetic group had significantly higher fasting venous glucose, HbAlc, insulin 

resistance, triglycerides and fibrinogen glycation. Only one of the subjects smoked and 

alcohol consumption was infrequent. Baseline glycated fibrinogen correlated significantly 

with baseline HbAlc (r = 0.8, p < 0.001), fasting venous glucose (r = 0.69, p < 0.001) and the 

average of the preceding four days' fasting capillary glucose (r = 0.5, p < 0.035) for the total 

group. 

The average duration between baseline and end blood sampling was 69.5 (range: 15 - 148) 

days and 75 (range: 8 - 154) days for the diabetic and non-diabetic subjects respectively. 

There was a significant increase in BMI from baseline to end in the subjects with diabetes (p 

= 0.001) (Table 2). Fasting venous glucose and fibrinogen glycation decreased significantly 

during the intervention (p < 0.001 and p < 0.001). No significant changes were seen in the 

non-diabetic group, except for a slight increase in glucose (p = 0.05). The increase in BMI 

and the decrease in venous glucose concentration and fibrinogen glycation in the diabetic 

group differed significantly from the responses in the non-diabetic group. There was a 

significant correlation (r = 0.52; p = 0.001) between the decrease in fibrinogen glycation and 

venous glucose in the total group. This correlation was not significant for the diabetic 

subjects alone, however the correlation between the decrease in fibrinogen glycation and the 

decrease in capillary glucose (an average of 4 days' values at baseline and end) was 

significant (r = 0.6; p = 0.005). 

The ability of glycated fibrinogen to predict blood glucose control as controlled (mean blood 

glucose < 6.4 mmol/L) or uncontrolled (mean blood glucose > 6.4 mmol/L) was assessed by 

utilizing ROC curves with fasting venous glucose values and HbAlc (control < 7%) as 

reference variables. The area under the ROC curve of baseline glycated fibrinogen is 0.94 

(0.82, 0.99) with baseline HbAlc as reference (Figure 1). A glycated fibrinogen vatue of 5.62 

mol glucose / mol fibrinogen has a 78.9 % (54.4, 93.8) sensitivity and 100 % (80.3, 100.0) 

specificity to predict glycaemic control with HbAlc as reference. This relates to a positive 

likelihood ratio of 13.42 for glycated fibrinogen to predict glycaemic control with HbAlc as 

gold standard. If the area under the ROC curve for glycated fibrinogen is compared with that 

of HbA1c with fasting plasma glucose as reference, the area under the ROC curve for 

glycated fibrinogen is 0.85 (0.70, 0.95), and that of HbAlc is 0.89 (0.74, 0.97) (Figure 2). 

This difference is not statistically significant. 

In order to estimate for which time period glycated fibrinogen corresponds to glucose 

concentrations, the end value of glycated fibrinogen was correlated to the average fasting 

capillary glucose of different 4-day time intervals preceding the date of end blood sampling, 



using the daily recorded capillary values (Table 3). Glycation of fibrinogen showed a strong 

correlation with the preceding 12 days (r = 0.53 ; p = 0.017), with the preceding 5-8 days as 

the most important contributor (r = 0.54 ; p = 0.014) of the 12 day period. 

Discussion 

This study had two main aims. The first was whether controlling blood glucose levels of out- 

patients subjects with Type 2 diabetes would result in decreased fibrinogen glycation using a 

sensitive method for measurement of glycated fibrinogen. The second aim, which has never 

been tested before was to determine how well glycated fibrinogen compares to HbAlc in its 

relation to glycaemic control. We were also able to provide information regarding the time- 

interval at which glycated fibrinogen correlated best with fasting capillary glucose. 

Although there was no difference between the mean fibrinogen concentration of the two 

groups, both had high fibrinogen concentrations on average, Subjects with Type 2 diabetes 

have been shown to have high fibrinogen (25). The high fibrinogen concentration in the non- 

diabetic subjects is atso in agreement with previous work from our group (26) as well as 

others (27) who have reported higher fibrinogen concentrations in black people compared to 

Caucasians. The diabetic group was significantly more insulin resistant than the non-diabetic 

group, while fasting insulin concentrations were similar. This is most likely a result of beta 

cell failure due to insulin resistance present in subjects with diabetes. Body mass index 

increased significantly in the diabetic group during the intervention. This is probably due to 

the exogenous insulin they received at the beginning of the study. There are several 

explanations for why insulin treatment results in weight gain: reduced glucosuria, leading to 

reduced urinary calorie loss and increased glucose metabolism, accumulation of adiposity or 

increased appetite (6). 

The average glycation of fibrinogen in the subjects with diabetes was approximately twice as 

high as that of the non-diabetic subjects (7.84 vs 3.89 mol glucose 1 mol fibrinogen). This 

significantly improved after achievement of glycaemic control (33% decreased glycation) 

although not to a level seen in the non-diabetic subjects. Two other studies have reported 

decreased fibrinogen glycation after treatment of uncontrolled diabetic subjects, Hammer et 

a/,(28) and Ardawi et a/.(29). It is not clear, however, from their results whether Type 1 or 

type 2 diabetes was investigated. Their results are reported after intensive treatment of three 

and six days. Our results show that this decrease in fibrinogen glycation can also be 

achieved in the majority of diabetic subjects who attend out-patient clinics at hospitals. The 

reason why the decrease in glycated fibrinogen correlated significantly with the decrease in 

fasting capillary glucose but not with fasting venous glucose, is probably because venous 

glucose measurement is a single measurement at a point in time. The capillary glucose 



values used for the correlation was an average of four days' values, which is a better 

reflection of the true fasting glucose levels around the time of blood sampling, as opposed to 

the single measurement of venous glucose. This is further substantiated by the fact that a 

significant correlation was obtained between the decrease in fibrinogen glycation and the 

decrease in fasting venous glucose, when the samples size was increased by including also 

the results of the non-diabetic subjects. 

The level of glycation reported in this study, is in agreement with levels found by Suzuki et 

a1.(30) (8.1 + 3.64 rnol glucose / rnol fibrinogen in diabetic subjects and 3.13 + 1.29 rnol 

glucose / rnol fibrinogen in normal subjects). Lutjens et a/.(31) however, found lower levels in 

both Type 1 diabetic subjects and healthy volunteers. Using two different methods, they 

found 1.3 k 0.19 and 1.33 2 0.21 mol glucose / rnol fibrinogen for subjects with uncontrolled 

Type 1 diabetes and 1.06 k 0.08 and 0.95 k 0.17 rnol glucose / mol fibrinogen for healthy 

volunteers. A possible explanation for the different levels of glycation may be that both our 

group and the group of Suzuki et a/.(30) used commercially available kits for the 

determination of glycated protein, where as Lutjens el a/. (31) used the thiobarbituric acid 

method (32) and high performance liquid chromatography according to the method of 

Schleicher and Wieland (33). Other groups have also measured fibrinogen glycation in vivo, 

but they report their results as glycated fibrinogen expressed as percentage of total 

fibrinogen (28;34). 

Glycated fibrinogen has been suggested as a predictor of glycaemic control (28-30;35). 

Exactly how well it compares to HbAlc in monitoring glycaemic control has, however, not yet 

been determined, until now. Results from this study indicated that glycated fibrinogen is 

comparable to HbAlc in its relation to giycaemic control in subjects with Type 2 diabetes. 

When using HbAlc as the gold standard, the area under the ROC curve of glycated 

fibrinogen is 0.94. The ROC curve is used to assess the discriminatory value of a diagnostic 

test. In ninety four percent of cases, subjects will be correctly classified as either having 

good or poor control based on the HbAlc. A glycated fibrinogen value above the optimum 

threshold level of 5.62mol glucose / rnol fibrinogen is 13.42 times more likely to occur in 

subjects with HbAlc uncontrolled (> 7 %) than in subjects who are well controlled (positive 

likelihood ratio). There was also no significant difference between the ROC curves of 

glycated fibrinogen and HbAlc in predicting glycaemic control with fasting venous glucose as 

a reference. It has to be kept in mind that fibrinogen is an acute phase protein and plasma 

levels may change considerably during acute infections. 



Due to its short half life, glycated fibrinogen is an idea! marker for monitoring short term 

glycaemic control and therefore the early assessment of the effectiveness of a treatment 

regime or a research study with a short duration. This is especially important in developing 

countries where home daily glucose monitoring is not an option as very few diabetic patients 

have their own glucometers. In cross sectional data glycated fibrinogen has been shown to 

correlate with blood glucose at the same time or one day earlier (30) or three to four days 

prior to measurement (36). Although not the main aim of the study, by correlating the end 

fibrinogen glycation level with the average fasting capillary glucase of different 4-day time- 

intervals (comparable to fibrinogen half-life) we were able to ascertain with which time- 

interval fibrinagen glycation correlated best. Measurement of glycated fibrinogen at each 

time-interval would have provided stronger evidence. Our results suggest that glycated 

fibrinogen correlated best with the preceding 12 days of whlch the preceding 5 - 8 days 

made the most important contribution. This is somewhat in agreement with the results from 

Hammer et a/. (28) and Ardawi et a/. (29), who respectively reported a 15 % decrease in 

fibrinagen glycation after three days and 33.4 % after 6 days of treatment of newly diagnosed 

diabetic subjects to similar levels of fasting blood glucase (9.9 + 2.3 mmoVL and 9.7 + 1.4 

mmol/L respectively). Even though similar blood glucase levels were achieved, a more 

pronounced decrease in glycation was seen over the somewhat longer period of 6 days. 

The extent of in vivo glycation of proteins is furthermore a complex function of the glucase 

concentration it is exposed to, the duration of exposure, the half-life of the protein as well as 

the intrinsic susceptibility to non-enzymatic glycation. Austin et a/. (34) have shown that 

overall acidity or basicity relates fairly well with the extent of glycation. Fibrinogen, being an 

acidic protein, is therefore glycated much less in vivo than in vitro, This relatively low intrinsic 

susceptibility to non-enzymatic glycation may further explain why we found fibrinagen 

correlating better with a longer time-interval than just its half life. 

We have adapted and implemented a sensitive method for the determination of glycated 

fibrinogen. With this we were able to show that fibrinogen is significantly more glycated in 

subjects with Type 2 diabetes than non-diabetic subjects and that even in out-patient 

subjects fibrinagen glycation can successfully be reduced through control of blood glucose. 

Glycated fibrinagen correlates with and compares well with HbAlc in monitoring glycaemic 

control. The results from this study aid in the understanding of the relationship between 

glycaemic control and macrovascular disease in that glycation of plasma proteins, 

specifically fibrinogen, is indeed sensitive to fluctuations in glycaemic control. 
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Table 1 Baseline characteristics of subjects 

Variables Type 2 diabetic Non-diabetic subjects 

subjects 

Patients (n) 20 18 

Sex (malelfemale) 6 1  14 7 / 1 1  

Age (years) 53.0 (8.29) 52.9 (7.13) 

Body mass index (kg/m2) 30.8 (6.16) 31.8 (5.89) 

Fasting venous glucose (mmol/L) 14.6 (8.12)a 5.18 (1.24)a 

Fasting Insulin (mU/L) 11.0 (6.70 ; 15.8) 13.7 (8.9 ; 28.8) 

Fibrinogen (g/L) 4.25 (0.80) 4.02 (0.86) 

Fibrinogen glycation (mol glucose/mol 7.84 (2.68) a 3.89 (0.86)a 

fibrinogen) 11.7 (9.50 ; 13.8) a 5.60 (5.30 ; 5.90) a 

HbAl c (%)" 140.5 (22.5) 143.3 (26.4) 

Systolic blood pressure (mmHg) 86.6 (8.15) 89.8 (13.1) 

Diastolic blood pressure (mmHg) 4.84 (1.49) 4.54 (0.71) 

Total cholesterol (mmol/L) 1.80 (1 2 5  ; 2.50)~ 1.05 (0.80 ; 1 . ~ 5 ) ~  

Triglycerides (mmot/L) 0.9 (0.75 ; 1.3) 0.9 (0.8 ; 1.25) 

High density lipoprotein cholesterol (mmol/L) " 2.86 (1.03) 2.88 (0.83) 

Low density lipoprotein cholesterol (mmol/L) 5.18 (3.99 ; 6.951~ 3.1 1 (2.29 ; 7.42)b 

Insulin resistance (HOMA) 1 1.0 (8.0) 

Duration of diabetes (years) 

Note: a P < 0,001; P< 0.05; ' Data not normally distributed and therefore reported as median (25 , 75 

percentile); lnsulin resistance = (fasting insulin x fasting venous glucose)/22.5 





Table 3: Correlation of glycated fibrinogen with the average fasting capillary glucose 

concentration over different time intervals 

Time Intervals Fibrinogen glycation 

r P 

0-4 days 0.31 0.74 

5-8 days 0.54 0.014 

9-12 days 0.33 0.16 

0-8 days 0.47 0.038 

0-1 2 days 0,53 0.017 

Day 0 = day of end blood sampling. Days 4,5,8,9,12 -the amount of days preceding end 

blood sampling 



4 
- ROC curve for fibrinogen 

glycation 

Figure 1 ROC curve for fibrinogen glycation with HbAlc as reference value 



Figure 2 Comparison of ROC curves of glycated fibrinogen and HbAl c using fasting venous 

glucose as reference 



Legends 

Table 1 Baseline characteristics of subjects 

Note: a P < 0.001; PC 0.05; Data not normally distributed and therefore reported as median (25 , 75 

percentile); Insulin resistance = (fasting insulin x fasting venous glucose)/22.5 

Table 2 Differences between diabetic and non-diabetic subjects of selected variables for the 

intervention period 

Table 3: Correlation of glycated fibrinogen with the average fasting capillary glucose 

concentration over different time intervals 

Day 0 = day of end blood sampling. Days 4,5,8,9,12 -the amount of days preceding end 

blood sampling 

Figure 1 ROC curve for fibrinogen glycation with HbAl c as reference value 

Figure 2 Comparison of ROC curves of glycated fibrinogen and HbAlc using fasting venous 

glucose as reference 



ANNEXURE B: Gly~ro' assay, Genzyme Diagnostics, Cambridge, MA, package insert 



GlyProB Reagent 
Catalog number 70-5125-05 or 70-5126-05 

Reaction Sequence 

Proleinase K 
Glycated Protein '- Glycated protein 

fragments 

INTENDED USE KAO 
For the quantitative delerminalion of glycated serum proteins. Glycated protein - Amino acids + YO2 

fragmenls 
SUMMARY 
Control of the glycemic stale is considered Lo be a fundamental Petoxidase 

aspect of Diabetes Mellitus care.' Numerous clinical studies, Hz0? + ChromC'Llens '- + 

including Ihe Diabetes Conlrol and Complications Trial, have 
shown that long term monitoring and tight control of blood glucose REAGENTS 
levels can help to decrease diabetes related comp~ications?.~ 1 component[ 
Glycated proteins are complexes formed by a sfow, non-enzymatic. 
chemical reaction between proteins and reducing sugars described 
as a Maillard reaction. This occurs when amino acids combine 
with glucose to form labile Schiff bases which, over time, are 
converted to stable ketoamines via an Amadori rearrangement.' 
In instances where blood glucose levels are abnormally elevaled. 
such as Diabetes Mellilus, the concenlralion of glycated serum 
proteins also  increase^?^^ 

Over the course of a day, blood glucose levels vary significantty. 
ConsequenUy, they cannot be used to provide a reliable picture 
of glucose control over an extended period. The measurement of 
a variety of glycated proteins including albumin, total serum protein 
and hemoglobin are employed lor medium to long term moniloring 
of Ihe diabetic condition. 

The degree of protein glycalion is proportional to the sugar 
concentration in lhe serum and the half-life o l  Ihe protein being 

Zeagent 1 

teagent 2 

Ingredienl 

Proleinase K 
Peroxidase 
EPPS buffer 
Catcium acetate 
Potassium - 
hexacyanoferrale(ll) 
Copper acetate 
BPS 
TOOS 
Cholic acid 
POETE 

Ketoamine oxidase 
EPPS buffer 
Slabilizer 
EDTA 
AAP 

Source 

T, album 
Horseradish 

Bovine or sheep 

F. oxysporum 

Contains 

786 U/mL 
60 UlmL 
60 mM 
5 mM 

90pM 
3Op M 
144pM 
2.8 mM 
18 mg/mL 
2.5 mglmL 

9 U/mL 
50 mM 
30 mglmL 
50 mM 
10.5 mM 

glycated* Gl~cated hemoglobin (HbA or HbA fci provides a Bps = Balhophenanthrollnedisulphonic acid. 
measure of the average glucose level over a 6-8 week period. TOOS = N-~~hy~ -~ -~u~phohydro~propy~ -m-~o~u id ine  sodium salt 
Measurement of glycated serum protein is represenlative of the POETE = polyoxyethylene 10 tridecyl ether. 
mean blood glucose levels over Lhe preceding 2-3 weeks.12.' The AAP =4-Aminoanlipyrena 
shorter half-life of glycated serum proteins indicates an 
improvement or deterioration of glucose control eariier lhan H ~ A , ~ . ~  Precautions And Warnings 

I. For In Vitro Diagnostic Use. 
Existing methods for the measurement of alvcated serum  rotei ins 2. Do not pipette by mouth. 
such a i  ltrosine (HPLC), affinity c h r ~ m a % ~ r a ~ h ~ ,  lhiobarbituric 
acid (TEA) and nitroblue tetrazolium (NBT) may be time 
consuming, difficult to automate and I or suffer from non- 
spe~ificity.~.~ 

The measurement of bolh glycated hemoglobin and glycaled 
serum prolems has been suggested as Ihe most useful method 
lor monitoring long-term control of diabetes.' 

PRINCIPLE 
The GlyProQ assay is a specific enzymalic method for lhe direcl 
measurement of glycated serum proleins in serum or plasma. 

The first reagent conlaining Proteinase K provides an on-line 
digestion of Ihe sample and subsequent release of glycated protein 
fragments. A novel enzyme, ketoamine oxidase (KAO), in the 
second reagent facililales the specific oxidatjon of the ketoamine 
bond of the glycated prolein fragment substrate. Liberalion of 
hydrogen peroxide allows a colorimetric determination of the 
amount of glycaled protein in an end-point readion. 

Results are obtained by measuremenl o l  the increase in 
absorbance at 55Unm, which is proportional lo the concentration 
of glycated protein in Ihe sample.' 

3. Do no1 use the reagenls aHer the expiration dale printed 
on lhe label. 

Preparation 
Reagent 1:Reconstitule each vial with 25.0 mL of purified water using 

a Class 'A' volumetric pipette. Replace the caplstopper 
and mix gently by inversion. Allow to stand lor a minimum 
of 10 minutes at room temperature. Mix genlly by inversion 
before use. 

Reagent 2:Reconstitute each vial with 5.0 mL of purified water using 
a Class 'A' volumetric pipette. Replace Ihe caplstopper 
and mix genUy by inversion. Allow to stand for a minimum 
of10 minutes a1 room temperature. Mix genUy by inversion 
before use. 

Storage And Stability 
Unopened reagenls are stable until the expiration dale printed on 
Ihe reagent bottle label when stored at 2-8°C. 

Reagent 1: once reconstituted is stable up lo 42 days at 2-8°C. 
Reagent 2: once reconstituted is stable up to 42 days at 2-8°C. 

lndlcatlons of Deterloratlon 
Presence of extreme turbidity or growlh may indicale deterioration. 



SPECIMEN COLLECTION AND PREPARATION Quality controt requiremenls should be performed in conformance 
Serum, or EDTA treated plasma are lhe recommended specimens. with local, state, and/or federal regulations or accreditation 
Fasting samples are not required. requirements. 

Serum: Collect whole blood by venipuncture and allow to clot. RESULTS 
Cenbibge and vmove [he serum as Soon as possible The lotal change in absorbance (AA) is determined by sublracting 
afler collection (within 3 hours).' A, f rmA2 .  

Plasma: Spedmens may be colleded using EDTA antimagufant. 
Cenlrifuge and remove the plasma as soon as possible AA sample 
after collection (within 3  hour^).^ Glycated protein (pmolR) = x Calibrator value 

Specimens can be collected as per the National Committee for AA calibrator (~mof l )  

Clinical Laboratory Standards Guidelines H4A3.O If no1 analyzed 
promptly, specimens may be stored at 2 - 8°C for up to lwo weeks Results are reported as pmollL of glycated protein. 

or at -20qC for up to five weeks. Samples may be frozen once. 
Llrnltatlons I Interfering Substances 

EDTA plasma samples will give a mean difference of 6% less No interference was detected in Ihe GlyPro" assay UP to and 
than setum samples? The same sample type should be used for including the concentrations staled below, using a Roche Cobas' 
all comparative analyses on Ihe same patient. Mira S. 

Callbration 
The Genzyme GlyPraX Calibralor (70-5127-05) is required for 
calibration. The value of Ihe calibralor, which can be found on Ihe 
vial label, was assigned relative lo human serum glycaled wilh 
14Cglumse and is expressed as pmol/L of glycated prolein. lo Refer 
lo the inslrument operator's manual for analyzer specific calibration 
procedures and for guidance in determming calibration frequency. 
See the GlyPrcP Calibrator package insert for inslructions on 
calibrator preparation. 

PROCEDURE 
Assay 
Below is a general example of the GlyProQ test procedure for an 
automated analyzer. Atl analyzer applications should be validated 
in accordance with CLlA recommendations. Genzyme has 
validated applicalions for several automated analyzers. This 
information is available through your dislributor. 

Step 1 : 
37°C 

Quality Control Procedures 
Reliability of lest resulls should be routinely monitored using the 
G l y P d  Low (70-5128-05) and High (70-5129-05) Controls. Use 
only cantrol sera made specifically for the GLyProv assay. Each 
laboratory should eslabl~sh an acceptable range of values for the 
GiyPm* Controls by repeal analysis. The laboratory established 
mean should be within the range printed on Ihe vial label of the 
controls. 

Interfering Substance 

Trigfyceride (Avian) 

Ascorbic acid 

- Bilirubin 
Hemoglobin 
Uric acid 

Glucose 

Concentratlon 
with no interference ' 
750 mgldL (8.5 mmollL) 
8 mgldL (500 pmollL) 
29 mgtdL (500 vmoVL) 
200 mgldL (200 rngldL) 
33 mg/dL (2.0 mmotL) 

1800 rng/dL (100 mmol/t) 

sample + ~~~~~~t 1 ;------ , M~~~~~~ ~ b ~ ~ b ~ ~ ~ ~  (A,) 'See analyzer specific applications for information regarding other 

20pL 250 pL 5 mn (55Onm) chemisby systems. 

Samples with levels of interfering subslances higher than lhe upper 
Step 2 : 

37'C 
limit should be diluted 1 part sample with 1 part saline before 
assaying. Mulliply the resull by two to correct for the dilution. 

Reagent 2 - Measure Absorbance (A,) 
50 pL 3 - 5 min (550nm) The labile Schiff base fraction does not interfere with Ihe 

measurement of glycated serum protein using the GlyProQ method. 
Malerlals Provlded 

the items may be in Ihe  aha age You In an in vilro study of commonly used drugs dobesilale, gentisic 
receive. acid and methampyrone produced artificially low values at 

SPECIFIC PERFORMANCE CHARACTERISTICS 
Accuracy 
The GlyProQ method was compared to the Roche Unimale 
FruCtosamine methodology on a Roche Cobas0 Mira S using diabetic 
and normal subjects giving the following results: 

Description 
GlyProe Reagent 1 

GlyProg Reagent 2 

Method 
Number o l  samples 
Sampte range (pmol1L) 
Slope 
Intercept (prnol/L) 
Correlal~on coefficient (r) 

Roche Unlmate Fructosamlne 
6 1 
169.0 - 675.5 
1.33 
-1 27.45 
0.9915 

EXPECTED VALUES 
The expected values for glycated serum prolein are t22-236 pmoU 
L.'' The normal range for serum was determined by a study of 466 
nondiabelic adults between the ages of 20 and 60 years old. Among 
the exclusion criteria were: pregnant women, fasting blood glucose 
> 200 mgldL. triglycerides > 400 mgldL. hemolyzed and icteric 
samples and individuals with an immediate familial history of 

4 , Class 'A' volumelric pipettes (5.0 mL and 25.0 mL). Diabetes. Each laboratory must eslablish its own range of expected 

2. values. G l y ~ r o ~  values should be used in association with patient 
Purilied water. history resulk, clinical data and other laboratory tests. 

Configuration I Catalog Number ' 
5 x 25mL I 70-5 125-05 
5 x 5 m ~  1 70-51 26-05 

therapeutic levels. Refer to the work of Young for a review of other 
drug affecls on glycated serum protein levels." 



Preclslon 12. O'Brien J.E. and Brookes M. 'Determination of Reference Values 
Wlthln Run Precision lor a Novel Ketoamine-Specific Fruclosamine Assay for 
Within run precision of the GlyPra" Reagent was determined using Assessment of Diabetic Glycemic Conlrol.' Diabetes Technology 
three levels of frozen, in &ro glyca-ted human serum pools and Therapeutics 1999; 1(4): 447-455. 
analyzed 20 times in a single run on a Roche CobasB Mira S. I 

These instructions for use apply to Giypro. roagent with carton labels versions 
Linearlty LC5125.01 end LC5126.0t. 
The G lyPd  method is linear lo 1734 pmoUL on a Roche Cobas* 

Between Run Precislon 
Between run precision of !he GlyPro" Reagent was determined 
usrng three levels of frozen. In vitro glycated human serum pools. 
Each p o l  was run In duplmte, twice per day lor ten days on a 
Roche &basQ Mwa S. 

Mira S. 

Definitions for Symbols 

'C f T m ~ ~ ~ ~ d ~ & r w m m D n L m u ~ O  
E C S W m h ' ~ ~ r o O ~ m a c W u I O ~ 8  

m-rn- F l n m r n - r *  

Kpv.-m- A-" 
# ".a piq a m  

a3 1 a ~ w u p  & 

REFERENCES 
1. Goldstein M.D. el. al.. 'Tests of Glycemia in Diabetes,' Diabetes 

Care 1995; 18(6): 096-909 
2. Cohen P.M.. 'Perspective: Measurement of Circulating 

Glycated Proteins lo Monitor Intermediate-Term Changes in 
Glycaemic Control.- Eur. J. Clin. Chem. Clin. Biochem. 1992; 
30(12): 851-859 

3. The Diabetes Control And Complicalions Trial Research Group. 
'The Effect of Intensive Treatment of Diabetes on the 
Development and Progression of Long-Term Complicalions 
in Insulin-Dependent Diabetes Mellilus,' The New England 
Journal of Medicine.1993; 329(14): 977-986 

4. Armbrusler, D.A.. "Fruclosamine: Structure, Analysis, and 
Clinical Usefulness." Clin. Chem. 1987; 33(f2): 2153-2163. 

5. Benjamin, R.J. and Sacks. D.B.. 'Glycated Protein Update: 
Implications of Recent Studies, Including the Diabetes Control 
and Complicalions Trial.' Clin. Chem. 1994; 40(5): 683-687 

6. Schleicher, E.D. et a!. 7s Serum Fruc!osamine Assay Specific 
for Determination of Glycated Serum Protein?' Clin. Chem. 
1988; 34(2): 320-323. 

7. Kricka, L. J. et al. 'Interference-Free method for Glycated 
Proteins in Serum and Whole Blood, Based on a Boronate 
Reagent.' Clin. Chem. 1997; 37(9): 1520-1521. 

8. National Committee for Clinical Laboratory Standards. 
Procedures for the Collection of Diagnoslic Blood Specimens 
by Skin Puncture. Approved Slandard. Third Edilion. NCCLS 
publication H4-A3. Vtllanova. PA. 1991. 

9. Cloey. T. et al. 'Reevaluation of Serum-Plasma Differences in 
Total Cholesterol Concentration.' JAMA ?990. May 23; 26320): 
2788-2789. 

10,Schteicher E.D., and Vogt B.W., 'Standardization of Serum 
Fructosamine Assays." Clin. Chem. 1990; 36(1); 136-t39. 

11. Young, D.S., Effects of Drugs on Clinical Laboratory Tests, 4m 
ed.. AACC Press. Washington. DC. 1995. 

€w'w'e C i m p W k r  

50 Gibson Drive 
Kings Hill, West Malling 
Kent. UK. ME19 4AF 

Llmlt of Detection 
The limit of detection of the GlyPros assay, quantified as 3SOs w.genzymediagnOstics.com 
plus the mean of twenty replicate measurements of saline, is 3.5 G { ~ R ~ ~ I ~ ~  reglstared~ademarka~~n+yme~apora~an 
pmon on a Roche Cobas' Mira S. cobasB~s e regvslered trademark at Roche O~agnortlcs 


