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CHAPTER 1 
 

LITERATURE REVIEW 

 

1.1 AN OVERVIEW OF DIABETES 

 

Diabetes is a disease state characterised by inadequate carbohydrate, lipid and protein 

metabolism, resulting from a relative or absolute deficiency of insulin. The inability to properly 

utilise these nutrients results in hyperglycaemia. The aetiology of the disease state is 

multifactorial. Depending on the specific type of diabetes, it includes genetic predisposition 

(Pociot & McDermott 2002; Gloyn et al. 2004; Qi et al. 2009), environmental factors such as 

infectious agents (Åkerblom et al, 2002; Roivainen 2006; Dotta et al. 2007), chemicals and 

nutrients (Turyk et al. 2009) and cell-mediated auto-immune destruction of β-cells of the 

pancreas (American Diabetes Association (ADA) 2005; Tang et al. 2008).  

 

The disease has been classified into four main types: type 1 diabetes, type 2 diabetes, gestational 

diabetes and other specific types (Colagiuri 2006). In this study, all of the patients had type 1 

diabetes. Microvascular complications associated with type 1 diabetes, namely diabetic 

nephropathy (DN), will form the focus of this literature review. 

 

 Type 1 diabetes usually presents in children and young adults and is characterised by the 

destruction of insulin-secreting β-cells of the islets of Langerhans (Rewers et al. 2004;  

Filippi & von Herrath 2007). Clinically, type 1 diabetes presents with symptoms of 

hyperglycaemia, including polyuria (the excretion of large amounts of water in excess of  

2 liters/24 hrs) and polydipsia (excessive thirst). 

 

Biochemical markers include auto-antibodies to islet cells (Hawa et al. 2000; Schiel & Muller 

2000; Hoppu et al. 2006), glutamic acid decarboxylase, insulin and components of the insulin 

receptor, as well as altered frequency of polymorphisms occurring within immune-regulating 

genes in the human leucocyte antigen (HLA) region (Pozzilli & Di Mario 2001). Several 

cytokines, especially transforming growth factor (TGF-β) (Weston et al. 2003; Ziyadeh 2004) 

and tumour necrosis factor (TNF)-α  (Alexandraki et al. 2006), contribute to the development of 

the disease. 
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Immunological and inflammatory mechanisms that identify the β-cells as foreign, mediate a 

cellular response leading to progressive destruction of the pancreatic cells and contribute to the 

development of the disease (Tuttle 2005; Mora & Navarro 2006; Williams & Nadler 2007; 

Fornoni et al. 2008). 

 

Insulin deficiency results in the breakdown of tissue energy reserves. The major features of 

diabetes mellitus include inability to utilise glucose and overproduction of glucose leading to 

hyperglycaemia. Diminished protein synthesis and lipolysis result in hyperlipidaemia and 

weight loss. In the hyperglycemic state the renal threshold for glucose conservation is exceeded, 

resulting in osmotic diuresis which in turn results in polyuria, dehydration and thirst. In 

decompensated type 1 diabetes, free fatty acids liberated by unregulated lipolysis in adipose 

tissue, are converted to ketone bodies in hepatic mitochondria, including acetoacetate, acetone 

and beta-hydroxybutyrate. These ketone bodies dissociate to release hydrogen ions resulting in 

severe metabolic acidosis (diabetic ketoacidosis) which has a potentially fatal outcome 

(Underwood 2000). The administration of exogenous insulin is important for survival. Long-

term exposure to elevated blood glucose levels, and the associated metabolic disturbances, leads 

to the development of complications including DN. 

 

The Diabetes Prevention Trial of type 1 Diabetes (DPT-1) identified a group of patients with a 

different phenotype. Subjects were asymptomatic, had normal or impaired fasting glucose but 

had oral glucose tolerance tests (OGTT) that produced consistent 2-hour plasma glucose values 

greater than 11.1 mmol/l). These patients were still at risk of developing diabetic complications 

associated with raised plasma glucose (Greenbaum et al. 2001; Brownlee et al. 2006). 

Administration of exogeneous insulin to such individuals facilitates maintenance of 

normoglycaemia. 

 

1.2 COMPLICATIONS ARISING FROM DIABETES 

 

Diabetes mellitus and persistent hyperglycaemia over many years are known to promote cellular 

dysfunction and damage to small blood vessels and the greater vasculature, resulting in multiple 

organ failure (Keenan et al. 2007; Cade 2008; Tamura 2009). Heart disease, stroke, blindness, 

periodontal disease, central nervous system (CNS) disturbances and kidney dysfunction are 

some of the vascular complications arising from this metabolic disorder. Vascular complications 

arising from uncontrolled or poorly controlled diabetes are divided into two main groups, 

namely microvascular and macrovascular complications.  
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Microvascular complications include diabetic retinopathy (DR), diabetic neuropathy and 

diabetic nephropathy (DN) and usually occur in diabetic patients for a number of years before 

being diagnosed. Macrovascular complications include coronary artery disease (CAD), 

peripheral vascular disease (PVD) and cerebrovascular disease (CVD). These complications are 

discussed briefly below.        

 

1.2.1 Microvascular Complications 

 

In both type 1 and type 2 diabetes, it has been shown that the onset of microvascular 

complications arises from chronic hyperglycaemia (King et al. 2005; ADA 2010). Strict 

glycaemic control reduces and even delays the occurrence and rate of progression of end-organ 

disease.  The main finding of the Diabetes Control and Complications Trial Research Group 

(DCCT, 1993) was that intensive therapy reduced the risk of developing retinopathy by 76% in 

those patients without retinopathy at outset. Furthermore, intensive therapy was shown to have a 

beneficial effect on reducing the risk of microalbuminuria and proteinuria by 39% and 54% 

respectively. There was also a 60% reduction in risk of clinical neuropathy (DCCT, 1993; UK 

Prospective Diabetes Study Group (UKPDS) 1998). Diabetic retinopathy, neuropathy and 

nephropathy are described below as examples of microvascular complication. Most emphasis is 

placed on DN since this forms the focus of the present study. The pathophysiology of DN is 

given below. 

 

1.2.2 Diabetic Retinopathy (DR) 

 

Diabetic retinopathy (DR) is a progressive disorder commonly found in diabetic patients. The 

disease progresses from a mild non-proliferative abnormality to a more severe non-proliferative 

form and finally to a proliferative DR.  Non-proliferative retinopathy is characterised by 

changes to the blood vessels within the retina leading to bleeding, weakening of the blood 

vessels, fluid leakage and loss of circulation, without obscuring vision. In the untreated, the 

disease progresses to proliferative retinopathy. This occurs when blood vessels branch out in 

and around the retina, causing bleeding into the fluid-filled centre producing oedema and over 

time causing blindness (Fong et al. 2004). 
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The prolonged exposure of the microvessels in the eye to hyperglycaemia has been shown to 

cause basement membrane thickening, loss of pericytes (elongated contractile cells that wrap 

around endothelial cells of small vessels) and the development of microaneurisms  

(Hammes 2005). For patients with type 1 diabetes, marked DR usually develops within 20 years 

of diagnosis and most patients at the time of diagnosis have some form of DR  

(Kempen et al. 2004; Keenan et al. 2007). It is a leading cause of blindness in diabetic patients 

aged 20 to 74 years. In patients with type 1 diabetes the rate of disease progression is rapid 

(ADA 2004). Vahma (2005) and Wong et al. (2006) reported a higher incidence of DR in 

Africans compared to Caucasians. 

 

Several pathological mechanisms have been proposed to play a role in the development of DR. 

These include increased flux through the aldose reductase pathway (Gabbay 2004), advance 

glycation end-product formation (AGEs) (Fong et al. 2004), stimulation of growth factors, 

increased reactive oxygen species generation (ROS) (Greenman et al. 2007) and stimulation of 

the local inflammatory response. Imbalances to these structural and metabolic processes leads to 

loss of cell function, restriction of blood flow and capillary blockages, resulting in tissue 

hypoxia and damage to the retina. The mechanism of involvement of these processes will be 

discussed later.     

 

1.2.3 Diabetic Neuropathy  

 

One of the most prevalent microvascular complications commonly seen in diabetic individuals 

is diabetic peripheral neuropathy (DPN), viz the presence of symptoms and/or signs of 

peripheral nerve dysfunction in patients with diabetes after the exclusion of other causes. 

Damage to both large myelinated as well as small thinly myelinated C fibres occurs  

(Vinik et al. 2001; Al-Sheklee et al. 2002). Damage to the autonomic system is referred to 

diabetic autonomic neuropathy (DAN).   

 

Small fibre damage occurs initially in the lower limbs. Symptoms of numbness, pain and 

tingling, experienced in the hands and feet, carpal tunnel syndrome, slower rate of digestion and 

cardiovascular autonomic dysfunction, usually detected by an abnormal heart rate, are the 

earliest indicators of the onset of DPN (Lacomis 2002). A large proportion of diabetic patients 

have either a mild or severe form of nervous system damage. The loss of sensation experienced 

in the lower extremities and the development of ulceration, especially in the foot, is one of the 

leading causes of amputations in type 2 diabetes (ADA 2004).   
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The somatic nervous system form of DPN is commonly seen amongst diabetic patients. In some 

patients, effects on the autonomic nervous system may be encountered. Symptoms include 

sexual dysfunction, bladder incontinence and cardiovascular disease. Duration of 

hyperglycaemia, age, hypertension, smoking and dyslipidaemia are strong risk factors (Table 1) 

for the progression of DPN (King et al. 2005). Adults of short stature are associated with 

increased risk of microvascular complications in diabetes (Wade´n et al. 2009). Short adults are 

also at risk of adverse health outcomes related to diabetes, particularly CVD (Asao et al. 2006). 

Cardiovascular disease (CVD), metabolic ketoacidosis and microalbuminuria (MA) are strong 

predictors of DPN (Vinik 2002; Duby et al. 2004).  The influence of blood pressure and lipids is 

discussed further in section 1.2.4.2. 

 

Table 1. Risk factors associated with diabetic retinopathy (DR) and diabetic neuropathy 

(DN) adapted from the American Diabetes Association (ADA 2004). 

 Risk factors 

 Hyperglycaemia 

 Duration of diabetes 

 Lipid and blood pressure 

 Height 

 Ethnicity 

Adapted from the American Diabetes Association (ADA) positional statement 2004. 

 

1.2.4 Diabetic Nephropathy (DN)  

 

Diabetic nephropathy is discussed in some detail since it is a focus of the present study. 

 

1.2.4.1 Epidemiology  

 

Worldwide, DN is a leading cause of end-stage renal disease (ESRD) (i.e. kidney failure 

requiring dialysis or transplantation) in patients with diabetes. In the United States and most 

Western societies, DN is a leading cause of chronic renal failure. Of all the cases of ESRD in 

the U.S.A , 30-40% are due to diabetes.  Both type 1 and type 2 diabetes lead to ESRD. In 

patients with type 1 diabetes with overt nephropathy, about 50% develop ESRD within 10 years 

and greater than 75% by the 20
th
 year. In 1997 the cost of treatment of diabetic patients in the 

United States of America (U.S.A). with ESRD was in excess of $15.6 billion (ADA 2004).  
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In sub-Saharan Africa, hypertension and glomerular disease are the main causes of chronic 

kidney disease (CKD), affecting mainly young adults aged 20-50 years. In developed countries 

diabetes mellitus and hypertension are the main cause of CKD affecting mainly the middle-aged 

and elderly (Arogundade and Barsoum 2008). To date there are limited records of the 

prevalence of DN in South Africa. In a prospective study of clinical records of 219 patients with 

diabetes mellitus (DM) attending diabetic clinics in Durban, Motala et al. (2001) reported a 

23.4% prevalence of persistent proteinuria (Blacks 25%, Indians 18.2%) and hypertension 34% 

(Blacks 41.7%, Indians 9.1%). 

 

1.2.4.2 Pathogenesis of Diabetic Nephropathy   

 

Diabetic nephropathy (DN) is a disease state involving the kidney, especially the nephron of 

diabetic patients. A hyperglycaemic environment promotes DN. Pathological changes to the 

structure and function of the kidney include hypertrophy, increased thickness of the glomerular 

basement membrane (GBM) and progressive accumulation of extracellular matrix proteins 

(ECM) in the mesangium and interstitium (Ziyadeh 2004). Nodular glomerulosclerosis, tubulo- 

atrophy and interstitial fibrosis are also characteristic of the disease (Alebiosu et al. 2002). 

Functional changes occurring in the nephron at the level of the glomerulus lead to glomerular 

hyper-filtration, subsequent proteinuria, systemic hypertension and loss of kidney function 

(Dronavalli et al. 2008). Clinical hypertension aggravates the condition, causing gradual loss of 

kidney function. Risk factors associated with DN are shown in Table 2. 

 

Table 2: Risk factors associated with Diabetic Nephropathy 

Risk factors 

 Genetic susceptibility 

 Hypertension 

 Race 

 Hyperglycaemia 

 Age  

 Dyslipidemia 

 Male gender 

Adapted from Ayodele et al. (2004) 

 

 



 7 

Genetic as well hemodynamic factors play a role in disease progression. In type 1 diabetes, 

genetic predisposition  may be the most important risk factor for nephropathy as only half of the 

patients with DN have poor glycaemic control while others develop this complication even with 

relatively good glycaemic control (Rich 2006). In patients with diabetes, elevated dyslipidemia 

(raised levels of triglycerides, low levels of high-density lipoprotein cholesterol, and high levels 

of low-density lipoprotein) contribute to the risk of CVD (Colhoun et al. 2004;  

Kumar & Singh 2010). Furthermore, men have increased risk for the development of DN 

compared to women (Ayodele et al. 2004; Coresh et al. 2005). 

 

A number of metabolic disturbances are associated with DN. Increased plasma glucose levels 

stimulate the renin-angiotensin (RAS) system which in turn causes an increase in renal 

glomerular pressure. Angiotensin II (Ang II) stimulates overproduction of collagen IV in 

glomerular cells contributing to ECM and GMB thickening via activation of TGF-β and 

vascular endothelial growth factor (VEGF) (Iglesius-de la Cruz et al. 2002; Chen et al. 2004). 

Glomerular cells exposed to repeated cycles of stretch and relaxation (as a result of increased 

glomerular filtration or glomerular pressure) have been shown to alter their structure. Podocytes 

exposed to a diabetic milieu have been shown to alter their orientation in response to 

stretch/relaxation, resulting in increased cell loss (Endlich & Endlich. 2006). The activation of 

TGF-β under conditions of cycles of stretch/relaxation (Durvasula et al. 2004) has been shown 

to increase  podocyte apoptosis (Durvasula et al. 2005).       

 

1.2.4.3 Criteria for early diagnosis of DN 

 

According to the National Kidney Foundation Kidney Disease Outcomes Quality Initiative 

(NKF/KQOQI) clinical practice guidelines (2007), the following screening criteria are used to 

evaluate patients with diabetes and diagnose CKD and early DKD. Initial screening should 

commence 5 years after the diagnosis of type 1 diabetes; (A) or from diagnosis of type 2 

diabetes. (B) 

 

Screening should include: 

● Measurements of urinary albumin-creatinine ratio (ACR) in a spot urine sample; (B) 

● Measurement of serum creatinine and estimation of GFR.(B) 

 An elevated ACR should be confirmed in the absence of urinary tract infection with 2 

additional first-void specimens collected over the next 3 to 6 months. (B) 

● Microalbuminuria is defined as an ACR between 30-300 mg/g. 

Macroalbuminuria is defined as an ACR > 300 mg/g. 
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● 2 of 3 samples should fall within the microalbuminuric or macroalbuminuric range to confirm 

classification.  

In most patients with diabetes, CKD should be attributable to diabetes if: 

● Macroalbuminuria is present; (B) or 

● Microalbuminuria is present in the presence of diabetic retinopathy, (B) in type 1 diabetes of 

at least 10 years duration. (A) 

 

The above criteria is commonly used for the diagnosis of DN. Studies in Japan have shown that 

raised urinary type IV collagen can be used to identify those diabetic patients at risk of diabetic 

renal disease.  The Diabetic Nephropathy Committee in Japan recommends the use of revised 

criteria for the early diagnosis of DN (Inomat et al. 2005). These include: 

1. Urinary albumin measured by immunoassay using a morning spot urine sample in 

diabetic patients without proteinuria or with dipstick-positive (+1) proteinuria. 

2. A urinary albumin-to-creatinine ratio ranging from 30 to 299 mg/g Cr in 2 or more 

of 3 specimens may be diagnosed as microalbuminuria. 

3. Two alternatives i.e. the urinary albumin excretion rate of 30-299 mg/24hr urine 

collection or 20-199 microgram/min in timed urine collection, can be used to detect 

microalbuminuria. 

4. Renal hypertrophy and elevated urinary type IV collagen may indicate the existence 

of diabetic renal disease. 

5. Microalbuminuria originating in non-diabetic diseases should be excluded. 

 

1.2.4.4 Microalbuminuria (MA) as a marker of DN 

 

The earliest marker of DN is the detection of small amounts of protein in the urine. This is 

referred to as MA. There are currently three methods used for screening: 

 

1. Albumin-to-creatinine ratio in a random spot collection. 

2. 24-h collection with creatinine, simultaneous measurement of creatinine clearance. 

3. timed collection (4-hours or overnight). 
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Microalbuminuria is established if urinary albumin excretion is ≥ 30mg/24 h (equivalent to  

20 µg/min on a timed specimen or 30 mg/g creatinine on a random sample (collection on at least 

two occasions within a 3 to 6 month period). If left unchecked, approximately 80% of patients 

with type 1 diabetes progress to overt nephropathy (i.e. urinary albumin excretion > 300 mg/24 

hours, > 200 mg/min in a timed specimen or > 300 μg/mg creatinine in a spot urine) within a 

period of 10 to 15 years. In type 2 patients approximately 20% to 40% progress within 15 years 

of the appearance of MA (Remuzzi et al. 2002; Eisenbarth 2004; ADA 2004).   

 

Ultrastructural changes to the BM are responsible for the increased permeability and loss of 

albumin during filtration across the membrane. Functional changes in the GBM selective 

permeability both in animal models (Jeansson et al. 2006) as well as in humans  

(Dalla et al. 2003; Karumanchi et al. 2005) indicate that loss of both size and charge selectivity 

are associated with microalbuminuria in diabetes. 

 

Since the introduction of MA as a screening tool for incipient nephropathy in diabetic patients, 

it has become clear that a significant proportion of subjects with normoalbuminuria progress to 

overt nephropathy without passing through the microalbuminuric phase (Caramori et al. 2000). 

Proteinuria and MA  have been shown in a 5-year prospective study to be independently linked 

to cardiovascular risk and death (Romundstad et al. 2003). This has been further supported by 

recent studies in diabetic individuals (UKPDS 1998; Donnelly et al. 2003;  

Ochodnicky et al. 2006).   

 

Microalbuminuria together with hypertension is an important risk factor for the development of 

cardiovascular disease and renal failure. The presence of MA lacks specificity as a sensitive 

marker in DN. To most clinicians, the reporting of microalbuminuria and/or proteinuria sparks 

the clinical diagnosis of DN and hints of the incipient renal failure typically seen in diabetic 

patients. The absence of MA and/or proteinuria falsely reassures clinicians that no pathology 

may be present and often patients are not investigated (Cohen et al. 2005). Numerous 

researchers have recently brought to light the fact that normoalbuminuric type 1 and type 2 

diabetic patients may have reduced GFR in the absence of MA (Caramori et al. 2000;  

Caramori et al. 2003; Garg et al. 2002; Amin et al. 2005; MacIsaac et al. 2006).  
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Furthermore, MA is found in the non-diabetic, normotensive population and is a marker of 

cardiovascular risk factors (Hillege et al. 2001; Atkins et al. 2004; Hari et al. 2010). Recent 

studies have shown that there is a higher incidence (50%) of remission (Perkins et al. 2003; 

Araki et al. 2005) compared to 15 to 25% progressing to proteinuria (Roy et al. 2007;  

Amin et al. 2008). Thus a reliable indicator of early stages of renal pathology is very important 

in the clinical management of DN, and alternatives to MA are always being sought. 

 

It has been established that the use of certain drugs typically used to treat hypertension in renal 

disease, such as angiotensin converting enzyme inhibitors (ACE inhibitors) and angiotensin II 

(Ang II) receptor inhibitors, can delay progression of nephropathy, even in normotensive 

individuals (Caramori et al. 2000; Thomas & Atkins 2009). Angiotensin converting enzyme 

(ACE) inhibitors have been shown to decrease systemic blood pressure as well as reduce the 

glomerular pressure. Patients with blood pressure below 130 mm/Hg were shown to have a 

lower chance of developing MA compared to those whose blood pressure were above  

130 mm/Hg. Decreasing intra-glomerular pressure is associated with a lower rate of decline of 

GFR. Lowering of overall blood pressure was shown to delay onset of MA and microvascular 

and macrovascular complications of diabetes (DCCT 1993; Ruggenenti et al. 2004).  
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1.2.5  Macrovascular Complications  

 

Diabetes mellitus is known to contribute to the risk of CVD. Macrovascular complications 

include diseases of the coronary arteries, peripheral arteries and carotid vessels. These are 

highly prevalent in type 2 diabetes. Coronary artery disease (CAD) is associated with much of 

the morbidity and mortality in patients with diabetes (Romundstad et al. 2003; Mohan 2007).  

 

Atherosclerosis is a common precursor to CAD. It is a complex and multifactorial pathological 

process characterised by a slow and progressive accumulation of lipids on the artery wall, 

accumulation of smooth muscle cells, and necrotic debris in the intima of the elastic arteries 

(Ashley et al. 2007; Mohan 2007). The deposition of fatty acids and inflammation at the site 

causes a progressive decrease in elasticity, leading to intimal medial thickening, plaque 

formation and finally clogging of the artery. Artherosclerosis in diabetics increases the risk of 

development of CAD, cereobrovascular disease and peripheral vascular disease (PVD)  

(Mohan 2007). Tissue loss and the onset of gangrene is a major feature of patients with 

advanced peripheral artery disease (PAD) and is responsible for many of the non-trauma 

associated amputations especially in diabetic patients (King et al. 2005; Singh et al. 2005). The 

macrovascular complication of DM are summarised in Table 3. 

 

Table 3.  Summary of chronic macrovascular complication of Diabetes 

Chronic complications Clinical presentation 

Coronary artery disease (CAD) Myocardial infarction and angina pectoris 

Cerebrovascular disease (CVD) Stroke and transient ischemic attacks 

Peripheral arterial disease (PAD) Pain, aches, loss of foot pulse etc. 
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1.3 BIOCHEMICAL PROCESSES UNDERLYING DEVELOPMENT OF 

COMPLICATIONS OF DIABETES MELLITUS 

 

Many biochemical processes have been proposed to underlie the development of complications 

in diabetes. Brownlee (2001) hypothesized the integration of four biochemical mechanisms 

contributed to the development of microvascular complications. These were: 

 

1. increased advanced glycation end-product (AGE) formation 

2. increased polyol pathway flux 

3. activation of protein kinase C (PKC) isoforms and  

4. increased hexosamine pathway flux.  

 

All four mechanisms had previously been recognised individually as consequences of chronic 

hyperglycaemia. Chronic hyperglycaemia has been shown to increase and cause disturbances to 

several metabolic pathways (polyol pathway, hexosamine pathway), initiate structural changes 

to proteins by increased production of advanced glycation end-products (AGEs) and increased 

production of protein kinase c (PKC) and other cell signaling mechanisms (King et al. 2005; 

Cade 2008). These abnormalities in the diabetic milieu promote the formation of reactive 

oxygen species (ROS) and initiate local inflammatory responses that are responsible for the 

micro-vessel damage in tissues and organs. These four mechanisms, and other biochemical 

processes proposed as major contributors to diabetic complications, are reviewed in the sections 

which follow.  
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1.3.1 Protein glycation   

 

Proteins can react non-enzymatically with glucose. This reaction is referred to as the Maillard 

reaction or non-enzymatic glycation. It is dependent on the concentration of circulating glucose 

or other reducing sugars (e.g. fructose). Hence in a diabetic state, glycation occurs freely. 

The first step of the Maillard reaction is Schiff base formation. Amino (N-terminal) or ε-amino 

groups on proteins react with the carbonyl groups of reducing sugars. Instability is characteristic 

of the Schiff base, which dissociates easily. Schiff bases rearrange over time to form more 

stable compounds called Amadori products (AP). Reactions involving fructose are referred to as 

Heyns products (Thorpe & Baynes 2003; Goldin et al. 2006).  Figure 1 shows a summary of the 

steps involved in the formation of advanced glycation end products. 

 

An equilibrium between Schiff bases and AP exists which is dependent on glucose 

concentration. Once AP have formed, the reaction can proceed even when glucose 

concentrations are normal. Over time, AP undergo complex reactions (e.g. metal-catalysed 

oxidative reactions), forming a range of permanent protein adducts, including cross-linked 

protein. Examples of AGEs include N-ε-(carboxymethyl lysine (CML) or N-ε-carboxyethyl 

lysine (CEL) and pyralline (Hein et al. 2003; Goh & Cooper 2008). Some AP over time form 

reactive dicarbonyl compounds (e.g. deoxglucosone, glyoxyl or methylglyoxyl). These 

compounds can bind to proteins and tissue and have been shown to alter protein structure and 

function by facilitating cross-linking (Tuttle et al. 2005; Koka et al. 2006).  

 

Figure 1 Formation of advanced glycosylation end products. Schematic representation of 

the formation of advanced glycosylation end products in a diabetic milieu. Adapted from 

Ulrich and Cerami. (2001). Recent Progress in Hormone Research 56:1-21.   
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The non-enzymatic glycation of proteins and the formation of AGEs is thought to be a 

pathological link to many of the complications observed in diabetes, including nephropathy and 

retinopathy (Brownlee 2001; Kowluru 2005; Kowluru & Chan 2007). These react with several 

receptors most notably the receptor for advanced glycation products (RAGE) (Gu et al. 2006;  

Paavonen et al. 2008), which may trigger intracellular metabolic events. In in vitro studies in 

glomerular and mesangial cells,  glycated albumin (GA) and AGE-rich proteins have been 

shown to increase PKC activity leading to ECM expansion (Chen et al. 2001;  

Goldin et al. 2006). In type I diabetes, the increased circulation of AGEs has been shown to 

precede the development of microvascular complications (Katakami et al. 2005).  

Gu et al. (2006) showed that AGEs, especially CML, induce expression of MCP-1 in podocytes, 

through RAGE activation which stimulates ROS followed by upregulation of interleukin-6  

(IL-6) which triggers tubular atrophy, interstitial infiltrates and inflammation.  

  

1.3.2 Increased Polyol Pathway Flux 

 

Aldose reductase (AR) is the rate-limiting enzyme of the polyol pathway, which is the pathway 

by which glucose is metabolised to sorbitol and finally to fructose. It catalyses the nicotinamide 

adenine dinucleotide phosphate (NADPH)-dependent reduction of a variety of carbonyl 

compounds, including glucose and galactose (Petrash 2004). The enzyme has a low affinity for 

glucose and under euglycaemic conditions, only a small percentage of glucose is metabolised 

via this pathway. Under hyperglycaemic conditions however, glucose is converted to sorbitol by 

the enzyme sorbitol dehydrogenase using nicotinamine adeninine dinucleotide (NAD
+
)

 
as a 

cofactor
.
 Fructose is phosphorylated to fructose-3-phosphate and further metabolised to  

3-deoxyglucosone (3-DG) that has been shown to be involved in AGE formation  

(Schalkwijk et al. 2004; Takeuchi et al. 2010).  

 

Increased flux through the polyol pathway causes a decrease in NADPH levels and reduces the 

level of reduced gluthathione (GSH), which is a reactive oxygen scavenger. A number of 

mechanisms have been proposed to explain the potential detrimental effects of hyperglycaemia-

induced increases in polyol pathway flux. These include sorbitol-induced osmotic stress, 

decreased (Na
+ 

+ K
+
) ATPase activity, an increase in cytosolic NADH/NAD

+ 
ratio and a 

decrease in cytosolic NADPH (Brownlee 2001, Chung et al. 2003). 
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Polyol pathway flux and AR activity have been investigated in various animal and human 

models.  Increased AR activity was identified in Müller glia, vascular pericytes, retinal ganglion 

cells and in human cells, indicating a role for glucose metabolism via the sorbitol pathway 

(Dagher et al. 2004). Studies have identified hyperglycaemia as the stimulus for 

sorbitol/fructose-induced oxidative stress in animal models (Asnaghi et al. 2003;  

Obrosova et al. 2003). Studies by Obrosova et al. (2005) showed that cells treated with aldose 

reductase inhibitors (ARI) (fidarestat, 16 mg/kg/day) ameliorated nitrosative stress (a condition 

where the production of highly reactive nitrogen-containing chemicals e.g. nitrous oxide (NO) 

exceed the bodies ability to remove and eliminate them) and poly(ADP-ribose) polymerase 

activation (PARP) induced by hyperglycaemia. Gleissner et al. (2008) showed that high glucose 

concentration induced oxidative stress in 20% to 30% of macrophage foam cells due to 

increased AR activity. Cells exposed to oxidised low-density lipoprotein (oxLDL) in a 

hyperglycaemic environment also showed an increase in AR gene expression. 

  

1.3.3 Activation of protein kinase C (PKC) 

 

Protein kinase C (PKC) belongs to a group of serine/therionine kinases that catalyse the transfer 

of phosphate groups from adenosine triphosphate (ATP) to a target protein (enzymes, cell 

membrane receptors or ion transport channel) (Dempsey et al. 2000; Nishikawa et al. 2000). 

Twelve isoforms of the PKC family have been identified and these isoforms show varied tissue 

localisation, substrate affinity and function.  

 

Hyperglycaemia has been shown to activate the production of PKC-β by the de novo synthesis 

of diacyl glycerol (DAG), an intracellular activator of PKC. Nine of the eleven isoforms of the 

PKC family are activated by DAG. Activation of PKC-β has been associated with basement 

membrane (BM) thickening, ECM accumulation and increased cell turnover and permeability 

(Way et al. 2001). Increased levels of DAG have been found in cultured microvascular cells, 

and in the retinas and renal glomeruli of diabetic animals (Rask-Madsen & King 2005).    
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Several other activators of PKC activity have been identified in the diabetic milieu. These 

include the binding of AGE receptors (Toth et al. 2008), increased reactive oxygen species 

(ROS) generation (Pricci et al. 2003), activation of various growth factors and increased 

synthesis of Ang II (Kang et al. 2006). Abnormal activation of PKC-β is implicated in the 

decreased glomerular production of nitric oxide (NO) induced by experimental diabetes and in 

smooth muscle cells in a state of hyperglycaemia (Rask-Madsen & King 2005).  

Gallo et al. (2005), using human umbilical cells, showed that metformin (an anti-diabetic drug 

used mainly to treat patients with type 2 diabetes) was able to inhibit PKC-β-induced oxidative 

stress in a hyperglycaemic environment. 

 

1.3.4 The Hexosamine Biosynthesis Pathway (HBP)  

 

The hexosamine pathway is responsible for the synthesis of amino sugars. The substrate, 

fructose-6-phosphate, is converted to glucosamine-6-phosphate (GlucN-6-P). Glutamine serves 

as an amino donor for the rate-limiting enzyme, glutamine:fructose-6-phosphate-

aminotransferase (GFAT). Glucosamine-6-phosphate is converted to uridine-5-diphosphate-N-

acetylglucosamine (UDPGlucNAc) which is a precursor for the synthesis of proteoglycans, 

glycosaminoglycans, glycoprotein and glycolipids. Uridine-5-diphosphate-N-acetylglucosamine 

also serves as a substrate for the formation of O-linked glycoslyation using the enzyme O-

GlcNAc transferase (Wells et al. 2001).     

 

The hexosamine pathway has been implicated in the pathogenesis of diabetic complications 

(Brownlee 2001). Under hyperglycaemic conditions and increased glucosamine concentrations, 

increased levels of plasminogen activator inhibitor-1 (PAI-1) were mediated by transcription 

factor specificity protein 1 (Sp1) in vascular smooth muscle cells (Du et al. 2000; Buse 2006). 

Furthermore, TGF-β activity and mRNA levels were increased, stimulating increased 

fibronectin production following over-expression of GFAT. Inhibition of GFAT activity was 

shown to ameliorate these effects (Du et al. 2000; Weigert et al. 2003). Covalent modification 

of Sp1 by GlcNAc may explain the link between activation of the hexosamine pathway and the 

hyperglycaemia-induced changes in transcription of the gene for PAI-1 and PKC-β, as observed 

in glomerular mesangial cells (Goldberg et al. 2002; Goldberg et al. 2006).  
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1.3.5 Cytokines 

 

Cytokines are a group of low molecular weight polypeptides possessing autocrine, paracrine and 

juxtacrine effects. These molecules have been placed into various classes including interleukins, 

tumour necrosis factors, interferons, colony stimulating factors, transforming growth factors and 

chemokines. Cytokines play a significant role in humoral-mediated immunity through complex 

and co-ordinated inflammatory responses (Williams & Nadler 2007). 

 

Crook (2004) and Pickup (2004) have shown that chronic low-grade inflammatory processes 

contribute to the pathogenesis of diabetes mellitus. Inflammatory processes and cytokine 

activation have been linked to many of the microvascular complications in diabetes  

(Navarro & Mora 2005; Mocan et al. 2006; Navarro & Mora 2008). Growing evidence suggests 

that TGF-β plays a crucial role in the pathogenesis of diabetic nephropathy (Ziyadeh 2004;  

Pantsulaia 2006). 

 

 The TGF-β system is composed of multifunctional cell-cell signaling proteins that regulate cell 

proliferation and metabolism of ECM proteins (Koli et al. 2001). Enhanced local production of 

MCP-1 results in monocyte attraction to the site and enhances intracellular adhesion molecule-1 

(ICAM-1) production.  This significantly enhances leukocyte adhesion to mesangial cells 

(Giunti et al. 2006). Amplification of the inflammatory process contributes to glomerular injury 

and the release of ROS causing the destruction of podocytes and this contributes to the 

pathology of the glomerulus (Endlich & Endlich 2006).  

 

1.3.6 Haemodynamic Factors 

 

Under hyperglycaemic conditions, glomerular hyperfiltration occurs as a result of decreased 

resistance in afferent and efferent arterioles of the glomerulus. Haemodynamic factors 

(prostanoids, NO, vascular endothelial growth factor VEGF-A, TGF-β1 and Ang II) facilitate 

the loss of albumin through the glomerulus and contribute to ECM protein accumulation, injury 

to podocytes and to the effect of mechanical strain which eventually lead to their loss  

(Wolf et al. 2005; Wolf & Ziyadeh 2007; Ziyadeh & Wolf 2008). 
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The haemodynamic renin-angiotensin-aldosterone system (RAAS) has been shown to 

orchestrate many of the pathological micro- and macro-vascular complications observed in 

diabetes by affecting various tissue responses including vasoconstriction, inflammation, 

oxidative stress, cell hypertrophy and increased angiogenesis with resultant fibrosis  

(McFarlane & Sowers 2003; Rossing et al. 2006). Angiotensin II is a potent physiological 

effector of the RAAS.  

 

The level of Ang II is upregulated in diabetes (Doublier et al. 2003; Awad et al. 2005;) and its 

interaction with angiotensin Type 1 receptor (AT1R) has been shown by numerous studies to 

promotes fibrosis by various processes. These include stimulating increased synthesis of the 

ECM (Thomas et al. 2000; Tikellis et al. 2008), promoting apoptosis (Ding et al. 2002), and 

enhancing the release of several inflammatory cytokines including vascular endothelial growth 

factor (VEGF), TGF-β1 (Ziyadeh 2004; Chen et al. 2005) and connective tissue growth factor 

(CTGF) (Liu et al. 2007).  

  

1.3.7 Oxidative stress  

 

Tissue hypoxia is a disruption of local metabolism as a result of imbalances in oxygen supply 

and consumption . Oxygen is important for metabolic processes including ATP formation by 

oxidative phosphorylation in the mitochondria. Under normal conditions, the primary function 

of molecular oxygen (O2) in mitochondia is to serve as terminal electron acceptor in respiration. 

Some O2 is reduced to ROS as an unavoidable side-effect. Under various disease states, 

including diabetes, ROS production is increased (Droge 2002; Singh et al. 2008). Excess 

production of ROS, occurring under conditions of endogeneous or exogeneous overproduction 

or inefficient removal, results in the development of oxidative stress.  

 

Chronic oxidative stress results in the damage of macromolecules such as DNA, lipids and 

proteins, disrupts cellular processes and is responsible for several disease processes  

(Cutler 2005; Nangaku et al. 2008). In diabetes, sources of oxidative stress include auto-

oxidation of glucose, redox balance shifts, imbalances in reduced gluthathione (GSH) and 

impaired superoxide dismutase (SOD) activity  (Haskins et al. 2003; Kowluru et al. 2004).    
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The preceding sections have reviewed the biochemical mechanisms thought to contribute to the 

development of diabetic complications, especially DN, which is the focus of this study. To 

further support development of the study hypothesis, the following sections consider structure 

of the GBM, the site of much of the hyperglycaemia-induced alterations associated with DN. 

Common markers of glycaemic control and renal function used in the clinical management of 

DN are also described.   

 

1.4 EXTRACELLULAR MATRIX AND BASEMENT MEMBRANE 

COMPONENTS 

 

The ECM is the matrix of basement membranes including the GBM of the kidney. It functions 

both as scaffolding and as a support for the attachment of cells and organs. This complex 

network allows for the exchange of information between cells and facilitates several 

biochemical processes for cell development, migration, differentiation and repair  

(Hayden et al. 2005). 

    

Basement membranes (BM) are composed of continuous sheets of specialised ECM material 

(50-100 nm, basal laminae) composed of collageneous and noncollageneous glycoproteins and 

proteoglycans. They are found whenever cells (except connective tissue cells) meet connective 

tissue. The main components of the BM include type IV collagen, fibronectin (FN), laminin, 

heparin sulphate proteoglycans (HPSG), nidogen or entactin, and osteonectin.  Type IV collagen 

and laminin self-assemble into the main scaffolding and are crucial for maintaining structural 

stability (Pösch et al. 2003; McKee et al. 2009).  

 

Nidogen/entactin and perlecan bridge the collagen IV/laminin superstructure and increase the 

stability of the structure. Several other components make up the BM, including agrin, fubulin, 

type XV collagen, type XVIII collagen, secreted protein acidic cystein-rich (SPARC), 

osteonectin, basement membrane 40 and 90 (BM40/BM90). The specific combination of these 

units contributes to the tissue specificity of the BM distributed throughout the body  

(LeBleu et al. 2007).   
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The GBM of the kidney additionally functions as a filter, producing a protein–free filtrate of 

blood plasma. The glomerular filter has selective properties based on charge and size. This 

restricts passage of macromolecules across the capillaries. The accumulation and cross-linking 

of the AGE-modified matrix proteins may have a significant effect on the ability of the 

glomerulus to sieve out larger proteins. Murdaugha et al. (2009) demonstrated that AGE-

modified laminin exhibited decreased binding to type IV collagen and heparan sulfate 

proteoglycan. Albumin modified with AGEs has abnormal conformation compared to native 

albumin and thus filters more easily through the GBM than native albumin  

(Londono & Bendayan. 2005; Cohen et al. 2006). 

 

Extracellular matrix (ECM) accumulation in the glomerular mesangium and tubulointerstitium 

are characteristic of DN. Imbalances in the synthesis and degradation of ECM components leads 

to the accumulation of collagens, fibronectins and laminins. The ECM proteins have a slow 

turnover and are therefore susceptible to the AGE modification which affects their structure and 

function (Forbes et al. 2003). Advanced glycation end-products have been shown to alter ECM 

composition causing increased expression of FN (Forbes et al. 2003), collagen I and IV  

(Abe et al. 2004; Pozzi et al. 2009) both in the presence and absence of glycaemia.  

Lam et al. (2004) showed that increased ECM production is accompanied by increased numbers 

of interstitial fibroblasts, myofibroblasts and infiltrating macrophages in DN. Figure 2 shows 

the structure of the kidney and the location of the GBM.
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Figure 2.  Schematic diagram of the glomerulus indicating the slit diaphragm and 

widening of the foot processes. Adapted from Jefferson et al. (2008). 
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In diabetes, type IV collagen (Yoshioka et al, 2004; Pozzi et al, 2009), FN (Yung et al. 2006; 

Wang et al. 2008) and laminin (Moriya et al. 2001), which are normal constituents of the GBM, 

are increased in the kidney. Decreased levels of proteoglycans have been found in the diabetic 

kidney in mesangial matrix and renal tubular cells, and have been shown to play a role in the 

development of diabetic complications (Schaefer et al. 2001; Rienstra et al. 2010). 

 

Studies have shown that the levels of TGF-β in glomerular mesangial cells and the proximal 

tubules are increased and the level of type IV collagen and FN mRNA is increased in the 

glomeruli of diabetic patients (Wahab et al. 2005). Ziyadeh et al. (2000) showed that the level 

of TGF-β is inhibited by neutralising antibodies and that this prevents the matrix expansion in 

diabetic patients by reducing the level of type IV collagen and FN mRNA. Several metabolic 

factors, including elevated glucose, TGF-β, TNF-α have been shown to promote expression of 

connective tissue growth factor (CTGF) in mesangial cells (Burns et al. 2006;  

Furlong et al. 2007).  

 

 Nguyen et al. (2008) showed that in animal models CTGF mRNA synthesis is upregulated in 

various organs, including the kidney and eye. Furthermore, CTGF over-expression in podocytes 

is critically linked to GBM thickening. Once production of CTGF is induced, it has the ability to 

orchestrate a host of biochemical and structural changes, namely increased production of FN 

(Weston et al. 2003) and type IV collagen (Zhou et al. 2004), induction of plasminogen 

activator-1 (Wahab et al. 2001), increased TIMP-1 and decreased matrix degradation  

(Okada et al. 2005). All of these processes contribute to GBM thickening in diabetic patients, 

and hence to DN. In animal models, treatment of diabetic mice with CTGF-antisense 

oligonucluotides attenuated the progression of DN (Guha et al. 2007). Recently,  

Nguyen et al. (2008a) showed that high plasma CTGF levels were independent risk factors of 

ESRD and mortality in human type 1 diabetes. 
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Liu et al. (2007) showed that in animal models, accelerated deposition of type IV collagen is 

present even in the microalbuminuric phase of diabetic kidney disease.  

Mason and Wahab (2003) showed an increased deposition of type IV and V collagen, 

fibronectin and laminin in the mesangial matrix (MM) and GBM in patients with diabetic 

diffuse glomerular sclerosis. However, a substantial subset of type 2 diabetic patients with 

microalbuminuria and proteinuria have been shown to have normal glomerular structure with or 

without tubulointerstitial and or arteriolar abnormalities (Christensen 2004).  Schiel et al. (2003) 

showed that, as the level of glycaemia improved to normal levels, the concentration of AGE-

products (e.g. CML, pentosidine) decreased.  However, when complications are already present, 

improvements to glycaemic control do not show a reversal of pathological processes.   

 

The membrane components type IV collagen and FN, are potential markers of the biochemical 

and cytological processes underlying the development of DN. With this in mind, the 

components of GBM, which are used as biomarkers of DN in this study, are considered in 

greater detail in the following sections.   

  

1.4.1 Type IV Collagen 

 

Type IV collagen accounts for approximately 50% of the BM, including the GBM. It is located 

primarily in the lamina densa where it forms a large three-dimensional network. Type IV 

collagen does not form fibres, but instead is secreted and assembles as a pro-collagen molecule 

containing a highly cross-linked 7S domain. The molecule is known to self-assemble into 

stabile lattice-like three-dimensional network through interactions at its C- and N-terminal 

noncollageneous domains. Four molecules of type IV collagen are linked via the N-terminal 

region (LeBleu et al. 2007). Figure 3 shows the structure of collagen protomers and its assembly 

into the collagen IV suprastructure. 
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Figure 3. Type IV collagen protomers and assembly into the collagen IV superstructure 

that forms a supportive lattice in the basement membrane. Adapted from Raghu K. 

(2003). 
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Studies have shown that elevated synthesis or increased turnover of type IV collagen might be 

involved in progression of diabetic microangiopathy, characterised by the thickening of 

basement membranes. Increased levels of type IV collagen have been shown in diabetic patients 

compared to healthy controls, and urinary type IV collagen levels increase gradually as DN 

progresses (Kotajima et al. 2000; Watanabe et al. 2000; Cohen et al. 2001; Tan et al. 2002; 

Tashiro et al. 2004; Sanna-Cherchi et al. 2007).  Not all patients with MA progress to declining 

renal function. Some patients who develop nephropathy do not develop MA. Therefore, urinary 

type IV collagen concentration is a potentially useful and non-invasive marker for the 

development of diabetic microangiopathy and may represent a reliable indicator of the early 

onset and progression of DN. 

 

1.4.2 Fibronectin (FN) 

 

Fibronectin (FN) is a 440kDa extracellular matrix glycoprotein that binds to integrins 

(membrane spanning receptor proteins). Fibronectin exists as a dimer, with disulfide bonds 

linking two nearly identical monomers. It also binds to ECM components (e.g. collagen, fibrin 

and heparan sulfate proteoglycans (HSPG) (Pankov and Yamada 2002). The glycoprotein is 

produced mainly in the liver (soluable FN) and is also secreted in a soluble form by vascular 

endothelial cells and platelets (Cho and Mosher 2006) to be assembled into an insoluble matrix 

(insoluble FN) (Florian et al. 2003).  

 

Fibronectin is one of the first structural macromolecules deposited during embryonic 

development, forming a matrix which allows for the initial organisation to be replaced later by 

an organ–specific matrix. Its prime role is to act as an adhesive protein attaching cells to a 

variety of matrices. It is involved in several vascular processes, including structural support, 

coagulation, platelet function, tissue repair and enhancing the adhesion of erythrocytes to the 

vascular endothelium. Fibronectin levels increase with age and in age-related processes such as 

type 2 diabetes, atherosclerosis and osteoarthritis (Mao and Schwarzbauer 2005;  

Williams et al. 2008).   Figure 4 shows the structure of FN. 
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Figure 4. Schematic diagram of fibronectin. Adapted from www.ncbi.nlm.nih.gov. 

 

Elevated plasma levels of FN have been reported in diabetic individuals, as well as in patients 

with collagen vascular disorders, acute trauma and rheumatoid vasculitis. This may reflect  

injury to blood vessels (Stanley et al. 2008; Stoppacciaro et al. 2008). Circulating FN levels 

may reflect changes to the ECM and vessel wall degradation. Kanters et al. (2001) demonstrated 

that circulating cellular FN may be used as a marker of endothelial cell activation common in 

diabetes. Wang et al. (2002) and Weigert et al. (2003) also showed that high glucose increases 

the production of FN production on mesangial cells. Recently, Cherian et al. (2009) showed that 

the level of FN expression could be decreased with tight glycaemic control in the retinal and 

renal cells of mice. 
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While collagen IV and FN are potential new biomarkers of DN, at present DN is managed 

clinically by the use of more classic markers of glycaemic control and renal function. These 

markers are described in the following sections. 

 

1.5 CLASSICAL MARKERS OF GLYCAEMIC CONTROL 

 

The results of the DCCT and UKPDS trials have shown that tight glycaemic control 

significantly reduces the incidence of microvascular complications in both type 1 and type 2 

diabetes (DCCT 1993; UKPDS 1998). Furthermore, the lowering of blood pressure also reduces 

the risk of diabetes-associated complications (Bloomgarden 2001; King et al. 2005;  

ADA 2010). The most widely used markers of glycaemic control of relevance in the clinical 

setting are discussed below. 

 

1.5.1 Glycohaemoglobin 

 

Haemoglobin (Hb) is the oxygen-transport protein found in red blood cells (RBC). Red blood 

cells have a circulating half-life of 120 days. The RBC membrane is permeable to glucose and 

in the presence of circulating glucose, Hb is easily glycated. The glycated form is denoted as 

haemoglobin A1C (HbA1C). This product is similar to Hb except that it is irreversibly glycated at 

one or both N-terminal valine residues. Glycation at other portions of the Hb molecule is 

referred to as non-A1C glycohaemoglobin. All these glycated forms together constitute the total 

glycohaemoglobin (Goldstein et al. 2004).  

 

Regarded as the gold standard for measurement of glycaemic control, HbA1c measurements 

have proven invaluable in the management of subjects with diabetes. Normal individuals 

without diabetes have HbA1c value in the range 4% to 5.9%. According to ADA guidelines 

(ADA 2010), a diagnosis of diabetes is based on HbA1c values greater than or equal to 6.5%.  

The level of HbA1c is used as a predictor of diabetes complications and studies have 

demonstrated a reduced risk of complications with lower HbA1c values (DCCT 1993;  

UKPDS 1998). The goal of glycaemic therapy is to maintain HbA1c levels below 7%. Patients 

with consistently elevated values above 8% require intensive monitoring as elevated 

glycohemoglobin levels are strong risk factors for cardiovascular events and other diabetic 

complications (DCCT 1993; Rohlfing et al. 2000; Droumaguet et al. 2006).   
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The use of HbA1c has proven useful for the management of individuals with diabetes.  However, 

clinicians need to be aware that several factors contribute to discrepant results that may affect 

patient management. In general, all conditions involving diminished RBC survival contribute to 

lower levels of HbA1c. Patients with iron-deficiency anaemia may show elevated HbA1c values 

(El-Agouza et al. 2002; Kilpatric et al. 2008). Abnormal haemoglobin variants in ethnic groups 

may cause falsely elevated or decreased values (Bry et al. 2001; Friess et al. 2003;  

Lee et al. 2007). 

 

1.5.2 Glycated Albumin (GA) 

 

Albumin is the most abundant circulating plasma protein, accounting for approximately 60% of 

the total plasma protein fraction, with a circulating half-life of approximately 13 to 17 days. 

Under conditions of persistent glycaemia, albumin is readily glycated.  The concentration of 

glycated albumin (GA) is a valuable indicator of recent ambient glycaemia (Cohen et al. 2006; 

Pu et al. 2006). Under certain circumstances, primarily in states of recent poor glucose control, 

levels may be elevated despite normal concentrations of glycohaemoglobin, consistent with the 

shorter half-life of albumin.  

 

Glycated albumin is better than HbA1c for indicating short-term glycaemic control because of 

the shorter half-life (Takahashi et al. 2007; Yoshiuchi et al. 2008; Nagayama et al. 2009). 

Therefore GA is often used to monitor pregnant diabetic women (Roohk & Zaidi 2008; 

Hashimoto et al. 2008). Patients who experience a hyperglycaemic episode show a rise in 

glycoalbumin earlier than a rise in glycohaemoglobin. Salazar et al. (2001) and  

Cohen et al. (2003) showed that glycated albumin induces oxidative stress, promotes 

phosphorylation of the extracellular signal regulated kinase (ERK) and increases production of 

TGF-β1, nuclear translocation of transcription factors nuclear factor (NF)-κβ and activator 

protein (AP)-1. In animal models, glycated albumin was shown to affect the permselectivity of 

the glomerulus (Londono & Bendayan 2005). Up-regulation of PAI-1 in diabetic animal models 

was shown to cause extra-cellular matrix accumulation, contributing to DN (Lee et al. 2004).  

In patients with type 2 diabetes increased GA values were linked to increased risk of CAD  

(Pu et al. 2007). Thus there are indications that glycated albumin may be directly linked to some 

of the complications of diabetes.  
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1.6 MARKERS OF RENAL FUNCTION 

 

In addition to clinical markers of glycaemic control, diabetic patients are monitored for the 

onset of diabetic nephropathy using clinical indicators of renal function. Declining renal 

function in the diabetic milieu is a strong predictor of mortality. Patients with compromised 

renal function have poor quality of life and increased risk of cardiovascular events. The gold 

standard of assessing renal function is the measurement of glomerular filtration rate (GFR). This 

process is tedious and involves expensive machinery and technical expertise. It is for this reason 

that surrogate markers of renal function are commonly used in the clinical setting to evaluate 

and monitor patients. Those routinely used for patient management are discussed below. 

 

1.6.1 Serum and urine creatinine 

 

Phosphocreatine serves as an energy source in tissues and organs that have various degrees of 

activity, e.g. skeletal muscle and brain. Creatinine is the breakdown product of phosphocreatine 

and is formed at a stable rate depending on the level of physical activity and muscle mass. The 

creatinine generated is filtered out of circulation by the kidney. Since there is minimal tubular 

re-adsorption of creatinine, a compromise of kidney function results in the appearance of high 

levels of serum creatinine.  

 

Creatinine is an amino acid derivative with a molecular mass of 113 Da that is secreted in the 

kidney by the proximal tubular cells and easily filtered by the glomerulus under normal 

conditions. Tubular secretion varies amongst individuals especially in those with a moderate 

reduction of glomerular filtration rate (GFR). Various factors, such as age, gender, ethnicity, 

protein intake, and amount of lean muscle mass affect creatinine concentration. Furthermore, 

the measured value may remain within acceptable patient reference ranges despite compromised 

renal function in patients with low muscle mass, as in the elderly and young children, or be 

falsely elevated in patients with higher muscle mass, especially adult males of African origin in 

the presence of normal renal function (Rule et al. 2004; Hsu et al. 2008).  
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Creatinine clearance is an inaccurate measure of renal function since variable tubular secretion 

impacts on its accurate measurement. Urine creatinine is inaccurate due to collection errors and 

poor patient compliance (Coresh et al. 2002). Certain drugs (e.g. cimetidine) inhibit secretion, 

reduce clearance and raise serum values without affecting the GFR. Dietary intake of protein 

and muscle mass (especially males) affect the value of creatinine. Furthermore, the level of 

creatinine varies due to geography, ethnicity, age and racial groups (Cirillo et al. 2005;  

Poggio et al. 2005; Ma et al. 2006). Extrarenal elimination of creatinine in patients with low 

GFR is increased due to bacterial degradation (Stevens & Levey 2005) and the lack of a single 

standardised reference range makes the use of a single creatinine value to estimate a normal 

GFR from an abnormal one misleading in the clinical setting (Levey et al. 2000;  

Myers et al. 2006). These limitations need to be borne in mind in the clinical interpretation of 

creatinine concentrations. 

     

1.6.2 Albumin excretion rate (AER) 

 

Diabetic nephropathy has been characterised by different stages of albumin excretion ranging 

from normoalbuminuria, MA (AER 20 ≤ 200 µg/min) to macroalbuminuria or proteinuria  

(AER > 200 µg/min), the latter corresponding to severe histopathology (Hillege et al. 2002; 

Steinke et al. 2005).  

 

For type 2 diabetic patients, development of nephropathy typically occurs within five to ten 

years of diagnosis in about 25% of patients (Adler et al. 2003) and cardiovascular risk increases 

2 to 4 fold (Calvo et al. 2006). A progression rate of greater than 80% from MA to gross 

proteinuria in type 1 individuals has lead to the broad acceptance of MA as a predictor of 

increased DN risk (Caramori et al. 2000; K/DOQI 2007).  
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1.6.3 Glomerular filtration rate (GFR)  

 

The glomerular filtration rate (GFR) is defined as the amount of fluid filtered through the 

glomerulus into the Bowman’s capsule within a unit of time. Normally, GFR is measured by the 

use of a labelled marker and its complete clearance per unit time. The following equation 

(Equation 1) is used to calculate GFR. 

 

GFR  = U  V  P       Equation 1 

U  = Concentration of substance in urine 

V = Flow rate of urine 

P = Average plasma concentration 

 

Characteristics of an ideal marker are that it is derived endogenously, undergoes filtration and 

elimination only by the kidney and be neither excreted nor reabsorbed by the renal tubules.  The 

gold standard for the measurement of GFR is the measurement of renal clearance of inulin, a 

plant derived polymer consisting of several fructose units containing a terminal glucose  

(Sirwal et al. 2004; Roberfroid 2007). Isotopic methods have produced results of comparable 

accuracy, namely renal or plasma clearance of [
51

Cr]-EDTA, [
131

I]-diatrizoate,  

[
131

I]-iothalamate, [
125

I]-iothalamate or [
99m

Tc]-DTPA and iohexol (Peters et al. 2009).  

The plasma clearance method is inaccurate especially in individuals where the GFR is low or if 

oedema is present. The main disadvantage of these methods is that they are time-consuming and 

cumbersome to perform and require highly skilled staff and expensive equipment  

(Fontseŕe et al. 2006). Patients with MA can show a significant decline in GFR 

(Amin et al. 2005). Perkins et al. (2007) showed that early renal function decline occurred in 

31% of microalbuminuric patients despite normal or elevated renal function at baseline.  

 

1.6.4 Estimated glomerular filtration rate (eGFR) 

 

In accordance with guidelines of the National Kidney Disease Education Program (NKDEP 

2008), National Institutes of Health (NIH) and the Kidney Disease Outcomes Quality Initiative 

(K/DOQI 2002), many laboratories are reporting an estimated glomerular filtration rate (eGFR) 

together with serum creatinine values. The eGFR proves useful in the management of patients 

that have established chronic kidney disease (CKD) as well as in patients that are at risk, namely 

patients with diabetes, hypertensive patients and those with a familial history of kidney failure 

(Levey et al. 2003; Tidman et al. 2008; Premaratne et al. 2008). 
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The most commonly used equation for eGFR is the Modification of Diet in Renal Dialysis, 

known as the MDRD equation (Equation 2) (Levey et al. 1999; Levey et al. 2000). This formula 

incorporates the patient’s serum creatinine, sex, age and ethnicity and is reported as 

mL/min/1.73 m
2 
.The 4-variable (4-v) MDRD equation was developed in 1999 based on a larger 

population group (1628 patients with CKD) than the Cockcroft-Gault (CG) equation discussed 

below. The MDRD formula adjusts for body surface area and takes into consideration female 

sex and ethnic background (Black). The formula was revised in 2005 for use with a standardised 

creatinine assay. The values using the standardised creatinine assay were 5% lower that those 

reported in the original study, using a non-standardised alkaline picric acid method for serum 

creatinine (Sjostrom et al. 2005; Myers et al. 2006). 

 

4-variable MDRD equation: 

 

eGFR  = 186.3  SCr 
–1.154 

 AGE 
0.203 

 0.742 (if female)  1.212 (if black) 

SCr = serum creatinine in mg/dL (multiply by 88.4 to convert to μmol/L) 

          Equation 2

           

The Cockcroft-Gault equation (GC equation) (Equation 3) is based on data from 249 non-

diabetic hospitalised men with serum creatinine values ranging from 30-130 mL/min. It was 

developed to estimate creatinine clearance. The formula incorporated age, weight and serum 

creatinine and has been shown to systematically overestimate GFR due to tubular secretion 

(Cockcroft and Gault 1976).      

 

 

 

 

 

 

 

 

 

 

 

 

 



 33 

Cockcroft-Gault Equation: 

 

eGFRCC  = [(140  AGE)  weight (Kg)]  SCR  72  [0.85 if female]  

    (adjusted for body surface area of 1.73 m
2 
)   

SCr = serum creatinine in mg/dL (multiply by 88.4 to convert to μmol/L) 

Equation 3 

 

Numerous studies (Lewis et al. 2001; Rule et al. 2004; Hallan et al. 2004; Poggio et al. 2005) 

have validated the use of the MDRD equation in patients both with and without CKD  

(eGFR values < 90mL/min/1.73 m
2
 ) (Bostom et al. 2002; Lin et al. 2003) in various population 

groups including Blacks (Emmanuel et al. 2009), Asians (Zuo et al. 2005), and renal transplant 

patients (Poge et al. 2006; White et al. 2009).  

 

In comparison to the CG equation, the MDRD equation has been shown to be more accurate in 

evaluating eGFR in older and obese patients (Verhave et al. 2005).  Both equations have limited 

accuracy when monitoring young type 1 diabetic patients with CKD in the absence of 

microalbuminuria as well as potential kidney donors (Ibrahim et al. 2005;  

Gopalakrishnan and Gourabathini 2007). Despite recent reports of mean differences between a 

measured GFR and MDRD eGFR ranging from –29 to 3 mL/min/1.73m
2 

and the potential of 

misdiagnosing a patient with a mild reduction of GFR as having CKD, the formula has proven 

useful in identifying patients at risk of developing DN when eGFR of less than 60 

mL/min/1.73m
2
 were reported (Sarnak et al. 2003; Weiner et al. 2004). 

 

The performance of the 4-v MDRD and CG equations was evaluated to assess the 

appropriateness of the formula in Black South Africans (van Deventer et al. 2008). Patients with 

established chronic kidney disease (CKD) or risk factors for developing CKD, such as 

hypertension, diabetes and HIV were recruited in the study. The revised 4-v MDRD equation 

without ethnicity factor of 1.212 (Equation 4) and the CG equation after correcting for bias were 

more appropriate in Black South Africans to estimate GFR than the 4-v MDRD equation.  
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Revised 4-variable MDRD equation without ethnicity factor: 

 

eGFR  = 186.3  SCR 
–1.154 

 AGE 
0.203 

 0.742 (if female)  

SCr = serum creatinine in mg/dL (multiply by 88.4 to convert to μmol/L) 

          Equation 4 

 

1.7 USE OF RENAL FUNCTION MEASURES IN MONITORING CHRONIC 

KIDNEY DISEASE (CKD) 

 

Chronic kidney disease (CKD) is defined either by a GFR < 60 mL/min/m
2
 or the presence of 

kidney damage independent of the cause for three or more months (National Kidney Foundation 

Kidney Disease Outcomes Quality Initiative, K/DOQI 2002; Dirks et al. 2005). Moderate to 

severe CKD is estimated to be found in 15-23% of patients with diabetes (Coresh et al. 2003; 

Middleton et al. 2006). Patients that are at increased risk include those 60 years and older, and 

patients who have hypertension, diabetes, cardiovascular disease and a familial history of 

kidney disease. Table 4 below shows the GFR values and the stages of CKD, which are used for 

patient management.   

 

Table 4. Stages of Chronic Kidney Disease (CKD). Adapted from the Kidney Disease 

Outcome Quality Initiative of the National Kidney Foundation (2002).  

 

 

Stage               Description                                                     Glomerular filtration rate (GFR) 

                                                                                               (mL/min/1.73m
2
 body surface area) 

1           Kidney damage with normal or increased GFR                                       ≥ 90    

2           Kidney damage with mildly decreased GFR                                           60 to 89 

3           Moderately decreased GFR                                                                  30 to 59 

4           Severely decreased GFR                                                                       15 to 29 

5           Kidney failure       ( end stage renal disease )                                    < 15 or dialysis 
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Current recommendations for management of patients at increased risk include routine 

monitoring of AER and eGFR based on the MDRD equations (K/DOQI 2002;  

Chobanian et al. 2003; Levey et al. 2005; Levey et al. 2007). Clinicians face the task of 

accurately interpreting eGFRs at or near 60 mL/min/1.73 m
2
. Patient evaluation should be 

assessed using overall information. Any of the risk factors such as proteinuria, renal biopsy, 

and/or abnormal imaging analysis must be interpreted as disease being present, even if eGFRs 

are reported as ≥ 60 mL/min/1.73 m
2
. For patients without risk factors and eGFRs just below  

60 mL/min/1.73 m
2
, the measured GFR should be used together with risk factors of the disease 

(Stevens & Levey 2009). 

 

1.8 RATIONALE OF PRESENT STUDY 

 

It is evident from review of the literature that DN is a major microvascular complication arising 

from diabetes. Numerous studies have shown that the early identification of patients with CKD 

and the implementation of appropriate treatment is associated with better prognosis and the 

delay of ESRD (Levey et al. 2007). Although microalbuminuria is a marker of compromised 

kidney function, it lacks specificity for DN. It is for this reason that markers of glycation were 

investigated, notably urinary type IV collagen, fibronectin and glycated albumin. Several studies 

have indicated that one or more of these shows promise as an early indicator of DN.  

A prospective study was undertaken to determine the feasibility of using glycated albumin, 

plasma fibronectin and urinary type IV collagen as improved markers of incipient DN in South 

African Black and Indian patients with type 1 diabetes, as compared to the current standards of 

clinical care, including GFR and microalbuminuria.      

   

1.9 STUDY HYPOTHESIS 

 

It was hypothesised that glycated serum albumin, plasma fibronectin and urinary type IV 

collagen, either alone or in combination are better predictors of impaired renal function than 

microalbuminuria. It was further hypothesised that this relationship differs between South 

African Black and Indian patient populations.   
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1.10 AIMS AND OBJECTIVES OF PRESENT STUDY 

 

Aim: 

 

To investigate the feasibility of using serum glycated albumin, plasma fibronectin and urinary 

type IV collagen as improved markers, relative to MA, of incipient diabetic nephropathy in 

patients with type 1 diabetes. 

 

Objectives: 

 

1. Identification of eligible study and control individuals and recruitment into study.  

2. Development of enzyme-linked immunosorbent assays (ELISA) for the detection of type IV 

collagen, fibronectin and glycated albumin in blood and urine specimens. 

3. Monitoring of patients over a two-year period and controls over a six-month period, 

measuring urinary type IV collagen, serum glycated albumin and plasma FN. 

4. Statistical testing of the correlation of MA, plasma FN, urinary type IV collagen and serum 

glycated albumin with isotope and estimated GFR in Black and Indian populations. 

5. Statistical testing of the ability of plasma fibronectin, serum glycated albumin and urinary 

type IV collagen to predict isotope and estimated GFR in Black and Indian populations.  

6. Statistical testing of the relationships among different measures of renal function. 
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CHAPTER 2 

 

STUDY DESIGN AND METHODS 

 

2.1 DESIGN OF CLINICAL STUDY 

 

The study was undertaken at the Inkosi Albert Luthuli Central Hospital (IALCH),  

KwaZulu- Natal. It was a prospective study with sampling of blood and urine at baseline and at 

follow-up at 6 months, 1 year and 2 years. South African Black and Indian patients attending the 

IALCH Diabetes Clinic were recruited as study participants. Each of the participants signed 

informed consent for participating in this study (Appendix 1). The Nelson R. Mandela School of 

Medicine Ethics Committee approved this study (Appendix 2). 

  

2.1.1 Study subjects 

 

Patients with type 1 diabetes comprised the study group. Patients with type 2 diabetes were 

excluded because they are more difficult to study in view of the age- and disease-related 

macrovascular disease and hypertension that are common clinical findings of type 2 diabetes. 

To date, studies of the effects of a hyperglycaemia on vascular disease, especially the 

glomerulus in patients with type 1 diabetes are under-represented. At the start of the study, there 

was a total of 83 patients (Black 54; 24 male, 30 female; Indian 29; 14 male, 15 female).  

At 2-year follow-up, there was a total of 58 patients (Black 34; 17 male, 18 female;  

Indian 23; 11 male, 12 female). 

 

2.1.2 Control subjects 

 

Normal healthy Black and Indian subjects comprised the control group. Control subjects were 

not on any chronic medication and had no diabetic symptoms. All subjects gave their signed 

informed consent for participation in this trial. Subjects were chosen as they were healthy, age 

matched to study participants and not on any chronic medication (Appendix 1). At the start of 

the study there was a total of 73 patients (Black 45; 16 male, 29 female; Indian 28; 12 male,  

16 female). At 6-month follow-up there was a total of 36 patients (Black 16; 4 male, 12 female; 

Indian 20; 10 male, 10 female).  
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2.1.3 Criteria for inclusion and exclusion 

 

The inclusion criteria for patients were: 

 

1. Type 1 diabetes, diagnosed clinically as absolute insulin dependency within 1 year of 

diagnosis and/or presentation at less than 25 years of age with ketoacidosis. 

 

The diagnosis of type 1 diabetes was based on clinical demonstration of complete beta 

cell failure. This was defined as absolute insulin deficiency within 1 year of diagnosis. 

These subjects would develop ketoacidosis in the absence of insulin therapy. In 

addition, if the person was in the age range of onset of type 1 diabetes and insulin 

deficiency was shown by the fact that ketoacidosis was present at the time of diagnosis, 

then the classification was type 1. Beta cell specific autoantibodies were done on most 

of the subjects, but not all and the clinical markers correlate with the presence of beta-

cell autoantibodies.  

 

2. The presence of established microvascular disease or hypertension was not considered 

an exclusion criterion. 

 

The exclusion criteria for patients were: 

 

1. Type 2 diabetes or other forms of diabetes. 

2. Significant co-morbid conditions. 

3. Infection with HIV. 

4. Hypoalbuminaemia (< 40 g/L). 

5. Non-diabetic renal disease. 

6. Active urinary tract infection. 
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2.1.4 Discontinuation of patients 

 

Patients who developed any conditions that, in the opinion of the investigators, made it unsafe 

for subjects to continue in the study and those who developed medical conditions that formed 

part of the exclusion criteria were withdrawn from the trial. Other conditions for premature 

withdrawal from the study included patients that were involved in accidents, passed away or 

sero-converted to HIV. Subjects that missed two consecutive follow-up visits were also 

excluded. 

 

2.1.5 Routine analyses performed for each visit 

 

At each visit, the results of routine parameters were recorded. These were: 

 

 Height. 

 Weight. 

 Body Mass Index (BMI).  

 Pulse. 

 Waist and hip measurements. 

 Waist-to-hip ratio (WHR). 

 Insulin regimen, total daily dose. 

 Additional therapy. 

 Blood pressure (BP). 

 Fasting plasma glucose (FPG). 

 Serum albumin. 

 Urine microalbumin. 

 Glycated haemoglobin (HbA1c). 

 serum creatinine. 

 

Weight (Kilograms) was measured on a scale (NAGATA Scale Co, Taiwan) and height 

measured on a clinical stadiometer (centimetres). Waist measured mid-way between the lower 

costal margin and the iliac crest with a non-stretch tape. Hip circumference measured around the 

greater trochanters of the femur, with a non-stretch tape. Blood pressure and pulse were 

measured using a MEDIANA (Korea) analyser after a 5-minute rest period. In addition, 

glomerular filtration rate (GFR) was measured yearly by technetium-99
m
-diethylene triamine 

pentacetic acid [
99m

Tc]-DTPA renography as described by Ma et al. (2007).  
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Isotope GFR was performed at the Department of Nuclear Medicine at IALCH by a qualified 

radiographer.  Fasting plasma glucose (FPG) was assayed by a hexokinase method. Serum 

creatinine was assayed by a kinetic Jaffé method standardised against isotope dilution-mass 

spectrometry (ID-MS). Albumin was assayed by a colorimetric method. Microalbumin was 

assayed by an immunoturbidometric method. All assays were performed on a Hitachi 917 

analyser (Roche Diagnostics, Indianapolis, USA). Haemoglobin A1c (HbA1c) was assayed using 

ion-exchange high-performance liquid chromatography on a VARIANT II analyser  

(BIO-RAD, CA). Urinary protein was assayed using SIEMENS Multistix ® 10SG strips 

(Siemens Healthcare Diagnostics Inc, Tarrytown, USA). Clinical proteinuria was indicated if 

protein excretion was greater than 0.5 g (500 mg) per day (test strip result of 0.3 g/L).  Patients 

were screened for proteinuria by dipstick; if this was negative, then MA was tested. In control 

subjects it was assumed that proteinuria was absent so all controls were tested for MA.  

 

2.1.6 Sample collection and storage 

 

At each visit, blood and urine specimens were collected from each patient as follows: two whole 

blood samples were collected in ethylenediaminetetraaceticacid (EDTA). In addition, two serum 

samples, one sodium fluoride (glucose) sample and a spot urine sample were collected. Bloods 

were collected aseptically using standard phlebotomy techniques and collected in the order: 

serum, EDTA, glucose. The EDTA and sodium fluoride tubes were gently mixed to prevent clot 

formation while the serum specimens were allowed to stand at room temperature (20 to 25°) for 

15 minutes to clot completely. Spot urine samples were collected aseptically and frozen within 

two hours of collection at –20 C. Serum, EDTA and glucose specimens were centrifuged 

(Biofuge primo, Heraues) at 1000 g for five minutes.  Plasma from the EDTA and sodium 

fluoride tubes were separated into Nunc cryovials (Denmark), appropriately labelled and frozen 

at – 20C.  

 

2.3 COLLAGEN IV H ASSAY KIT 

 

The Collagen IV H assay kit (Exocell, Philadelphia, USA) was used to determine levels of 

urinary type IV collagen in patient and control samples. The kit contained reagents ready for use 

and the assay was performed according to the manufacturer’s instructions. The EIA wash buffer 

(0.15 M NaCl, 0.01M triethanolamine at pH 6.8, 0.05% Tween 20, 0.05% Proclin 300  

(Supelco, Bellefonte, Philadelphia, USA) was constituted according to the manufacturer’s 

instructions and made to a 10  concentrate. This was used for all assay plate washing. 
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2.3.1 Assay principle 

 

The Collagen IV H assay is a competitive indirect ELISA. Briefly, equal volumes of samples 

containing collagen type IV and rabbit anti-human collagen type IV were added to vials 

 (Figure 5). Following incubation overnight (18 to 21 hours) at room temperature (20 to 25°C), 

the pre-incubation step allowed binding of the antibody and antigen in solution, thereby limiting 

binding to coated antigen when competing antigen was present in low concentrations. Following  

overnight incubation an aliquote of the solution was added to the well of the ELISA plate. The 

antibody binds either to the collagen IV in solution or to that coating the plate (Figure 6). 

This allowed measurements of collagen type IV in unconcentrated urine samples  

(Cohen et al. 2001). The addition of a chromogenic substrate, 3,3',5,5’ tetramethyl-benzadine 

(TMB, Exocell) allowed for colour development. The reaction was stopped by the addition of  

2 N sulphuric acid and the absorbance in the wells was read at 450 nm. Colour intensity of the 

wells was inversely proportional to the logarithm of human collagen type IV concentration in 

the sample. The assay was sensitive to 0.0024 µg/mL. Intra-assay and inter-assay coefficients of 

variation were < 10 %. 

 

 

 

Figure 5:Schematic diagram showing the antigen-antibody complex formation following 

overnight incubation. Adapted from www.genwaybio.com.  

http://www.genwaybio.com/
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Figure 6: Schematic diagram showing the binding of uncomplexed collagen IV antibody to  

collagen IV antigen coated on ELISA microtiter plates.  Adapted from 

www.genwaybio.com. 

 

 

2.3.2 Assay of standards and  samples 

 

All assays were performed in 96-well microtitre plates pre-coated with collagen type IV 

antibody (Exocell, Philadelphia, USA) at room temperature (20 to 25°C). Plates were incubated 

in a moistened plastic chamber with tightly fitting lid unless otherwise specified. The stock 

human collagen type IV standard (Exocell, 20 µg/mL) was diluted 1 in 8 using EIA diluent 

(360 µL: 2 520 µL). The dilution yielded a final collagen IV concentration of 2.5 µg/mL. 

 

 

 

http://www.genwaybio.com/
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The standard was serially diluted one in two using EIA diluent to yield the following final 

collagen IV concentrations as follows: 1.25, 0.625, 0.313, 0.156, 0.078 and 0.039 µg/mL.  

To each vial was added a volume of 625 µL of goat anti-human collagen IV antibody and the 

tubes were vortexed briefly. The final volume (1 250 µL) for each standard concentration was 

sufficient for six wells (200 µL/well). The standards were incubated overnight (21 hours) at 

room temperature and assayed the following day.  

 

Samples (patient and control) were removed from the freezer and thawed for 10 minutes in a 

water bath containing tap water at room temperature (20 to 25°C). Samples were centrifuged 

(Biofuge primo, Heraues) for five minutes at 1000 g. Equal volumes of sample supernatant and 

primary antibody (Exocell) were incubated in an Eppendorf tube (Denmark) and allowed to 

react overnight (18 to 21 hours).  

 

To start the assay, pre-coated plates were washed 10 times using EIA buffer (as specified 

previously) and blotted by inverting onto absorbent paper towel. A total volume of 200 µL of 

the standard or sample mixtures were added to the wells. Each standard was pipetted into six 

wells, samples were tested in duplicate. The plates were incubated for one hour. Following 

incubation, the plates were washed as described above, 100 µL of rabbit anti-goat IgG 

horseradish peroxidase (HRP) conjugate was added to each well and the plates incubated for 

one hour.  

 

The plates were washed as described above and 100 µL of TMB substrate was added to each 

well. The plates were incubated for a further five to ten minutes for colour development. The 

colour development was stopped by the addition of 100 µL of acid stopper (2 N sulphuric acid). 

The assay plate was read on a PowerWaveXS microplate reader (BIOTEK, Lionheart 

Technologies Inc, USA) at 450 nm with blanking against wells A1 and A2. The blank wells 

containing EIA diluent were used as a negative control to ensure that there was no non-specific 

binding of reagents to the coated plate. 
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A standard curve was plotted on a log scale, using the KC4 software provided with the 

microplate reader to generate a dose-response curve. The average optical density (OD) of six 

wells for the standards were used to generate a standard curve, which was used for subsequent 

assays to determine the concentration of collagen type IV in each sample. In subsequent assays, 

one of the dilutions of the stock standard used to generate the standard curve was used as 

internal quality control to check assay validity. Blanks were included in each assay to ensure 

that there were no non-specific reactions occurring between reagents. Patient samples tested 

previously were run with the next assay to confirm assay reproducibility.     

 

2.4 HUMAN FIBRONECTIN ASSAY 

 

The human fibronectin (h fibronectin) assay (Exocell, Philadelphia, USA) was used according 

to manufacturer's instructions. The assay was performed in triplicate for both standards and 

samples (patients and controls). 

 

2.4.1 Assay principle 

 

The Exocell h fibronectin assay is a sandwich ELISA with a sensitivity range of approximately 

0.2 to 5 mg/mL. The assay is dependent on the binding of the human fibronectin in the standard 

or sample to pre-coated microtitre wells (Figure 7). Briefly, samples were prediluted using EIA 

buffer. Following an initial incubation, a washing step removed unbound reactants. Anti-human 

fibronectin-HRP conjugate was added to each well and incubated. Conjugate binds to the human 

fibronectin that was initially bound to the solid phase. A washing step removed unreacted 

conjugate. The addition of a chromogenic substrate, (TMB) allowed for colour development. 

The reaction was stopped and the absorbance in the wells was read at 450 nm. Colour intensity 

in the wells was directly proportional to the logarithm of human fibronectin concentration in the 

sample. The assay was sensitive to 0.125 mg/mL. Intra-assay and inter-assay coefficients of 

variation were < 10 %.  
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Figure 7: Schematic diagram showing the binding of human fibronectin to precoated 

microtiter plates. Adapted from www.genwaybio.com. 

 

2.4.2 Assay of standards and samples 

 

All assays were performed in 96-well microtitre plates, pre-coated with h fibronectin antibody 

(Exocell, Philadelphia, USA) at room temperature (20 to 25°C). Plates were incubated in a 

moistened plastic chamber with tight fitting lid unless otherwise specified. The stock h 

fibronectin standard (Exocell, 4 mg/mL) was serially diluted one in two using h fibronectin 

reaction buffer (Exocell) to yield the following final h fibronectin concentrations: 4 (undiluted), 

2, 0.1, 0.5, 0.25 and 0.125 mg/mL. Samples were removed from the freezer and thawed for ten 

minutes in a water bath containing tap water at room temperature (20 to 25°C) and centrifuged 

(Biofuge primo, Heraues) for five minutes at 1000 g. Samples were pre-diluted (5 µL/mL) with 

h fibronectin reaction buffer. 

 

 

 

 

http://www.genwaybio.com/
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To start the assay, pre-coated plates were washed 10 times using EIA buffer (as specified 

previously) and blotted by inverting onto absorbent paper towel. A total volume of 100 µL of 

standard or sample was added to the wells after vortexing the tube. Each standard was pipetted 

into six wells. Samples were tested in triplicate. The plates were incubated for 30 minutes. 

Following incubation, the plates were washed as described above and 100 µL of anti-human 

fibronectin horseradish peroxidase (HRP) conjugate was added to each well. The plates were 

then incubated for 30 minutes.  The plates were washed as described previously and 100 µL of 

TMB substrate was added to each well. The plates were incubated for a further five to ten 

minutes for colour development.  

 

The reaction was stopped by the addition of 100 µL of 2 N sulphuric acid. The assay plate was 

read on a PowerWave XS microplate reader (BIOTEK, Lionheart Technologies Inc, USA) at 

450 nm blanking against wells A1 and A 2. The blank wells contained human fibronectin 

reaction buffer and were used as a negative control to ensure that there was no non-specific 

binding of reagents to the coated plate.  

 

A standard curve was plotted on a log scale, using the KC4 software provided with the 

microplate reader. The average optical density (OD) of six wells for the standards was used to 

generate a standard curve, which was used for subsequent assays to determine the concentration 

of human fibronectin in samples. In subsequent assays, one of dilutions of the stock standard 

used to generate the standard curve was used as internal quality control to check assay validity. 

Blanks were included in each assay to ensure that there were no non-specific reactions occurring 

between reagents. Patient samples tested previously were run with the next assay to confirm 

assay reproducibility. 

 

2.5 GLYCABEN ASSAY FOR GLYCATED ALBUMIN 

 

The GLYCABEN assay (Exocell, Philadelphia, USA) was used to assay glycated albumin in 

serum. The kit contained reagents ready for use and the assay was performed according to the 

manufacturer’s instructions. The EIA wash buffer (as specified previously) was constituted 

according to the manufacturer’s instructions and used to perform the plate washings.  
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2.5.1 Assay principle 

 

The GLYCABEN assay is a direct ELISA in which glycated albumin in human plasma binds to 

an immobilised monoclonal antibody that specifically recognises the glycated moieties on 

human albumin (Figure 8). Plates were washed with EIA buffer (as specified previously) 

followed by the addition of anti-human serum albumin-horseradish peroxidase (HSA-HRP) 

conjugated polyclonal antibody. The enzyme conjugate added bound to the glycated albumin 

already bound to the solid phase. After washing and TMB, colour allowed to develop. The 

reaction was stopped with the addition of 2 N sulphuric acid and the absorbance was read at 450 

nm. The assay was sensitive to 0.125 mg/mL. Intra-assay and inter-assay coefficients of 

variation were < 10 %.  

 

 

 

Figure 8: Schematic diagram showing the binding of glycated albumin to immobilised 

monoclonal antibodies on the ELISA plate. A secondary enzyme-conjugated polyclonal 

antibody directed against human albumin allows for detection of glycated albumin. 

Adapted from www.genwaybio.com. 

 

 

 

http://www.genwaybio.com/
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2.5.2 Assay of standards and samples 

 

All assays were performed in 96-well microtiter plates pre-coated with monoclonal antibody to 

glycated albumin (Exocell, Philadelphia, USA) at room temperature (20 to 25°C) and incubated 

in a moistened plastic chamber with tight fitting lid unless otherwise specified. The stock 

glycated albumin standard (Exocell, 1.5 mg/mL) was serially diluted one in two using 

GLYCABEN diluent (Exocell) to yield the following final glycated albumin concentrations as 

follows: 1.5 (undiluted), 0.75, 0.375, 0.1875, 0.09375 mg/mL. Samples to be tested were 

removed from the freezer and thawed for ten minutes in a water bath containing tap water at 

room temperature (20 to 25°C) and centrifuged (Biofuge primo, Heraues) for five minutes at  

1000 g Sample supernatants were pre-diluted (5 µL/mL) with GLYCABEN reaction buffer. 

Quality controls provided in the kit were used in each assay. 

 

To start the assay, pre-coated plates were washed 10 times using EIA buffer (as specified 

previously) and blotted by inverting onto absorbent paper towel. A total volume of 50 µL of 

GLYCABEN reaction buffer was added to all wells. This was followed by the addition of  

100 µL of standard or sample to the wells. Each standard was pipetted into six wells; samples 

were tested in duplicate. The plates were incubated for 30 minutes. Following incubation, the 

plates were washed as described above, 100 µL of anti-human serum albumin-horseradish 

peroxidase (anti-HSA-HRP) conjugate were added to each well and the plates incubated for a 

further 30 minutes. Plates were washed and 100 µL of TMB substrate was added to each well. 

Plates were incubated for a further five to ten minutes for colour development. The reaction was 

stopped by the addition of 100 µL of 2 N sulphuric acid.  

 

Assay plates were read on a PowerWave XS microplate reader (BIOTEK, Lionheart 

Technologies Inc, USA) at 450 nm blanking against wells A1 and A2. The blank wells 

contained GLYCABEN diluent were used as negative controls to ensure that there was no non-

specific binding of reagents to the coated plate. A standard curve was plotted, using the KC4 

software provided with the microplate reader to generate a dose-response curve. The average 

optical density of six wells for the standards was used to generate a standard curve which was 

used for subsequent assays to determine the concentration of glycated albumin in each sample.  
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The assay was considered valid if the quality controls values were in range as supplied by the 

manufacturer. In subsequent assays, one of the dilutions of the stock standard used to generate 

the standard curve was used as internal quality control to check assay validity. Blanks were 

included in each assay to ensure that there were no non-specific reactions occurring between 

reagents. Patient samples tested previously were run with the next assay to confirm assay 

reproducibility. 

 

2.6 DATA ANALYSIS 

 

Summary statistics were calculated using Microsoft Excel (2007) and SPSS, version 15.0. Data 

were tested for fit to a normal distribution using the Kolmogorov-Smirnov test as implemented 

in SPSS. Some variables showed normal or near-normal distributions, but since not all variables 

were normally distributed, subsequent statistical testing was performed using non-parametric 

methods, unless otherwise indicated. Since some variables were non-normally distributed, the 

median and interquartile range (IQR), were used as the preferred indicators of central tendency 

and spread of data, respectively. Since most published studies summarise data as mean values, 

these were also presented for ease of comparison, although it is recognised that the mean is not 

as appropriate for data, which are not normally distributed.  

 

Data were not normalised because they did not conform to a general function which could be 

applied for normalisation. Patients with type 1 diabetes were compared with their corresponding 

control groups using a Mann-Whitney U test. All tests were 2-sided.  The Indian and African 

patient populations were compared using the Mann-Whitney U test. The variables that differed 

significantly were HbA1c (higher in Black than in Indian patients, p = <0.001), age (higher in 

Indian than in Black patients, p = <0.001), total albumin (higher in Indian than in Black patients 

, p = 0.001), MA (higher in Black than in Indian patients , p = 0.011) and proteinuria (higher in 

Black than in Indian patients, p = 0.005). The Black patients were younger in age and had 

higher median HbA1c , MA and proteinuria values. Indian patients were older and had longer 

duration of diabetes and higher total serum albumin values compared to Black patients. These 

variables indicate that at baseline, there was a substantially significant difference between the 

Black and Indian patient populations.The control populations were also compared to each other. 

Only the eGFR using the CG formula was higher in Blacks than in Indian patients (p = 0.001). 

The results indicate that at baseline, there where fewer variables that differed between the 

Indian and Black control populations indicating that they were substantially similar. 
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 Non-parametric stats were used instead of ANOVA because data were not normally distributed. 

Sequential Mann-Whitney tests were used in preference to a non-parametric ANOVA  

(Kruskal-Wallis H test) because the Kruskal-Wallis test is weaker than a parametric ANOVA 

and because pair-wise testing is still required to identify which groups differ significantly if the 

Kruskal-Wallis test identifies and overall significant difference. 

 

Bivariate correlations were performed in SPSS using Spearman correlation co-efficient. Since 

correlations could be performed only at each time point individually, generalised estimating 

equation (GEE) models were performed in SPSS with time specified as a factor in order to take 

account of relationships among variables over time. The GEE procedure extends the generalized 

linear regression model to allow for analysis of repeated measurements or other correlated 

observations (SPSS version 15.0). Models were constructed assuming normal data distribution 

and linear relationships because the procedure is reported to be robust to some violation of the 

underlying assumptions (data for a number of variables were normally distributed or near 

normally distributed) and because software for more complex non-parametric non-linear 

modelling was not available.  
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CHAPTER 3 
 

 

RESULTS 
 

 

3.1 BASELINE CHARACTERISTICS  
 

 

At baseline, there was a significant difference between the control and patient groups for all 

characteristics except age, weight, eGFR using the revised 4-variable MDRD equation, BMI 

and all blood pressure measurements. Table 5 shows the mean, median and interquartile range 

(IQR) of clinical variables of the study populations (control and patients). Both ethnic patient 

populations (Table 6 and 7) had mean fasting plasma glucose (FPG) values above the normal 

value of 6.4 mmol/L (Black: median 8.0 mmol/L; Indian: median 6.3 mmol/L). Median HbA1c 

for Black patients was 10.5%, while that for Indian patients was 7.7%, (significant difference, 

 p < 0.001). Median serum creatinine for Black patients was 63 µmol/L, while that for Indian 

patients was 65 µmol/L (significant difference, p ≤ 0.001). Median duration of diabetes for 

Black patients was 7.5 years, while that for Indian patients was 17 years (significant difference 

p < 0.001). Mean age of Black patients was 23 years, while that for Indian patients was 31 years 

(significant difference, p ≤ 0.001).   
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Table 5: Characteristics of the total patient population and of the control population at the 

study outset (baseline) 

SD, standard deviation, IQR, interquartile range.  NS, not significant. NA, not applicable.   

CG – Cockcroft-Gault equation . Cockcroft and Gault, 1976. 

4 variable MDRD – Modification of Diet in Renal Disease equation. Levey et al. (1999).  

Revised 4-v MDRD – Modification of Diet in Renal Disease without ethnicity factor. van Deventer et al. (2008).  

Reference range – National Health Laboratory Services, Department of Chemical Pathology, Inkosi Albert Luthuli 

Central Hospital Kwazulu Natal. 2005 

 

 

Characteristic Reference 

range 

Statistic Patients Controls p value, 

difference 

between 

patients and 

controls 

n - - 83 73 NA 

Age (years) - Mean ± SD 

Median 

IQR 

27 ±10 

27 

14 

28 ± 8.0 

26 

10 

NS 

Total serum albumin 

(mg/mL) 

34 – 48 

(mg/mL) 

Mean ± SD 

Median 

IQR 

40 ± 5 

41 

7 

43 ± 4 

42 

6 

<0.05 

Percentage glycated 

albumin (% GA) 

- Mean ± SD 

Median 

IQR 

5.8 ± 2.8 

5.2 

2.8 

3.2 ± 1.9 

2.6 

1.2 

<0.001 

Fasting plasma glucose 

(FPG) (mmol/L) 

3.1 – 6.4 

(mmol/L) 

Mean ± SD 

Median 

IQR 

8.1 ± 4.8 

7.3 

6 

- 

- 

- 

NA 

Random plasma glucose 

(mmol/L) 

3.3 – 7.8 

(mmol/L) 

Mean ± SD 

Median 

IQR 

- 

- 

- 

4.7 ± 0.6 

4.7 

0.7 

N/A 

Weight (Kg) - Mean ± SD 

Median 

IQR 

64 ± 13 

64 

18 

64 ± 13 

62 

15 

NS 

Serum creatinine 

(μmol/L) 

0 – 106 

(μmol/L) 

Mean ± SD 

Median 

IQR 

67 ± 19 

64 

23 

86 ± 16 

85 

27 

<0.001 

Body mass index (BMI) 

Kg/m
2
 

- Mean ± SD 

Median 

IQR 

25 ± 5 

24 

7 

24 ± 5 

23 

5 

NS 

Glycohaemoglobin 

(HbA1c)(%) 

4.8 – 6.0 

% 

Mean ± SD 

Median 

IQR 

9.8 ± 2.6 

9.1 

3.9 

- 

- 

- 

NA 

Pulse (beats per minute) - Mean ± SD 

Median 

IQR 

87 ± 14 

85 

20 

79 ± 9 

80 

12 

<0.001 

Urinary type IV collagen 

(µg/mL) 

- Mean ± SD 

Median 

IQR 

0.024 ± 0.032 

0.010 

0.015 

0.009 ± 0.014 

0.0061 

0.0021 

<0.001 

Plasma fibronectin  

(mg/mL) 

- Mean ± SD 

Median 

IQR 

0.37 ± 0.17 

0.31 

0.16 

0.40 ± 0.14 

0.38 

0.19 

<0.05 

Isotope glomerular 

filtration rate (GFR) 

(mL/min/1.73m
2
) 

- Mean ± SD 

Median 

IQR 

103 ± 22 

102 

39 

- 

- 

- 

NA 

Estimated GFR (CG) 

(mL/min/1.73 m
2
) 

- Mean ± SD 

Median 

130 ± 38 

125 

102 ± 28 

99 

<0.001 
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IQR 44 43 

Estimated GFR 4-

variable MDRD(4-v 

MDRD) 

 (mL/min/1.73 m
2
) 

- Mean ± SD 

Median 

IQR 

144 ± 46 

138 

50 

93 ± 24 

89 

30 

<0.001 

Revised 4-variable 

MDRD (without ethnic 

factor)  

 (mL/min/1.73 m
2
) 

- Mean ± SD 

Median 

IQR 

144 ± 41 

138 

50 

93 ± 22 

89 

30 

NS 

Microalbuminuria 

(mg/mmol creatinine) 

< 3.5 

(mg/mmol 

creatinine) 

Mean ± SD 

Median 

IQR 

6.7 ± 21 

0.5 

3.2 

7.0 ± 21 

1.3 

3.2 

<0.05 

Proteinuria 

 (mg/mL) 

< 300 

(mg/mL) 

Mean ± SD 

Median 

IQR 

1629 ± 4287 

300 

700 

- 

- 

- 

NA 

Blood pressure Supine 

Systolic 

(mmHg) 

- Mean ± SD 

Median 

IQR 

125 ± 18 

122 

21 

118 ± 13 

120 

15 

NS 

Blood pressure 

Supine Diastolic 

(mmHg) 

- Mean ± SD 

Median 

IQR 

78 ± 10 

80 

14 

77 ± 10 

80 

10 

NS 

Blood Pressure 

Erect Systolic 

(mmHg) 

- Mean ± SD 

Median 

IQR 

125 ± 17 

120 

23 

121 ± 14 

120 

20 

NS 

Blood pressure 

Erect Diastolic 

(mmHg) 

- Mean ± SD 

Median 

IQR 

79 ± 10 

80 

15 

78 ± 10 

80 

18 

NS 
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Table 6: Characteristics of the Black patient population and of control population at the 

study outset (baseline) 

 SD, standard deviation, IQR, interquartile range.  NS, not significant. NA, not applicable.   

CG – Cockcroft-Gault equation . Cockcroft and Gault, 1976. 

4 variable MDRD – Modification of Diet in Renal Disease equation. Levey et al. (1999).  

Revised 4-v MDRD – Modification of Diet in Renal Disease without ethnicity factor. van Deventer et al. (2008).    

Reference range – National Health Laboratory Services, Department of Chemical Pathology, Inkosi Albert Luthuli 

Central Hospital, Kwazulu Natal, 2005. 

 

Characteristic Reference 

range 

Statistic Black Patients Controls p value, 

difference 

between 

patients and 

controls 

n - - 54 45 NA 

Age (years) - Mean ± SD 

Median 

IQR 

25 ± 8.5 

23 

10 

26 ± 5.5 

25 

7 

NS 

Total serum albumin 

(mg/mL) 

34 – 48 

(mg/mL) 

Mean ± SD 

Median 

IQR 

41 ± 5 

41 

7 

40 ± 4.7 

40 

7 

< 0.001 

Percentage glycated 

albumin (% GA) 

- Mean ± SD 

Median 

IQR 

5.8 ± 2.6 

5.2 

2.6 

2.8 ± 1.3 

2.5 

1.3 

<0.001 

Fasting glucose 

(mmol/L) 

3.1 – 6.4 

(mmol/L) 

Mean ± SD 

Median 

IQR 

8.4 ± 4.8 

8.0 

5.3 

- 

- 

- 

NA 

Random plasma glucose 

(mmol/L) 

3.3 – 7.8 

(mmol/L) 

Mean ± SD 

Median 

IQR 

- 

- 

- 

4.66 ± 0.59 

4.7 

0.8 

N/A 

Weight (Kg) - Mean ± SD 

Median 

IQR 

64 ± 3 

64 

18 

67 ± 13 

62 

14 

NS 

Serum creatinine 

(μmol/L) 

0 – 106 

(μmol/L) 

Mean ± SD 

Median 

IQR 

68 ± 22 

63 

25 

84 ± 16 

83 

29 

< 0.001 

Body mass index (BMI) 

Kg/m
2
 

- Mean ± SD 

Median 

IQR 

25 ± 4 

24 

6 

25 ± 5 

25 

7 

NS 

Glycohaemoglobin 

(HbA1c)(%) 

4.8 – 6 

% 

Mean ± SD 

Median 

IQR 

10.8 ± 7.6 

10.5 

4.3 

- 

- 

- 

NA 

Pulse (beats per minute ) - Mean ± SD 

Median 

IQR 

87 ± 14 

84 

20 

78 ± 9 

80 

16 

<0.05 

Urinary type IV collagen 

(µg/mL) 

- Mean ± SD 

Median 

IQR 

0.0291 ± 0.036 

0.0106 

0.0036 

0.011 ± 0.018 

0.0062 

0.0026 

<0.001 

Plasma fibronectin  

(mg/mL) 

- Mean ± SD 

Median 

IQR 

0.38 ± 0.17 

0.32 

0.18 

0.42 ± 0.14 

0.40 

0.21 

<0.05 

Glomerular filtration 

rate (GFR) (mL/min) 

- Mean ± SD 

Median 

IQR 

104 ± 22 

108 

41 

- 

- 

- 

 

 

Estimated GFR (CG) 

(mL/min) 

- Mean ± SD 

Median 

IQR 

130 ± 34 

129 

41 

110 ± 28 

113 

50 

<0.05 
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Estimated GFR 4-

variable MDRD 

(mL/min/1.73 m
2
) 

- Mean ± SD 

Median 

IQR 

149 ± 46 

140 

58 

97 ± 24 

94 

33 

<0.05 

Revised 4-variable 

MDRD without ethnic 

factor of 1.212 

(mL/min/1.73 m
2
) 

- Mean ± SD 

Median 

IQR 

123 ± 38 

116 

48 

80 ± 20 

78 

26 

NS 

Microalbuminuria 

(mg/mmol creatinine) 

< 3.5 

(mg/mmol 

creatinine) 

Mean ± SD 

Median 

IQR 

10 ± 28 

0.6 

4.2 

7.3 ± 23 

1.3 

2.6 

<0.05 

Proteinuria  

(mg/mL) 

< 300  

(mg/mL) 

Mean ± SD 

Median 

IQR 

1956  ± 4897 

300 

700 

- 

- 

- 

NA 

Blood pressure  

Supine Systolic 

(mmHg) 

- Mean ± SD 

Median 

IQR 

126 ± 18 

124 

21 

118 ± 14 

120 

18 

NS 

Blood pressure 

Supine Diastolic 

(mmHg) 

- Mean ± SD 

Median 

IQR 

79 ± 10 

80 

15 

79 ± 10 

80 

15 

NS 

Blood pressure 

Erect Systolic 

(mmHg) 

- Mean ± SD 

Median 

IQR 

126 ± 17 

124 

23 

122 ± 14 

120 

20 

NS 

Blood pressure 

Erect Diastolic 

(mmHg) 

- Mean ± SD 

Median 

IQR 

80 ± 11 

80 

18 

78 ± 11 

80 

13 

NS 
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Table 7: Characteristics of the Indian patient population and of control population at the 

study outset (baseline) 

SD, standard deviation, IQR, interquartile range.  NS, not significant. NA, not applicable.   

CG – Cockcroft-Gault equation . Cockcroft and Gault, 1976. 

4 variable MDRD – Modification of Diet in Renal Disease equation. Levey et al. (1999).  

Revised 4-v MDRD – Modification of Diet in Renal Disease without ethnicity factor. van Deventer et al. (2008).    

Reference range – National Health Laboratory Services, Department of Chemical Pathology, Inkosi Albert Luthuli 

Central Hospital Kwazulu Natal, 2005. 

 

Characteristic Reference 

range 

Statistic Indian Patients Controls p value, 

difference 

between 

patients and 

controls 

n -  29 28 NA 

Age (years) - Mean ± SD 

Median 

IQR 

32 ± 11 

31 

13 

31 ± 10 

29 

16 

NS 

Total serum albumin 

(mg/mL) 

34 – 48 

(mg/mL) 

Mean ± SD 

Median 

IQR 

42 ± 4 

42 

6 

42 ± 4 

 

 

Percentage glycated 

albumin (% GA) 

- Mean ± SD 

Median 

IQR 

5.9 ± 3.3 

5.2 

2.9 

3.7 ± 2.5 

2.8 

1.1 

<0.05 

Fasting glucose 

(mmol/L) 

3.1 – 6.4 

(mmol/L) 

Mean ± SD 

Median 

IQR 

7.5 ± 4.9 

6.3 

7.3 

- 

- 

- 

NA 

Random plasma glucose 

(mmol/L) 

 

3.3 – 7.8 

(mmol/L) 

Mean ± SD 

Median 

IQR 

- 

- 

- 

4.82 ± 0.64 

4.8 

0.6 

N/A 

Weight (Kg) - Mean ± SD 

Median 

IQR 

63 ± 13 

62 

19 

61 ± 14 

61 

22 

NS 

Serum creatinine 

(μmol/L) 

0 – 106 

(µmol/L) 

Mean ± SD 

Median 

IQR 

65 ± 13 

64 

18 

90 ± 16 

91 

25 

< 0.001 

Body mass index (BMI) 

Kg/m
2
 

- Mean ± SD 

Median 

IQR 

24 ± 5 

23 

8 

23 ± 5 

22 

7 

NS 

Glycohaemoglobin 

(HbA1c)(%) 

4.8 – 6.0 

% 

Mean ± SD 

Median 

IQR 

8.1 ± 1.4 

7.7 

1.5 

- 

- 

- 

NA 

Pulse (beats per minute) - Mean ± SD 

Median 

IQR 

87 ± 14 

85 

22 

81 ± 8 

80 

12 

<0.05 

Urinary type IV collagen 

(µg/mL) 

- Mean ± SD 

Median 

IQR 

0.0157 ± 0.0195 

0.0088 

0.0097 

0.0062 ± 0.0015 

0.0061 

0.0015 

<0.05 

Plasma fibronectin 

(mg/mL) 

- Mean ± SD 

Median 

IQR 

0.35 ± 17 

0.29 

0.12 

0.38 ± 13 

0.35 

0.15 

<0.05 

Glomerular filtration 

rate (GFR)  

(mL/min) 

- Mean ± SD 

Median 

IQR 

102 ± 22 

101 

31 

- 

- 

- 

NA 

Estimated GFR  

(CG) (mL/min) 

- Mean ± SD 

Median 

IQR 

130 ± 45 

123 

44 

88 ± 23 

82 

28 

<0.05 
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Estimated GFR 4-

variable MDRD 

(mL/min/1.73 m
2
) 

- Mean ± SD 

Median 

IQR 

138 ± 32 

128 

50 

86 ± 18 

82 

27 

<0.05 

Revised 4-variable 

MDRD without ethnic 

factor of 1.212 

(mL/min/1.73 m
2
) 

- Mean ± SD 

Median 

IQR 

114 ± 26 

106 

41 

71 ± 15 

67 

22 

NS 

Microalbuminuria 

(mg/mmol creatinine) 

< 3.5 

(mg/mmol 

creatinine) 

Mean ± SD 

Median 

IQR 

2.5 ± 5.1 

0.4 

1.7 

6.6 ±18 

1.3 

4.2 

NS 

 

 

 

Proteinuria 

(mg/mL) 

< 300 

(mg/mL) 

Mean ± SD 

Median 

IQR 

580 ± 383 

300 

700 

- 

- 

- 

NA 

Blood pressure 

 Supine Systolic 

(mmHg) 

- Mean ± SD 

Median 

IQR 

123 ± 17 

121 

20 

118 ± 12 

118 

14 

NS 

Blood pressure 

Supine Diastolic 

(mmHg) 

- Mean ± SD 

Median 

IQR 

77 ± 8 

77 

12 

75 ± 10 

75 

10 

NS 

Blood pressure  

 Erect Systolic 

(mmHg) 

- Mean ± SD 

Median 

IQR 

122 ± 18 

120 

23 

119 ± 14 

115 

20 

 

Blood pressure  

 Erect Diastolic 

(mmHg) 

- Mean ± SD 

Median 

IQR 

77 ± 7 

79 

12 

78 ± 10 

80 

20 
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3.2 COMPARISON OF VARIABLES RELATING TO DIABETIC 

NEPHROPATHY 
 

 

The summary data over time for each variable which relates or is postulated to relate, directly to 

DN are presented in the following sections. Data are presented for both patient and control 

groups except for those characteristics which were measured only in the patient group. Isotope 

GFR, FPG and HbA1c were not measured in the control group due to ethical, logistical and cost 

factors. Proteinuria was not measured in controls, but MA was. Patients were monitored at 

baseline, and at six months, one-year and two-year follow-up. Control subjects were monitored 

only at baseline and 6 months, also for ethical, logistical and cost reasons. 

 

The Box and whisker plots are a visual representation of the distribution of data. The box plot 

gives the bounds for the data set and the IQR shows the measure of variability. The box plot 

cannot be used alone as an indicator of the shape of the distribution, for this a histogram, dotplot 

or stem plot can be used. The value of 1.5 times the IQR is used for convenience to identify 

those data points outside the IQR and these are identified as outliers. Furthermore, if data are 

normally distributed (the distribution on which the parameters of the box-plot are based), 

then the outer limits of the median ± 1.5 IQR incorporate 99% of the data points. 

 

In the following figures, median values are presented as solid lines; the interquartile range 

(IQR) (25
th 

and 75
th
 percentile) is represented as coloured bar; and the whisker indicates  

1.5 times the IQR for the visit. Outliers, defined as values that lie more than1.5 times above or 

below the IQR, are shown as circles or asterisks.  Routine measures of glycaemia (FPG and 

HbA1c) are presented first. This is followed by the isotope GFR used to assess kidney function. 

The measured GFR was compared to estimated GFR (eGFR) using the 4-v MDRD,  

revised 4-v MDRD and CG equations. The levels of proteinuria in control and patient groups 

were assessed to identify patients with established glomerular pathology. Levels of 

microalbumin were used to identify patients at risk of progressing to proteinuria. Finally, the 

new markers of renal function (urinary type IV collagen and plasma fibronectin and serum 

glycated albumin) were assessed in their ability to identify declining renal function and so 

identify patients at increased risk of DN. 
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3.2.1 Fasting plasma glucose (FPG) and haemoglobin A1c (HbA1c) 

 

 

The measurement of FPG and of HbA1c is routinely used to identify patients with 

hyperglycaemia. Diabetes is diagnosed if FPG is 7.0 mmol/L or higher and confirmed on one 

subsequent occasion. Levels of HbA1c are elevated when blood glucose is elevated. Glycated 

haemoglobin (HbA1c) is routinely measured to give an estimate of the plasma glucose levels 

over the past 4 months and should ideally be below 7% (American Diabetes Association 2004). 

The results of the fasting glucose and HbA1c measured at each visit are presented below. 

 

3.2.1.1 Fasting plasma glucose for Black patients 

 

 

At baseline, median FPG was 8.0 mmol/L. Median FPG values across visits were higher than 

the normal range (3.1 to 6.4 mmol/L) used by the laboratory performing the testing (Figure 9). 

Median FPG values remained fairly constant across visits.  

 

Figure 9 Box plot of fasting glucose in Black patients from baseline to two year follow-up. 

Bars show median value. Box shows the interquartile range (IQR). Whisker shows 1.5 

times the IQR. Outliers are values which lie 1.5 times above or below the IQR.  
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3.2.1.2 Haemoglobin A1c for Black patients 

 

 

At baseline the median HbA1c was 10.5%. Median HbA1c values across visits remained 

relatively constant and were above the normal range (4.8 to 6.0%) used by the laboratory 

performing the testing (Figure 10). Elevated FPG corresponded with elevated HbA1c values 

across visits (Figure 9).     

 

 

 

Figure 10:Box plot of percentage HbA1c in Black patients from baseline to two year follow-

up. Bars show median value. Box shows the interquartile range (IQR). Whisker shows 1.5 

times the IQR. Outliers are values which lie 1.5 times above or below the IQR.   
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3.2.1.3 Fasting plasma glucose for Indian patients 

 

At baseline, median FPG was 6.3 mmol/L, lower than for Black patients. The median FPG 

values across visits were above the normal range (3.1 to 6.4 mmol/L) used by the laboratory 

performing the testing (Figure 11). There was a trend of increasing FPG from six months to 

two-year follow. Median FPG increased significantly relative to baseline over the two-year 

follow-up period (p ≤ 0.05). 

 

 

Figure 11: Box plot of FPG in Indian patients from baseline to two-year follow-up. Bars 

show median value. Box shows the interquartile range (IQR). Whisker shows 1.5 times the 

IQR. Outliers are values which lie 1.5 times above or below the IQR.  
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3.2.1.4 Haemoglobin A1C for Indian patients 

 

 

At baseline the median HbA1c was 7.7%, lower than for Black patients. The median HbA1c 

values across visits were higher than the normal range (4.8 to 6.0%) used by the laboratory 

performing the testing (Figure 12). There was a trend of increasing HbA1C with time, a similar 

trend as was seen with FPG  (Figure 11).  Median HbA1c increased significantly from baseline to 

two-year follow-up (p ≤ 0.001). 
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Figure 12. Box plot of HbA1c percentage in Indian patients from baseline to 2-year follow-

up. Bars show median value. Box shows the interquartile range (IQR). Whisker shows 1.5 

times the IQR. Outliers are values, which lie 1.5 times above or below the IQR.  

 

 

3.2.2 Isotope glomerular filtration rate (GFR) 

 

 

The gold standard of measuring kidney function is using an isotopic method of determining 

GFR. Glomerular filtration values below 90 mL/min/1.73 m
2   

are  associated with decreasing 

kidney function and are staged as indicated in Chapter 1. The goal of performing GFR 

measurements was to identify patients with CKD. The GFR results for patients tested are 

presented in Figures 13 and 14 below.    
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3.2.2.1 Isotope GFR for Black patients 

 

 

At baseline, median GFR was 108 mL/min/1.73 m
2
 . This value was below the normal value 

(males: 130 mL/min/1.73m2; females: 120 mL/min/1.73 m
2
) used by the laboratory performing 

the testing. There was a trend of abnormal GFR (< 90 mL/min/1.73 m
2
 , CKD stage 2) across 

visits (Figure 13). Median isotope GFR values at two-year follow-up (104 mL/min/1.73 m
2
) 

were lower than at baseline (108 mL/min/1.73 m
2
) but this did not reach statistical significance.   
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Figure 13. Box plot of isotope GFR in Black patients from baseline to 2-year follow-up. 

Bars show median value. Box shows the interquartile range (IQR). Whisker shows 1.5 

times the IQR. Outliers are values which lie 1.5 times above or below the IQR.   
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3.2.2.2 Isotope GFR for Indian patients 

 

At baseline, median GFR was 101 mL/min/1.73 m
2
, lower than for Black patients. Abnormal 

GFR were observed across visits (< 90 mL/min/1.73 m
2
 , CKD stage 2)  (Figure 14). At 2-year 

follow-up the median GFR values were comparable to those at baseline.     
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Figure 14. Box plot of isotope GFR in Indian patients from baseline to 2-year. Bars show 

median value. Box shows the interquartile range (IQR). Whisker shows 1.5 times the IQR. 

Outliers are values which lie 1.5 times above or below the IQR.  

 

 

3.2.3 Estimated glomerular filtration rate (eGFR) 

 

 

The use of an estimated GFR (eGFR) value during routine renal function assessments provides 

clinicians with a cost-effective means of monitoring the efficiency of kidney function in diabetic 

patients. The results of eGFR calculated with the 4-variable MDRD equation  

(Figure 15 and  16), revised 4-variable MDRD equation (Figure 17 and 18) and Cockcroft-Gault 

(Figure 19  and 20 ) equation for patients at each visit are presented below.    
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3.2.3.1 Estimated GFR using the 4-variable MDRD equation for Black patients 

 

Estimated GFR, using the 4-v MDRD equation, was significantly different (p ≤ 0.001) between 

patients and control subjects at both baseline and 6-month follow-up. There was a trend of 

decreasing eGFR values in patients from 6-months to 2-year follow-up (Figure 15). At baseline, 

median eGFR values for Black patients was 140 mL/min/1.73 m
2
. This value was higher than 

the median value of 94 mL/min/1.73 m
2 

for controls. The median eGFR values (4-v MDRD 

equation) across visits were within 30% of the isotope GFR (baseline: 140 mL/min/1.73 m
2
 vs 

108 mL/min/1.73 m
2
; 6-month follow-up: 146 mL/min/1.73 m

2
 vs 96 mL/min/1.73 m

2
:  

1-year: 133 mL/min/1.73 m
2
 vs 113 mL/min/1.73 m

2
; 2-year: 124 mL/min/1.73 m

2
 vs  

105 mL/min/1.73 m
2
 ). There was a significant decrease (p ≤ 0.001) between the baseline and  

2-year eGFR value in patients.  
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Figure 15. Box plot of eGFR using the 4-v MDRD formula in Black control and patient 

groups. Bars show median value. Box shows the interquartile range (IQR). Whisker shows 

1.5 times the IQR. Outliers are values, which lie 1.5 times above or below the IQR.  
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3.2.3.2 Estimated GFR using the 4-variable MDRD equation for Indian patients 

 

 

Estimated GFR, calculated using the 4-v MDRD equation was significantly different (p < 0.001) 

between patients and control subjects at both baseline and 6-month follow-up. At baseline, 

median eGFR values for patients was 128 mL/min/1.73 m
2
,
 
compared to 86 mL/min/1.73 m

2   

for controls. Median eGFR values at baseline were lower than for Black patients. There was a 

trend of decreasing eGFR values across visit (Figure 16). Median eGFR values (4-v MDRD) 

across visits were within 30% of the isotope GFR (baseline: 128 mL/min/1.73 m
2
 vs  

101 mL/min/1.73m
2
; 6-month: 126 mL/min/1.73m

2
 vs 97 mL/min/1.73 m

2
; 1-year: 

 129 mL/min/1.73 m
2
 vs 104 mL/min/1.73 m

2
;  2-year: 116 mL/min/1.73 m

2
 vs  

100 mL/min/1.73 m
2
). There was a significant decrease (p ≤ 0.001) between the baseline and  

2-year eGFR value in patients.  
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Figure 16. Box plots of estimated GFR, calculated using the 4-variable MDRD equation in 

Indian control and patient groups from baseline to 2-year follow-up. Bars show median 

value. Box shows the interquartile range (IQR). Whisker shows 1.5 times the IQR. 

Outliers are values which lie 1.5 times above or below the IQR.  
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3.2.3.3 Estimated GFR using the revised 4-variable MDRD equation without ethnicity 

factor for Black patients 

 

 

Estimated GFR, using the revised 4-v MDRD equation was significantly different (p < 0.001) 

between patients and controls at both baseline and 6-month follow-up. At baseline, median 

eGFR values for patients was 116 mL/min/1.73m
2
 compared to 78 mL/min/1.73 m

2  
for controls. 

There was a trend of decreasing eGFR values across visit in patients (Figure 17). The median 

eGFR values (revised 4-v MDRD equation) across visits were within 30% of the isotope GFR 

(baseline: 116 mL/min/1.73 m
2
 vs 108 mL/min/1.73 m

2
; 6-month: 120 mL/min/1.73 m

2
 vs 96 

mL/min/1.73 m
2
 ; 1-year: 110 mL/min/1.73m

2
 vs 113 mL/min/1.73m

2
; 2-year:  

102 mL/min/1.73m
2
 vs 105 mL/min/1.73m

2
). There was a significant decrease (p ≤ 0.001) 

between the baseline and 2-year eGFR value in patients.  
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Figure 17. Box plots of eGFR, using the revised 4-variable MDRD equation in Black 

control and patient groups from baseline to 2-year follow-up. Bars show median value. 

Box shows the interquartile range (IQR). Whisker shows 1.5 times the IQR. Outliers are 

values which lie 1.5 times above or below the IQR.  
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3.2.3.4 Estimated GFR using the revised 4-variable MDRD equation without ethnicity factor for 

Indian patients 

 

 

Estimated GFR, calculated using the revised 4-v MDRD equation was significantly higher (p < 0.001) 

in patients than in control at both baseline and 6-month follow-up. At baseline, median eGFR values 

for patients was 106 mL/min/1.73 m
2 
compared to 67 mL/min/1.73 m

2 
for controls, lower than in Black 

patients. The median value at baseline was lower than in Black patients. There was a trend of 

decreasing eGFR values across visit (Figure 18). The median eGFR values across visits were within 

30% of the isotope GFR (baseline: 128 mL/min/1.73 m
2
 vs 101 mL/min/1.73 m

2
; 6-month: 

126 mL/min/1.73 m
2
 vs 97 mL/min/1.73 m

2
; 1-year: 106 mL/min/1.73m

2
 vs 104 mL/min/1.73 m

2
;  

2-year: 96 mL/min/1.73 m
2
 vs 100 mL/min/1.73 m

2
). There was a significant decrease (p ≤ 0.001) 

between the baseline and 2-year eGFR value in patients. 
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Figure 18. Box plots of eGFR, using the revised 4-variable MDRD equation in Indian control and 

patient groups from baseline to 2-year follow-up. Bars show median value. Box shows the 

interquartile range (IQR). Whisker shows 1.5 times the IQR. Outliers are values which lie 1.5 

times above or below the IQR.  
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3.2.3.5 Estimated GFR using Cockcroft-Gault (CG) equation for Black patients 

 

 

Estimated GFR, calculated using the CG equation was significantly higher (p ≤ 0.05) in patients 

than in controls at both baseline and 6-month follow-up. At baseline, median eGFR values for 

patients was 128 mL/min/1.73 m
2 

compared to 86 mL/min/1.73 m
2 

for controls. There was a 

trend of decreasing eGFR values across visits (Figure 19). The median eGFR values  

(CG equation) across visits were within 30% of the isotope GFR (baseline: 129 mL/min/1.73m
2
 

vs 109 mL/min/1.73 m
2
; 6-month: 131 mL/min/1.73m

2
 vs 96 mL/min/1.73m

2
; 1-year:  

123 mL/min/1.73 m
2
 vs 113 mL/min/1.73m

2
 ; 2-year: 110 mL/min/1.73 m

2
 vs  

105 mL/min/1.73m
2
). There was a significant decrease (p ≤ 0.05) between the baseline and  

2-year eGFR value in patients. At end-point, eGFR values in the patients were similar to the 

baseline values.   
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Figure 19. Box plot of eGFR using the Cockcroft-Gault equation in Black control and 

patient groups. Bars show median value. Box shows the interquartile range (IQR). 

Whisker shows 1.5 times  the IQR. Outliers are values which lie 1.5 times above or below 

the IQR.  
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3.2.3.6 Estimated GFR using the Cockcroft-Gault equation for Indian patients 

 

 

Estimated GFR, using the CG equation was significantly higher (p < 0.001) in patients than in 

controls at both baseline and 6-month follow-up. At baseline, median eGFR values for patients 

was 123 mL/min/1.73 m
2 

compared to 82 mL/min/1.73 m
2 

for controls. At 6-months, median 

eGFR values for patients was 115 mL/min/1.73 m
2
 compared to 82 mL/min/1.73 m

2
 for 

controls. There was a trend of decreasing eGFR values across visits in patients (Figure 20).  

The median eGFR values (CG equation) across visits were within 30% of the isotope GFR 

(baseline: 123 mL/min/1.73m
2
 vs 101 mL/min/1.73 m

2
; 6-month: 115 mL/min/1.73 m

2
 vs  

97 mL/min/1.73 m
2
; 1-year: 111 mL/min/1.73 m

2
 vs 104 mL/min/1.73m

2
; 2-year;  

115 mL/min/1.73m
2
 vs 100 mL/min/1.73m

2
). Median eGFR values decreased significantly from 

baseline to two-year follow-up (p ≤ 0.05). 
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Figure 20. Box plot of eGFR using the Cockcroft-Gault equation in Indian control and 

patient groups. Bars show median value. Box shows the interquartile range (IQR). 

Whisker shows 1.5 times the IQR. Outliers are values which lie 1.5 times above or below 

the IQR. 
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3.2.4 Serum creatinine 

 

 

Routinely, the measurement of serum creatinine is used as a marker of kidney function. Under 

conditions of compromised kidney function (e.g. diabetic nephropathy), serum creatinine values 

increase. The results of serum creatinine across visits for patients with diabetes are presented 

below. 

 

3.2.4.1 Serum creatinine in Black patients 

 

 

At baseline and 6-month follow-up the median serum creatinine value in Black patients was 

significantly (p ≤ 0.001) lower than that in the control group (baseline: 63 µmol/L vs control:  

83 µmol/L; 6-month: 67 µmol/L vs control: 86 µmol/L). There was a trend of increasing serum 

creatinine across visits in patients (Figure 21). The median serum creatinine at 2-year follow-up 

was significantly higher (p ≤ 0.001) than that at baseline in the patients (75 µmol/L vs  

63 µmol/L). The serum creatinine value at 2-year follow-up was comparable to that of the 

control group. 
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Figure 21. Box plot of serum creatinine in Black control and patient groups. Bars show 

median value. Box shows the interquartile range (IQR). Whisker shows 1.5 times the IQR. 

Outliers are values which lie 1.5 times above or below the IQR. 
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3.2.4.2 Serum creatinine in Indian patients 

 

   

At baseline and 6-month follow-up the serum creatinine value in Indian patients was 

significantly (p ≤ 0.001) lower than in the control group (baseline: median 65 µmol/L vs 

control: 91 µmol/L; 6-month: 69 µmol/L vs control: 91 µmol/L), higher than that in Blacks. 

There was a trend of increasing median serum creatinine across visits in the patients (Figure 22). 

The serum creatinine in the patients at 2-year follow-up was significantly (p ≤ 0.001) higher 

than at baseline (75 µmol/L vs 63 µmol/L).  
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Figure 22. Box plot of serum creatinine in Indian control and patient groups. Bars show 

median value. Box shows the interquartile range (IQR). Whisker shows the lowest and 

highest value. Outliers are values which lie 1.5 times above or below the IQR. 
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3.2.5 Microalbuminuria (MA) and proteinuria  

 

Microalbuminuria is an indicator of declining renal function and incipient DN. Proteinuria is a 

measure of declining renal function and a risk factor for DN in patients with diabetes. 

 

3.2.5.1 Microalbuminuria in Black patients 

 

 

At baseline there was no significant difference (p = 0.087) in the level of MA between patients 

and controls. At 6-months follow-up, there was a significant difference (p ≤ 0.05) in the level of 

MA, which was higher in controls than in patients. At baseline median MA was 1.2 mg/mmoL 

in patients. There was a trend of decreasing median MA values from baseline to 1 year follow-

up in patients (baseline: 1.2 mg/mmoL; 6-months: 1.0 mg/mmoL; 1-year: 0.45 mg/mmoL)  

(Figure 23). At 2-year follow-up the median MA was comparable to that at baseline  

(1.4 mg/mmoL). Microalbuminuria persisted across visits.  
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Figure 23. Box plot of microalbuminuria in Black control and patient groups from 

baseline to 2-year follow-up. Bars show median value. Box shows the interquartile range 

(IQR). Whisker shows 1.5 times the IQR. Outliers are values which lie 1.5 times above or 

below the IQR.   Outliers above 30 mg/mmoL creatinine removed (three points in controls 

and three points in patients).  
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3.2.5.2 Proteinuria in Black patients 

 

 

At baseline median, albumin concentration in urine for Black patients was 300 mg/mL. 

Albuminuria persisted at each visit (Figure 24). Median albumin concentration did not increase 

significantly relative to baseline over the two-year follow-up period. Of the 16 MA patients at 

baseline, 44% (7/16) progressed to proteinuria at 2-year follow-up (results not shown).  Of the 

nine proteinuric patients at baseline, 22% (2/9) regressed to MA and 44% (4/9) to  

< 3.4 mg/mmoL (results not shown).                                                  

 

 

Figure 24. Box plot of proteinuria in Black patients from baseline to 2-year follow-up. 

Bars show median value. Box shows the interquartile range (IQR). Whisker shows 1.5 

times the IQR. Outliers are values which lie 1.5 times above or below the IQR.    
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3.2.5.3 Microalbuminuria in Indian patients 

 

 

There was a significant difference (p ≤ 0.05) in the level of MA between patients and controls at  

baseline and 6-months follow-up. At baseline and 6-month follow-up, median MA was higher 

in the control  group compared to the patients (Baseline: controls, 1.3 mg/mmol creatinine vs 

patients, 1.1 mg/mmol creatinine; 6 months: controls,1.3 mg/mmol creatinine vs patients:  

1.1 mg/mmol creatinine for control subjects) (Figure 25).  Median MA increased significantly  

(p ≤ 0.05) from baseline to two year follow-up. High median values in controls may be 

influenced by a small number of outliers (although influence is less than on mean).  

 In the patient population ,MA persisted across visits.  
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Figure 25. Box plot of Microalbuminuria in Indian control and patient groups from 

baseline to 2-year follow-up. Bars show median value. Box shows the interquartile range 

(IQR). Whisker shows 1.5 times the IQR. Outliers are values which lie 1.5 times above or 

below the IQR.. Outliers above 30 mg/mmoL creatinine removed (one from controls).  

 

 

 

 



 76 

 

3.2.5.4 Proteinuria in Indian Patients 

 

 

At baseline median albumin concentration in urine for Indian patients was 300 mg/mL. 

Proteinuria persisted at each visit (Figure 26). Of the four proteinuric patients at baseline, 25% 

(1/4) regressed to MA and 25% (1/4) to < 3.4 mg/mmoL creatinine (results not shown).                                                  
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Figure 26. Box plot of proteinuria in Indian patients from baseline to 2-year follow-up. 

Bars show median value. Box shows the interquartile range (IQR). Whisker shows 1.5 

times the IQR. Outliers are values which lie 1.5 times above or below the IQR.  
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3.2.6 Percentage glycated albumin (PGA) 

 

 

Glycated albumin is used as a short- to medium-term marker of hyperglycaemia compared to 

HbA1c and may be directly involved in pathology of DN .  

 

3.2.6.1 Percentage glycated albumin in Black patients 

 

 

At baseline, median PGA in Black patients was 5.20%. The PGA concentration at baseline  

(p ≤ 0.001) and 6 months (p ≤ 0.05) was significantly higher in patients than in controls. There 

was a trend of decreasing median GA values across visits in patients (baseline: median 5.20%;  

6 month: 3.68%; 1 year: 1.97%; 2 year: 1.87%) (Figure 27). 

PatientsControls

P
er

ce
n

ta
g
e 

G
ly

ca
te

d
 A

lb
u

m
in

 (
%

)

                        20

                        15

                        10

                        5

                        0

2 year

 1 year

 6 month

 Baseline

Visit

Black patients

  

Figure 27. Box plot of percentage glycated albumin (PGA) in Black control and patient 

groups from baseline to 2-year follow-up. Bars show median value. Box shows the 

interquartile range (IQR). Whisker shows 1.5 times the IQR. Outliers are values which lie 

1.5 times above or below the IQR.  
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3.2.6.2 Percentage glycated albumin in Indian patients 

 

At baseline, the median PGA in Indian patients was 5.17%, lower than in Blacks.  At baseline 

and 6 months the PGA was significantly higher (p ≤ 0.05) in patients than in controls. There 

was a trend of decreasing median PGA values across visits (baseline: median 5.17%; 6 month: 

median 3.00%; 1 year: median 2.27%; 2 year: median 1.42) (Figure 28). 
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Figure 28. Box plot of percentage glycated albumin (PGA) in Indian control and patient 

groups. Bars show median value. Box shows the interquartile range (IQR). Whisker shows 

1.5 times the IQR. Outliers are values which lie 1.5 times above or below the IQR.  
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3.2.7 Urinary type IV collagen 

 

Measurement of type IV collagen in urine has been shown to be a marker of declining kidney 

function in diabetic patients. 

 

3.2.7.1 Urinary type IV collagen in Black Patients 

 

At baseline and 6-months follow-up, urinary type IV collagen in Black patients was 

significantly higher (p ≤ 0.001) than in controls. Median urinary type IV collagen concentration 

in patients at baseline was 0.0106µg/mL compared to 0.0371 µg/mL at 6-months follow-up. 

Median urinary collagen IV increased with time, with sudden drop at 2-year follow-up  

(Figure 29). The median urinary type IV collagen at 2-year follow-up was comparable to that at 

baseline (baseline: 0.0106 µg/mL vs 2-year: 0.0111 µg/mL). 
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Figure 29. Box plot of urinary collagen IV concentration in Black control and patient 

groups. Bars show median value. Box shows the interquartile range (IQR). Whisker shows 

1.5 times the IQR. Outliers are values which lie 1.5 times above or below the IQR. 

 

 

 



 80 

3.2.7.2 Urinary type IV collagen in Indian Patients 

 

Urinary type IV collagen concentration was significantly higher in patients at baseline  

(p ≤ 0.05) and 6 months (p ≤ 0.001) than in controls. In patients, median urinary type IV 

collagen concentration at baseline was 0.0088 µg/mL compared to 0.0102 µg/mL at 6-months 

follow-up, lower than in Blacks. Urinary type IV collagen concentration increased with time, 

with sudden drop at 2-year follow-up (Figure 30). At 2-year follow-up the median urinary type 

IV collagen value was comparable to that at baseline (baseline: 0.0088 µg/mL vs  

2-year: 0.0108 µg/mL).  
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Figure 30. Box plot of urinary collagen IV concentration in Indian control and patient 

subjects. Bars show median value. Box shows the interquartile range (IQR). Whisker 

shows 1.5 times the IQR. Outliers are values which lie 1.5 times above or below the IQR.  

 

 

 

 

 

 

 

 



 81 

3.2.8 Plasma fibronectin (FN) 

 

 

Fibronectin is a component of the GBM. Increased levels of plasma FN have been proposed as a 

marker of incipient diabetic nephropathy.  

 

 

3.2.8.1 Plasma FN in Black patients 

 

 

At baseline and 6-months follow-up, median plasma FN in patients was significantly lower  

(p ≤ 0.05) than in the control population (baseline: 0.32 mg/mL vs control 0.40 mg/ml;  

6 months: median 0.37 mg/mL vs control 0.59 mg/mL). In the patients, the median plasma FN 

at baseline and 6-months follow-up was within the normal range of 0.20 to 0.40 mg/mL  

(Figure 31). At end-point, the median fibronectin concentration in patients (0.54 mg/mL) was 

higher than the normal range (0.2 to 0.4 mg/mL). 
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Figure 31. Box plot of plasma fibronectin in Black control and patient groups. Bars show 

median value. Box shows the interquartile range (IQR). Whisker shows 1.5 times the IQR. 

Outliers are values which lie 1.5 times above or below the IQR.    
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3.2.8.2 Plasma FN in Indian patients 

 

At baseline and 6-months follow-up, median plasma FN in patients was significantly lower  

(p ≤ 0.05) than in the control population (baseline: patients 0.29 mg/mL vs control:  

0.35 mg/mL; 6 months: patients 0.31 mg/mL vs control: 0.35 mg/mL). At baseline, 6-months 

and 1-year follow-up, median plasma FN values were within the normal range of 0.20 to  

0.40 mg/mL in patients (Figure 32). There was a significant increase (p ≤ 0.001) in the median 

plasma FN values in patients at 2-year follow-up compared to that at baseline (baseline:  

0.28 mg/mL vs 2-year: 0.51 mg/mL). 
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Figure 32. Box plot of plasma fibronectin in Indian control and patient groups. Bars show 

median value. Box shows the interquartile range (IQR). Whisker shows 1.5 times the IQR. 

Outliers are values which lie 1.5 times above or below the IQR.    

 



 83 

3.2.9 Correlation analysis of isotope GFR and estimates of GFR in patients with 

diabetes at each visit. 

 

 

Bi-variate correlations were performed in SPSS, using Spearman correlation co-efficients, 

comparing estimated GFR values with isotope GFR. A correlation coefficient of 0.75 and above 

was considered to indicate a strong relationship between variables. A significant correlation was 

indicated by p ≤ 0.05. A significant correlation did not indicate a strong correlation, significance 

being more a function of sample numbers of interrelationship between variables. 

 

The results of the correlations at each visit are shown in Table 8 to 11. Correlations had to be 

performed independently at each time point. The results indicated that at 1-year and 2-year 

follow-up, significant correlations (p ≤ 0.05) existed between isotope GFR and estimates of 

GFR (CG, 4-variable MDRD and revised 4-variable MDRD), and among the various estimates 

of GFR themselves, but that these correlations were weak (correlation co-efficient < 0.75) and 

not consistent across visits. It is for this reason the ethnic groups were combined and analysis 

performed to determine if a stronger and more consistent correlation across visits was evident.  

Estimated GFR (eGFR) using the 4-variable MDRD equation showed a correlation of 1.00  

(p ≤ 0.001) with eGFR calculated using the revised 4-variable MDRD equation, which is not 

surprising considering that the revised equation differs from the original equation only in an 

ethnicity factor. Overall, correlation analysis indicated that isotope GFR and estimated GFR 

correlated only weakly with each other.   
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Table 8. Correlation (as indicated by correlation co-efficient) among estimated glomerular 

filtration rate (eGFR) using the Cockcroft-Gault (CG), 4-variable Modification of Diet in 

Renal Disease (4-v MDRD), revised 4-variable MDRD (revised 4-v MDRD) equations, and 

isotope GFR at baseline.  

 

 Isotope GFR CG 4-v MDRD Revised 4-v MDRD 

CG 0.558* - 0.714** 0.714** 

4-v MDRD 0.269 0.714** - 1.000** 

Revised 4-v MDRD 0.269 0.714** 1.000** - 

* * p ≤ 0.01 

*    p ≤ 0.05 

 

Table 9. Correlation (as indicated by correlation co-efficient) among estimated glomerular 

filtration rate (eGFR) using the Cockcroft-Gault (CG), 4-variable Modification of Diet in 

Renal Disease (4-v MDRD), revised 4-variable MDRD (revised 4-v MDRD) equations, and 

isotope GFR at 6-month follow-up.  

 

 Isotope GFR CG 4-v MDRD Revised 4-v MDRD 

CG 0.300  0.576* 0.576* 

4-v MDRD -0.400 0.576**  1.000** 

Revised 4-v MDRD -0.400 0.576** 1.000**  

** p ≤ 0.01 

*   p < 0.05 

 

Table 10. Correlation (as indicated by correlation co-efficient) among estimated 

glomerular filtration rate (eGFR) using the Cockcroft-Gault (CG), 4-variable 

Modification of Diet in Renal Disease (4-v MDRD), revised 4-variable MDRD (revised 4-v 

MDRD) equations, and isotope GFR at 1-year follow-up.  

 

 Isotope GFR CG 4-v MDRD Revised 4-v MDRD 

CG 0.455* - 0.443** 0.443** 

4-vMDRD 0.491* 0.443** - 1.00* 

Revised 4-v MDRD 0.491* 0.443** 1.00** - 

**   p ≤ 0.01 

*     p ≤ 0.05 

 

Table 11. Correlation (as indicated by correlation co-efficient) among estimated 

glomerular filtration rate (eGFR) using the Cockcroft-Gault (CG), 4-variable 

Modification of Diet in Renal Disease (4-v MDRD), revised 4-variable MDRD (revised 4-v 

MDRD) equations, and isotope GFR at 2-year follow-up.  

 Isotope GFR CG 4-vMDRD Revised 4-v MDRD 

 CG 0.623** - 0.620** 0.620** 

4-v MDRD 0.553** 0.620** - 1.00** 

Revised 4-v MDRD  0.553** 0.620** 1.00** - 

** p ≤ 0.01 

*   p ≤ 0.05 
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3.2.10 Correlation analysis of measures of renal function and indicators of renal function  

 

Correlation studies comparing correlations among the measures of renal function (isotope GFR, 

CG, 4-variable MDRD and revised 4-variable MDRD) and indicators of renal function (MA, 

serum PGA, urinary type IV collagen and plasma FN), showed that almost all correlations were 

weak (correlation coefficient < 0.75), although there were instances of significance of 

correlations (p ≤ 0.05) (Tables 12 to 15). Any correlation for which the correlation co-efficient 

was ≥ 0.75 are shown as shaded cells in the tables. The only consistent strong correlations were 

between proteinuria and MA. However, this is largely attributable to a study weakness which 

meant that MA (as an indicator of renal function) and proteinuria (a measure of renal function) 

were not independent, as explained below. There was no consistency in correlations across 

visits. 

 

In the correlation analyses and subsequent regression analyses, MA was used as an indicator of 

renal function, while proteinuria was used as a direct measure of renal function. 

Microalbuminuria and proteinuria assays both detect protein (albumin) in urine and were used 

to identify those patients with compromised kidney function. The lower limit for the 

microalbumin:creatinine ratio (microalbuminuria ) is 3.4 mg/mmol creatinine and that for Bayer 

Multistix 10 SG (proteinuria ) is 300 mg/mL. The presence of protein detectable by either 

method was not truly independent of each other. The routine procedure used in the laboratory 

for proteinuria measurements was to perform dipstick analysis on urine specimens as an initial 

screening.  Microalbumin analyses were performed if proteinuria was absent. Since the outcome 

of the proteinuria test determined whether testing for microalbumin was performed, the results 

of the two tests were not truly independent. It was not initially intended to use proteinuria as a 

measure of renal function. Only GFR measurement and estimates were intended for this 

purpose. However, since few patients showed GFR values indicative of overt renal pathology  

(< 90 mL/min/1.73 m
2
), proteinuria was added as an additional measure of renal function in the 

correlation and regression analyses. This use of proteinuria measurements in a manner not 

initially included in the study design gave rise to the study weakness introduced by using both 

microalbumin and proteinuria. 
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Table 12. Correlation (as indicated by correlation co-efficient) among measures of renal 

function and indicators of renal function in diabetic patients at baseline.  

 

 Microalbumin Fibronectin Collagen IV Glycated albumin 

 CG -0.275 -0.057 0.2180 0.384** 

4-v MDRD -0.220 0.048 0.223 0.290 

Revised 4-v MDRD  -0.220 -0.048 0.223 0.290 

Isotope GFR -0.375 -0.534* -0.316 0.416 

Proteinuria 0.847** 0.000 0.866 0.000 

** p < 0.01 

*   p < 0.05 

  

Table 13. Correlation (as indicated by correlation co-efficient) among measures of renal 

function and indicators of renal function in diabetic patients at 6-month follow-up.  

 

 Microalbumin Fibronectin Collagen IV Glycated albumin 

 CG -0.352 -0.054 0.606** 0.270 

4-variable MDRD -0.273 -0.158 0.464** 0.312 

Revised 4-v MDRD  -0.273 -0.158 0.464** 0.312 

Isotope GFR 0.600 -0.300 0.300 -0.300 

Proteinuria 0.827** 0.775 -0.258 -0.258 

** p < 0.01 

 

Table 14. Correlation (as indicated by correlation co-efficient) among measures of renal 

function and indicators of renal function in diabetic patients at 1-year follow-up.  

 

 Microalbumin Fibronectin Collagen IV Glycated albumin 

 CG -0.207 -0.120 0.032 0.043 

4-vMDRD -0.012 -0.184 -0.277 0.211 

Revised 4-v MDRD  -0.012 -0.184 -0.277 0.211 

Isotope GFR -0.186 0.039 -0.259 0.114 

Proteinuria 0.805** 0.128 -0.534 -0.155 

** p < 0.01 

 

Table 15. Correlation (as indicated by correlation co-efficient) among measures of renal 

function and indicators of renal function in diabetic patients at 2-year follow-up.  

 

 Microalbumin Fibronectin Collagen IV Glycated albumin 

 CG -0.423* 0.029 -0.198 -0.241 

4-v MDRD -0.126 -0.171 -0.224 -0.133 

Revised 4-v MDRD  -0.126 -0.171 -0.224 -0.133 

Isotope GFR -0.156 0.112 -0.096 -0.273 

Proteinuria 0.785** 0.054 0.551  0.189 

** p ≤ 0.01 

* p < 0.05 
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3.2.11 Regression analysis 

 

 

Regression analysis using generalised estimating equation (GEE) models was performed to 

identify predictive relationships among the measures of renal function (isotope GFR, various 

eGFR and proteinuria) over the patient visits (i.e. over time). Each measure in turn was set as 

the dependent variable and the remaining measures were set as independent variables. Time was 

included as a factor, allowing for variation over time to be considered. Parameter estimates with 

p ≤ 0.05 were considered indicative of a significantly predictive relationship. These are shown 

as shaded cells in the tables, which follow.    

 

Thereafter, regression analysis using GEE models was performed using the measures of renal 

function (isotope GFR, eGFR using CG, 4-v MDRD and revised 4-v MDRD formulae, and 

proteinuria), sequentially, as dependent variables, and the indicators of renal function 

(microalbumin, PGA, urinary type IV collagen and plasma FN) as independent variables. Other 

independent variables were years of treatment, age, weight, BMI, creatinine, HbA1C, and blood 

pressure. Initially, only the identified indicators of renal function and measures of renal function 

were used for the analysis. When this yielded very few predictive relationships, the remaining 

variables were added. Time was included as a factor. Independent variables which yielded a 

parameter estimate with p ≤ 0.05 were considered to be significant predictors of the dependent 

variable. For those relationships which were found to be significantly predictive, the slope 

parameter β provided a description of the nature of the relationship. A positive value of β 

indicated that increase in the independent variable was related to increase in the dependent 

variable. A negative value of β indicated an inverse relationship, i.e. increase in the independent 

variable was linked to a decrease in the dependent variable. The confidence interval (CI) 

associated with β indicated the degree of uncertainty associated with the corresponding 

relationship. A small CI indicated a relatively smaller uncertainty while a large CI indicated a 

relatively larger uncertainty.    
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3.2.11.1 Interrelationships among measures of renal function  

 

For all data together (Table 16), isotope GFR significantly predicted eGFR (CG, 4-v MDRD 

and revised 4-v MDRD). Estimated GFR (CG) significantly predicted isotope GFR and eGFR 

(4-v MDRD and revised 4-v MDRD). Proteinuria significantly predicted isotope GFR. For all 

the relationships identified as significantly predictive (shaded table cells), the corresponding 

values for the slope parameter β and the associated confidence interval (CI) are shown in  

Table 17. A positive β score indicated a direct relationship e.g. increasing isotope GFR with 

increasing eGFR) (Table 17). For proteinuria the negative β score indicated an inverse 

relationship i.e. increasing proteinuria with decreasing isotope GFR). None of the measures of 

renal function predicted proteinuria.  

 

When patients groups were separated, a clearer picture emerged.  For Black patients, isotope 

GFR predicted CG. The eGFR (CG), significantly predicted isotope GFR, 4-v MDRD and 

revised 4-v MDRD, but not proteinuria (Table 18). Proteinuria significantly predicted isotope 

GFR. For all the relationships identified as significantly predictive (shaded table cells), the 

corresponding values for the slope parameter β and the associated confidence interval (CI) are 

shown in Table 19. All of the independent variables showed a positive β score, indicating a 

direct relationship e.g increasing eGFR (CG) with increasing isotope GFR). The only exception 

was the relationship of proteinuria to isotope GFR.  None of the renal function measures 

predicted proteinuria. For Indian patients, isotope GFR significantly predicted eGFR (CG) and 

proteinuria. The eGFR (CG) significantly predicted isotope GFR, 4-v MDRD and revised  

4-v MDRD.  Proteinuria, significantly predicted eGFR (4-v MDRD and revised 4-v MDRD), 

but not eGFR (CG). The CG, was significantly predicted by isotope GFR, 4-v MDRD and 

revised 4-v MDRD and proteinuria (Table 20).  Estimated GFR (CG) strongly predicted all of 

the measures of renal function. Isotope GFR and eGFR (CG) significantly predicted proteinuria. 

In Indian patients all of the independent variables showed a positive β score indicating a direct 

relationship (Table 21). The only exception was the relationship of eGFR (GG) with proteinuria.  
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Table 16. Significance of parameter estimates for regression models of interrelationships 

among measures of renal function for total patient population. Significant relationships  

 (p ≤ 0.05) are highlighted. 

 

 Dependent Variables 

Independent variables Isotope GFR 

mL/min 

CG 

mL/min 

4-v MDRD 

mL/min/1.73 m2 

Revised 4-v MDRD 

mL/min/1.73 m2 

Proteinuria 

mg/mL 

Isotope GFR 

 mL/min 

-  

0.010 

 

0.012 

 

0.012 

 

0.409 

CG 

 mL/min 

 

0.004 

-  

0.000 

 

0.000 

 

0.212 

4-v MDRD 

 mL/min/1.73 m2 

 

0.100 

 

0.000 

- -  

0.290 

Revised 4-v MDRD 

mL/min/1.73 m2 

 

0.100 

 

0.000 

- -  

0.290 

Proteinuria 

mg/mL 

 

0.029 

 

0.302 

 

0.388 

 

0.950 

- 

 

Table 17. Slope parameter β and confidence interval (CI) for interrelationships among 

measures of renal function for total patient population, which were significant  (p ≤ 0.05) 

as per Table 16. CI shown in brackets 

 
 Dependent variables 

Independent variables Isotope GFR 
mL/min 

CG 
mL/min 

4-v MDRD 
mL/min/1.73 m2 

Revised 4-v MDRD 
mL/min/1.73 m2 

Proteinuria 
mg/mL 

Isotope GFR 

mL/min 

- 0.484 

(0.1 – 0.9) 

0.365 

(0.08 –0.6) 

0.301 

(0.07 – 0.5) 

- 

CG 
mL/min 

0.197 
(0.06 – 0.3) 

- 0.400 
(0.2 – 0.6) 

0.330 
(0.2 – 0.5) 

- 

4-v MDRD 

mL/min/1.73 m2 

- 0.528 

(0.3 – 0.8) 

- - - 

Revised 4-v MDRD 
mL/min/1.73 m2 

- 0.528 
(0.3 – 0.8) 

- - - 

Proteinuria 

mg/mL 

-0.002 

(-0.003 – 0.0) 

- - - - 
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Table 18. Significance of parameter estimates for regression models of interrelationships 

among measures of renal function in Black patients. Significant relationships (p ≤ 0.05) 

are highlighted. 

 
 Dependent Variables 

Independent variables Isotope GFR 

mL/min 

CG 

mL/min 

4-v MDRD 

mL/min/1.73 m2 

Revised 4-v MDRD 

mL/min/1.73 m2 

Proteinuria 

mg/mL 

Isotope GFR 

 mL/min 

- 0.003 0.107 0.100 0.342 

CG 

 mL/min 

0.026 - 0.047 0.000 0.227 

4-v MDRD 
 mL/min/1.73 m2 

0.237 0.000 - - 0.559 

Revised 4-v MDRD 

mL/min/1.73 m2 

0.237 0.000 - - 0.559 

Proteinuria 
mg/mL 

0.013 0.216 0.573 0.089 - 

 

Table 19. Slope parameter β and confidence interval (CI) for interrelationships among 

measures of renal function for Black patient population, which were significant  (p ≤ 0.05) 

as per table 18. CI shown in brackets. 

 
 Dependent variables 

Independent variables Isotope GFR 
mL/min 

CG 
mL/min 

4-v MDRD 
mL/min/1.73 m2 

Revised 4-v MDRD 
mL/min/1.73 m2 

Proteinuria 
mg/mL 

Isotope GFR 

mL/min 

- 0.445 

(0.2 – 0.7) 

-  

 

- 

CG 
mL/min 

0.249 
(0.03 – 0.5) 

- 0.471 
(0.007 – 0.9) 

0.389 
(0.006 – 0.8) 

- 

4-v MDRD 

mL/min/1.73 m2 

- 0.404 

(0.2 – 0.6) 

- - - 

Revised 4-v MDRD 
mL/min/1.73 m2 

- 0.404 
(0.2 – 0.6) 

- - - 

Proteinuria 

mg/mL 

-0.002 

(-0.003 – 0.0) 

- - - - 
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Table 20.  Significance of parameter estimates for regression models of interrelationships 

among measures of renal function in Indian patients. Significant relationships (p ≤ 0.05) 

are highlighted. 

 

 Dependent variables 

Independent variables Isotope GFR 

mL/min 

CG 

mL/min 

4-v MDRD 

mL/min/1.73 
m2 

Revised 4-v MDRD 

mL/min/1.73 m2 

Proteinuria 

mg/mL 

Isotope GFR 

mL/min 

- 0.012 0.099 0.099 0.021 

CG 
mL/min 

0.000 - 0.000 0.000 0.004 

4-v MDRD 

mL/min/1.73 m2 

0.191 0.005 - - 0.069 

Revised 4-v MDRD 
mL/min/1.73 m2 

0.191 0.005 - - 0.069 

Proteinuria 

mg/mL 

0.098 0.122 0.000 0.000 - 

 

Table 21. Slope parameter β and confidence interval (CI) for interrelationships among 

measures of renal function for Indian patient population, which were significant (p ≤ 0.05) 

as per table 20. CI shown in brackets. 

 

 Dependent variables 

Independent variables Isotope GFR 

mL/min 

CG 

mL/min 

4-v MDRD 

mL/min/1.73 m2 

Revised 4-v MDRD 

mL/min/1.73 m2 

Proteinuria 

mg/mL 

Isotope GFR 
mL/min 

- 0.740 
(0.2 – 1.3) 

- - 
 

4.999 
(0.8 – 9.2) 

CG 

mL/min 

0.207 

(0.1 – 0.3) 

- 0.393 

(0.3 – 0.5) 

0.325 

(0.2 – 0.4) 

-2.088 

(-3.5 - -0.7) 

4-v MDRD 
mL/min/1.73 m2 

- 0.828 
(0.2 – 1.4) 

- - - 

Revised 4-v MDRD 

mL/min/1.73 m2 

- 0.828 

(0.2 – 1.4) 

- - - 

Proteinuria 

mg/mL 

 

 

- 0.028 

(0.02 – 0.04) 

0.024 

(0.01 – 0.03) 

- 
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3.2.11.2 Relationships of indicators of renal function to measures of renal function 

 

When all patient data were analysed, as a group, the proposed indicator of renal function serum 

PGA did not predict any of the renal function measures. Plasma FN significantly predicted 

eGFR (4-v MDRD and revised 4-v MDRD). Urinary type IV collagen significantly predicted 

eGFR (4-v MDRD and revised 4-v MDRD) (Table 22). Microalbuminuria significantly 

predicted isotope GFR, eGFR (CG, revised 4-v MDRD) and proteinuria. The relationship 

between MA and proteinuria is not unexpected as explained earlier.    

 

When study populations were separated into Black and Indian patient groups, different pictures 

emerged per ethnic group (Tables 24 and 26). In Black patients, serum PGA significantly 

predicted eGFR (4-v MDRD) (Table 24). Plasma FN significantly predicted eGFR 

(4-v MDRD). Urinary type IV collagen significantly predicted isotope GFR. Microalbumin 

significantly predicted proteinuria. In Indian patients, neither serum PGA nor plasma FN 

significantly predicted any of the renal function measures (Table 26). Urinary type IV collagen 

significantly predicted eGFR (CG). Microalbuminuria significantly predicted eGFR  

(4-v MDRD and revised 4-v MDRD) and proteinuria.  

 

When the remaining variables were added to the GEE regression models, in the total patient 

population serum creatinine significantly predicted isotope GFR, eGFR (4-v MDRD and  

revised MDRD). Pulse significantly predicted eGFR (CG). Systolic blood pressure significantly 

predicted eGFR(4-v MDRD and revised 4-v MDRD). Age significantly predicted eGFR (CG 

and 4-v MDRD). Weight significantly predicted isotope GFR, eGFR (CG). Body mass index 

significantly predicted eGFR (CG, 4-v MDRD and revised 4-v MDRD). Table 23 shows the  

β score and CI for each of these variables. Positive β score indicates a direct relationship.  

A negative β score indicates an inverse relationship i.e an increase in the independent variable is 

associated with a decrease in the dependent variable.   
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In the Black patients, serum creatinine significantly predicted isotope GFR, eGFR  

(CG, 4-v MDRD and revised 4-v MDRD) (Figure 24). Systolic blood pressure significantly 

predicted eGFR (CG). Age significantly predicted eGFR (CG, 4-v MDRD and revised  

4-v MDRD). Weight significantly predicted eGFR (CG). Body mass index significantly 

predicted eGFR (CG, 4-v MDRD and revised 4-v MDRD). Table 25 shows the β score and  

CI for each of these variables.  

   

In Indian patients, serum creatinine significantly predicted isotope GFR, eGFR (CG, 4-v MDRD 

and revised 4-v MDRD) (Figure 26). Diastolic blood pressure significantly predicted isotope 

GFR. Fasting plasma glucose significantly predicted eGFR (4-v MDRD and revised  

4-v MDRD). Glycated haemoglobin (HbA1c) significantly predicted isotope GFR. Age 

significantly predicted isotope GFR and eGFR (CG). Years on treatment significantly predicted 

isotope GFR. Weight significantly predicted isotope GFR and eGFR (CG). Body mass index 

significantly predicted eGFR (4-v MDRD and revised 4-v MDRD).  Table 27 shows the β score 

and the CI for each of these variables, indicating the measure of uncertainty associated with the 

independent variables.  In Indian patients more independent variables significantly predict 

isotope GFR, which is lacking in Black patients. Overall, more predictive relationships were 

identified for Indian patients than for Black patients. There was little correspondence between 

patient groups with respect to the relationships identified as being significantly predictive.    
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Table 22. Significance of parameter estimates for regression models of relationships of functional measures and indicators of renal function 

(independent variables) to measures of renal function (dependent variables) in total patient population. Significant relationships (p ≤ 0.05) are 

highlighted. 

 

  

 Dependent variable 

Independent variable Isotope GFR 

mL/min 

 

CG 

mL/min 

 

4-v MDRD 

mL/min/1.73 m2 

 

Revised 4-v MDRD 

mL/min/1.73 m2 

 

Proteinuria 

mg/mL 

 

Serum percentage glycated albumin (PGA) (%) 0.477 0.140 0.901 0.360 0.122 
Plasma Fibronectin (mg/mL) 0.170 0.170 0.020 0.023 0.853 
Urinary type IV collagen (μg/mL) 0.303 0.318 0.041 0.045 0.089 
Microalbuminuria (mg/mmoL creatinine) 0.014 0.001 0.067 0.013 0.018 
Serum creatinine (μmol/L) 0.000 0.000 0.000 0.000 0.339 
Fasting plasma glucose (FPG) (mmol/L) 0.675 0.863 0.200 0.200 0.190 
Haemoglobin A1C (HbA1C) (%) 0.148 0.202 0.326 0.288 0.475 
Pulse (bpm) 0.857 0.031 0.060 0.060 0.317 
Blood pressure supine systolic (mmHg) 0.899 0.182 0.264 0.948 0.365 
Blood pressure supine diastolic (mmHg) 0.591 0.645 0.640 0.851 0.163 
Age (years) 0.130 0.000 0.002 0.389 0.523 
Years on treatment (years) 0.518 0.979 0.564 0.833 0.863 
Weight (kg) 0.044 0.000 0.824 0.824 0.381 
Body mass index (BMI) (Kg/m2) 0.427 0.018 0.000 0.000 0.981 
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Table 23. Slope parameter β and confidence interval (CI) for interrelationships among indicators of renal function (independent variables) to 

measures of renal function (dependent variables) for total patient population which were significant (p ≤ 0.05) as per table 22. CI are shown in 

brackets. 

 
 Dependent variable 

Independent variable Isotope GFR 

mL/min 

 

CG 

mL/min 

 

4-v MDRD 

mL/min/1.73 m2 

 

Revised 4-v MDRD 

mL/min/1.73 m2 

 

Proteinuria 

mg/mL 

 

Serum percentage glycated albumin (PGA) (%) - - - - - 

Plasma Fibronectin (mg/mL) - - -0.449 

 (-0.8 - -0.07) 

-0.349 

 (-0.7 - -0.05) 

- 

Urinary type IV collagen (μg/mL) - - -181.717  

(-356 - -7.1) 

-187.033  

(-370 - -4.5) 

- 

Microalbuminuria (mg/mmoL creatinine) -0.337 

( -0.6 - -0.07) 

0.2226 

 (-1.2 - -0.3) 

- -0.608  

( -1.1 - -0.1) 

0.078 

 (0.2 – 1.6) 

Serum creatinine (μmol/L) -1.396 

 ( -1.7 - -1.1) 

-1.396 

 (-1.7 - -1.1) 

-1.643  

(-1.9 - -1.4) 

-1.240 

 (-1.5 - -1.0) 

- 

Fasting plasma glucose (FPG) (mmol/L) - - - - - 

Haemoglobin A1C (HbA1C) (%) - - - - - 

Pulse (bpm) - 0.172 

 (0.02 – 0.3) 

- - - 

Blood pressure supine systolic (mmHg) - - - - - 

Blood pressure supine diastolic (mmHg) - - - - - 

Age (years) - -1.134 

 (-1.6 – 0.7) 

-1.253 

 (-2.0 - -0.5) 

- - 

Years on treatment (years) - - - - - 

Weight (kg) 0.294 

 (0.008 – 0.6) 

1.876  

(1.6 – 2.2) 

- - - 

Body mass index (BMI) (Kg/m2) - 1.211  

(0.3 – 2.2) 

-4.275 

-5.8 - -2.8 

-3.527 

(-4.8 - -2.3) 

- 
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Table 24. Significance of parameter estimates for regression models of relationships of functional measures and indicators of renal function 

(independent variables) to measures of renal function (dependent variables) in Black patients. Significant relationships (p ≤ 0.05) are 

highlighted. 

 

 Dependent variable 

Independent variable Isotope GFR 

mL/min 

 

CG 

mL/min 

 

4-v MDRD 

mL/min/1.73 m2 

 

Revised 4-v MDRD 

mL/min/1.73 m2 

 

Proteinuria 

mg/mL 

 

Serum percentage glycated albumin (PGA) (%) 0.172 0.140 0.002 0.103 0.138 
Plasma Fibronectin (mg/mL) 0.965 0.170 0.042 0.127 0.700 
Urinary type IV collagen (μg/mL) 0.050 0.318 0.888 0.144 0.075 
Microalbuminuria (mg/mmoL creatinine) 0.805 0.588 0.059 0.777 0.021 
Serum creatinine (μmol/L) 0.000 0.000 0.000 0.000 0.323 
Fasting plasma glucose (FPG) (mmol/L) 0.500 0.830 0.576 0.576 0.115 
Haemoglobin A1C (HbA1C) (%) 0.487 0.060 0.645 0.645 0.388 
Pulse (bpm) 0.631 0.379 0.538 0.538 0.132 
Blood pressure supine systolic (mmHg) 0.513 0.006 0.212 0.212 0.127 
Blood pressure supine diastolic (mmHg) 0.555 0.299 0.214 0.214 0.125 
Age (years) 0.229 0.000 0.027 0.027 0.484 
Years on treatment (years) 0.316 0.368 0.310 0.310 0.512 
Weight (kg) 0.422 0.000 0.982 0.982 0.213 
Body mass index (BMI) (Kg/m2) 0.803 0.000 0.001 0.001 0.749 
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Table 25. Slope parameter β and confidence interval (CI) for interrelationships among indicators of renal function (independent variables) to 

measures of renal function (dependent variables) for Black patient population which were significant (p ≤ 0.05) as per table 24. CI are shown in 

brackets. 

 Dependent variable 

Independent variable Isotope GFR 

mL/min 

 

CG 

mL/min 

 

4-v MDRD 

mL/min/1.73 m2 

 

Revised 4-v MDRD 

mL/min/1.73 m2 

 

Proteinuria 

mg/mL 

 

Serum percentage glycated albumin (PGA) (%) - - 3.711  

(1.3 – 6.1) 

- - 

Plasma Fibronectin (mg/mL) - - -0.409 

 (-0.8 - -0.02) 

- - 

Urinary type IV collagen (μg/mL) -192.5  

( -385 - -0.1) 

- - - - 

Microalbuminuria (mg/mmoL creatinine) - - - - 1.058  

(0.161 – 2.0 
Serum creatinine (μmol/L) -.667  

( -1.0 - -0.3) 

-1.446 

 ( -1.7 - -1.2) 

-1.745 

 (-2.1 - -1.4) 

-1.335 

 (-1.7 – 1.0) 

- 

Fasting plasma glucose (FPG) (mmol/L) - - - - - 
Haemoglobin A1C (HbA1C) (%) - - - - - 
Pulse (bpm) - - - - - 
Blood pressure supine systolic (mmHg) - 0.544  

( 0.2 – 0.9 

- - - 

Blood pressure supine diastolic (mmHg) - - - - - 
Age (years) - -1.324 

 (-1.7 - -0.9) 

-1.605 

 (-2.6 - -0.5) 

-1.207  

(-2.3 - -0.1) 

- 

Years on treatment (years) - - - - - 
Weight (kg) - 2.00 

 (1.7 – 2.2) 

- - - 

Body mass index (BMI) (Kg/m2) - 2.2  

(1.2 – 3.2) 

-5.320 

 (-8.3 - -2.3) 

-4.389 

 (-6.9 - -1.9) 

- 

 

 



 

 

98 

 

Table 26. Significance of parameter estimates for regression models of relationships of functional measures and indicators of renal function 

(independent variables) to measures of renal function (dependent variables) in Indian patients. Significant relationships (p ≤ 0.05) are 

highlighted. 

 

 Dependent variable 

Independent variable Isotope GFR 

mL/min 

 

CG 

mL/min 

 

4-v MDRD 

mL/min/1.73 m2 

 

Revised 4-v MDRD 

mL/min/1.73 m2 

 

Proteinuria 

mg/mL 

 

Serum percentage glycated albumin (PGA) (%) 0.277 0.046 0.052 0.078 0.503 
Plasma Fibronectin (mg/mL) 0.290 0.977 0.858 0.519 0.131 
Urinary type IV collagen (μg/mL) 0.767 0.042 0.471 0.622 0.076 
Microalbuminuria (mg/mmoL creatinine) 0.644 0.369 0.035 0.029 0.012 
Serum creatinine (μmol/L) 0.008 0.000 0.000 0.000 0.131 
Fasting plasma glucose (FPG) (mmol/L) 0.709 0.640 0.019 0.019 0.809 
Haemoglobin A1C (HbA1C) (%) 0.000 0.199 0.411 0.408 0.113 
Pulse (bpm) 0.201 0.138 0.179 0.179 0.839 
Blood pressure supine systolic (mmHg) 0.448 0.392 0.932 0.416 0.366 
Blood pressure supine diastolic (mmHg) 0.017 0.487 0.810 0.589 0.763 
Age (years) 0.008 0.000 0.389 0.170 0.400 
Years on treatment (years) 0.001 0.886 0.412 0.197 0.871 
Weight (kg) 0.000 0.000 0.152 0.844 0.438 
Body mass index (BMI) (Kg/m2) 0.173 0.970 0.000 0.000 0.258 
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Table 27. Slope parameter β and confidence interval (CI) for interrelationships among indicators of renal function (independent variables) to 

measures of renal function (dependent variables) for Indian patient population which were significant (p ≤ 0.05) as per table 26. CI are shown 

in brackets. 

 Dependent variable 

 

Independent variable Isotope GFR 

mL/min 

 

CG 

mL/min 

 

4-v MDRD 

mL/min/1.73 m2 

 

Revised 4-v MDRD 

mL/min/1.73 m2 

 

Proteinuria 

mg/mL 

 

Serum percentage glycated albumin (PGA) (%) - 3.146 

(0.05 – 6.2) 

- - - 

Plasma Fibronectin (mg/mL) 

 

- - - - - 

Urinary type IV collagen (μg/mL) - 302.161 

(10.7 – 594) 

- - - 

Microalbuminuria (mg/mmoL creatinine) - - 0.135 

0.01 – 0.26 

0.118 

(0.01 – 0.2) 

0.224 

(0.05 – 0.3) 

Serum creatinine (μmol/L) -0.606 

(-1.1 - -1.17) 

-1.212 

( -1.8 - -0.6) 

-1.487 

(-1.7 - -1.2) 

-1.078 

(-1.3 - -0.8) 

- 

Fasting plasma glucose (FPG) (mmol/L) - - -1.084 

(-2.0 - -0.2) 

-0.895 

(-1.6 - -0.1) 

- 

Haemoglobin A1C (HbA1C) (%) 7.749 

( 4.4 – 11) 

- - - - 

Pulse (bpm) 

 

- - - - - 

Blood pressure supine systolic (mmHg) 

 

- - - - - 

Blood pressure supine diastolic (mmHg) 1.089 

0.196 – 2.0 

 

- - - - 

Age (years) 0.988 

( 0.257 – 1.7) 

-1.397 

(-2.1 - -0.7) 

- - - 

Years on treatment (years) -1.212 

( -1.9 – 0.5) 

 - - - 

Weight (kg) 0.551 

( 0.3 – 0.8) 

1.713 

(1.4 – 2.1) 

- - - 

Body mass index (BMI) (Kg/m2) - - -4.519 

(-5.6 - -3.4) 

-3.729 

(-4.6 - -2.8) 

- 
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CHAPTER 4 

 

DISCUSSION 
 

 

4.1 SUMMARY OF RESULTS OF PATIENT MONITORING 
 

The following section presents a summary of the findings presented in the previous chapter to 

provide the context for the discussion which follows. 

 

Hyperglycaemia as indicated by FPG > 7 mmol/L (reference range 3.1 to 6.4 mmol/L) persisted in 

the total patient population for the duration of the study (Figure 6 and 8). Raised HbA1c values,  

i.e. > 7%, (reference range 4.8 to 6.0%) across visits indicated poor glycaemic control in the 

preceding four months (Figure 9 and 11). Fasting plasma glucose and HbA1c were measured only in 

the patient population due to ethical, cost and logistical reasons and thus comparisons between 

patient and control populations were not possible. In the control population, random plasma 

glucose measurements confirmed that hyperglycaemia was not present in this population  

(Table 6 and 7). Serum creatinine values were lower in the patient population than in control 

population (Figure 21 and 22). The control population was engaged in physical activity at the time 

of each sampling (controls sampled from healthy manual labourers in a factory). Since serum 

creatinine varies between the sexes and is influenced by exercise and higher protein diets  

(Slentz et al. 2004; Baxmann et al. 2008), this may account for the increase in serum creatinine 

relative to the patient population who were not engaged in physical exercise (Kallner et al. 2008). 

In this study, there was no assessment of protein intake or the level of physical activity and its 

hypothesized that due to the intense work performed by the control population this may have been 

responsible for raising the level of serum creatinine. Also individuals with moderate/intense 

physical activity are known to present with lower estimated creatinine clearance (CG) and MDRD 

than sedentary individuals (Baxmann et al. 2008). In this study, a similar trend was noted  

(Figures 15 to 20), confirming the influence of physical activity in the control population.  
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The level of MA in the Black patient population differed significantly from the control population 

(Table 6). In Black patients at baseline and visit 2, 40.7%,(22/54) and 28%, 15/54, respectively 

were microalbuminuric (> 3.5 mg/mmoL Cr), the remainder of the patients were overtly proteinuric 

(baseline 41% (14/34); visit 2, 46% (25/54) were overtly proteinuric (> 300 mg/mL). The impact of 

a relatively small number of control subjects with high MA may be responsible for the difference 

(baseline 25%, 11/45; visit 2, 31%, 5/16). In Indian patients the level of MA did not differ 

significantly from the control population (Table 7). In the Indian patients at baseline and visit 2, 

21% (6/29) and 28%(8/29), respectively were microalbuminuric (> 3.5 mg/mmoL Cr).  

The remainder of the patients were overtly proteinuric (baseline: 31% (9/29); visit 2, 41% (12/29). 

 A significant proportion of normoglycaemic individuals without known renal pathology show MA. 

This phenomenon does not mean that MA is an unreliable indicator, rather that MA and renal 

pathology are dynamic processes. Changes in MA over time are more informative to the clinician 

than an isolated measure. 

 

In both Black and Indian patients at baseline, the level of PGA was higher in the patient group than 

in the control population (Figure 27 and 28). There was a trend of decreasing values across visits. 

At 2-year follow-up the level of PGA was comparable to that in the control population. Urinary 

type IV collagen was higher in the patient population than in the controls for both baseline and  

6-month follow-up (Figure 29 and 30). There was a trend of increasing urinary type IV collagen 

from baseline to 1-year follow-up. At endpoint the median urinary type IV collagen decreased to 

values comparable to that at baseline. In Black patients, median plasma FN was lower in the patient 

population compared to the controls (Figure 31). Plasma FN showed a trend of increasing with 

time. At 2-year follow-up the median values in the Black patient population were higher than the 

reference range (0.20 to 0.40 mg/mL). In Indian patients, the median plasma FN at baseline, 

 6-month and 1-year follow up were in the reference range provided by the supplier  

(0.20 to 0.40 mg/mL) and comparable to the controls (Figure 32).  At 2-year follow-up the median 

values were higher than the reference range (0.20 to 0.40 mg/mL). 
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Kidney function, as measured by isotope GFR, was assessed  a minimum of once a year in the 

patient population only. The median isotope GFR across visits remained fairly stable  

(Figures 13 and 14). The normal rate of decline in isotope GFR in patients with diabetes is  

1-2/mL/min/year (Hovind et al. 2001; MacIsaacs et al. 2006). There is an inverse relationship 

between serum creatinine and GFR. A significant change in serum creatinine is needed to cause a 

change in GFR (Jones & Lim 2003; Dalton 2010).  

 

In this study, the isotopic GFR remained fairly stable for the duration of the study period. These 

results indicate that renal function in the patient population was maintained despite MA and 

proteinuria. Estimated GFR using the 4-variable MDRD, revised 4-variable MDRD and CG 

equations differed significantly in the patient population than in the controls (Figures 15 to 20).  

All three equations showed a similar trend of declining eGFR across visits. In both patient 

populations (Black and Indian), proteinuria persisted for the duration of the study  

(Figure 24 and 26).  

 

Results for the indicators of renal function (MA, serum PGA, urinary type IV collagen and plasma 

FN) and measured of renal function (isotope GFR, eGFR, proteinuria) which were the focus of this 

study, are discussed in greater detail in the following sections. 

  

4.2 INDICATORS OF RENAL FUNCTION 

 

4.2.1 Microalbuminuria (MA) 

 

 

Microalbuminuria arises from the increased passage of albumin through the glomerular filtration 

barrier. Microalbuminuria often precedes overt DN in both type 1 and type 2 diabetes  

(Adler et al. 2003; Perkins et al. 2007). It is a classical indicator of incipient DN and is a widely 

used marker of compromised kidney function in both type 1 and type 2 diabetes  

(Nayak & Roberts 2006; Muttar et al. 2010). Microalbuminuria is also a risk factor for DN. 
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It is however, not specific to DN, as it can be detected in patients with sepsis, other inflammatory 

conditions, rheumatoid arthritis and in non-diabetic populations (Hillege et al. 2001;  

Hanefoldt et al. 2008). It is prevalent in a small percentage of the general population  

(Atkins et al. 2004; Konta et al. 2006). In a study of patients that were hypertensive, MA co-

existed in diabetic patients and reducing blood pressure reduced MA (Hovind et al 2001;  

Ficociello et al. 2007). Furthermore, not all patients with MA progress to overt nephropathy 

(Anavekar et al. 2004; de Zeeuw et al. 2004; King et al. 2005). Microalbuminuria has also been 

reported to be a powerful independent risk factor for cardiovascular disease (Mogenson  2003). The 

use of antihypertensive medication has been shown to reduce MA (Perkins et al. 2003;  

Araki et al. 2005).  Furthermore, studies have shown that MA regresses far more than progressing 

to proteinuria (Perkins et al. 2003,  Hovind et al. 2004; Lutale 2007). For these reasons 

markers/indicators of compromised renal function other than MA were investigated. 

 

Lutale et al. (2007) reported a 12% prevalence of MA in patients with type 1 diabetes. 

Unnikrishnan et al. (2007) showed a 2.2 to 26.9% prevalence of MA in Asian Indian patients with 

overt nephropathy and MA. In this study, 20% (3/15) of Indian patients and 24% (4/17) 

Black patients had MA at baseline. At 2-year follow-up, 35% (6/17) Indians and 27% (4/15)  

Blacks had persistent MA. In Black patients that were proteinuric at baseline, 67% regressed to 

MA at 2-year follow-up. In Indian patients 67% of proteinuric patients regressed to MA at  

2-year follow-up. Atkins et al. (2004) showed that 6 % of the adult population had MA with or 

without hypertension. Perkins et al. (2007) reported a 34 % prevalence of MA in control subjects. 

In this study, the level of MA in the control population was 29% (8/28) for Indian patients and 24% 

(11/45) for Black patients at baseline, slightly lower than that reported by Perkins et al. (2007).      

 

In the total patient population, MA did not correlate with isoptope GFR and eGFR  

(CG, 4-v MDRD and revised 4-v MDRD) except with eGFR (CG) at 2-year follow-up (Table 15). 

There was a strong and consistent correlation across visits with proteinuria (Table 12 to 15). 

Generalised estimating equations (GEE) regression models were used to examine the effect of 

variation over time with all the indictors of renal function (MA, serum PGA, urinary type IV 

collagen and plasma FN) simultaneously specified as independent variables, and also including 

other metabolic measures (FPG and HbA1c) in some analysis.  
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Analysis using GEE regression models showed that various renal measures were predicted by MA 

(isotope GFR, revised 4-v MDRD and proteinuria) in the total patient population (Table 22). In the 

Black population, MA  significantly predicted proteinuria (Table 24). In the Indian population, MA 

significantly predicted by eGFR (4-v MDRD and revised 4-v MDRD) and proteinuria (Table 26). 

These results suggest that MA significantly predicts proteinuria across populations.  However, it 

must be borne in mind that MA and proteinuria are not independent of each other. In the clinical 

setting, the use of MA to correctly identify patients with compromised renal function seems 

appropriate.  

     

The present study shows that microalbuminuria frequently regresses in subjects with type 1 

diabetes and that significant proportions of normoglycaemic individuals without known renal 

pathology show MA. This phenomenon does not mean that MA is an unreliable indicator, rather 

that MA and renal pathology are dynamic processes. Changes in MA over time are more 

informative to the clinician than an isolated measure. Also, the patients in this study were treated 

with anti-hypertensive treatment and this together with lowering of systolic blood pressure  

(< 129 mmHg) may have contributed to the higher rate of remission.  

 

In this study the hypothesis of anti-hypertensive medication and remission of MA was not tested as 

it was not part of the study objectives. Future studies are needed to adequately address the effect of 

anti-hypertensive medication and its role in remission of MA.  

 

4.2.2 Glycated albumin (GA) 

 

To date, there is no established reference range for PGA. In this study, the normal reference range 

(minimum – maximum) was established using PGA from the control groups  

(Black 1.15% – 6.69%; Indian 1.54% – 10.56%). For both population groups the level of PGA was 

higher in diabetics (Black 1.65% - 13.08%; Indian 2.74% - 15.25%) than in the control population, 

as would be expected. Each laboratory should determine normal values based on the characteristics 

of the population being studied (Exocell, USA, PA). Further studies are needed to determine the 

reference range for PGA and at which stage of CKD this marker can be useful as a measure of 

short-term glycaemia or as an indicator of renal pathology. 
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Serum glycated albumin (GA), which has a shorter half-life (15 to 20 days) than HbA1c (120 days), 

has been proposed to be a better marker of short term glycaemic control in diabetic patients  

(Paroni et al.  2007; Yoshiuchi et al. 2008; Nagayama et al. 2009). Glycated haemoglobin (HbA1C) 

is used globally as a marker of long term glycaemic control (2 to 3 months) (Rohlfing et al.  2002; 

Kirk et al. 2006; Kilpatrick 2008). Glycation of circulating proteins, including haemoglobin and 

albumin, takes place during the life span of these proteins. Several studies have shown that GA is a 

better marker of glycaemic control than HbA1c in patients with diabetes and in those undergoing 

haemodialysis (Kouzuma et al.  2004; Kalantar-Zadeh et al.  2007; Inaba et al.  2007;  

Peacock et al.  2008). Glycated albumin is unaffected by changes in red cell survival  

(Kosecki et al. 2005) or albumin concentration (Kouzuma 2004; Inaba et al. 2007).  

Okada et al. (2007) and Fukuoka et al. (2008) have shown that in diabetic patients with ESRD, 

measuring GA identifies those patients at increased risk of mortality and cardiovascular disease.  

 

Glycated albumin has also been linked to pathogenesis of diabetic vascular complications  

(Hattori et al. 2002; Amore et al. 2004; Cohen et al. 2006; Li and Wang 2010). In animal models, 

glycated albumin was shown to be preferentially transported across the glomerular filtration barrier  

(Londono & Bendayan 2001; Londono & Bendayan 2005). Research has shown that albumin 

modified by Amadori glucose adducts induces changes in the normal GBM which has been 

associated with DN and hyperglycaemia induced changes. Glycated albumin has been shown to 

stimulate expression of type IV collagen and FN (Cohen et al. 2005; Cohen et al. 2006).  

Studies have shown that decreasing the level of glycated albumin resulted in attenuation of 

glomerular filtration rate and dysregulation of collagen IV production (Cohen et al. 2007).  

 

Percentage glycated albumin (PGA), calculated as percentage of GA relative to total albumin, has 

been reported to be a better indicator of glycaemia than HbA1c). In this study, the level of PGA in 

patients with type 1 diabetes at baseline was significantly higher than in non-diabetic control 

subjects (p ≤ 0.05). These results correspond with findings of other studies in patients with type 1 

diabetes and varying stages of CKD (Yoshiuchi et al. 2008; Freedman et al. 2010). There was a 

trend of declining PGA values across visits for both Black and Indian patients (Figure 27 and 28). 

This contrasted with FPG (Figure 9 and 11) and HbA1c (Figure 10 and 12) which were elevated in 

patients at baseline and remained approximately constant throughout the study.  
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All of the patients were treated with Metformin (glucophage)which possesses antioxidant 

properties and decreases the production of ROS. Glycated proteins especially albumin, which is 

present abundantly in human plasma, has been shown to contribute to vascular complication of 

diabetes (Schram et al. 2005). Faure et al. (2008) showed that MET protects albumin from the 

effects of glycation and ROS by protecting the thiol groups independent of hyperglcaemia. In this 

study it was found that PGA levels decrease with time, independent of the level of glycaemia. 

However long lived proteins e.g. HbA1c exposed to raised glucose levels still show the effect of 

glycation. 

 

Percentage GA did not show consistent correlation with any of the measures of renal function 

across visits (Table 12 to 14).  To investigate the predictive ability of PGA towards renal function 

measures over time, GEE regression models specifying time as a factor were used. In the total 

patient population, PGA did not significantly predict any of the measures of renal function  

(Table 22). When the total patient population was separated into Black and Indian patients, a 

different picture emerged. In Black patients, PGA significantly predicted eGFR (4-v MDRD) 

(p = 0.002, β = 3.7, CI 1.3 to 6.1) (Table 24 and 25). The positive slope parameter (β) indicates that 

increasing PGA values were accompanied by an increase in eGFR.  

 

The associated confidence interval (CI) was relatively narrow, indicating a high degree of 

confidence in the relationship. In Indian patients, PGA significantly predicted eGFR (CG),  

(p = 0.046, β = 3.1, CI 0.05 – 6.2)  (Table 26 and 27). The associated CI was wide, indicating a 

high degree of variability, suggesting that in Indian patients, PGA cannot be used as a predictor of 

renal function. Percentage glycated albumin would be expected to predict GFR if impairment in 

renal function is directly related to glycation mechanisms, and particularly to the presence of 

glycated albumin (Cohen et al. 2005). Isotope GFR was not significantly predicted by PGA 

although different estimates of eGFR were (rev-MDRD in Blacks, CG in Indians). It is possible the 

eGFR is more sensitive to early glycation-associated renal impairment than isotope GFR. However, 

the evidence from this study is not strong enough to assert this with confidence. 
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4.2.3 Urinary type IV collagen  

 

The development of DN is accompanied by changes in the ECM and specifically the GBM. 

Research has indicated that type IV collagen, a major component of the GBM and ECM is a better 

marker of DN than MA (Tan et al. 2002; Tashiro et al. 2004). As DN progresses, the level of 

urinary type IV collagen increases, and has therefore been recommended as an indicator of disease 

onset and progression (Katavetin et al. 2006; Whiteside et al. 2009). It has been postulated that 

mesangial matrix expansion in a diabetic milieu is responsible for decreasing the glomerular 

filtration surface area with a resultant decline in renal function (GFR) in patients with incipient DN 

(Pozzi et al. 2009). 

 

 Cohen et al. (2005) showed that glycated albumin is responsible for altering the GBM and 

stimulating the increased production of type IV collagen in mesangial cells. Studies in animal 

models have shown that mesangial and glomerular cells exposed to high glucose showed increased 

production of type IV collagen (Pozzi et al. 2008; Ha et al. 2009; Whiteside et al. 2009).  

Yoshioka et al. (2004) and Sanna-Cherchi et al. (2007) showed that urinary type IV collagen 

excretion was increased in diabetic patients.  

 

No reference range for type IV collagen was supplied by the manufacturer. The reference range  

(minimum - maximum) was established using data from the Black and Indian control populations 

(Black: 0.00473 – 0.09570 μg/mL; Indian:  0.00402 – 0.00935 μg/mL). In this study, urinary type 

IV collagen was significantly increased in patients with type 1 diabetes compared to the 

corresponding control population (Black: p ≤ 0.001; Indian: p ≤ 0.05) (Table 6 and 7). There was a 

trend of increasing values from baseline to 1-year follow-up in Black patients (Figure 29).  

At 2-year follow-up the median urinary type IV collagen concentration was 0.0111µg/mL 

compared to 0.0106 µg/mL at baseline (non-significant increase, p = 0.313).  In Indian patients too, 

there was a trend of increasing urinary type IV collagen from baseline to 1-year follow-up (Figure 

30). The median urinary type IV collagen concentration at 2-year follow-up, was  0.0108 µg/mL 

compared to 0.0088 µg/mL at baseline (significant increase, p = 0.013).   
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Lowering the concentration of GA has been shown to be associated with reduced levels of urinary 

type IV collagen (Cohen et al. 2005, Cohen et al. 2006). In this study PGA values decrease with 

each visit (Figures 27 and 28). A similar trend with urinary type IV collagen concentration was not 

found, however, collagen IV values decrease to levels comparable to that at baseline for both Black 

and Indian patients, despite persistent hyperglycaemia (Figure 29 and 30).  These results suggest 

that urinary type IV collagen is a marker that lags behind in comparison to PGA which is a marker 

of glycation.  

 

In the total patient population, urinary type IV collagen did not correlate significantly with the 

markers of renal function (Table 12 to 14). Analysis using GEE regression models showed that in 

the total patient population urinary type IV collagen significantly predicted eGFR (4-v MDRD and 

revised 4-v MDRD) (Table 22). The negative β parameter and wide CI (Table 23) indicate that the 

relationship shows high variability. In Black patients, urinary type IV concentration significantly 

predicted isotope GFR, but none of the other measures of renal function (Table 24). The negative 

slope parameter (β = -192.5) indicates the isotope GFR decreases as urinary type IV collagen 

increased (Table 25). The wide confidence interval  (–384.8 to –0.1) on the slope parameter 

indicated that the relationship showed high variability. In Indian patients, urinary type IV collagen 

significantly predictive eGFR (CG) (Table 26). The positive slope parameter (β = 302.161) 

(Table 27) indicated that eGFR (CG) increased as urinary type IV collagen increased, which is 

confirmed by Figure 20. The wide confidence interval on the slope parameter (CI 10.7 to 594) 

shows that this relationship is widely variable. This relationship is counter-intuitive and in contrast 

to literature reports of increasing type IV collagen with increasing renal pathology (decreasing 

GFR). Thus results suggest that urinary type IV collagen may predict isotope GFR in Black 

patients but the relationship between GFR and urinary type IV collagen in Indian patients needs to 

be further elucidated.  
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4.2.4 Plasma fibronectin (FN) 

 

Plasma FN is a marker of vascular injury and has been shown to be elevated in diabetic patients 

and (Kanters et al.  2001; Shui et al.  2006; Wang et al. 2008). Work by Jung et al. (2008) showed 

that hyperglycaemia induces increased fibronectin expression in glomeruli  mesangial cells in vitro. 

Excessive glucose has been implicated in mediating pathological changes in the tubular basement 

membrane which alters the composition and function of the matrix, leading to DN (Lee et al. 2003; 

Feng et al. 2005; Wang et al. 2008). A large portion of the renal tubulointerstitium comprises 

epithelium, blood vessels and interstitium. The predominant cell type is proximal renal tubular 

epithelial cells (PTEC). Yung et al. (2006) showed that PTEC cells exposed to high glucose levels 

exhibited increased production of FN. In human cells, high glucose concentration also stimulated 

increased production of FN (Okada et al. 2005; Mason 2009).  

 

For both Black and Indian patients, median plasma FN was within the normal range supplied by the 

manufacturer of the assay kit (0.20 to 0.40 mg/mL) for baseline, 6-months and 1–year follow-up. 

For both Black and Indian patients, median plasma FN increased significantly relative to baseline 

by 2-year follow-up (Figure 31 and 32). Persistent hyperglycaemia, as indicated by raised FPG 

(Figure 9 and 11) and elevated HbA1c (Figure 10 and 12) across visits, may be responsible for the 

increased production of plasma FN.  

 

In this study, in the total patient population, plasma FN showed no consistent correlation with 

isotope GFR, eGFR (CG, 4-v MDRD and revised MDRD equations) and proteinuria across visits 

(Table 12 to 14). Generalised estimating equations (GEE) regression models showed that in the 

total patient population plasma FN significantly predicted eGFR (4-v MDRD and revised  

4-v MDRD) (Table 22). The negative β slope parameter and wide CI (Table 23) indicate high 

variability with plasma FN. In Black patients, increasing plasma FN significantly predicted 

decreasing eGFR, (4-v MDRD, p = 0.042, β = –0.409, CI –0.8 to –0.02) (Table 25). This is borne 

out by comparison of Figure 12 with Figure 28. Despite plasma FN significantly predicting eGFR 

(4-v MDRD), it did not significantly predict isotope GFR or proteinuria. In Indian patients, plasma 

FN did not significantly predict any of the measures of renal function (Table 26).  
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These results suggest that plasma FN did not significantly predict measures of renal function and 

its use as a marker of compromised renal function is not supported in South African Black and 

Indian patients with type 1 diabetes. 

 

4.3 MEASURES OF RENAL FUNCTION 

 

4.3.1 Isotope GFR and estimated GFR   

 

Isotope measurements of GFR are costly and require the expertise of highly trained personnel. To 

assess GFR in the study population, in the present study, three estimating equations of GFR were 

used, viz. 4-variable MDRD, revised 4-variable MDRD and CG. These estimated GFR values were 

compared with isotope GFR values where available. Studies have shown that the 4-variable MDRD 

(Poge et al. 2006) and CG equations (Stevens et al. 2006) overestimate GFR and this should be 

borne in mind when using these equations to assess GFR. Numerous methodological problems 

impact on the accuracy of these estimates. These include the patient population being studied, the 

statistical method used for analysis, traceability of the method to a calibration standard and the 

reference isotope GFR method used (Tidman et al. 2008). 

 

 Both MDRD and CG formulae have been investigated in healthy subjects and those with CKD, 

and found to be broadly accurate estimates of GFR (Rule et al. 2004; Froissart et al. 2005;  

Poggio et al.2005). In the clinical setting the 4-variable MDRD equation is widely used. It has been 

reported to be more accurate and more helpful in correctly identifying those patients with CKD 

than the CG equation (Rigalleau et al. 2005). The MDRD equation incorporates body weight and is 

recommended for the monitoring of renal function during treatment that influences kidney 

performance (Rule et al. 2004; Poggio et al. 2005; Premaratne et al. 2008). Lamb et al. (2005) 

reported that the MDRD equation shows the least bias in assessing eGFR and is applicable for 

follow-up in patients with CKD. In that study, patients were staged as CKD 3 and 4. The results 

supported the use of the 4-v MDRD equation to monitor diabetic patients with moderate to 

advanced kidney disease in clinical practice (Poggio et al. 2005). 
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In the present study, isotope GFR remained fairly constant across visits (Figure 13 and 14), 

indicating that kidney function was maintained for the duration of this study. In contrast, across 

both population groups, all three equations for eGFR (4-v MDRD, revised MDRD and CG) 

showed similar trends of declining renal function (Figures 15 to 20). Despite this apparent 

difference, the eGFR equations showed statistical correlation with each other and with isotope GFR 

(Table 8 to 11). The estimated values of GFR were within 30% of the isotope GFR value at all 

times (Tidman et al. 2008). All three equations showed a similar trend of declining eGFR across 

visits (Figures 15-20). The eGFR formulae are based on age, sex, weight and serum creatinine. 

Both the CG and 4-variable MDRD equation overestimated GFR for Black and Indian patients 

(Table 6 and 7). In comparison, the revised 4-v MDRD equation reported values closer to the 

isotope GFR and were within 10% of this value (Table 6 and 7). This corresponds with results 

reported by van Deventer et al. (2008). The eGFR values (CG, 4-v MDRD and revised 4-v MDRD) 

showed good correlation with each other (Table 8 to 11). Using GEE regression models, eGFR 

(CG) significantly predicted isotope GFR in the total patient population (Table 16). The positive β 

and narrow CI indicate a high degree of confidence in the relationship. In the Black patient 

population , the eGFR (CG) significantly predicted isotope GFR (Table 18). The positive β and 

narrow CI indicate a high degree of confidence in the relationship (Table 19). In Indian patients 

eGFR (CG) significantly predicted isotope GFR (Table 20). The positive β and narrow CI indicate 

a high degree of confidence in the relationship (Table 21).   

 

Generalised estimating equations (GEE) regression models showed that for the total patient 

population, only the CG equation was significantly predicted by 4-v MDRD, revised 4-v MDRD 

(Table 16). Isotope GFR was significantly predicted by eGFR (CG) and proteinuria. In Black 

patients, most measures were predicted well by the other measures (Table 18). Thus in Black 

patients all the estimating equations for GFR behaved broadly similarly. Proteinuria significantly 

predicted isotope GFR (Table 18). Thus this study indicated that proteinuria can be used to predict 

isotope GFR in Black patients. 
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In Indian patients, there were no consistent relationships amongst the measures, in contrast to 

Black patients. Isotope GFR was significantly predicted by eGFR (CG).Estimated GFR (CG) 

significantly predicted all of the measures of renal function (Table 20). Furthermore, proteinuria 

was significantly predicted by isotope GFR and CG, but not 4-v MDRD and revised 4-v MDRD. 

These results suggest that in a clinical setting, caution needs to be exercised when using the 4-v 

MDRD and revised 4-v MDRD equation to identify Indian patients at risk of DN, but CG equation 

appears to be a reliable indicator.  

 

4.3.2 Proteinuria 

 

 

It has been reported that, in untreated patients with persistent MA, 80% of patients with type 1 

diabetes progress to overt DN (ADA 2004). Routinely the screening of patients urine with protein 

dipstix measurements is used to identify those with compromised renal function and institute 

treatment which may improve the loss of protein.  However, over time the loss of renal function 

eventually results in ESRD (Perkins et al. 2007; Perkins et al. 2010). Perkins et al. (2010) reported 

that 35% of patients with CKD stage 3-4 developed proteinuria. In this study a small percentage of 

patients were overtly proteinuric at 2-year follow-up (Black: 26% (9/34), Indian: 10% (2/20).  

  

In the Black patient population, 55% (5/9) of patients that were proteinuric at baseline regressed to 

MA (< 3.4 mg/mmoL creatinine) and 22% (2/9) had persistent MA (> 3.4 mg/mmoL creatinine) at 

2-year follow-up. In the Indian patient population at 2-year follow-up, 25% (1/4) of patients that 

were initially proteinuric regressed to MA (< 3.4 mg/mmoL creatinine). In order to assess the role 

of proteinuria in renal function measures, proteinuria was included in the correlation analyses and 

GEE regression models. Correlation studies showed that proteinuria correlated with plasma FN and 

serum PGA only at baseline (Table 11), but this was not consistent across visits (Table 12 to 14). 

Using GEE regression models, proteinuria was significantly predicted by MA in the total patient 

population (Table 18) as well as in the Black and Indian patient populations individually  

(Table 19 and 20).  
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The traditional view that MA progresses to proteinuria requires review. Studies have shown the 

presence of MA infers a 20-25% risk of progression to proteinuria within 10 years in patients with 

CKD stage 3-4 (Ficociello et al. 2007; Amin et al. 2008).  However, biomarkers like MA, are not 

sufficiently robust as markers for the development of CKD in patients with type 1 diabetes. The 

presence of MA can remain static or advance to proteinuria, but more frequently regresses to 

normal levels of albumin excretion (Giorgino et al. 2004). Renal function can also decline without 

overt proteinuria. Therefore better markers are needed that can identify patients at risk of advanced 

CKD many years before its development are needed (Perkins et al. 2010). 

 

The association of MA and proteinuria is not truly independent (as discussed previously) and this 

may be the reason why MA consistently predicted proteinuria. To fully investigate the relationship 

of MA and proteinuria in South African Black and Indian patients with type I diabetes, further 

studies are needed.  

 

4.4 RELEVANCE OF PROPOSED INDICATORS OF RENAL FUNCTION 
 

In summary, for the total patient population, at least some of the different measures of eGFR  

(CG, 4-v MDRD and revised 4-v MDRD) were significantly predicted by PGA, urinary type IV 

collagen and plasma FN. There was no consistency across population groups and neither of the 

direct measures of renal function (isotope GFR and proteinuria) was significantly predicted by the 

proposed new markers. Across the population groups, MA significantly predicted proteinuria 

(Table 12 to14), and proteinuria in turn predicted isotope GFR. Since these measures are not truly 

independent of each other, this association was expected but its potential significance should not be 

excluded. Thus this study suggests that in the clinical setting, the use of MA as an indicator of 

compromised renal function remains the most useful tool to identify those South African Black and 

Indian patients at risk of DN.   
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4.5 OTHER VARIABLES WHICH PREDICTED RENAL FUNCTION  

 

In this study, several variables associated with diabetes, besides the proposed new markers, were 

shown to significantly predict measures of kidney function. Table 22 shows a summary of these 

independent variables for the total patient population and their association with renal function. 

Serum creatinine significantly predicted measures of renal function, especially isotope GFR, across 

both populations (Table 24 and 26).  Proteinuria was the exception to this. Serum creatinine was a 

stronger predictor of measures of renal function than the proposed new markers of DN. These 

results show that in clinical practice, increasing serum creatinine is a good marker for identifying 

patients with incipient declining renal function.  

 

In Indian patients, systolic BP did not show a role in predicting declining kidney function across all 

measures of renal function (Table 26). In Indian patients with long duration of type 1 diabetes, a 

larger number of independent variables was shown to be significantly predictive of isotope GFR 

than in that in Black patients. Surprisingly, despite the high incidence of hypertension in SA Black 

patients, as reported by Motala et al. (2003), systolic BP did not significantly predict isotope GFR 

or eGFR (4-v MDRD and revised 4-v MDRD) in the Black patient population. However, systolic 

BP significantly predicted creatinine clearance (CG) in Black patients.  

 

These results suggest that in Black patients, the association of several factors associated with 

diabetes contribute to progression of disease more strongly than hypertension in isolation. In the 

two ethnic populations studied, differences were evident in disease progression, reflected in the 

different physiological and metabolic variables which significantly predicted measures of renal 

function. Thus differences in physiology and ethnicity need to be borne in mind when monitored 

disease progression in Black and Indian patients with type 1 diabetes.     
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For the total patient population, hyperglycaemia (FPG and HbA1c) did not significantly predict any 

of the measures of renal function (Table 22). For Black patients only, a similar pattern was 

observed (Table 24). In Black patients, glycaemic indices (FPG and HbA1c) did not predict renal 

function. In the Black patient population studied, the duration of diabetes and the age of the 

patients were lower, compared to that of the Indian patients who were much older and had longer 

duration of diabetes (Table 6 and 7). This may account for the differences observed. Alternatively 

secondary metabolic mechanisms as discussed in Chapter 1 (e.g. increased polyol pathway flux, 

increased hexosamine flux, activation of protein kinase C and reactive oxygen species) may play a 

more important role than glycaemia itself in renal function decline over time. As discussed in 

Chapter 1, hyperglycaemia activates many metabolic pathways that initiate ROS generation and the 

formation of AGEs over time, which alter the structure and function of the kidney.  In Indian 

patients, the longer duration of disease processes as well as glycaemic indices were identified as 

strong predictors of renal function decline.  

 

These results suggest that glycation processes and AGE formation may be directly involved in the 

disease process. Future studies are required to prove this hypothesis in Indian and Black patients 

with long duration of diabetes. This suggests that factors associated with diabetes besides 

hyperglycaemia itself may be responsible for disease progression in Black patients. Identifying and 

intervening clinically in these factors would be useful in a clinical setting. However, in Indian 

patients hyperglycaemia (HbA1c) was independently predictive of measures of renal function, 

especially isotope GFR. This suggests that hyperglycaemia probably plays a direct role in disease 

progression in Indian patients. Thus steps to correct hyperglycaemia may prove useful in the 

clinical setting to limit effects of renal function.   

 

Years on treatment, age and weight, were significantly predictive of renal function measures, 

especially isotope GFR in Indian patients, more so than in Black patients. Thus in Indian patients, 

hyperglycaemia and the time-associated effects of hyperglycaemia seem to play a role in declining 

renal function. The role of these variables in predicting renal decline in both population groups 

with type 1 diabetes needs to be further investigated.   
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4.6 CONCLUSIONS 

 

It was hypothesised that glycated serum albumin, plasma fibronectin and urinary type IV collagen, 

either alone or in combination are better predictors of markers of impaired renal function than 

microalbuminuria. It was further hypothesised that this relationship differs between South African 

Black and Indian patient populations.   

 

The results of this study showed that serum GA, plasma FN and urinary type IV collagen were not 

better predictors of incipient impaired renal function than MA. 

 

In addition the following conclusions can be drawn: 

 

 In this prospective study, hyperglycaemia persisted across visits and median HbA1c values were 

above the therapeutic range of < 7.0%. Therefore results are representative of Black and Indian 

patients with elevated blood glucose.  

 

 Proteinuria was higher in Black patients at 32% (8/25) of patients at 2-year follow-up than in 

Indian patients. In Indian patients proteinuria was found in 10% (2/20) at 2-year follow-up. 

 

 Proteinuria was significantly predictive of isotope GFR and could therefore be considered a 

reliable marker of  DN.   

 

 Isotope GFR is still a useful measure of kidney function in diabetic patients. However, results 

from this study suggest that estimates of GFR should be used with care where renal function is 

not yet grossly compromised. The revised 4-variable MRDR equation without ethnicity factor 

can be used to assess GFR in Black patients. In Indian patients the use of the 4-v MDRD and 

revised 4-v MDRD equation is not reliable to assess GFR. The CG equation was more reliable. 

 

 Percentage glycated albumin cannot be used as a marker of renal function in either Black or 

Indian patients. 

 

 Urinary type IV collagen may be a useful marker to identify patients at risk of DN in Black 

patients with type 1diabetes but not in Indian patients. 
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 Plasma FN cannot be used as a marker of vascular injury to identify patients at risk of DN.  

 

 Microalbuminuria predicted proteinuria in both populations. However, the interdependence of 

MA and proteinuria measurements cannot be over-emphasized, since both assays measure 

albumin in urine. 

 

 The most significant finding of this study was that serum creatinine was still the strongest 

predictor of renal function of all the investigated variables, more so than the proposed new 

markers.  

 

4.7 SHORTCOMINGS OF THIS STUDY 
 

 

 The relatively short duration of this study may not be totally representative of decline in renal 

function in both population groups over extended time periods (e.g. decades).  

 

 Loss of patients to follow-up contributed to a smaller number of patients analysed at end-point, 

meaning that the sample populations may not have been representative of the populations 

studied.  

 

 Microalbuminuria and proteinuria assays were not truly independent of each other as both 

assays measure protein (albumin) in urine and the way these were measured in this study meant 

measurements were not truly independent of each other.  

 

 More frequent isotope GFR determinations may have added value in identifying patients with 

declining renal function.   

 

 For the duration of this study, only a small percentage of patients had declining renal function. 

In most published studies, patients selected had clearly compromised renal function. The 

results presented here are significant in highlighting that markers of overt DN do not 

necessarily apply as well to incipient DN. However, results presented here require confirmation 

before being used in clinical practice for patient management.  
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4.8 RECOMMENDATIONS  
 

 

4.8.1 Recommendations for Clinical Practice 

 

 Of the investigated markers of early DN, MA was the most consistently predictive of renal 

function measures, therefore it is recommended that in clinical practice MA sill be used as 

such. However, MA needs to be interpreted with caution, as a noticeable number of patients 

with MA regressed to normal levels, more so than progressed to proteinuria. 

 

 Creatinine emerged as a strong predictor of renal function in Black and Indian populations in 

which GFR was not yet severely compromised. It is therefore to be considered a strong 

predictor of early DN.  

 

 The results of this study indicate that there is evidence for different disease processes in early 

DN in South African Black and Indian patients with type 1 diabetes. 

 

4.8.2 Recommendation for Further Research 

 

 More research is needed into markers of early DN, as opposed to overt DN. This study 

demonstrated that markers proposed on the basis of studies in patients with overt DN do not 

necessarily apply in the early stages of compromised renal function.  

 

 The difference in disease processes between Black and Indian patients requires further 

investigation, in particular the observation that DN in Black patients does not appear to be 

directly predicted by either fasting plasma glucose or HbA1c. 

 

 The low renal function relative to the high level of MA in Black control subjects needs to be 

further investigated.  
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Abstract 

Diabetes causes early structural changes to the glomerular basement membrane (GBM), which 

alters its function and leads to loss of protein in urine. Formation of advanced glycation 

endproducts (AGEs) is one mechanism proposed to be responsible for the structural changes to 

the GBM. AGEs are thought to affect blood flow i.e. glomerular filtration rate (GFR) and 

vascular permeability which over time manifests as overt proteinuria. The gradual loss of 

minute amounts of protein (albumin) is referred to as microalbuminuria (MA). 

Microalbuminuria is a dynamic process, with patients regressing to normoalbuminuria more 

often than progressing to overt proteinuria. Microalbuminuria is not specific to patients with 

diabetic nephropathy (DN) and new markers specific to DN are being sought. A prospective 

study was undertaken at the Inkosi Albert Luthuli Central Hospital (IALCH) to evaluate the 

relationship of serum glycated albumin, urinary and serum components of capillary basement 

membrane and DN in South African Black and Indian patients with type 1 diabetes. The study 

was undertaken with sampling of blood and urine at baseline, 6-months, 1 year and 2-year 

follow-up. Serum glycated albumin, urinary type IV collagen and plasma fibronectin were 

measured at each visit. Since correlations could be performed only at each time point 

individually, generalised estimating equation (GEE) regression models were constructed in 

SPSS (15.0) with time specified as a factor in order to take account of relationships among 

variables over time. The results of this study showed that serum percentage glycated albumin 

(PGA), plasma fibronectin (FN) and urinary type IV collagen were not better predictors of 

incipient impaired renal function than MA. Although previous authors have variously reported 

serum GA, plasma FN and urinary type IV collagen to be predictive of impaired renal function, 

these studies were conducted mainly in patients with overt DN. The present study suggest that 

markers of overt renal dysfunction are not necessarily useful predictors of incipient DN. 

Differences in predictive relationships point to a different disease processes in the two ethnic 

groups. Of particular note was the lack of a predictive relationship of either fasting plasma 

glucose (FPG) or glycated haemoglobin (HbA1c) with any of isotope GFR, estimated GFR and 

proteinuria in Black patients. The most significant finding of this study showed that 

combination of serum creatinine and MA provided broadest range of predictors of isotope GFR, 

estimated GFR and proteinuria. 
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