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ABSTRACT 

Diabetic nephropathy (DN) is a devastating chronic microvascular complication that 

represents the major cause of end-stage renal failure leading to the development and 

progression of diabetic syndrome. The aim of this study was to evaluate serum neutrophil 

gelatinase associated lipocalin (NGAL) in type 2 DM with diabetic nephropathy. Eighty (80) 

type 2 diabetic patients with DN and apparently healthy controls were respectively recruited. 

Blood samples were collected and tested for serum NGAL, creatinine, albumin, fasting 

plasma glucose and HbA1c. Creatinine and albumin were analyzed using Abbot autoanalyser, 

HbA1c was analyzed using fine care system and serum NGAL using the ELISA method. 

Estimated GFR (eGFR) was calculated using the modification of diet in renal disease 

(MDRD) formula. Statistical analysis was performed using statistical package for social 

science (SPSS) software version 20.0. Student t-test, one way analysis of variance (ANOVA) 

and Pearson’s correlation were used for comparisons and correlation of data respectively with 

level of significance set <0.05.  The mean values of the serum NGAL, FPG, HbA1c, BMI 

and eGFR in both DN group and control group were found to be 3.72±2.62 vs 

1.08±0.78µg/ml, 7.06 ±3.46 vs 4.08± 0.39mmo/l, 6.73±1.08 vs 4.71 ±0.39%, 27.33±5.29 vs 

25.08±3.65ml/min/1.73m
2
 and 76.57 ±11.20 vs 118.23 ±12.11ml/min/1.73m

2
 respectively. 

The study found a high and significant difference in the mean values of the DN group 

compared to the control group. A positive and significant relationship was observed between 

serum NGAL and eGFR and duration of diagnosis of diabetes mellitus. Hence, serum NGAL 

could therefore be used as a biomarker to diagnose DN even earlier to incipient nephropathy.  



 

 

1 

 

CHAPTER ONE 

1.0         INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

The prevalence of non-communicable diseases (NCD’s) is on the increase globally with the low- 

middle-income countries (LMIC’s) being disproportionate afflicted with the burden of this 

increase. Diabetes mellitus (DM) is a major cause of concern because of it increasing prevalence 

and related complications including microvascular as well as macrovascular (Siddiqi et al., 

2017). The prevalence of diabetes mellitus is reported to be about 3.5% (1.33 million). In terms 

of mortality, about 38 million deaths have been attributed to diabetes mellitus in 2012 (WHO, 

2016). In Nigeria, one in every five adults between the ages of 30 -70 years die prematurely due 

to non-communicable disease with diabetes mellitus accounting for 2% of the deaths (WHO, 

2016). One of the major complications of diabetes mellitus is diabetic nephropathy (DN). It is a 

devastating chronic microvascular complication that represents the major cause of end stage 

renal disease (ESRD). The mechanisms leading to the development and progression of DN are 

mainly poor metabolic and hemodynamic control (Gnudi, 2015). Development of diabetic 

nephropathy increases morbidity and mortality; and health care burden well before the 

development of end-stage renal disease (Lalibarte et al., 2009). 

Glomerular filtration rate (GFR) is considered the best measure of kidney function and measures 

the rate at which the kidneys two million nephrons filter the plasma to remove waste products 

from the circulation. Injury to the kidneys such as that occurring in acute and chronic kidney 

disease gradually declines the remaining functional ability of the kidney which can be estimated 
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by measuring or by estimating glomerular filtration rate (e-GFR). In a normal-sized person the 

normal value of GFR is about 100 - 150 mL/min. Other methods used for the determination of 

GFR include serum creatinine, and creatinine clearance (Pradeep, 2010). 

However, formula-derived e-GFR has become widely used in clinical practice. The National 

Service Framework for Renal Services in the UK recommends the adoption of formula-derived 

e-GFR in the annual evaluation of all patients with diabetes mellitus (Ahmad et al., 2006). The 

adoption of such protocol is anticipated to aid in the early identification and therefore improve 

long term outcomes for those patients with kidney impairment including those with diabetic 

nephropathy. In addition, the American Diabetes Association also recommends the estimation of 

glomerular filtration rate by e-GFR (mL/min/1.73 m
2
) based on the formula proposed by the 

Cockcroft-Gault (Cockcroft and Gault, 1976) and corrected for body surface area (BSA) and the 

modification of diet in renal disease (MDRD) formula in patients with diabetes mellitus (Levey, 

1999). 

In addition, unlike microalbuminuria, GFR increases during the early stages of DM due to 

hyperglycemia and decreases during later stages of DM reflecting a decline in renal function 

hence changes in GFR appear much earlier than microalbuminuria in diabetic patients. Previous 

studies have established the fact that GFR is but one variable of many that predisposes 

individuals to the likelihood of developing diabetic renal disease along with other complications 

of DM (Pei et al., 2012).  

Although microalbuminuria is accepted as the earliest marker of diabetic nephropathy, large 

proportion of renal impairment however, occurs in non-albuminuric state (Siddiqi et al., 2017). 

Therefore, the diagnostic value of microalbuminuria in diabetic nephropathy has been questioned 
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by a number of researchers worldwide who proposed that other markers are needed for the 

earlier identification of diabetic renal disease so that measures can be taken to prevent the 

progression or retard the disease process (Papadopoulou-marketou et al., 2017). One of such 

markers is neutrophil gelatinase associated lipocalin (NGAL).  

NGAL also known as human lipocalin-2, siderocalin, oncogene 24p3, or LCN2, is a 25 kDa 

protein composed of 178 amino acids that belongs to the super family of the lipocalin. The 

lipocalins are generally proteins that are specialized in binding and transporting small 

hydrophobic molecules).
 
The family generally shares common molecular organizations that are 

composed of eight β-strands arranged in a complex β-barrel structure delineating a calyx shape 

which represents their binding site.
 
NGAL binds to some ligands including the siderophores and 

interaction with these iron-binding siderophores gave NGAL its characteristic bright red color 

and also modulates most of its biological activities (Flower et al., 1993; Flower et al., 2009; 

Devarajan et al., 2010).
 
NGAL is normally expressed in a variety of adult human tissues such as 

the bone marrow, the uterus, the prostate, the salivary gland, the stomach, the colon, the trachea, 

the lung, the liver and the kidney (Cowland et al., 1997). NGAL is also highly expressed in the 

tubular epithelium of the distal nephrons of the kidney and is released from tubular epithelial 

cells following damage such as that happens in acute kidney injury. NGAL protein exists in three 

distinct molecular forms i.e. the 25 kDa monomer, the 45 kDa homodimer generated by 

dimirization of the two identical NGAL monomers and the larger 135 kDa heterodimer 

generated by association of the monomer with the 92 kDa MM-9, also called gelatinase B (Goetz 

et al., 2002; Cai et al., 2010). 

NGAL is a biomarker of renal tubular injury that is upregulated in the distal tubules and 

collecting duct. It has extensively been evaluated for early detection of kidney damage 
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(Bachorzewska-Gajewska et al., 2007). Because of its small molecular size and resistance to 

degradation, NGAL is readily excreted and detected in the urine both in its free form and in 

complex with matrix metallopeptidase 9 (MMP-9). Urinary levels correlate with plasma or 

serum levels regardless of the cause of the increased NGAL production but particularly high 

urinary levels can be expected when it is released directly into the urine by the kidney tubules or 

urothelial carcinomas. NGAL appears to be upregulated in cells under “stress”, such as from 

infection, inflammation, ischemia or neoplastic transformation or in tissues undergoing 

involution. It may have an antibacterial role as shown by its binding of enterobactin and other 

siderophores depriving the microorganisms of iron (III), an important microbial nutritional 

requirement (Wagener et al., 2006). 

1.2 STATEMENT OF THE RESEARCH PROBLEM 

Diabetic nephropathy is one of the most common complications of diabetes mellitus. The 

prevalence of the condition has been on a steady rise since 1998. Diabetic nephropathy develops 

in approximately 40% of type 2 diabetic patients and nearly 20% of them will likely progress to 

end stage renal disease (ESRD). As a result, diabetic nephropathy will seemingly continue to 

account for a large proportion of all cases of chronic kidney disease (CKD) giving this rapid 

increase in the prevalence of DN. In addition, it will still remained by far the most common 

underlying cause of hemodialysis treatment in patients with other causes of kidney diseases, a 

modality that is cost intensive and a burden to the healthcare delivery system hence representing 

a compelling medico-social issue of interest. 
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1.3 JUSTIFICATION OF THE STUDY 

Neutrophil gelatinase associated lipocalin is increasingly being use for the routine investigations 

and management of patients with kidney diseases in the developed countries. In the developing 

countries, there are little if any, studies reported on NGAL amongst patients with kidney diseases 

despite the fact that NGAL has been reported to be a novel biomarker of early kidney injury. 

Early detection of kidney diseases especially DN can greatly improve patient's outcome by 

preventing progression to ESRD especially amongst the population of type 2 diabetic patients  

1.4 AIM OF THE STUDY 

The aim of the study was to evaluate serum NGAL in type 2 diabetic patients with diabetic 

nephropathy attending Aminu Kano Teaching hospital, Kano. 

1.5 OBJECTIVES OF THE STUDY 

The objectives of the study were as follows; 

1. To measure anthropometric variables of type 2 diabetic patients with DN and apparently 

healthy individuals (controls). 

2. To measure levels of serum NGAL, FPG, serum albumin, serum creatinine and glycated 

haemoglobin (HbA1c) in type 2 diabetic patients with DN and apparently healthy 

individuals. 

3. To determine the e-GFR of type 2 diabetic patients with DN and apparently healthy 

individuals. 

4. To determine the relationship if any between NGAL and HbA1c in type 2 diabetic 

patients with DN. 
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CHAPTER TWO 

2.0             LITERATURE REVIEW 

2.1 DIABETES MELLITUS 

Diabetes mellitus (DM) is a condition that is characterized by chronic and impaired 

carbohydrates, lipid and protein metabolism caused by the total deficiency or insufficiency in the 

secretion of insulin or action of insulin (Jorge et al., 2005). Diabetes mellitus is one of the 

chronic non-communicable disease (CNCD’s) that is associated with long term complications 

affecting the brain, kidney, and the heart. The condition may be as a result of the destruction of 

the β-cells of the pancreas causing insulin deficiency. It may also result be as a result of insulin 

resistance. The classical feature of the disease is hyperglycemia accompanied by polydipsia, 

polyphagia and polyuria. The condition is accompanied by weight loss, generalized pruritus, 

neuropathy, retinopathy and nephropathy. Life threatening consequences of uncontrolled 

diabetes include diabetes-ketoacidosis, lactic acidosis and hyperosmolar non-ketotic state (Jorge 

et al., 2005).   

The onset of diabetes mellitus may be preceded by impaired fasting glucose (IPG) resulting also 

called the pre-diabetic state and may remain asymptomatic for many years leading to irreversible 

damage to vital organs and putting such individuals at high risk of developing diabetes and its 

complications (Nathan et al., 2007; Carlos et al., 2012).  Pre-diabetes is diagnose based on a 

fasting plasma glucose level of between 6.1 mmol/L – 6.9 mmol/L while a fasting glucose level 

of 7.0 mmol/L or greater is a confirmation of the diagnosis of diabetes mellitus (ADA, 2012). 

Both venous and capillary blood samples are regarded as suitable for the diagnosis of diabetes 

mellitus (ADA, 2019). Globally report has shown that the prevalence of both pre-diabetes and 
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diabetes mellitus are on the increase so also the burden associated with the two conditions 

(IDA,2006). International Diabetes Federation (IDF) has also indicated that by the end of 2013 

there were more than 382 million (8.3% of adult world population) people diagnosed with 

diabetes most of whom (about 80%) are living in the low-and-middle-income countries. By 

2035, it is projected that the number of people with diabetes will reach 592 million With regards 

to the sub-Saharan Africa, it was estimated that about 20 million people living in these countries 

are diabetic with about 62% being undiagnosed and the number is expected to reach about 41.4 

million by 2035.  

Within the sub-Saharan Africa, Nigeria has the highest number of people with diagnosed 

diabetes mellitus with an estimated 3.9 million people (or an extrapolated prevalence of 4.99%) 

of the adult population aged 20 – 79 years (WHO, 2013). On the other hand, Akinkugbe et al 

(1997), reported that the prevalence of diabetes in Nigeria was 2.2% with a male: female ratio of 

1:1:1 and a significant increase in the prevalence with age. It is however, noteworthy that the 

prevalence of diabetes mellitus varies within the country itself for example prevalence has been 

reported from 0.65% in rural Mangu village, Plateau State to 11.0% in urban Lagos (Akinkugbe 

et al., 1997). With the projected increase in the prevalence of diabetes mellitus in Africa, it is 

expected that there will be a reciprocal increase in the burden of diabetes-related complications 

(Wild 2004). This will undoubtedly pose serious health and economic problem to the countries in 

the region. This is more so as the disease mostly affects people under the age of 64 years in these 

countries which are the most productive group in these countries as compared with the developed 

countries where it affects mostly people above the age of 64 years (Wild, 2004).  
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2.1.1 Classification of Diabetes Mellitus 

The classification of diabetes mellitus is aimed at the consolidation of the etiological views 

concerning DM. The previous terms of insulin-dependent (IDDM) or non-insulin-dependent 

(NIDDM) which were proposed by WHO in1980 and 1985 have disappeared and the new terms 

of new classification system identifies four types of diabetes mellitus: type 1, type 2, “other 

specific types” and gestational diabetes (WHO, 1999). 

2.1.1.1 Type 1 Diabetes Mellitus 

Type 1 diabetes mellitus also referred to the juvenile diabetes is characterized by beta cells 

destruction caused by an autoimmune process usually leading to absolute insulin deficiency 

(Kumar and Clark, 2002). The disease is usually characterized by the presence of anti–glutamic 

acid decarboxylase, islet cell or insulin antibodies which identify the autoimmune processes that 

lead to beta cell destruction. Eventually, all type 1 diabetic patients will require insulin therapy to 

maintain normoglycemia (Baynes, 2015). 

2.1.1.2 Type 2 Diabetes Mellitus 

This is the most common form of diabetes mellitus and is highly associated with a family history 

of diabetes, older age, obesity and lack of exercise (Baynes, 2015). It is more common in 

women, especially those with a history of gestational diabetes, and in blacks, Hispanics and 

Native Americans. The relative importance of defects in insulin secretion or in the peripheral 

action of the hormone in the occurrence of type 2 diabetes is the subject of controversy. Type 2 

DM comprises of 80% - 90% of all cases of DM (ADA, 2015). Most individuals with Type 2 

diabetes exhibit intra-abdominal (visceral) obesity, which is closely related to the presence of 
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insulin resistance. In addition, hypertension and dyslipidemia (high triglyceride and low HDL-

cholesterol levels; postprandial hyperlipidemia) often are associated with the condition.  

2.1.1.3 Gestational Diabetes Mellitus  

Gestational diabetes mellitus (GDM) is an operational classification (rather than a 

pathophysiologic condition) identifying women who develop diabetes mellitus during gestation. 

Women who develop type 1 diabetes mellitus during pregnancy and women with undiagnosed 

asymptomatic type 2 diabetes mellitus that is discovered during pregnancy are classified with 

GDM. In most women who develop GDM, the disorder has its onset in the third trimester of 

pregnancy (WHO, 2006). 

2.1.1.4 Other Specific Types (monogenic diabetes) 

Types of diabetes mellitus of various known etiologies are grouped together to form the 

classification called “other specific types”. This group includes persons with genetic defects of 

beta-cell function (formerly called maturity-onset diabetes of the young (MODY)) or with 

defects of insulin action, persons with diseases of the exocrine pancreas, such as pancreatitis or 

cystic fibrosis, persons with dysfunction associated with other endocrinopathies (example 

acromegaly) and persons with pancreatic dysfunction caused by drugs, chemicals or infections 

and these group of conditions comprise less than 10% of DM cases (Silvio, 2012).  

2.1.2 Pathophysiology of Diabetes Mellitus  

A direct link between hyperglycemia, physiological and behavioral responses have been 

reported. Presence of hyperglycemia triggers the brain to elicit message through the nerve to the 
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impulses and to the pancreas and other organs thereby minimizing its effect (Patidar, 2011). The 

various classes of DM are identified based on different pathology. 

2.1.2.1 Type 1 Diabetes Mellitus 

Type 1 DM is characterized by autoimmune destruction of insulin producing cells in the 

pancreas by CD4+ and CD8+ T cells and macrophages infiltrating the islets (Al-homsi et al., 

1992). Several features characterize type 1 diabetes mellitus as an autoimmune disease (Hussain 

and Vincent, 2007) which include the presence of immuno-competent and accessory cells in the 

infiltrated pancreatic islets; association of the susceptibility to disease with the class II (immune 

response) genes of the major histocompatibility complex (MHC; human leucocyte antigens 

HLA), the presence of islet cell specific autoantibodies, the alterations of T cell mediated 

immunoregulation, in particular in the CD4+ T cell compartment, the involvement of monokines 

and TH1 cells producing interleukins in the disease process, the response to immunotherapy as 

well as the frequent occurrence of other organ specific auto- immune diseases in the affected 

individuals or in their family members. 

Approximately 85% of patients have circulating islet cell antibodies and the majorities also have 

detectable anti-insulin antibodies before receiving insulin therapy. Most islet cell antibodies are 

directed against glutamic acid decarboxylase (GAD) within the pancreatic B cells (Raju et al., 

2010). The autoimmune destruction of the pancreatic β-cells leads to a deficiency of insulin 

secretion which results in the metabolic derangements associated with type 1 DM. In addition to 

the loss of insulin secretion, the function of pancreatic α-cells is also abnormal with an excessive 

secretion of glucagons in type 1 DM patients. Normally, hyperglycemia leads to reduced 

glucagons secretion, however, in patients with type 1 DM, glucagons secretion is not suppressed 

by hyperglycemia (Cryer, 2006). The resultant inappropriately elevated glucagon levels 
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exacerbate the metabolic defects due to insulin deficiency. Although insulin deficiency is the 

primary defect in type 1 DM, there is also a defect in the administration of insulin. Deficiency in 

insulin leads to uncontrolled lipolysis and elevated levels of free fatty acids in the plasma, which 

suppresses glucose metabolism in the peripheral tissues such as the skeletal muscle which 

impairs glucose utilization (Peterson et al., 2017). In addition, insulin deficiency also decreases 

the expression of a number of genes necessary for target tissues to respond normally to insulin 

such as glucokinase in the liver and the GLUT 4 class of glucose transporters in the adipose 

tissue which explained the fact that the major metabolic derangements resulting from insulin 

deficiency in type 1 DM are impaired glucose, lipid and protein metabolism (Zhang et al., 2019). 

2.1.2.2 Type 2 Diabetes Mellitus 

In type 2 diabetes the two major mechanisms of insulin secretion and insulin action broke down 

with the consequence that the two main pathological defects in type 2 diabetes are impaired 

insulin secretion through a dysfunction of the pancreatic β-cell, and impaired insulin action 

through insulin resistance (Holt, 2004). In situations where resistance to insulin predominates, 

the mass of β-cells undergoes a transformation capable of increasing the insulin supply and 

compensating for the excessive and anomalous demand. In absolute terms, the plasma insulin 

concentration (both fasting and meal stimulated) usually is increased, although “relative” to the 

severity of insulin resistance, the plasma insulin concentration is insufficient to maintain normal 

glucose homeostasis.  With the known intimate relationship between the secretion of insulin and 

the sensitivity of hormone action in the complicated control of glucose homeostasis, it is 

practically impossible to separate the contribution of each to the etiopathogenesis of type 2 

diabetes mellitus (Kumar et al., 2002). Insulin resistance and hyperinsulinemia eventually lead to 

impaired glucose tolerance (ADA, 2010). With the exception of maturity onset type of diabetes 
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of the young (MODY), the mode of inheritance of type 2 diabetes mellitus is unclear. MODY is 

defined as hyperglycemia diagnosed before the age of twenty-five years and treatable for over 

five years without insulin in cases where islet cell antibodies (ICA) are negative (Saely et al., 

2004). The condition, is inherited as an autosomal dominant trait, and may result from mutations 

in glucokinase gene on chromosome 7p. 

2.1.3 Diagnosis of Diabetes Mellitus 

The identification of patients with diabetes or pre-diabetes by screening allows for earlier 

intervention, with potential reduction in future complication rates, although randomized trials are 

lacking to definitively show the benefit of such (Botero et al., 2005). About 25% of patients with 

type 2 DM already have microvascular complications at the time of diagnosis suggesting that 

they have had the disease for more than 5 years at the time of diagnosis (Harris, 1992; ADA, 

2011). As a result, there are different approaches to diagnose diabetes among individuals. 

2.1.3.1 Measurement of Serum Random Plasma Glucose 

Random plasma glucose test does not require fasting before the procedure. If a value of 11.1 

mmol/L or greater of blood glucose is obtained, this may probably indicate diabetes but need to 

be further confirmed. 

2.1.3.2 Measurement of Serum Fasting Plasma Glucose 

Fasting plasma glucose test requires an overnight fasting of eight - twelve hours before the 

procedure. A fasting serum glucose greater than 7.0 mmol/L on two or more occasions 

performed on different days confirmed a diagnosis of diabetes (Cox and Elelman, 2009). 
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2.1.3.3 Oral Glucose Tolerance Test 

Oral glucose tolerance test (OGTT) evaluates the body’s response to glucose oral load. The test 

requires fasting of at least eight but not more than 16 hours. When the random plasma glucose 

test falls between 8.9 - 11.1 mmol/L or the fasting plasma test falls within the range of 6.1 - 7.0 

mmol/L, then OGTT is required (ADA, 2018). The procedure is performed after a fasting 

glucose level is first determined and then the individual is given 75 g of glucose or 100 g for 

pregnant women. Then blood sample is collected and tested for glucose every 30 minutes to one 

hour for a period of two - three hours. The subject is considered to be normal if the glucose level 

at two hours is less than 7.8 mmol/L. A fasting level of ≥7.0 mmol/L and a two hour glucose 

level of 11.1 mmol/L or higher confirmed the diagnosis of diabetes (Cox and Elelman., 2009). 

2.1.3.4 Measurement of Glycated Hemoglobin 

The life span of hemoglobin in vivo is 90 to120 days. During this time, glycated haemoglobin A 

is formed which is the ketoamine compound resulting from the combination of hemoglobin A 

and glucose (WHO, 2011). Several sub-fractions of glycated hemoglobin have been isolated 

including glycated haemoglobin A fraction (HbA1c) which is of most significant, hence serving 

as a retrospective indicator of the average glucose concentration. HbA1c is recommended as an 

essential indicator for the monitoring of blood glucose control. A blood HbA1c ≥ 6.5% is 

considered as a diagnosis of diabetes (Gillett, 2004). 

2.1.3.5 Measurement of Serum Fructosamine 

Albumin is the main component of plasma proteins. As albumin also contains free amino groups, 

non-enzymatic reaction with glucose in plasma occurs. Therefore, glycated albumin can 

similarly serve as a marker for the monitoring of blood glucose. Glycated albumin is usually 
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considered to provide a retrospective measure of the average blood glucose concentration over a 

period of 1 to 3 weeks with a reference interval of 205 – 285 µmol/L (Ayyapan et al., 2015). 

2.1.3.6 Diagnosis of Gestational Diabetes Mellitus 

After at least 6 weeks of delivery, it is advicesable that the woman should receive an oral glucose 

tolerance test and be reclassified as having diabetes, normal glucose tolerance, impaired glucose 

tolerance or impaired fasting glucose. Also women at high risk such as those with positive family 

history of diabetes or history of GDM, marked obesity, or belonging to a high risk ethnic group 

should be screened as soon as feasible. If the initial screening is negative, they should undergo 

retesting at 24 - 28 weeks of gestation. A fasting blood glucose level >7.0 mmol/L or a casual 

plasma glucose >11.1 mmol/L meets the threshold for the diagnosis of diabetes. In the absence 

of unequivocal hyperglycemia, the diagnosis must be confirmed on a subsequent day. 

Confirmation of the diagnosis precludes the need for any glucose challenge. In the absence of 

this degree of hyperglycemia, evaluation for GDM in women with average or high-risk 

characteristics should follow one of two approaches (ADA, 2010). With either approach, the 

diagnosis of GDM is based on an OGTT.  

Diagnostic criteria for the 100 g OGTT are derived from the original work of O'Sullivan and 

Mahan (1964) modified by Carpenter and Coustan (1982) are as follows;  

Fasting glucose of 5.3 mmol/L or 1 hr glucose of 10.0 mmol/L, a 2 hr glucose of 8.6 mmol/L or a 

3 hr glucose of 7.8 mmol/L.  Alternatively, the diagnosis can be made using a 75 g glucose load 

and the glucose threshold values listed for fasting, 1 hr, and 2 hr are of 5.3, 10.0 and 8.6 mmol/L 

respectively. 
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2.1.4. Complications of Diabetes Mellitus 

Complications of diabetes mellitus include both acute and chronic complications (Baynes, 2015).  

2.1.4.1 Acute complications 

The acute complications are marked by hyperglycemic crises which include diabetes 

ketoacidosis (DKA); (which is an acute major complication of diabetes characterized by 

hyperglycaemia, ketoacidosis and ketonuria) and hyperglycemic hyperosmolar state (HHS); 

(which is a condition characterized by hyperosmolarity and dehydration without significant 

ketoacidosis). (Baynes, 2015). 

2.1.4.2 Chronic complications 

The chronic complications include microvascular complications, diabetic retinopathy, diabetic 

nephropathy, diabetic neuropathy and macrovascular disease. Other complications and 

associated conditions may include impaired growth and development, associated autoimmune 

conditions, hypothyroidism, hyperthyroidism, celiac disease, vitiligo, primary adrenal 

insufficiency (Addison’s disease), lipodystrophy (lipoatrophy and lipohypertrophy), necrobiosis 

lipoidica diabeticorum, non-alcoholic fatty liver disease, infections seen in patients with diabetes, 

limited joint mobility, and edema (Zou and Wang 2009). 

2.1.5. Diabetic Nephropathy 

Diabetic nephropathy (DN) is caused by diabetes mellitus and is one of the major causes of end-

stage renal failure worldwide (Zou and Wang 2009). Clinically, microalbuminuria is an 

important index of assessing the progression of DN (KDOQI, 2007). However, it is not accurate 

to evaluate the severity or prognosis simply based on the degree of proteinuria. It is now well 

recognized that not all diabetic patients who developed renal failure have massive albuminuria 
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(Radclie et al., 2016). Specially, nondiabetic renal disease (NDRD) which might commonly be 

superimposed with diabetic renal lesions in some patients with type 2 diabetes, could only be 

confirmed and excluded by biopsy (An and Liu, 2013). 

2.5.1.1 Pathophysiology of Diabetic Nephropathy 

It is well known that a collaboration of metabolic and hemodynamic alterations and 

inflammation are involved in the development of DN in patients with diabetes (Cao et al., 2011). 

However, only in the past few years, studies have provided broad insight into pathogenic 

mechanisms and the molecular basis of DN. Blood pressure changes within the kidney have been 

reported to occur early in diabetes and to be critical in the progression of DN. Impairment of 

glomerular microcirculation and altered intra renal pressure lead to glomerular hyper- trophy and 

sclerosis. Studies using in vitro model of mechanical stretch have shown that podocytes and 

mesangial and tubular cells release several molecules when experiencing recurrent episodes of 

dilatation and relaxation similar to in vivo conditions (Forbes et al., 2007). These molecules are 

responsible for the functional and structural changes in the glomeruli and include transforming 

growth factor-β1 (TGF-β1), glomerular capillary remodeling cytokine, capillary pressure 

regulators angiotensin II (Ang II), angiotensin-converting enzyme (ACE), angiotensin II receptor 

type 1 (AT1) and type 2 receptor (AT2), vascular endothelial growth factor (VEGF), as well as 

proinflammatory cytokines, such as interleukin-6 (IL-6), interleukin-18 (IL-18), and monocyte 

chemo attractant protein-1 (MCP-1) (Navarro-Gonzalez et al., 2008) . It has also been shown 

that these molecules induce pathogenic changes either via elevating oxidative stress through 

activation of nicotinamide adenine dinucleotide phosphate hydrogen (NADPH) oxidase or 

directly by activating cellular remodeling signaling leading to cellular morphological changes 

and increase synthesis of extracellular matrix (ECM) remodeling (Schena, 2005).  
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Hyperglycemia generates advanced glycation end products (AGEs) within tissue and plasma. 

These are generated via non-enzymatic oxidative reaction of amino acids from proteins present 

in renal tissue and plasma (Daroux et al, 2010). AGEs are known to induce renal complications 

by two pathways. One by remaining irreversibly bound to tissue protein such as matrix proteins 

(type IV collagen, laminin) and impair their degradation by matrix metalloproteinases which 

contribute to fibrosis via excess accumulation of ECM proteins (Busch et al., 2010). Second, by 

interacting with the receptor for AGE (RAGE) expressed by podocytes and endothelial and 

mesangial cells in the kidney, AGEs also induce specific cellular responses including the release 

of profibrotic cytokines, such as TGF-β1, connective tissue growth factor (CTGF) and the 

angiogenic growth factor VEGF (D’Agati and Schmidt, 2010) and (Bohlender et al., 2005). 

TGF-β1 plays an important role in the progression of DN because it promotes renal cell 

hypertrophy apart from stimulating ECM accumulation of the two hallmarks of diabetic renal 

disease (Castro et al., 204). Studies considered that TGF-β1 could be useful as a bio- chemical 

marker to estimate the progression of diabetes to DN (Shakar et al., 2014). A higher level of 

urinary CTGF has also been shown to correlate with progression of DN, reflecting glomerular 

damage and fibrosis (Roestenberg et al., 2004). Furthermore, ligation of AGEs to RAGE also 

results in increased expression of NADPH oxidase and mitochondrial-dependent reactive oxygen 

species (ROS) generation (Coughlan et al., 2008). All these profibrotic factors and their induced 

oxidative stress lead to glomerular cell proliferation, expansion, or hypertrophy.  

Renal inflammation also plays a significant role in DN progression. In diabetic patients, the 

progression of glomerular structural and functional changes leads to interstitial infiltration of 

inflammatory cells, particularly macrophages and lymphocytes, attracted by chemoattractant 

cytokines released from injured renal tissue (Navarro-Gonzalez et al., 2011). In turn, these 
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inflammatory cells worsen the progression of DN via the release of pro inflammatory and tissue 

remodeling cytokines which also promote oxidative stress through activation of NADPH oxidase 

subunits, such as tumor necrosis factor-alpha (TNF-α), interferon-γ, and interleukin-1 (IL-1) 

(Navarro-Gonzalez et al., 2011). Further studies showed that under these conditions of stress, 

immune cells and renal glomerular and tubular epithelial cells also produce pro inflammatory 

cytokines including MCP-1, IL-18, and IL-6. Ultimately, the deposition of ECM in the tubular 

component of the kidney (tubule interstitial fibrosis) is postulated to be the major determinant of 

the progression of renal disease in diabetes (Rodriguez-Iturbe et al., 2005). The massive entry of 

proteins into the urinary space results in intense protein reabsorption activity of proximal tubular 

cells; this event is in turn followed by the formation of proteinaceous casts at distal points that 

cause tubular dilatation and obstruction (Remuzzi et al., 1990). There is a loss of tubular 

basement membrane integrity, and the proteins derived from the urinary space are accumulated 

in an abnormal amount in the interstitium where they trigger the inflammatory reaction (Abbate 

et al., 1998). 

2.5.1.2 Biomarkers of Diabetic Nephropathy 

A biomarker is considered as “a characteristic that is objectively measured and evaluated as an 

indicator of normal biological processes, pathogenic processes, or pharmacologic responses to a 

therapeutic intervention” (Atkinson et al., 2001). Biomarkers provide a dynamic and powerful 

approach to understanding the spectrum of a disease from the earliest manifestations to the 

terminal stage. Significant strides have been made to identify serum or urine biomarkers which 

can clinically detect early stages of DN and progressive kidney function decline in diabetic 

patients. In clinical practice, the most commonly used markers of renal disease and progression 

of DN are serum creatinine, e-GFR, blood urea, proteinuria, and albuminuria. The ideal measure 



 

 

19 

 

of renal function is GFR although e-GFR is use because of the ease of use and much easy to 

calculate despite the fact that, it reflect late functional changes and not early structural alterations 

of the kidney (Currie et al., 2014). The estimation equation uses serum creatinine which is still 

largely influenced by several factors that influence it thus compromising the estimation of GFR 

(Botev et al., 2011). On the other hand, microalbuminuria has been recognized as the earliest 

marker of DN in clinical practice; although large proportion of renal impairment occur in the 

nonalbuminuric state before the onset of microalbuminuria (Perkins et al., 2007). Indeed, several 

studies have shown that diabetic patients can still develop DN without any change in their 

urinary albumin levels, and in some instances, microalbuminuria is shown to regressed back to 

normoalbuminuria in patients with advanced DN (Macisaac et al, 2011). In addition, a moderate 

increase in albumin excretion may be associated with a variety of other conditions, including 

obesity, exercise, diet, smoking, infection, and inflammation (Sharma, 2009). Taken together, 

these observations indicates that urinary albumin levels may not necessarily go in parallel with 

the progression of DN but rather represent an initial reversible phase of kidney damage. 

Increasing knowledge of the early molecular events in DN will spur the development of new 

alternative drugs and combined with methods already used in practice, may prevent the onset of 

disease entirely. 

2.5.1.2.1 Glomerular filtration rate 

Glomerular filtration rate (GFR) is the best marker of renal excretory function. The current gold 

standard methods for determining GFR in the research setting are inulin and 
51

Cr-EDTA plasma 

clearance. The time consuming and labour intensive nature of these techniques, as well as the 

requirement of an experienced personnel, however, made it difficult for routine use in clinical 

practice. The traditional and the most commonly used index for assessment of GFR is serum 
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creatinine, although its sensitivity is poor in the early stages of renal impairment because by the 

time an increase in serum level is detected, a significant decline in GFR has already taken place 

(Perrone et al., 1992). The recently developed Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPI) formula appears to be more accurate in patients whose GFR is > 90 

mL/min per 1.73 m
2
 (Levey and Stevens, 2010). However, marked underestimation of GFR in 

the diabetic patients continues to be evident using this equation when compared to its 

performance in healthy individuals (Camargo et al., 2011). The current Kidney Disease 

Improving Global Outcomes guidelines staging system classifies chronic kidney disease stages 1 

and 2 using e-GFR cut-offs of > 90 mL/min/1.73m
2
 and 60 - 89 mL/min/1.73m

2
 respectively 

(Inker et al., 2014). Routine clinical tests do not measure this degree of GFR decline accurately, 

meaning that this potentially critical early stage of renal dysfunction remains undetected 

(McNamara et al., 2009). 

2.5.1.2.2 Neutrophil Gelatinase Associated Lipocalin  

Neutrophil gelatinase associated lipocalin (NGAL) is a small molecule of 25 kDa belonging to 

the lipocalin superfamily. NGAL is stored mainly in the specific granules of neutrophils and also 

expressed at low levels in several other human tissues (Yang et al., 2009).  Plasma proteins of 

low molecular weight are excreted in increased quantities in the urine due to deficient tubular 

reabsorption or increased secretion by tubular epithelial cells. Similarly, urinary enzymes are 

thought to be sensitive markers of tubular damage as they are not filtered at the glomerulus due 

to their high molecular weight (Narita et al., 2006). These proteins play a role in binding and 

transporting small hydrophobic molecules, apoptosis and immune regulation. NGAL shows 

significant promise in the diagnostic and clinical settings as a marker of acute kidney injury 

(Bolignano et al., 2008) and is thought to also play a renoprotective role as a mediator of tubular 
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cell proliferation (Yang et al., 2009). Studies have confirmed an association between NGAL and 

obesity, insulin resistance and hyperglycaemia in human subjects. Urinary NGAL concentration 

has been found to be increased in diabetic subjects compared with healthy controls and to 

correlate negatively with e-GFR, and positively with cystatin C (CysC), serum creatinine and 

urea in patients with type 2 DM (Nielsen et al., 2010; Bolignano et al., 2008). Significant 

increases in urinary NGAL concentration have been demonstrated from normo, micro, to 

macroalbuminuric groups of patients with type 1 DM (Bolignano et al., 2009). Similar results 

have been published in a study of type 2 diabetic patients (Fu et al., 2012). Urinary NGAL 

correlates positively with glomerular hyperfiltration early in the clinical course of diabetes and 

higher values have been found to be associated with enhanced decline in e-GFR in type 2 

diabetes patients with proteinuria, although this correlation was no longer statistically significant 

after adjustment for factors including systolic blood pressure, HbA1c and diabetes duration 

(Nielson et al., 2012). However, other prospective studies have not confirmed these associations 

(Chou et al., 2013) and further investigation of the role of urinary NGAL in DN is required. 

2.5.1.2.3. Microalbuminuria 

Microalbumunuria is the diagnostic marker use to the detection of DN at early stage, important 

for early intervention to slow the loss of kidney function and reduce adverse outcomes. However, 

it has been reported that a large proportion of renal impairment occurs even before the 

appearance of microalbuminuria (Rigallleau et al, 2007). Since albuminuria is an important 

component of DN, it is important to establish the definition of the different degrees of UAE. 

Normoalbuminuria refers to UAE of <30 mg/day or 20 µg/min, while microalbuminuria and 

macroalbumnuria refers to UAE of 30 – 300 mg/day or 20 – 200 µg/min and >300 mg/day or 

200 µg/min respectively (Cohen- Bucay and Viswanathan, 2012). Albuminuria has several 
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confounding factors that are associated with it including exercise, urinary tract infections, acute 

illness and cardiac failure. Furthermore, it has been reported to occur in the urine of non-diabetic 

subjects indicating the non-specificity of albumunuria for the accurate prediction of diabetic 

kidney disorder (Jain et al 2005)  
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CHAPTER THREE 

3.0         MATERIALS AND METHODS 

3.1 STUDY AREA 

This study was conducted at the Endocrinology Unit of Chemical Pathology Department of 

Aminu Kano Teaching Hospital, a tertiary hospital serving as a referral center that is located 

along Zaria Road, Kano. Kano is located between latitudes 11 º 25’ N to 12 º 47’ N and 

Longitude 8 º 22’ E to 8º39’E and 472m above sea level having a population of over three 

million. Kano state is bordered by Katsina state to the North West, Jigawa state to the North 

East, Bauchi to the South East and Kaduna state to the south west. 

3.2 STUDY POPULATION 

The study involved 160 subjects made up of 80 diabetic patients with DN presenting to the 

endocrinology clinic of Aminu Kano Teaching Hospital, Kano and 80 apparently healthy 

individual non- diabetic subjects serving as study controls. 

3.2.1 Inclusion Criteria 

1. Patients diagnosed with type 2 diabetes and positive for microalbuminuria attending the 

endocrinology unit of Aminu Kano teaching hospital. 

2. Patients between the age of 18 and 70 years.  

3.2.2 Exclusion Criteria 

1. Patients with established kidney disease. 

2. Pregnant women,  

3. Patients with complication likely to compromise the renal integrity such as inflammation, 

vigorous exercise, fever. 

4. Women in their menstrual circle. 
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5. Those that declined consent to participate in the study.  

3.3 STUDY DESIGN 

The study was cross-sectional involving a total of 160 subjects (one hundred and sixty), eighty 

(80) were patients with diabetes mellitus. 

3.4 ETHICAL CONSIDERATION  

Ethical approval was sought and granted by the Ethics Committee of the Aminu Kano Teaching 

Hospital, Kano to conduct this research. The approvals were obtained in accordance with the 

declaration of Helsinki which established a code of ethics on human experimentation. Informed 

consent was sought from all subjects before inclusion in the study in accordance with the ethical 

guidelines of the Ethics Committees of the Aminu Kano Teaching Hospital, Kano. The nature of 

the study was fully explained to each subject before inclusion in the study and collection of blood 

sample (appendix II). Subjects that volunteered to take part in the study were instructed to be on 

their normal diet and observed an overnight fast and abstain from smoking on the day of the 

sample collection. Questionnaire developed for the study was administered to each subject 

(appendix III). Medical history was also obtained on social habits, health status and family history 

of non-communicable diseases.  

3.5 SAMPLE SIZE DETERMINATION 

The sample size can be calculated using the following formula (Naing et al., 2006) 

 

Where n= number of sample 

Z = 95% confidence interval 
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P = prevalence of diabetes mellitus (5.0%), (IDF, 2013). 

Q = 1 - P 

N = (1.96)
2
 x (0.05) x (1-0.056)/0.0025 = 72.9 

The minimum sample size is approximately 73. In addition to 10% attrition rate (7), the 

minimum sample size is 80. Therefore 80 subjects were recruited along with 80 controls. 

 

3.6 SPECIMEN COLLECTION AND PROCESSING 

Ten milliliters (10 mL) of blood sample was collected from each subject through the ante-cubital 

vein after an overnight fast lasting between 10 – 12 hours. The site of collection was aseptically 

cleaned with alcohol swipe and allowed to dry before blood was collected. Five milliters (5mL) of 

the blood collected was transferred into a grey top tube for glucose analysis and the other 5mL 

was transferred into a red top tube for NGAL and other parameters and left to clot before serum 

was harvested after centrifugation at 3000 rpm for five minutes. The separated plasma and sera 

were then stored frozen at -80 
o
C prior to analysis. Measurement of anthropometric variables was 

performed on each subject. Height (m) was measured using a standard hospital scale with the 

subject barefooted. Body weight (kg) was taken with the subject in light underwear using standard 

hospital scale. Waist circumference (cm) was measured at the level of the naval with the subject 

standing and breathing normally. Body mass index (BMI) was calculated as weight (kg)/ height 

(m
2
) and these parameters were recorded. 
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3.7 ANALYTICAL METHODS 

3.7.1 Estimation of Fasting Plasma Glucose  

3.7.1.1 Principle 

The enzyme glucose oxidase catalyzes the reaction between glucose, water and oxygen to yield 

gluconic acid and hydrogen peroxide (H2O2). Hydrogen peroxide in the presence of peroxidase is 

broken down and the oxygen released reacts with 4-aminophenazone and phenol to yield a pink 

color which is proportional to the concentration of the glucose in the sample and the color 

developed was read at 540 nm (Trinder, 1969). 

3.7.1.2. Procedure 

In to labeled test tubes, 10 ul of sample, standard and blank were added respectively. The 

solution was then mixed with 1 ml of the glucose reagent. The tubes were then incubated at 37
o
C 

for 10 minutes and the color developed was read at 540 nm (Trinder, 1969). 

3.7.2 Estimation of serum Creatinine  

3.7.2.1 Principle 

The method employed the Jaffe reaction of 1886 between creatinine and picric acid in an 

alkaline medium forming a complex with absorbance maxima at 520 nm (Jaffe, 1886). 

3.7.2.2 Procedure 

The samples were run on ABBOTT autoanalyzer after pipetting into the appropriate sample cups 

and the results obtained were recorded (Abbot, 2009). 
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3.7.3 Estimation of serum Albumin  

3.7.3.1 Principle 

The method is based on the specific binding of bromocresol green, an anionic dye to protein at 

acidic pH producing a color. The color change produced has absorbance maxima at 580 nm and 

the intensity of the color formed is directly proportional to the albumin concentration in the 

sample (Gustafsson, 1976). 

3.7.3.2 Procedure 

Samples were run on the ABBOTT autoanalyzer and the results obtained were recorded (Abbott, 

2009). 

3.7.4 Estimation of serum Neutrophil Gelatinase Associated Lipocalin  

3.7.4.1 Principle 

This human NGAL ELISA kit uses a pre-tittered, matched pair of coating and detection of 

antibodies to achieve sensitive and accurate measurement of NGAL. The assay is a sandwich 

ELISA performed on a microplate wells coated with a monoclonal antibody against human 

NGAL. Bound NGAL is detected with another monoclonal antibody labeled with biotin and the 

assay is developed with horseradish peroxidase (HRP) conjugate streptavidin and a color-

forming substrate. The assay is a four step procedure (Stejskal et al., 2008). 

3.7.4.2 Procedure 

Samples, standards, quality control and dilution buffer (blank) were added in the pre-coated 

appropriate micro wells after dilution. The microplate was then incubated at room temperature 

for 1 hour while shaking at 300 rpm on an orbital microplate shaker. The wells were washed 

three times with wash solution (0.35ml per well), after the final wash, it was inverted and tapped 

against paper towel. Fifty (50µl) of biotinylated antibody solution was added and incubated at 
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room temperature for 60 minutes while shaking at 300 rpm on an orbital microplate shaker. 

Streptavidin-horse radish peroxidase was added into each well and incubated at room 

temperature for 30 minutes while shaking at 300 rpm on an orbital microplate shaker and the 

plate then washed three times using the wash solution. Substrate solution was added into each 

well and covered with aluminum foil avoiding exposure to direct sunlight and incubated at room 

temperature for 10 minutes and stop solution was added to stop the reaction with the color 

developed measured at 630 nm wavelength (Stejskal et al., 2008).  

3.7.5 Estimation of Glycated Haemoglobin 

3.7.5.1 Principle 

The fine care HbA1c rapid quantitative test is based on fluorescence immunoassay technology. It 

uses a sandwich immunodetection method, when sample is added into the sample well of the test 

cartridge, the fluorescence-labeled detector HbA1c antibodies and detector Hb antibodies on the 

sample pad bind to HbA1c antigens and Hb antigens in blood specimen respectively and form 

immune complexes. As the complexes migrate on the nitrocellulose matrix of test strip by 

capillary action, the detector antibodies and HbA1c are captured to HbA1c antibodies that have 

been immobilized on test strip as well as the complexes of detector antibodies and Hb are 

captured to Hb antibodies that have been immobilized on test strip. Thus the more HbA1c 

antigens and Hb antigens in blood specimen, the more complexes accumulated on test strip. 

Signal intensity of fluorescence of detector antibodies reflect the amount of HbA1c and Hb 

captured and Finecare immunoassay system shows HbA1c ratio in blood specimen (Ejilemele et 

al., 2015).. 

3.7.5.2 Procedure  

The machine was activated and the ID chip was checked to match the test cartridge as well as the 

detection buffer. This was then inserted into the finecare machine. The detection buffer was 
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mixed with 10 µL of whole blood for 1 minute. Into the sample well of the test cartridge, 75 µL 

of sample mixture was added. This was incubated at room temperature for 5 minutes and inserted 

into the machine. The ‘Test’ button was then pressed to initiate the testing procedure. The 

finecare system scanned the sample-loaded on the test cartridge immediately and results were 

displayed on main screen and printed (Ejilemele et al., 2015). 

3.7.6. Estimated Glomerular Filtration Rate 

The Modification of Diet in Renal Disease simplified equation of Levey 1999 was used to 

calculate the estimated GFR (e-GFR) in mL/min/1.73m
2
. Renal dysfunction stage 2 was defined 

as e-GFR 60 - 89 mL/min/1.73m
2
 according to the Kidney Disease: Improving Global Outcomes 

chronic kidney disease definition (Levey et al., 1999). 

The Modification of Diet in Renal Disease Equation;  

GFR (mL/min/1.73m²) = 175 (Scr)
-1.154

 x (Age)
-0.203

 x 0.742 (if female) x 1.212 (if African 

American). 

3.8 STATISTICAL ANALYSIS 

The data were recorded on an Excel spread sheet and later subjected to statistical analysis using 

Statistical Package for the Social Sciences (SPSS) software version 20.0. Results were expressed 

as mean and standard deviation. Differences in socio-demographic variables of subjects were 

analyzed by one-way analysis of variance (ANOVA) and student t-test. The statistical test used 

for correlation was the Spearman non-parametric 2 tailed correlation test. A p-value of ≤ 0.05 

was considered as significant in all statistical comparisons. 
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CHAPTER FOUR 

4.0        RESULTS AND DISCUSSION 

4.1 RESULTS 

A total of 80 diabetic patients with no established diabetic nephropathy and 80 control subjects 

were recruited in this study. 

4.1.1: Clinical characteristics of Diabetic nephropathy and control group  

Results from table 4.1, shows an age distribution among the diabetic nephropathy and control 

group. There was a significant difference between the two groups in terms of age. There is no 

significant difference in gender. The glucose level of the control group was found to be within 

normal while among the 80 DN patients, 41 were having normal FPG level with 51.2% and 39 

were having hyperglycaemia with 48.8%. Among the control group, all were having normal 

serum albumin (100%), while among the 80 DN patients, 22 were having a low serum albumin 

with 27.5%, 58 were having normal serum albumin with 72.5%. there was a significant 

difference in serum albumin between the DN group and control group (p=0.000). Mean values of 

serum creatinine of both groups were all within normal and there is no significant difference 

between the 2 groups. Among the diabetic nephropathy group, 18 were having normal HbA1c 

level with 22.5% and the rest were having an elevated HbA1c level from which 51 subjects with 

63.8% were having a good glycaemic control, while 11 with 13.8% were having a fair glycaemic 

control. There is a significant difference between the DN group and the control group which was 

having a normal HbA1c level. 
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Table 4.1.1: Clinical characteristics of Diabetic nephropathy and control groups 

Variables Test Groups (%) Control Group (%) p – value  

Age (Years)    

20 – 29 2 (2.5) 26 (32.5) 0.0000 

30 – 39 2 (2.5) 41 (51.2)  

40 – 49 19 (23.8) 7 (8.8)  

50 – 59 31 (38.8) 6 (7.5)  

60 – 69 24 (30.0) 0 (0.0)  

70 – 79 2 (2.5) 0 (0.0)  

Sex    

Male 35 (43.8) 34 (42.5) 1.0000 

Female  45 (56.2) 46 (57.5)  

BMI    

Under Weight  3 (3.8) 0 (0.0) 0.0000 

Normal Weight 25 (31.2) 47 (58.8)  

Over Weight 26 (32.5) 28 (35.0)  

Obese  26 (32.5) 5 (6.2)  

Glucose Level    

Hypoglycaemia 0 (0.0) 0 (0.0) 0.0000 

Normal 41 (51.2)  80 (100.0)  

Hyperglycaemia 39(48.8)   

Serum Albumin    

Low 22 (27.5) 0 (0.0) 0.0000 

Normal 58 (72.5) 80 (100.0)  

High 0 (0.0) 0 (0.0)  

Serum Creatinine     

Low 0 (0.0) 0 (0.0) 1.0000 

Normal  80 (100.0) 79 (98.8)  

High 0 (0.0) 1 (1.2)  

HbA1c    

Normal 18 (22.5) 80 (100.0) 0.0000 

Good Control 51 (63.8) 0 (0.0)  

Fair Control 11 (13.8) 0 (0.0)  

Poor Control 0 (0.0) 0 (0.0)  

BMI=body mass index, HbA1c=glycaeted haemoglobin 
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4.1.2: Comparison between the Mean and Standard Deviation of FPG, BMI, SA, and SC 

Levels of Diabetic Nephropathy and Control Group. 

Results from table 4.2 showed the mean value of FPG, BMI, SA and SC levels of both the test 

and control groups. There is a significant difference between the variables of the test and control 

group p-value (<0.005). 
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Table 4.1.2:  Comparison between the Mean and Standard Deviation of FPG, BMI, SA, 

and SC Levels of Diabetic Nephropathy and Control Group.  

Variables  Diabetic nephropathy 

Group (n = 80)  

Mean ± SD 

Control Group (n = 80)   

 

Mean ± SD 

p – values  

DURATION 8.53 ± 4.78     - - 

FPG 7.60 ± 3.46 4.08 ± 0.39 0.0000* 

BMI 27.33 ± 5.29 25.08 ± 3.65 0.0012* 

SA 35.13 ± 5.62 40.49 ± 1.47 0.0000* 

SC 97.83 ± 11.82 78.78 ± 40.02 0.0000* 

FPG= Fasting plasma glucose, BMI= Body mass index, SA= serum albumin, SC= serum creatinine. 
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4.1.3: Comparison of NGAL level, HbA1c and eGFR in both Diabetic Nephropathy and 

Control Group. 

Results from table 4.3 showed a comparison of the level of NGAL, HbA1c, eGFR and FPG in 

the control and DN group. The mean value of NGAL in the DN group (3.71±2.62µg/ml) was 

high when compared with that of the control (1.08±0.78µg/ml) with a significance p=0.000. The 

mean value of HbA1c in the DN group (6.73±1.08%) was high when compared with that of the 

control group (4.71 ± 0.44%) with p-value of 0.000. So also the EGFR of DN group and control 

group is 76.57 ± 11.20 (ml/min/1.73m²) and 118.23 ± 12.11 (ml/min/1.73m²). Fasting plasma 

glucose of the DN group was high when compared with that of the control group with mean and 

standard deviation of 7.6 ± 3.46 (mmol/L) and 4.08 ± 0.39 (mmol/L) (p=0.000) respectively. 
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Table 4.1.3: Comparison of the levels of NGAL, HbA1c and eGFR in both DN and control 

group. 

Variables  DN Group (n = 80)  

Mean ± SD 

Control Group (n = 80)   

Mean ± SD 

P – values  

NGAL(µg/ml) 3.72 ± 2.62 1.08 ± 0.78 0.000* 

HbA1c (%) 6.73 ± 1.08 4.71 ± 0.44 0.000* 

eGFR 

(ml/min/1.73m²)                                   

76.57 ± 11.20 

         

118.23 ± 12.11 0.000* 

FPG (mmol/L) 7.60 ± 3.46 4.08 ± 0.39 0.000* 

FPG= Fasting plasma glucose, HbA1c= glycated haemoglobin, EGFR= estimated glomerular filteration rate, 

NGAL= neutrophil gelatinase associated lipocalin. 
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4.1.4 Comparison of FPG, NGAL HbA1c and eGFR Based on Duration of diagnosis of 

Diabetes Mellitus Categories within the Diabetic Nephropathy Group 

The result show a comparison in the values of NGAL, HbA1c and eGFR within the DN group 

with different duration of onset of DM. The different duration of onset of DM was categorized 

into <5, 5-9 and >10years. There is a significant difference in the level of NGAL P= 0.000 and 

shows no significant difference in FPG, eGFR and HbA1c level of all the duration class at 

p=0.414, 0.990 and 0.414 respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

37 

 

Table 4.1.4: Comparison of FPG, NGAL HbA1c and eGFR based on duration of diagnosis 

Diabetes Mellitus categories within the diabetic nephropathy group.   

Variables <5 years 5-9years >10years p-value 

FPG (mmol/L) 6.48 ± 3.50 7.69 ± 3.87 8.13 ± 2.99 0.414 

NGAL(ug/ml) 2.89 ± 1.16 3.81 ± 1.70 4.09 ± 3.57 0.000 

HbA1c (%) 6.60 ± 1.06 6.84 ± 0.88 6.84 ±1.38 0.057 

eGFR 

(ml/min/1.73m
2
) 

80.43 ± 11.08 75.20 ± 11.01 75.66 ± 11.30 0.990 

 FPG= Fasting plasma glucose, HbA1c= glycated haemoglobin, eGFR= estimated glomerular filteration 

rate, NGAL= neutrophil gelatinase associated lipocalin 
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4.1.5: Relationship Between Duration of Diabetes Mellitus, FPG, NGAL, eGFR and 

Glycaemic Control of the Diabetic Nephropathy Group Categorized into Good and Fair 

control. 

 The result show that there is a significant difference in the level of serum NGAL between the 

DN group with fair and good glycaemic control at p=0.000 and show no significant difference in 

FPG and eGFR at p=0.062 and p=0.219 respectively. 
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Table 4.1.5: Relationship Between Duration of Diabetes Mellitus, FPG, NGAL, eGFR and 

Glycaemic Control of the Diabetic Nephropathy Group Categorized into Good and Fair 

control. 

Variables Fair control 

(N=11) 

Good control 

(N=51) 

p-value 

Duration (yrs) 8.7 ± 2.23 8.39 ± 5.07 0.700 

FPG(mmol/L) 6.46 ± 1.99 7.92 ±3.59 0.062 

NGALµg/ml 5.40 ±5.93 3.54 ±1.34 0.000 

eGFR((ml/min/1.73m
2
) 79.07 ± 14.34 77.93 ± 10.93 0.219 

FPG= Fasting plasma glucose, eGFR= estimated glomerular filteration rate, NGAL= neutrophil gelatinase 

associated lipocalin. 
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4.1.6: Relationship between Glycated Haemoglobin, Duration of Diabetes Mellitus and 

NGAL within Diabetes Nephropathy Group. 

The result show that there is a correlation between NGAL and duration of diabetes mellitus at p-

value of 0.011 and also a negative correlation between NGAL and eGFR at p=0.013. But shows 

no relationship between NGAL and glycated hemoglobin and NGAL and FPG at p=0.061 and 

0.734 respectively. 
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Table 4.1.6: Relationship between glycated haemoglobin, duration of diabetes mellitus and 

NGAL within diabetes nephropathy group. 

NGAL R Significant (2-tailed) 

DURATION(yrs) 0.283 0.011* 

Hb1Ac(%) 0.211 0.061 

eGFR((ml/min/1.73m
2
 -0.216 0.013* 

FPG(mmol/L) -0.039 0.734 

Key: eGFR= estimated glomerular filtration rate, HbA1c= glycated haemoglobin, FPG= Fasting plasma 

glucose. * Correlation is significant at the 0.05 level (2-tailed) 
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4.1.7: Relationship between Glycated Haemoglobin, Duration of Diabetes Mellitus and 

NGAL within Diabetes Nephropathy Group.  

Regression analysis show that NGAL has no relationship with eGFR and HbA1c within the DN 

group with p= 0.214 and 0.349 respectively, but also show that NGAL had a relationship with 

FPG and duration of diabetes mellitus with p= 0.000 respectively.  
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Table 4.1.7: Relationship between Glycated haemoglobin, Duration of Diabetes Mellitus 

and NGAL within Diabetic Nephropathy group. 

NGAL R Significant (2-tailed) 

DURATION(yrs) 0.149 0.000* 

Hb1Ac(%) 0.376 0.214 

eGFR((ml/min/1.73m
2
 0.104 0.349 

FPG(mmol/L) 0.094 0.000* 

DURATION = duration of diabetes, FBS = fasting plasma glucose, HbA1c = glycaemic control, EGFR = 
estimated glomerular filteration rate, *Regression is significant at p < 0.05. 
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4.2 DICUSSION 

Diabetes nephropathy is a major complication of diabetes mellitus accounting for 20% to 40% of 

population requiring renal replacement therapy (Kaul et al., 2018). Pathologically, it is a diffuse 

process involving glomerular endothelial cells, and interstitium. It evolves through glomerular 

hyperfilteration (eGFR ≥90mL/min/1.73m²) (stage1), silent phase (normoalbuminuria) incipient 

nephropathy (microalbuminuria) with eGFR of 60-89mL/min/1.73m² (stage 2), overt 

nephropathy (macroalbuminuria) with eGFR 30-59mL/min/1.73m² (stage 3) and established 

renal failure with GFR <30mL/min/1.73 (Masakazu et al., 2015).  

In this study, 80 patients with DN as well as 80 apparently healthy non diabetic individuals 

serving as control group were recruited.  

The present study reported a mean value of the BMI of both diabetic nephropathy and control 

group. It shows a significant difference between the BMI of the two groups in which that of the 

test was high. This is similar to the findings of Mahfouz et al. (2016) who reported a high BMI 

for type 2 DM patients with microalbumin compared to healthy controls in addition to the 

positive relationship between higher BMI and diabetes nephropathy. Also in a study carried out 

by Bays et al. (2007), it was reported that a BMI of ≥25kg/m² is associated with the increase 

prevalence of diabetes mellitus. Natalia et al. (2016) also reported a BMI of 

25≤BMI≤27.49kg/m² and added that higher than normal BMI was consistently associated with 

an increased risk of being diagnosed with type 2 diabetes mellitus and subsequently diabetes 

nephropathy. Another study which supported our findings is that carried out by Mohammedi et 

al. (2018) on associations between body mass index and the risk of renal events with type 2 

diabetes, reporting that higher BMI is an independent predictor of major renal events in patients 

with type 2 diabetes.  This means that excess weight and obesity maybe a major contributing 
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factor to type 2 DM and its complications supporting the fact that overweight and obesity are 

consistent parameters associated with diabetes mellitus complications and subsequently DN (Bay 

et al., 2007). 

This study also reported that fasting plasma glucose as well as glycated haemoglobin were 

significantly high in the DN group when compared with that of the healthy control group. Sun et 

al. (2013) and Mahfouz et al. (2016) has earlier reported similar findings among their subjects. A 

study by Chen et al. (2013) has also corroborated our findings and he noted that hyperglycaemia 

and HbA1c are the two most significant indicators of diabetic nephropathy. It can therefore be 

inferred that patients with long standing poorly controlled DN had higher HbA1c and fasting 

plasma glucose Kaori et al. (2013). This in effect means that DN progression begins with long 

standing poorly controlled blood glucose levels (Schlondorff and Banas, 2009). Therefore, 

hyperglycaemia resulting from elevation of glucose level in the body and poor diabetic control 

marked by HbA1c may be the driving force for the development of diabetes complications 

including diabetic nephropathy (DN) and microangiopathy due to its high affinity to oxygen 

(Kundu et al., 2013). It also adds to the fact that HbA1c as an indicator of long term glycaemic 

control, not only provides reliable measure of chronic hyperglycaemia but also correlates with 

the risk of long term diabetes complication. 

Albumin represent plasma protein and is synthesized in the liver and secreted into the vascular 

space to distribute in all body tissues. It plays a decisive role in the maintenance of homeostasis 

and makes a balance between hydrostatic and colloid osmotic pressure within vessels (Nicholson 

et al., 2000). Several studies have reported that, decrease serum albumin and creatinine are 

associated with renal injury (NKF, 2002; Junlin et al., 2019). This study reported a low level of 

serum albumin amongst the patients. It was established that, low levels of albumin is 
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significantly associated with adverse renal outcome independent of clinical and histopathological 

features. Hence subjects with the lowest level of albumin demonstrated a 7.37fold greater risk of 

ESRD which could serve as a prognostic utility of diabetic nephropathy. 

Serum creatinine is significantly elevated in patients with DN in this study compared with the 

control group. Report by Mahfouz et al. (2016), indicates a slight increase in creatinine level in 

subjects with DN.  In kidney impairment, serum creatinine is reported to increase. This increase 

in serum creatinine may be commonly seen in patients with hyperglycaemia, poor glycaemic 

control. The increase in the levels of serum creatinine therefore likely indicates progression to 

DN. 

 Glomerular filtration rate (GFR) is the ideal measure of kidney function. Decline in GFR 

appears earlier than changes in urine protein levels and these changes remains throughout the 

entire course of diabetes mellitus (Alwakeel et al., 2011). The estimated GFR in our patients 

with diabetic nephropathy group was lower when compared with the control group. Similar 

findings were reported by Mohammad et al. (2016) and Kaul et al. (2018). However, another 

study reported an increase in eGFR among type 2 diabetic patients with diabetic nephropathy. 

The study demonstrated an independent relation between decrease eGFR and urinary albumin 

excretion among the patients (Unsal et al., 2012). Report determining the relationship between 

eGFR and microvascular complications in type 2 diabetes mellitus patients, indicated significant 

association between reduced eGFR  and diabetic nephropathy hence emphasizing the prognostic 

role of  reduced eGFR in the development of diabetes nephropathy in type 2 diabetes mellitus 

patient (Prakash et al., 2018). The reduced eGFR is the primary clinical abnormality of DN and 

which suggests that the decrease eGFR observed in this study may be due to the decline in renal 

function caused by prolonged hyperglycaemia. 
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Neutrophil gelatinase associated lipocalin (NGAL), initially identified by Allen and Venge in 

1989 from human neutrophils, is expressed at low levels in several human tissues including the 

kidney (Ahmed et al., 2017). The level of the serum NGAL in the diabetiic group was 

significantly higher as compared to the control group. The finding in this study closely agrees 

with the finding of Abber et al. (2014), who reported higher level of NGAL in diabetic patients 

with increased urinary albumin when compared with that of the healthy controls (1.57 ± 0.72 

versus 0.70 ± 0.58 respectively). It should however be noted that while we with used serum in 

the NGAL analysis, the other study utilizes urine for the NGAL analysis which may account for 

the differences in our values. Ferdau et al. (2011) also observed that, urinary levels of markers of 

kidney damage including NGAL were higher in normoalbuminuric patients with diabetes 

compared with the control subjects but increase with increasing severity of albuminuria and 

decreased GFR in diabetic patients. It is well known that hyperglycaemia and other conditions 

including hyperlipidaemia lead to inflammation and metabolic stress. This results in endothelial 

dysfunction and tubulointerstitial damage thus leading to an increase in the release of tubular 

biomarkers (Kaul et al., 2018). Therefore, the increase level of NGAL in the DN group in our 

study may be due to the presence of DN and to its protective role in response to metabolic stress. 

On the other hand, a study in animal model by Alter et al. (2012), have shown that urinary 

biomarkers including NGAL were elevated in an established rat model of diabetic nephropathy 

and concluded that these biomarkers appeared even before the classical biomarkers of diabetic 

nephropathy such as albuminuria. Neilson et al. (2010) also noted that serum NGAL is 

significantly higher in diabetic nephropathy group compared with the control group. 

Mahfouz et al. (2016) observed that serum NGAL was higher in type 2 diabetic patients with 

diabetes nephropathy when compared with the controls, and that serum NGAL showed a positive 
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correlation with urinary albumin creatinine ratio and negatively with GFR, thus suggesting that 

NGAL levels changes with the progression of albuminuria from absent to present.  

This study also assesses the relationship between NGAL and duration DM. We observed a strong 

correlation between NGAL and duration of diabetes. Study by Kaul et al. (2018) reported a 

strong relationship between NGAL and duration of diagnosis of DM.  A positive correlation 

between NGAL and duration of diagnosis of DM was also reported by Papadopoulou et al. 

(2017), who noted that NGAL is an early predictive marker of DN. Correlation between NGAL 

and duration of DM diagnosis was also observed by Georgia et al. (2019). 

This study also carried out correlation analysis between NGAL and eGFR, a strong negative 

relationship was found. The finding agreed with most previous published studies that reported a 

similar correlation between NGAL and eGFR. NGAL is significantly elevated in patients with 

type 2 diabetes with decreased GFR well before the appearance of diabetic nephropathy. To 

support this, Wang et al. (2007) in a study in Hong Kong and El-Mesallamy et al. (2013) in 

Egypt reported similar trends. In addition, Papadopoulou-Marketou et al. (2017) also reported 

similar finding in a study of NGAL as an early predictive marker of diabetic nephropathy in 

Children and Young Adults with type 1 diabetes mellitus.  

Correlation was also reported between NGAL and cystatin C by Marcelo et al. (2017) who 

observed that there was a positive correlation between NGAL and worse eGFR corroborating the 

findings of Khalid et al. (2017) who observed NGAL to be significant increase in parallel with 

the deterioration of eGFR. The above findings underpin the value of NGAL as a biomarker of 

early renal damage because of its positive correlation with duration of diagnosis of diabetes 

mellitus and reduced eGFR. This may reflect a progress of the early renal structural damage 

occuring during the disease. However, the regression model that include there was association 
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between NGAL and HbA1c and duration of diagnosis but no such association was observed 

between NGAL and eGFR and HbA1c. This study indicates that NGAL cannot be a predictive 

marker of diabetes nephropathy in terms of estimated GFR and HbA1c.  

However, this study did not observe any significant correlation between NGAL and glycaemic 

control. Similar finding by Elkhidir et al. (2017) supported our finding, where correlations were 

not significant between controlled and uncontrolled diabetes patients. El-Mesallamy et al. (2013) 

in Egypt also observed the same correlations in a study on effect of obesity and glycaemic 

control on NGAL and Insulin like growth factor axis in type 2 diabetic patients. However, the 

finding contradicts a study from China were a strong positive correlation between NGAL and 

glycaemic control was reported (Wang et al., 2007).  

However, the regression model indicates that NGAL can be a predictive marker of diabetes 

nephropathy when compared with duration of diagnosis of diabetes and fasting plasma glucose 

but cannot be a predictive marker of diabetes nephropathy in terms of eGFR and HbA1c. 
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CHAPTER FIVE 

5.0    SUMMARY, CONCLUSION AND RECOMMENDATION 

5.1 SUMMARY 

NGAL is one of the excellent emerging biomarkers in the urine and blood for the early detection 

of acute and chronic kidney injury as well as DN. This study compares diabetic nephropathy 

group with control group. It sorts the relationship between NGAL and DM parameters and 

reported a negative correlation between NGAL and e-GFR in type 2 diabetic patient with DN. It 

also reported no correlation between NGAL and glycated haemoglobin in the same group.  

5.2 CONCLUSION 

It was concluded from the findings of this study that serum NGAL was elevated in type 2 

diabetic patients with diabetic nephropathy compared with healthy individuals. A strong 

correlation between NGAL and eGFR was also observed, this may routinely suggest the use of 

NGAL as biomarker to diagnose DN and also as a prognostic tool for the staging and progression 

of DN. 

5.3 RECOMMENDATIONS 

It was recommended from the findings of this study that: 

1. Serum NGAL should be incorporated into the routine monitoring of diabetes mellitus 

patients that are predisposed to DN. 

2. A reference range for the NGAL levels should be established for the population to 

facilitate routine referencing. 
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3. Further studies on NGAL should be carried out on other disease conditions such as 

hypertension and CVD to determine the utility of NGAL in such patients as an earlier 

predictor of renal impairment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

52 

 

REFERENCES 

Abbate, M., Zoja, C., Corna, D., Capitanio, M., Bertani, T. and Remuzzi, G. (1998). In 

progressive nephropathies, overload of tubular cells with filtered proteins translates 

glomerular permeability dysfunction into cellular signals of interstitial inflammation. 

Journal of the American Society of Nephrology, 9:1213-1224. 

Abbott, A. (2009). Albumin BCP reference 7D54-21: Architect reagent park insert. Abbott 

laboratories, pack IL 60064USA. 

Abbott, A. (2009).  Creatinine Jaffe reference 5C72-11: Architect reagent park insert. Abbott 

laboratories, pack IL 50034USA. 

Abeer, A.A., Safaa, I.T., Ahmad, R., Ashraf, G.D. and Ahmad, Z. (2014). Urinary neutrophil 

gelatinase associated lipocalin as a marker of tubular damage in type 2 diabetic patients 

with and without albuminuria. Open Journal of Nephrology, 4(10): 37-46. 

Ahmad, A., Roderick, P., Ward, M., Burden, R., O’Donoghue, D., Ansell, D. and Feest T. 

(2006). Current chronic kidney disease practice in UK: a national survey.  Quarterly 

Journal of Medicine, 99: 245-251.   

Ahmed, A.K., Ali, A.D., Shayma, Z.N. and Kismat M.T. (2017). Neutrophil gelatinase 

associated lipocalin in early detection of nephropathy in type 2 diabetic Iraqi patients. 

Journal of Faculty of Medicine, 59(1): 74-78.  

Al-Homsi, M.F. and Lukic, M.L. (1992). An Update on the pathogenesis of Diabetes Mellitus, 

Department of Pathology and Medical Microbiology (Immunology Unit). Faculty of 

Medicine and Health Sciences, UAE University, Al Ain, United Arab Emirates. 

Unpublished article. 

Alter, M.L., Kretschmer, A., Von, Websky, K., Tsuprykov, O., Reichetzeder, C., Simon, A., 

Stasch, J.P. and Hocher, B. (2012). Early Urinary and Plasma Biomarkers for 

Experimental Diabetic Nephropathy. Clinical Laboratory, 58: 659- 671.   

Alwakeel, J.S., Isnani, A.C. and Alsuwaida, A. (2011). Factors affecting the progression of 

diabetes nephropathy and its complications: a single center experience in Saudi Arabia. 

Annals of Saudi Medicine, 31(3):236-242. 

American Diabetes Association (2004). Nephropathy in diabetes. Diabetes Care, 27: S79-S83. 

American Diabetes Association (2006). Standards of medical care in diabetes. Diabetes C are, 

29(1):s4-s42. 

American Diabetes Association (2010). Diagnosis and classification of diabetes mellitus. 

Diabetes Care, 33 (1): S62-69. 

American Diabetes Association (2011). Standards of medical care in diabetes. Diabetes Care, 

34:511-61. 



 

 

53 

 

American Diabetes Association (2012). Diagnosis and classification of diabetes mellitus. 

Diabetes Care, 39: s56-59. 

American Diabetes Association (ADA). (2015). Standards of medical care in diabetes-2015: 

Summary of revisions. Diabetes Care, 38(1): s4-s4. 

American Diabetes Association (ADA). (2018). Classification and diagnosis of diabetes: 

Standards of medical care in diabetes. Diabetes Care, 41(1): s13-s27. 

American Diabetes Association  (ADA). (2019). Induction: Standards of medical care in 

diabetes. Diabetes Care, 42(1): S13-S28. 

An, Y. and Liu, Z. (2013). Relationship between pathological changes and prognosis in diabetic 

nephropathy. Chinese Journal of Nephrology, Dialysis & Transplantation, 22(4):368– 

372. 

Arques, S. and Ambrosi, P. (2011). Human serum albumin in the clinical syndrome of heart 

failure. Journal of Cardiac Failure, 17(6): 451–458.  

Atkinson, A.J.J., Colburn, W.A. and DeGruttola, V.G. (2001). Biomarkers and surrogate 

endpoints: preferred definitions and conceptual framework. Clinical Pharmacology and 

Therapeutics, 69:89-95. 

Ayyappan, S., Philips, S., Kishore, K.C., Vaithiyanandane, V. and Sasikala, C. (2015). Serum 

fructosamine, A better indicator than glycated haemoglobin for monitoring gestational 

diabetes mellitus. Journal of Pharmacology and Bioallied Sciences, 7(1):532-534. 

Bachorzewska-Gajewska, H., Malyszko, J., Sitniewska, E., Malyszko, J.S. and Dobrzycki, S. 

(2006). Neutrophil gelatinase associated lipocalin and renal function after percutaneous 

coronary interventions. American Journal of Nephrology, 26: 287-292. 

Baynes, H.W., (2015). Classification, Pathophysiology, Diagnosis and Management of diabetes 

mellitus. Journal of Diabetes Metabolism, 6:541. 

Bays, H.E., Chapman and Grandy, S. (2007). The SHIELD Investigators Group 3; The 

relationship of body mass index to diabetes mellitus, hypertension and dyslipidaemia: 

comparison of data from two national surveys. International Journal of Clinical 

Chemistry, 61(5): 737–747. 

Bohlender, J.M., Franke, S., Stein, G. and Wolf G. (2005). Advanced glycation end products and 

the kidney. American Journal of Renal Physiology, 289: F645-F659. 

Bolignano, D., Donato, V., Coppolino, G., Campo, S., Buemi, A., Lacquaniti, A. and Buemi, M. 

(2008). Neutrophil gelatinase-associated lipocalin (NGAL) as a marker of kidney 

damage. American Journal of Kidney Disease, 52:595–605.  



 

 

54 

 

Bolignano, D., Lacquaniti, A., Coppolino, G., Donato, V., Fazio, M.R., Nicocia, G. and Buemi 

M. (2009). Neutrophil gelatinase-associated lipocalin as an early biomarker of 

nephropathy in diabetic patients. Kidney Blood Pressure Research, 32:91–98. 

Bonventre, J.V. (2007). Diagnosis of acute kidney injury: From classic parameters to new 

biomarkers. Contribution to Nephrology, 156:213-9.  

Botero, D. and Wolfsdorf J.I. (2005). Diabetes mellitus in children and adolescents. Archeology 

of Medical Residence, 36:281-290. 

Busch, M., Franke, S., Rüster, C. and Wolf G. (2010). Advanced glycation end- products and the 

kidney. European Journal of Clinical Investment, 40:742-755. 

Camargo, E.G., Soares, A.A., Detanico, A.B., Weinert, L.S., Veronese, F.V., Gomes, E.C. and 

Silveiro, S.P. (2011). The Chronic Kidney Disease Epidemiology Collaboration (CKD-

EPI) equation is less accurate in patients with Type 2 diabetes when compared with 

healthy individuals. Diabetes Medicine, 28:90–95. 

Cao, Z. and Cooper M.E. (2011). Pathogenesis of diabetic nephropathy. Journal of Diabetes 

Investigation, 2:243-247. 

Carlos, L., Roger, L., Steven, M.H. (2012). Impaired glucose tolerance and obesity as effect 

modifiers of ethnic disparities of the progression to diabetes. Diabetes Care, DC_111902. 

Carpenter, M.W. and Coustan, D.R. (1982). Criteria for screening tests for gestational diabetes. 

American Journal of Obstetrics and Gynecology, 144: 768– 773. 

Castro, N.E., Kato, M., Park, J.T. and Natarajan, R. (2014). Transforming growth factor β1 

(TGF-β1) enhances expression of profibrotic genes through a novel signaling cascade and 

microRNAs in renal mesangial cells. Journal of Biological Chemistry, 289:29001-29013. 

Chen, H., Shen, W., Ge, Y., Zhang, Y., Xie, H. and Liu, X. (2013). The relationship between 

obesity and diabetic nephropathy in China. Biomedical Center of Nephrology, 14: 69. 

Chou, K.M., Lee, C.C., Chen, C.H. and Sun, C.Y. (2013). Clinical value of NGAL, L-FABP and 

albuminuria in predicting GFR decline in type 2 diabetes mellitus patients. Public 

Library of Science One, 8:54863. 

Cockcroft, D.W. and Gault, M.H. (1976). Prediction of creatinine clearance from serum 

creatinine. Nephron, 16: 31-41. 

Coughlan, M.T., Mibus, A.L. and Forbes, J.M. (2008). Oxidative stress and advanced glycation 

in diabetic nephropathy. Annals of the New York Academy of Science, 1126:190-193. 

Cox, E.M. and Elelman, D. (2009). Test for screening and diagnosis of type 2 diabetes. Clinical 

Diabetes, 4: 132-138. 



 

 

55 

 

Cryer, P.E., (2006). Mechanisms of sympathoadrenal failure and hypoglycemia in diabetes. 

Journal of Clinical Investment, 116: 1470-1473. 

Currie, G., McKay, G. and Delles, C. (2014). Biomarkers in diabetic nephropathy: present and 

future. World Journal of Diabetes, 5:763-776. 

Cai, L., Rubin, J., Han, W., Venge, P. and Xu, S. (2010).The origin of multiple molecular forms 

in urine of HNL/NGAL. Clinical Journal American Society of Nephrology 5:2229-35. 

Clifton, M.C., Corrent, C. and Strong, R.K. (2009). Siderocalins: siderophores-binding proteins 

of the innate immune system. Biometals 22:557-64. 

Cowland, J.B., Borregaard, N. (1997). Molecular characterization and pattern of tissue 

expression of the gene for neutrophil gelatinase-associated lipocalin from humans. 

Genomics 45:17-23 

Devarajan, P. (2010). Neutrophil gelatinase-associated lipocalin: A promising biomarker for 

human acute kidney injury. Biomarkers Medicine 4:265-80. 

D’Agati, V. and Schmidt, A.M. (2010). RAGE and the pathogenesis of chronic kidney disease. 

National Review on Nephrology, 6:352-360. 

Daroux, M., Prévost, G. and Maillard-Lefebvre, H. (2010). Advanced glycation end-products: 

implications for diabetic and non- diabetic nephropathies. Diabetes Metabolism, 36:1-10. 

Department of Health Renal Team; The National Service Framework for Renal Services. Part 2: 

chronic kidney disease, acute renal failure and end of life care; 2005. 

Ejilemele, A., Unabia, J., Ju, H., Petersen, J.R. (2015). A1c Gear: laboratory quality HbA1c 

measurement at the point of care. Clinical chemistry acta. 445:139-142. 

Elkhidir, A.E., Eltaher, H.B. and Mohamed, A.O. 2017. Association of lipocalin-2 level, 

glucaemic status in type 2 diabetes mellitus. Biomedical center for research notes, 

10:285. 

El-Mesallamy, H.O., Hamdy, N.M., Sallam, A.A. (2013). Effect of obesity and glycemic control 

on serum lipocalins and insulin-like growth factor axis in type 2 diabetic patients. Acta 

Diabetology, 50(5):679–685.  

Fanali, G., Di Masi, A., Trezza, V., Marino, M., Fasano, M. and Ascenzi, P. (2012). Human 

serum albumin: from bench to bedside. Molecular Aspects of Medicine, 33(3): 209–290. 

Ferdau, l.N., Wendy, E.B., Stephan, J.l., Bakker, M.D., Harry, V.G., Wim, V.O., Paul, E.D., 

Henk, B. and Ron, T.G. (2011). Glomerular and tubular damage markers are elevated in 

patients with diabetes. Diabetes care, 34:975–981.  

 



 

 

56 

 

Forbes, J.M., Fukami, K. and Cooper, M.E. (2007). Diabetic nephropathy where hemodynamics 

meets metabolism. Experimental and Clinical Endocrinology & Diabetes, 115:69-84. 

Franch-Arcas, G., (2001). The meaning of hypoalbuminemia in clinical practice. Clinical 

Nutrition, 20(3): 265–269. 

Fu, W.J., Li, B.L., Wang, S.B., Chen, M.L., Deng, R.T., Ye, C.Q., Liu, L., Fang, A.J., Xiong, 

S.L. and Wen, S. (2012). Changes of the tubular markers in type 2 diabetes mellitus with 

glomerular hyperfiltration. Diabetes Research Clinical Practice, 95:105–109. 

Gatta, A., Verardo, A. and Bolognesi, M. (2012). Hypoalbuminemia. Internal and Emergency 

Medicine, 7(3):193–199. 

Gatua, W.K., Makumi, J.N., Njagi, E.M., Kigondu ,C.S., Mcligeyo, S.O. and Waithaka, S.K. 

(2011). Evaluation of Urinary Tubular Enzymes as Screening Markers of Renal 

Dysfunction in Patients Suffering from Diabetes Mellitus. Asian Journal of Medical 

Science, 3(3):84–90. 

Georgia, V.K., Panagiota I.K. and Pantelis G.B. (2019). Diagnostic accuracy for NGAL for 

predicting early diabetic nephropathy in patients with type 1 and 2 daibetes mellitus. A 

systematic review and metaanalysis. Applied laboratory medicine 45(2);265. 

Gillett, M.J., (2009). International Expert Committee report on the role of the A1c assay in the 

diagnosis of diabetes: Diabetes Care, 32(7): 1327-1334.  

Gnudi, L., Benedetti, S., Woolf, A.S. and Long, D.A. (2015). Vascular growth factors play 

critical roles in kidney glomeruli. Clinical Sciences (London), 129(12): 1225-36. 

 

Goetz, D.H., Holmes, M.A., Borregaard, N., Bluhm, M., Raymond, K., Strong, R. (2002). The 

neutrophil lipocalin NGAL is a bacteriostatic agent that interferes with siderophore-

mediated iron acquisition. Molecular Cell, 10:1033-43. 

 

Groop, P.H., Thomas, M.C., Moran, J.L., Waden, J., Thorn, L.M., Makinen, V.P., Rosengard-

Barlund, M., Saraheimo, M., Hietala, K., Heikkila, O., Forsblom, C., FinnDiane Study 

Group. (2009). The presence and severity of chronic kidney disease predicts all cause of 

mortality in type 1 diabetes. Diabetes, 58(7): 1651-8. 

Gustafsson, J.E. (1976). Improved specifity of serum albumin dtermination and estimation of 

“Acute phase protein” by use of the bromocresol Green Reaction. Clinical Chemistry, 

22(5): 616-622. 

Harris, M.I., Klein, R., Welborn, T.A. and Knuiman, M.W. (1992). Onset of NIDDM occurs 

atleast 4-7years before clinical diagnosis. Diabetes Care, 15:8115-119. 



 

 

57 

 

Harris, M.I., Klein, R., Welborn, T.A., Knuiman, M.W. (1992). Onset of NIDDM occurs at least 

4-7 yrs. before clinical diagnosis. Diabetes Care, 15:815-819. 

Holt, R.I. (2004). Diagnosis, epidemiology and pathogenesis of diabetes mellitus: An update for 

psychiatrists. British Journal of Psychiatry, 47:555-63. 

Hussain, A.N. and Vincent M.T., (2007). Type 1 Diabetes Mellitus. Diabetes Care, 15:787-89. 

Inker, L.A., Astor, B.C., Fox, C.H., Isakova, T., Lash, J.P., Peralta, C.A., Kurella-Tamura, M. 

and Feldman, H.I. (2014). KDOQI US commentary on the 2012 KDIGO clinical practice 

guideline for the evaluation and management of CKD. American Journal of Kidney 

Disease, 63:713–735. 

Jain, S., Rajput, A., Kumar, Y., Uppuluri, N., Arvind, A. and Tatu U. (2005). Proteomic Analysis 

of Urinary Protein Markers for Accurate Prediction of Diabetic Kidney Disorder. Journal 

of the Association of Physicians of India, 53:513–20. 

Jaffe, M. (1886). Ueber den Niedersclag welchen pikrinsaure in normalin harn erzeugt und uber 

eine neue reaction des kreatinins. Zonal physical chemistry, 10: 391-400. 

Jia, X.U.,Fengmei, L., Linhua, Z., Yufeng, Z., Xinyan, C., Xu, Z., Chenhong, Z., Qiang, Z., 

Zhengsheng, X., Xiaoyan, P., Liping, Z. and Xiaolin, T. (2015). Structural modulation of 

microbiota during alleviation of diabetes with a chinese herbal medicine. The 

international Society for Microbial Ecology, 9:552-562. 

Jorge, L.C., Mirela, J.D., Sandra, P.S., Luis, H.C., Maria, L.C. and Themis, Z. (2005). Diabetic 

nephropathy diagnosis, prevention and treatment. Diabetes Care, 28(1):164-76. 

Kaul, A., Behera, M.R., Rai, M.K., Mishra, P., Bhaduaria, D.S., Yadav, S., Agarwal, V., Karoli, 

R., Prasad, N., Gupta, A. and Sharma, R.K. (2018). Neutrophil gelatinase associated 

lipocalin: As a predictor of Early diabetic nephropathy in type 2 diabetes mellitus. Indian 

Journal of Nephrology, 28(1):53-60. 

Kawamoto, R., Kohara, K., Tabara, T., Miki, T., Ohtsuka, N., Kusunoki, T. and Yorimitsu, N. 

(2008). An Association between Body Mass Index and Estimated Glomerular 

Filtration Rate. Hypertension Research, 31:1559–1564. 

KDOQI, (2007). “KDOQI clinical practice guidelines and clinical practice recommendations for 

diabetes and chronic kidney disease,” American Journal of Kidney Diseases, 49(2): S12–

S154. 

Khalid, A., Khalid, S., Mohammed, A.A., Ahmed, H.A., Amira, M.Y. and Dhekra, A. (2017). 

Assessment of the diagnostic value of the recent biomarkers in relation to various stages 

of diabetic nephropathy in type 2 diabetic patients. Scientific Reports, 7: 2684. 

Kitaoka, K., Takenouchi, A., Tsuboi, A., Fukuno, K. and Kazumi, T. (2016). Association of post 

breakfast triglyceride and visit to visit annual variation of fasting plasma glucose with 



 

 

58 

 

progression of diabetic nephropathy in patients with type 2 diabetes. Journal of Diabetes 

Research, 2016:5. 

Kumar, P.J. and Clark, M., (2002). Text book of clinical medicine. Pub: Suanders, London, UK. 

1099-1121. 

Kundu, D., Roy, A. and Mandal, T. (2013). Relation of microalbuminuria to glycosylated 

hemoglobin and duration of type 2 diabetes. Niger Journal Clinical Practice, 16(2):216. 

Laliberte, E., Wells, J.A., DeClerk, F., Metcalfe, D.J., Catteral, C.P., Queiroz, C., Aubin, I., 

Bonser, S.P., Ding, Y., Fraterrigo, J.M., McNamara, S., Morgan, J.W., Merlos, D.S., 

Vesk, P.A. and Mayfield, M.M. (2009). Direct All-Cause Health Care Costs Associated 

with Chronic Kidney Disease in Patients with Diabetes and Hypertension: A Managed 

Care Perspective. Journal of Management Care Pharmacology, 15(4):312–22.  

Levey, A.S., Bosch, J.P., Lewis, J.B., Greene, T., Rogers, N. and Roth, D. (1999). A more 

accurate method to estimate glomerular filtration rate from serum creatinine: a new 

prediction equation. Modification of Diet in Renal Disease Study Group. Annual 

International Medical journal, l130:461–470. 

Levey, A.S. and Stevens, L.A. (1999). Estimating GFR using the CKD Epidemiology 

Collaboration (CKD-EPI) creatinine equation: more accurate GFR estimates, lower CKD 

prevalence estimates, and better risk predictions. American Journal of Kidney Disease, 

55:622–627. 

Levey, A.S., Stevens, L.A., Schmid, C.H., Zhang, Y., Castro, A.F., Feldman, H.I., Kusek, J.W., 

Eggers, P., Van Lente, F., Greene, T. and Coresh, J. (2009). A new equation to estimate 

glomerular filteration rate. Annals of Medicine, 155:408. 

Macisaac, R.J. and Jerums, G. (2011). Diabetic kidney disease with and without albuminuria. 

Current opinionin nephrology and hypertension, 20:246-257. 

Mahfouz, M.H., Assiri, A.M., Mukhtar, M.H. (2016). Assessment of Neutrophil Gelatinase-

Associated Lipocalin (NGAL) and Retinol-Binding Protein 4 (RBP4) in Type 2 Diabetic 

Patients with Nephropathy. Biomarker Insights, 11:31–40.  

Mahler, R.J. and Adler, M.L. (1999). Clinical review 102: Type 2 diabetes mellitus: update on 

diagnosis, pathophysiology, and treatment. Journal of Clinical Endocrinology 

Metabolism, 84: 1165-1171. 

Marcelo, R.B., Ethel, Z.C., Ligia, A.A. and Beatriz, C.A. and Fernado, L.A. (2019). Serum 

NGAL and Cystatin C comparison with urinary A1c ratio and inflammatory biomarkers 

as early predictors of renal dysfunction in patient with type 2 diabetes mellitus. Kidney 

internation reports, 2(2); 152-158. 

Maric, C. and Hall, J.E. (2011). Obesity, metabolic syndrome and diabetic nephropathy. 

Contribution of Nephrology, 170: 28-35.  



 

 

59 

 

McNamara, N.V., Chen, R., Janu, M.R., Bwititi, P., Car, G. and Seibel, M. (2009). Early renal 

failure detection by cystatin C in Type 2 diabetes mellitus: varying patterns of renal 

analyte expression. Pathology, 41:269–275. 

Mohammedi, K., Chalmers, J., Herrington, W., Li, Q., Mancia, G., Marre, M., Poulter, 

N., Rodgers, A., Williams, B., Perkovic, V., Coresh, J. and Woodward, M. (2018). 

Associations between body mass index and the risk of renal events in patients with 

type 2 diabetes. Nutrition & Diabetes, 8 (7). 

Naing, L., Winn, T. and Rusli, B.N. (2006). Practicalissues in calculating sample sizs for 

prevalence studies. Archives of Orofacial Sciences, 1:9-14. 

Narita, T., Hosoba, M., Kakei, M. and Ito, S. (2006). Increased urinary excretions of 

immunoglobulin g, ceruloplasmin, and transferrin predict development of 

microalbuminuria in patients with type 2 diabetes, Diabetes Care, 29:142-144. 

Natallia, G., Gabriel, P., Frank, S. and Arseniy, Y. (2015). The Relationship between BMI and 

Onset of Diabetes Mellitus and its Complications. South Medical Journal, 108(1): 29–36 

Nathan, D.M., Davidson, M.B., DeFronzo, R.A., Heine, R.J., Henry, R.R., Prately, R. and 

Zinman, B. (2007). Impaired fasting glucose and impaired glucose tolerance; implication 

for care. Diabetes Care, 30(3):753-9. 

National kidney foundation- KDOQL. (2002). Clinical practice, guidelines for chronic kidney 

disease: evaluation, classification and stratification. American Journal of Kidney disease, 

39:s1-266. 

Navarro-González, J.F. and Mora-Fernández, C. (2008). The role of inflammatory cytokines in 

diabetic nephropathy. Journal of American Society of Nephrology, 19:433-442. 

Navarro-González, J.F., Mora-Fernández, C., Muros de Fuentes, M. and García-Pérez J. (2011). 

Inflammatory molecules and pathways in the pathogenesis of diabetic nephropathy. 

National Review on Nephrology, 7:327-340. 

Nicholson, J. P., Wolmarans, M. R. and Park, G. R. (2000). The role of albumin in critical 

illness, British Journal of Anaesthesia, 85(4):599–610. 

Nielsen, S.E., Reinhard, H., Zdunek, D., Hess, G., Gutiérrez, O.M., Wolf, M., Parving, H.H., 

Jacobsen, P.K. and Rossing, P. (2012). Tubular markers are associated with decline in 

kidney function in proteinuric type 2 diabetic patients. Diabetes Research and Clinical 

Practice, 97:71–76. 

Nielsen, S.E., Schjoedt, K.J., Astrup, A.S., Tarnow, L., Lajer, M., Hansen, P.R., Parving, H.H. 

and Rossing P., (2010). Neutrophil Gelatinase-Associated Lipocalin (NGAL) and Kidney 

Injury Molecule 1 (KIM1) in patients with diabetic nephropathy: a cross-sectional study 

and the effects of lisinopril. Diabetes Medicine, 27:1144–1150. 



 

 

60 

 

O'Sullivan, J.B. and Mahan, C.M. (1964). Criteria for the oral glucose tolerance test in 

pregnancy. Diabetes, 13: 278. 

Papadopoulou-Marketou, N., Chrousos, G.P. and Kanaka-Gantenbein, C. (2017). Diabetic 

nephropathy in type 1 diabetes: a review of early natural history, pathogenesis, and 

diagnosis. Diabetes/Metabolism Research and Reviews, 33(2). 

Papadopoulou-marketou, N., Kanaka-Gantenbein, C., Marketos, N., Chrousos, G.P. and 

Papassotiriou, I. (2017). Biomarkers of diabetic nephropathy: A 2017 update. Critical 

Review on Clinical Laboratory Science, 54(5): 326-342. 

Paragas, N., Qui, A., Zhang, Q., Samstein, B., Deng, S-X., Schmidt-Ott, KM., Viltard, M., Yu, 

W., Forster, C.S., Gong, G., Liu, Y., Kulkarni, R., Mori, K., Kalandadze, A., Ratner, A.J., 

Dwvarajan, P., Landry, D.W., D’Agati, V., Lin, C.S. and Barasch, J. (2011). The role of 

NGAL reporter mouse detects response of the kidney to injury in real time. Natural 

Medicine, 17: 216-222. 

Patidar, D. (2011). Pharmacology- III. (2ndedtn). Meerut: Shree SaiPrakashan. Page 113 –114. 

Pei, X.H., He, J., Liu, Q., Zhu, B. and Bao, L.H. (2012). Evaluation of serum creatinine and 

cystatin c based equations for the westimation of glomerular filteration rate in chinese 

population. Scandinavian Journal of Urology, 46: 223-231 

Perkins, B.A., Ficociello, L.H. and Ostrander, B.E. (2007). Microalbuminuria and the risk for 

early progressive renal function decline in type 1 diabetes. Journal of American Society 

of Nephrology, 18:1353-1361. 

Perrone, R.D., Madias, N.E. and Levey, A.S. (1992). Serum creatinine as an index of renal 

function: new insights into old concepts. Clinical Chemistry, 38:1933–1953. 

Peterson, M., Pingel, R., Lagali, N., Dahlin, L.B. and Rolasndsson, O. (2017). Association 

between HbA1c and peripheral neuropathy in a 10 years old follow up study of people 

with normal glucose tolerance, impaired glucose tplerance and type 2 diabetes. Diabetic 

Medicine, 35(10): 1460-1461. 

Pradeep, K.D., (2010). Renal Function in Diabetic Nephropathy. World Journal of Diabetes, 

1(2): 48-56. 

Prakash, J., Usha, S.D. and Kumar, N.S. (2001). Non-diabetic renal disease in patients with type 

2 diabetes mellitus. The journal of association of physicains of india, 49:415-420. 

Radclie, N.J., Seah, J.M., Clarke, M., Macisaac, R.J., Jerums, G. and Ekinci, E.I. (2016). Clinical 

predictive factors in diabetic kidney disease progression. Journal of Diabetes 

Investigation, 8(1):6-18. 

Raju, S.M. and Raju, B. (2010). Illustrated medical biochemistry. 2nd Edition. Jaypee Brothers 

Medical Publishers ltd, New Delhi, India. 



 

 

61 

 

Remuzzi, A., Puntorieri, S., Battaglia, C., Bertani, T. and Remuzzi, G. (1990). Angiotensin 

converting enzyme inhibition ameliorates glomerular filteration of macromolecules and 

water and lessens glomerular injury in the rat. Journal of Clinical investment, 85(2): 541-

9. 

Report of a WHO Consultation. Geneva: World Health Organization (2011). Glycated 

Rigalleau, V., Lasseur, C., Raffaitin, C., Beauvieux, M-C., Barthe, N. and Chauveau, P. (2007). 

Normoalbuminuric Renal-Insufficient Diabetic Patients. Diabetes Care, 30:2034–9. 

Risks of diabetic nephropathy with variation in hemoglobin A1c and fasting plasma glucose. 

American Journal of Medicine, 126(11): 1017. 

Roestenberg, P., Van Nieuwenhoven, F.A. and Wieten, L. (2004). Connective tissue growth 

factor is increased in plasma of type 1 diabetic patients with nephropathy. Diabetes Care, 

27:1164-1170. 

Saely, C.H., Aczel, S. and Marte, T. (2004). Cardiovascular complication in two types of 

diabetes mellitus depend on the coronary angiographic state rather than on diabetes state. 

Diabetologia, 47(1): 145-146. 

Saiki, A., Nagayama, D., Ohhira, M., Endoh, K., Ohtsuka, M., Koide, N., Oyama, T., Miyashita, 

Y. and Shirai, K. (2005). Effect of weight loss formular diet on renal function in obese 

patients with diabetic nephropathy. International Journal of Obesity (London), 29(9): 

1115-1120. 

Schlondorff, D. and Banas, B. (2009). The messangial cell revisited: no cell is an island. Journal 

of American society of nephrology, 20(6): 1179-87. 

Schena, F.P. (2005). Pathogenetic mechanisms of diabetic nephropathy. Journal of American 

Society of Nephrology, 16:S30-S33. 

Shaker, Y.M., Soliman, H.A. and Ezzat, E. (2014). Serum and urinary transforming growth 

factor beta 1 as biochemical markers in diabetic nephropathy patients. Beni-Suef 

Universiy Journal of Basic Applied Science, 3:16-23. 

Sharma, K. The link between obesity and albuminuria: adiponectin and podocyte dysfunction. 

Kidney International, 76; 145-148. 

Siddiqi, Z., Karoli, R., Kaul, A., Fatima, J., Varshney, S. and Beg, M.S. (2017). Evaluation of 

neutrophil associated lipocalin and cystatin C as early markers of diabetic nephropathy. 

Annals of African Medicine, 16(3): 101-106. 

Silvio, E.I., Richard, M.B., John B.B., Michaela, D., Ele, F., Michael N., Anne, L.P., Apostolos, 

T., Richard, W. and David R.M. (2012). Management of hyperglycaemia in type 2 

diabetes: A patient centered approach. Diabetes Care, 35(6): 1364-1379. 



 

 

62 

 

Slot, C. (1965). Plasma creatinine determination; A new and specific jaffe reaction method. 

Scandavian Journal of Clinical and Laboratory Investigation, 17(4): 381-387. 

Stejskal, D., Karpisek, M., Humenanska, V., Hanulova, Z., Stejskal, P., Kusnierova, P. and 

Petzel, M. (2008). Lipocalin-2: development, analytical characterization and clinical 

testing of a new ELIZA. Hormone and Metabolic Research, 40(6): 381-5. 

Sun, Y.M., Su, Y. and Li, J. (2013). Recent advances in understanding the biochemical and 

molecular mechanism of diabetic nephropathy. Biochemistry Biophysiology Research 

Community, 433(4):359–61. 

Trinder, P. (1969). Determination of glucose in blood using glucose oxidase with an alternative 

oxygen acceptor. Annals of Clinical Biochemistry, 6(1):24-27. 

Unsal, A., Koc, Y., Basturk T., Akgun, A.O., Sakaci, T. and Ahbab E. (2012). Risk for 

progression of renal disease in patient with diabetes nephropathy. European Journal of 

National Medical Association, 111(1): 83-87. 

Vishwanathan, V., Snehalatha, C., Kumutha, R., Jayaramun, M. and Ramachandra, A. (2004). 

Serum albumin levels in different stages of type 2 diabetes nephropathy patients. Indian 

Journal of Nephrology, 14: 89-92. 

Wagener, G., Jan, M., Kim, M., Mori, K., Barasch, J.M. and Sladen, R.N., (2006). Association 

between increases in urinary neutrophil gelatinase associated lipocalin and acute renal 

dysfunction after adult cardiac surgery. Anesthesiology, 105:485-91. 

Wang, Y., Lam, K.S., Kraegen, E.W., Sweeney, G., Zhang, J., Tso, AW. (2007). Lipocalin-2 is 

an inflammatory marker closely associated with obesity, insulin resistance, and 

hyperglycemia in humans. Clinical Chemistry, 53(1):34–41. 

Weykamp C., John, W.G., Mosca, A., Hoshino, T., Little R., Jeppsson, J.O., Goodall, I., 

Miedema K., Myers, G., Reinauer, H., Sacks, D.B., Slingerland, R. and Siebelder, C. 

(2008). The IFCC Reference measurement system for HbA1c: a 6-year progress report. 

Clinical Chemistry, 54(2): 240-8. 

World Health Assembly. Follow-up to the Political Declaration of the High-level Meeting of the 

General Assembly on the Prevention and Control of Non-communicable Diseases. 

Geneva: World Health Organization; 2013. 

Word Health Organization (WHO). (2016). Global report on diabetes. WorLd Health 

Organization. http://who.int/iris/handle/10665/204871 

World Health Organization (WHO). (1999). Definition, diagnosis and classification of diabetes 

mellitus and its complications: report of a WHO consultation. Part 1, Diagnosis and 

classification of diabetes mellitus. World Health Organization. 

http://www.who.int/iris/handle/10665/66040. 



 

 

63 

 

Yang, Y.H, He, X.J., Chen, S.R., Wang, L., Li, E.M. and Xu, L.Y. (2009). Changes of serum and 

urine neutrophil gelatinase-associated lipocalin in type-2 diabetic patients with 

nephropathy: One-year observational follow-up study. Endocrine, 36:45–51. 

Yu, S., Yang, H, Guo, X., Zheng, L., and Sun, Y. (2016). Association between Obese Phenotype 

and Mildly Reduced eGFR among the General Population from Rural Northeast China 

International journal of environmental residence in Public Health,13(6): 540 

Zakkerkish, M., Shahbazian, H.B. and Shahbazian, H. (2013). Albuminuria and its correlates in 

type 2 diabetic patients. Iran Journal of Kidney Disease, 7(4):268–76.  

Zeisberg, M. and Neilson, E.G. (2010). Mechanisms of tubule interstitial fibrosis. Journal of 

American Society of Nephrology, 21:1819-1834. 

Zhang, J., Zhang, R. and Wang, T. (2019). The level of serum Albumin is associated with renal 

prognosis in patients with diabetic nephropathy. Journal of Diabetes Research, 

2019(7):9.  

Zhou, G., Li, C. and Cai, L. (2004). Advanced glycation end-products induce connective tissue 

growth factor-mediated renal fibro- sis predominantly through transforming growth 

factor beta- independent pathway. American Journal of Pathology, 165:2033-2043. 

Zou, W. and Wang, H. (2009). Pathology of Renal Biopsy, Peking University Medical Press, 

2nd edition, 2009. 

 



 

 

64 

 

APPENDIX I 

 



 

 

65 

 

APPENDIX II 

CONSENT FORM 

Good Morning, 

My name is Aisha Abubakar Jibril, Msc. Medical Laboratory Science student from Bayero 

University Kano. This questionnaire is designed for a research work titled “Evaluation of 

Neutrophil Gelatinase Associated Lipocalin in Type 2 Diabetic Patients with Diabetic 

Nephropathy”. Your response to the questionnaire will be strictly confidential and blood sample 

will be collected from you for the purpose of the study. The outcome of the study will be 

communicated to you via short message (sms), email or to place in your Hospital folder in case 

of the need for further investigations and treatment.  

I ……………………………………………………………. give consent to participant in this 

study. I have been fully informed on the nature of the study. I understand that I can withdraw 

from this study at any time without giving reason and without any penalty involved.  

 

……………………………………                                                  ……………………………….. 

Participant signature / Date      Investigator signature / Date 
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APPENDIX III 

 

RESEARCH QUESTIONNAIRE  

My name is Aisha Abubakar Jibril, Msc. a Medical Laboratory Science student from 

Bayero University Kano. This questionnaire is designed for a research work titled 

“Evaluation of Neutrophil Gelatinase Associated Lipocalin in Type 2 Diabetic Patients with 

Diabetic Nephropathy” supervised by Mal. Ahmad Mohammed Bello and Mal. Saleh Idris 

Tudunwada.  

1. Age: ----------------------------------------- 

2. Gender: Male [  ], Female [  ] 

3. Phone number ………………….. 

4. Education- formal; Primary [  ], Secondary [  ], Tertiary [  ], Non formal [  ]. 

5. Ethnic group: Hausa [ ], Fulani [  ], Igbo [  ], Yoruba [  ], others [  ] -------specify 

6. Medical history; 

i. Height……….. 

ii. Weight………………  

iii. BMI…………….. 

iv. Duration of diagnosis of diabetes mellitus; < 5years [  ], 5-10years [  ], >10years [  ]. 

v. Are you currently on Insulin or any other medication; YES (   )     NO (    )  Sprcify………….. 
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vi. History of smoking; YES (   )     NO (    ) 

vii. History of high blood pressure (HBP); YES (   )     NO (    ) 

viii. History of microalbumin. YES (   )     NO (    ) 

ix. History of urinary tract infection 

x. Are you currently on your menstrual period; YES (   )     NO (    ) 

xii. Do you have any other disease apart from diabetes mellitus; YES (   )     NO (    ) 

Thank you for your precious time! 

 

 

 

 

 

 

 

 

 

 

 


