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SUMMARY 
 

Type 2 diabetes mellitus is a common metabolic disorder that has an evident 

genetic component as shown by the strong familial aggregation and high concordance in 

twins.  Poor glycemic control, duration of disease and hemodynamic alterations lead to 

the development of diabetic microvascular complications. 

Diabetic nephropathy is a serious microvascular complication of diabetes mellitus. 

It is the leading cause of end-stage renal disease worldwide, accounting for about 20% of 

patients on dialysis.  However, not all diabetic patients develop renal complications. 

Clustering of diabetic nephropathy in families and the large variation in its prevalence 

among different diabetic populations suggest the involvement of genetic factors.  

 The genetic basis of renal complication in diabetes is not clearly understood but 

many candidate genes have been shown to be associated with diabetic nephropathy. 

Genes encoding components of the renin-angiotensin system are suggested as logical 

susceptibility determinants as angiotensin II, the final product of the renin-angiotensin 

system increases intraglomerular capillary pressure causing glomerulosclerosis. 

Studying the angiotensin converting enzyme gene supported by clinical and 

experimental studies showing that treatment with angiotensin converting enzyme 

inhibitors and angiotensin receptors blockers prevents and reduces progression of diabetic 

nephropathy in type 2 diabetic patients. Angiotensin converting enzyme gene spans 21 

kilo base pair on chromosome 17 and is characterized by the presence (insertion I) or 

absence (deletion D) [I/D polymorphism] of a 287 base pairs sequence within 16th intron.  

Conflicting findings in various populations have been reported with regard to the 

role of angiotensin converting enzyme gene I/D polymorphism in type 2 diabetic 

nephropathy patients. Ethnic factors might have been contributed to variability between 

reports evaluating the role of angiotensin converting enzyme gene I/D polymorphism. 

In the present, study one hundred and ninety-five patients with type 2 diabetes 

mellitus, having duration of disease for more than 10 years, of both sexes between the age 

groups of 40-60 years were recruited from Punjabi population of Pakistan. The patients 

with diabetes mellitus, were divided into three groups (i) diabetes without nephropathy 

(normal albumin excretion) (ii) diabetes with microalbuminuria (iii) diabetes with overt 

nephropathy.   

Sixty-five healthy subjects with no history of diabetes mellitus, hypertension, 

ischemic heart disease, renal failure were selected from general population. The age and 

sex were matched with the study group. 

Written informed consent and demographical data, was taken from all the subjects 

and recorded on two different proforma. After twelve hours overnight fast, blood and 

urine samples were obtained from the patients and control subjects for the genotyping and 

biochemical parameters including: blood urea nitrogen, serum creatinine, blood sugar 

level, serum cholesterol, serum triglycerides, high-density lipoprotein cholesterol, low-

density lipoprotein cholesterol and hemoglobin A1c, serum angiotensin converting 

enzyme levels and microalbuminuria.  
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For the determination of angiotensin converting enzyme I/D polymorphism, 

genomic DNA was extracted by standard inorganic method. The angiotensin converting 

enzyme I/D gene polymorphism was determined by polymerase chain reaction using a set 

of forward (5ˊ–CTGGAGACCACTCCCATCCTTTC) and reverse primers (5ˊ–

GATGTGGCCATCACATTCGTCAG). 

Results of demographic variables showed that weight, BMI and waist to hip ratio 

were significantly high in type 2 diabetes mellitus patients as compared to controls. 

Whereas, comparison of different biochemical parameters reveled that blood sugar 

fasting, blood sugar random, hemoglobin A1c, blood urea nitrogen, serum creatinine, 

angiotensin converting enzyme levels, albuminuria and all the parameters of lipid profile 

were significantly increased in patient groups as compared to their respective controls. 

However, glomerular filtration rate and urinary creatinine values were significantly low in 

patient groups when compared to controls. These results are in accordance with the 

international studies.  

Estimation of angiotensin converting enzyme levels, according to the genotype, 

revealed that DD genotype was associated with highest levels of angiotensin converting 

enzyme among these genotypes whereas II genotype exhibited lowest levels.  

There was no association between albumin creatinine ratio and different 

genotypes of type 2 diabetes mellitus patients, but gender wise disparities were observed 

in albumin creatinine ratio on stratification of data according to gender i.e. statistically 

significant increased prevalence of microalbuminuria and macroalbuminuria/overt 

nephropathy was observed in DD genotype as compared to normoalbuminuric male 

diabetic patients. However, these findings are not replicated in female patients suffering 

from type 2 diabetes mellitus.                   

These preliminary findings regarding the association of DD genotype with 

microalbuminuria and macroalbuminuria/overt nephropathy in male type 2 diabetes 

mellitus patients remains to be evaluated in future studies on a larger scale in the same 

ethnic group. As, the association is not very strong and the results are conflicting, like 

many other studies. Probably it would be better to evaluate the identification of new 

genes and their association with progression of nephropathy in diabetic patients.  
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1.1 Functional Anatomy of Kidney 

The functional unit of the kidney is known as nephron, which was first defined by 

Braus (1). Each human kidney contains approximately 0.5 to 1.3 million nephrons (2, 3). 

Each nephron is composed of a glomerulus, Bowman’s capsule, (collectively known as 

renal or malpighian corpuscle) proximal convoluted tubules, loop of Henle, distal tubules 

and finally collecting duct (4, 5). The dilated blind end of the nephron is known as 

Bowman’s capsule, which contains tuft of capillaries, measuring about 200 µm in 

diameter called glomerulus (2). It has been reported that mean filtration surface area per 

glomerulus is around 0.136 mm
2
 in human kidney (6). This capillary network is lined by 

a thin layer of endothelial cells: centrally located regions of mesangial cells surrounded 

by the mesangial matrix: the visceral epithelial cells with its basement membrane and 

finally cells of the parietal epithelial layer of Bowman’s capsule associated with its 

basement membrane.  

A narrow cavity present between the two epithelial layers, which is known as 

Bowman’s space or urinary space (2). The blood supply of the glomerular is by afferent 

arterioles while drainage of the blood is through efferent arterioles. Glomerulus is the area 

where the ultra-filtrate is generated from plasma. This capillary endothelium of the 

glomerulus is having 70 to 90 nm fenestrated pores, which facilitates the movement of 

diffusible substances (7) (Fig. 1).  

The endothelial cells contain an extensive network of microtubules, 

microfilaments and intermediate filaments. They have a negative charge on their surface 

(8). The glomerular endothelial cells synthesize endothelin-1 (a vasoconstrictor) and 

endothelium derived relaxing factor (EDRF) now known as nitric oxide (NO) (9). The 

synthesis of NO is localized to plasma membrane invaginations known as caveolae (10, 

11). On the surface of endothelium, vascular endothelial growth factor (VEGF) receptors 
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are present, which are supposed to be responsible for survival and repair of damaged 

endothelial cells due to disease process (12).   

 

Figure 1   Anatomy of Nephron. 

Available at http://images.tutorvista.com/content/excretion-and-osmoregualtion/nephron-structure.jpg 

 

Glomerular basement membrane have visceral epithelial cells (podocytes) which 

are the largest cells, located in the glomerulus. They surround the glomerular capillaries 

endothelium. These podocytes support the glomerular basement membrane by means of 

pseudopodia (foot processes) forming filtration slits or slit pores along the walls of 

capillaries in interdigitating manner. Electron microscopy revealed that adjacent 

pseudopodia, are derived from different podocytes and the distance between adjacent 

pseudopodia near the basement membrane is from 25 to 65 nm (13, 14). The filtration 

slits created in this manner are closed by basal lamina of glomerular basement membrane 

also known as slit diaphragm or filtration slit membrane (15, 16, 17). In many renal 

diseases, which result in proteinuria, these foot processes or pseudopodia fuse together, 

thus creating a continuous cytoplasmic band. The podocytes are also capable of 

endocytosis and, protein droplets have been revealed in these podocytes by electron 
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microscopy, in cases of  proteinuria (18). They are coated with negatively charged 

glycocalyx, therefore do not permit the filtration of negatively charged particles such as 

albumin. There is experimental evidence that these visceral epithelial cells are also 

responsible for maintenance of glomerular basement membrane, at least partially, by its 

synthesis (19).  

Another type of cells, called mesangial cells, are found between the basal lamina 

and the endothelium, and are especially common between the two neighboring capillaries. 

Mesangial cells are supposed to be derived from macrophages of reticuloendothelial 

(R.E) system. They have secretory, phagocytic and contractile functions. This contractile 

function is supposed to regulate the glomerular filtration rate (20, 21). The secretion of 

these cells is called mesangial matrix, which provides support to frame work of the 

glomerular capillaries. They are also able to uptake immune complexes therefore, 

involved in the progression of glomerular disease (22).  

The next component at cellular level of nephron is the basement membrane. It is 

composed of three layers, the central layer is thick and dense called lamina densa while 

two thin layers are lamina rara externa and lamina rara interna. The thickness of basement 

membrane ranges from 325 to 375 nm (23). The biochemical composition revealed that 

the glomerular basement membrane is composed of glycoproteins, laminin, fibronectin 

and various heparan sulphate proteoglycans (24, 25, 26). It is believed by most of the 

investigators that the basement membrane is the principal structure responsible for both 

charge selective and size selective barrier (27, 28, 29).  

The parietal epithelial cells constitute the outer wall of Bowman’s capsule. The 

cell lining of parietal epithelium is continuous with the visceral epithelium at the vascular 

pole and at the urinary pole with the epithelium of the proximal tubules. The thickness of 

basement membrane of Bowman’s capsule ranges from 1200 to 1500 nm. It is composed 
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of multiple layers and under certain disease processes, the thickness of this membrane 

increases variably (7). Basement membrane, endothelial cells (podocytes) and epithelial 

cells forms the filtration barrier. 

Functionally, these filtration barriers of glomerulus allow the free movement of 

neutral substances up to 4 nm in diameter but do not permit the passage of substances 

greater than 8 nm (30).  

The next part of the nephron is called proximal convoluted tubules, in human it 

has length of about 14 mm and outside diameter of around 45 µm. The cells of proximal 

tubules are composed of interdigitating single layer of cells having tight junctions at the 

apicular area (2). 

 

1.1-1 Components of Nephron related to Renin Angiotensin System 

In this section, the functional anatomy of the components of nephron, which are 

related to renin angiotensin system (RAS) will be described briefly. 

 

1.1-1 (a) Juxtaglomerular Apparatus 

The Juxtaglomerular apparatus, (JGA) is defined as the contact area of a portion 

or similar part of the distal nephron with its glomerulus from where it arises situated at 

the vascular pole of the glomerulus where the afferent and efferent arterioles are present. 

The intraglomerular mesangial cells, cells of the macula densa and specialized cells of 

efferent and afferent arterioles are present in this region. It is composed of two 

components, Vascular and Tubular (Fig.2). 
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Figure 2   Structure of Juxtaglomerular apparatus. 

Michał Komorniczak. Available at: 

http://commons.wikimedia.org/w/index.php?search=juxtaglomerular+apparatus&title=Special%3ASearch 

 

DESCRIPTION 

A – Renal corpuscle. B – Proximal tubule.  C – Distal convoluted tubule.   D – Juxtaglomerular apparatus 

1. Basement membrane (Basal lamina). 2. Bowman's capsule – parietal layer. 3. Bowman's capsule – 

visceral layer. 3a. Pedicles (Foot processes from podocytes).  3b. Podocyte. 4. Bowman's space (urinary 

space). 

5a. Mesangium – Intraglomerular cell. 5b. Mesangium – Extraglomerular cell. 6. Granular cells 

(Juxtaglomerular cells). 7. Macula densa. 8. Myocytes (smooth muscle). 9. Afferent arteriole 

10. Glomerulus Capillaries. 11. Efferent arteriole 

 

 

The extraglomerular mesangial regions (also known as polar cushion or lacis), the 

initial portion of efferent arterioles (leaving the glomerulus), and last portion of the 

afferent arterioles (entering the glomerulus) constitute the vascular component of the 

JGA. Macula densa constitutes the tubular component, which is the modified region of 

tubular epithelium at the start of distal convoluted tubule (31, 32, 33). The vascular 
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component of the JGA contains two distinct types of cells, granular cells and agranular 

cells. The granular cells of the JGA are also known as epithelioid or myoepithelial cells, 

while agranular cells are referred to as the lacis cells or agranular extraglomerular 

mesangial cells (34). 

 

1.1-1 (b) Juxtaglomerular Granular Cells 

These cells are mostly present in the walls of afferent and efferent arterioles, but 

their presence in the extraglomerular mesangial region is also reported by different 

investigators (32, 33, 35, 36, 37) 

As these cells exhibit features of both secretory epithelial cells and smooth muscle 

cells, so they are believed to represent modified smooth muscles cells. These cells are 

structurally similar to the smooth muscle cells of the neighboring arteries and also contain 

well developed endoplasmic reticulum and golgi complex in addition to granules and 

myofilaments. The Juxtaglomerular (JG) cells have characteristic numerous membrane 

bound granules of various sizes and shapes with crystalline substructure (32, 38). 

In 1945, Goormaghtigh (34) initially reported that these JG granular cells contain 

renin, which was later on, confirmed by immunofluorescence studies of antibodies 

against renin (39). The electron microscopy in the recent past exhibited that both renin 

and angiotensin II (Ag II) co-exist in the same granules (40, 41). The presence of renin 

mRNA is also demonstrated in the JG cells, which further confirmed the presence of 

renin production (42). 

 

1.1-1 (c) Extraglomerular Mesangium 

Extraglomerular mesangium is also, known as lacis or the cells of Goormaghtigh. 

It is in close contact with macula densa and is located between the efferent and afferent 
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arterioles. The cells of the intraglomerular mesangium and extraglomerular mesangium 

are similar in ultra-structure (32). Extraglomerular mesangial cells do not exhibit the 

presence of granules under normal conditions, however JG granular cells are 

occasionally, observed in the extracellular mesangium (33). 

 

1.1-1 (d) Macula Densa Cells and Control of Renin Secretion 

This is a region of ultrastructurally and morphologically distinct cells of thick 

ascending limb located immediately adjacent to the hilus of glomerulus. The cells of 

macula densa are low columnar in nature having apically placed nuclei but they lack 

interdigitating lateral cells processes which is a characteristic feature of the cells of thick 

ascending limb (35). Electron microscopy revealed that the basement membrane of the 

cells surrounding the granular and agranular cells of extracellular mesangial matrix is 

continuous with the macula densa and with the matrix material surrounding the mesangial 

cells within glomerulus in a complex interdigitating manner (43, 44). 

The JGA is a major component of secretion and regulation of RAS. The 

glomerular filtration and arteriolar resistance is controlled by the JGA through the 

synthesis and secretion of renin (45, 46). Several factors are involved in the synthesis and 

secretion of renin by the  JG cells i.e. glomerular perfusion pressure (regulated by 

arteriolar baroreceptors), sympathetic nervous system (mediated by its neurotransmitter 

norepinephrine) and changes in Na
+
 and Cl

-
 luminal concentration ( sensed by macula 

densa cells) (46, 47, 48). Recent evidence suggests that secretion is also controlled by NO 

and prostaglandins (PG) such as PGE2 (48) by macula densa cells through feedback 

response mechanism of changes in the NaCl concentration. The abrupt changes of NaCl 

concentration in the glomerular diluents also mediate its response via the signals from 
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macula densa cells to the renin secreting cells in the afferent arterioles, causing changes 

in renin secretion and ultimately the generation Ag II (49, 50, 51). 

 

1.2  Biochemistry of Renin Angiotensin System 

The components of the classical RAS include: renin, angiotensinogen, angiotensin 

converting enzyme (ACE) and Ag II acting through its receptors. 

 

1.2-1 Renin 

Renin is also known as angiotensinogenase. Biochemically renin (EC 3.4.23.15) is 

an aspartyl protease, a proteolytic enzyme, which acts in concert with ACE to form Ag II 

from angiotensinogen. It is a glycoprotein having a molecular weight of 37326 dalton in 

human. The structure of the molecule is bilobal, having approximately two equal 

domains, between the lobes a deep long cleft is present which serves as the substrate 

binding site or active site (52) (Fig.3). 

 

Figure 3   Structure of renin. 

Adapted from; Sieleci AR, Hayakawa K, Fujinaga M, Murphy ME, Fraser M, Muir AK, Carilli CT, Lewicki 

JA, Baxter JD, Jame MN. Structure of recombinant human renin, a target for cardiovascular active drugs, 

at 2.5 A resolution.  Science 1989; 243: 1346-51. Available at 

http://www.sciencemag.org/content/243/4896/1346. 
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Two aspartic acid residues, one at 292 positions and other at position 104, are 

juxtaposed in the cleft. These two aspartic acid residues are potential N-glycosylation 

sites and thought to be essential for the activity of the enzyme (53). Like other hormones, 

human renin is synthesized from a large inactive precursor preprohormone called 

preprorenin, which is composed of 406 amino acid residues with a pre and pro segment 

having 23 and 46 amino acids, respectively. It is converted into prorenin by cleavage of a 

single peptide leader sequence of 23 amino acid residues from the amino terminal, thus 

having 383 amino acid residues. With subsequent cleavage of 43 amino acids 

prosequence from prorenin, and glycosylation it is converted into active proteolytic 

enzyme renin, containing 340 amino acids. Prorenin has almost no biological activity 

(54). 

Synthesis of prorenin is demonstrated in the kidney, mostly in the JG cells, as well 

as in many other tissues i.e. liver, spleen, ovaries, testes, prostate, eyes, brain, pituitary, 

thymus and lungs but the circulating renin however appears to be of renal origin entirely. 

Both, prorenin and renin are liberated constitutively but the active renin is synthesized 

almost exclusively in the secretory granules of JG cells of the kidney (55). The prorenin 

cannot be activated into renin in the circulation. The half-life of active renin in humans is 

around 10-20 minutes and its plasma levels in healthy subjects range from 131 to 170 m 

IU/L (56). Liver is the main site of its metabolism, therefore altered hepatic metabolism 

due to various reasons (e.g. alcoholic or viral liver disease) may be responsible for 

increase in  plasma renin activity (PRA) (57, 58, 59). 

The only known function of renin is to split decapeptide from amino terminal end of 

angiotensinogen, by cleavage of leucine-valine bond, thus converting it to angiotensin I 

(Ag I). Due to its high substrate specificity, this is the rate-limiting step (60).   
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 1.2-2  Angiotensinogen 

Human angiotensin (AGT) is a globular glycoprotein, circulating in the plasma in 

α-globulin fraction. It contains 452 amino acids and shows heterogeneity in molecular 

weight ranging from 45 to 65 kilodalton (kDa), depending upon the glucosylation state 

(61). In addition, larger molecular weight AGT’s are also, found in plasma known as high 

molecular weight (HMW) AGTs. But the physiological functions of these HMW AGTs 

are not fully understood yet (62). The human gene encoding the amino acids sequence of 

AGT is 12 kb long present as single copy and AGT consists of 452 amino acids. The gene 

is composed of five exons and four introns (63). The primary site for the synthesis of this 

protein through mRNA is the liver and plasma AGT levels mainly reflect this synthesis 

(64, 65, 66, 67). But liver is not the storage site and it is synthesized and secreted 

constitutively (68). It is also synthesized locally in many other tissues like heart (69), 

brain (70), adipose tissues (71), large arteries, pancreas (72), adrenal cortex (73), and 

kidneys as demonstrated by the presence of AGT mRNA in these tissues. It acts as a 

precursor of Ag II and a substrate for renin, this being its only biological function (74). 

The most abundant local production in the renal tissues occurs in the proximal convoluted 

tubules of the cortex but smaller amounts are also, exhibited in glomerulus and medulla 

(75, 76, 77).  

 

1.2-3  Angiotensin Converting Enzyme 

ACE (EC 3.4.15.1) is zinc containing, single chain, dipeptidyl carboxy peptidase 

which converts inactive Ag I to octapeptide Ag II by splitting off histidyl-leucine residues 

from COOH end of Ag I. It also inactivates bradykinin. The molecular weight of ACE is 

about 200 kDa and its main site of synthesis, in addition to many other tissues, is the 

pulmonary vascular bed. Natesh and co-workers demonstrated that its three dimensional 
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structure has some similarity with carboxy peptidase A (78). This new finding in 

structure, gave the ideas to pharmacologists to design domain-selective ACE inhibitors. It 

is an ectoenzyme and present in two isoforms in the human body; a somatic form and a 

germinal form. Somatic form exists throughout the human body while germinal form is 

almost half the size of somatic form and is synthesized solely in the post meiotic 

spermatogenic cells and spermatozoa in the testicular tissues (79). 

The molecular weight of somatic ACE is 170 kDa, while molecular weight of 

germinal isoform is 90 kDa. The three dimensional structure of somatic ACE reveals that 

it is composed of an extracellular active site and a short cytoplasmic tail. The active site 

consists of a narrow channel that divides the molecule into two identical domains having 

a zinc binding motif in each domain i.e. both the identical domains contain potential 

catalytic sites (Fig.4). Each domain consists of 357 amino acids and their similarity 

between the amino acid sequence of both the domains is around 65% (80, 81).  Both 

domains are covered with amino acids lid, which seems to allow only small peptide 

substrate to enter in the active site cleft, whereas germinal ACE exhibits only one extra 

cellular domain. It seems that androgens control the testicular ACE secretion and 

concentration (82). Both isoforms of ACE transcribed from two different mRNAs but the 

gene is single having two different promoter sites (83). The cloning and sequencing of the 

corresponding complementary DNA (cDNA) revealed, that the primary structure of the 

somatic ACE purified from human kidney, consists of 1306 amino acids (84). 
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Figure 4   Structure of Somatic Angiotensin Converting Enzyme. 

Adapted from Johnston CI. Tissue angiotensin converting enzyme in cardiac and vascular hypertrophy, 

Repair, and remodeling. Hypertension 1994; 23:258-68. Available at 

http://hyper.ahajournals.org/content/23/2/258.long.  

 

The human ACE gene spans 21 kilo base pair (kbp) and is located on chromosome 

17q23 made up of 25 introns and 26 exons (85) and it is demonstrated that each of the 

two homologous domains are encoded by a cluster of eight exons. These exons are 

numbered from 4 to 11 and 16 to 23 and each exon ranges in size from 85 to 482 base 

pair (bp), encoding from about 4020 bp cDNA. It is also exhibited that exons 1 to 12 

encode for the amino domain while exons 13 to 26 encode for carboxy domain (86). 

It was revealed by site directed mutagenesis of the catalytic site of the somatic 

ACE gene, that both catalytic sites are functionally independently active with absolute 

requirement of Zinc. The substrate for both the catalytic sites in Ag I have the similar 

affinity, but carboxyl terminal domain has a hydrolyzing power of more than three times 

than that of NH2-terminal domain for its substrate Ag I. This means that COOH-domain 

hydrolyze the peptide Ag I three times faster than the amino domain. The second 

difference demonstrated between the two catalytic sites is that Cl
-
 ion has no modulating 
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effect on activity of NH2-terminal but modulate activity of COOH-terminal end activity 

(87, 88). 

Recently, two different groups of investigators demonstrated first human ACE 

homology, described as ACE2 or ACE related carboxypeptidase. It is also a membrane 

associated and secreted enzyme, having 42% identity in amino acids sequence of ACE1 

but it is highly tissue specific (89, 90). 

 

1.2-4  Angiotensin II 

Octapeptide Ag II bearing aspartic acid at position 1, has 1 to 2 minutes half-life 

in circulation, in humans. It is metabolized rapidly by various peptidases. One of them is 

zinc containing metalloprotease i.e. aminopeptidase known as aminopeptidase A, 

angiopeptidase A or glutamyl aminopeptidase. This rapid removal of the Ag II from the 

circulation suggests that either it is degraded or rapidly up-taken or both. Most of the Ag 

II is removed from the circulation by liver or vascular beds (91, 92), but its destruction in 

the pulmonary circulation is not exhibited (93, 94). 

After removal of aspartic acid residues by the action of aminopeptidase A, or 

more preciously glutamyl aminopeptidase from position one of the amino terminal of this 

peptide, a heptapeptide (Ag 2-8) is formed which is sometimes called angiotensin III (Ag 

III), having some physiological activity. The activity of this glutamyl aminopeptidase is 

exhibited in the renal tissue, vascular endothelial cells, liver, brain, plasma and red blood 

cells. Removal of a second amino acid (arginine) from position one of the amino terminal 

of Ag III produces hexapeptide angiotensin IV (Ag IV) or Ag 3-8, which is also said to 

have little physiological activity. Almost all of the other peptides formed are completely 

inactive. In addition to arginyl aminopeptidase (angiotensinase B or aminopeptidase B) 
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other aminopeptidases which cleave angiotensinogen include leucyl aminopeptidase, 

alanyl aminopeptidase and dipeptidyl peptidase I (Cathepsin C) (9, 99). (Fig. 5) 

 

 

 

Figure 5   Enzymatic cleavage site of the components of renin angiotensin system. 

Adapted from Candido R, Burrell LM, Jandeleit-Dahm KA, Cooper ME. Vasoactive Peptides and the 

Kidney. In Brenner BM editor. Brenner and Rector’s The Kidney, 7
th
 ed. Pennsylvania: Saunders, An 

Imprint of Elsevier 2004; P. 666. www.mdconsult.com. 

 

1.2-5  Angiotensin II Receptors 

At least two major classes of Ag II receptors are identified, through which Ag II is 

known to interact in humans, designated as Ag II type 1 (AT1) and Ag II type 2 (AT2) 

receptors (97).   

 

1.2-5 (a) Angiotensin II Type 1 Receptors 

All the known biological functions of Ag II e.g. cellular growth, vasoconstriction, 

secretion of aldosterone and stimulation of sympathetic nervous system, are known to be 
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mediated through AT1 receptors (98, 99). AT1 receptors are G-Protein (Gq) coupled 

serpentine receptors (100). 

 

Figure 6   Structure of angiotensin II type 1 receptor. 

Adapted from Boucard AA, Roy M, Beaulieu M, Lavigne P, Escher E, Guillemette G, Leduc R. 

Constitutive Activation of the Angiotensin II Type 1 Receptor Alters the Spatial Proximity of 

Transmembrane 7 to the Ligand-binding Pocket. JBC 2003; 278: pp. 36628–36. Available at  

http://www.jbc.org/content/278/38/36628.full. 

 

Tertiary structure revealed that four cysteine residues are located in the 

extracellular domain thus forming disulphide bridges (Fig.6). Both the extracellular and 

transmembrane domains have important roles in the binding of its substrate e.g. Ag II 

(101). While the binding site for AT1 receptor antagonist is different from the binding site 

of Ag II which only binds to transmembrane domain of the receptors (102).   

The classical pathway for signal transduction of AT1 receptor includes five steps 

i.e. activation of phospholipase A2, phospholipase C, phospholipase D, L-type Ca
+2

 

channels and finally inhibition of adenylate cyclase. Stimulation of phospholipase C-β is 

coupled with activation of Gq/11 protein which in turn causes formation of two secondary 

messengers, 1, 4, 5, inositol triphosphate (IP3) and diacylglycerol by the hydrolysis of 

phosphatidylinositol 4,5 bisphosphate (P1P2). Diacylglycerol in turn induces protein 
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kinase C (PKC) activity whereas IP3 cause increase in Ca
+2

 release from intracellular 

stores, both of which cause vasoconstriction [K, Ch.16 (281)]. Release of arachidonic 

acid (the precursor molecule of PG synthesis) is stimulated by activation of 

phospholipases A2 and D (103). Vasodilator cAMP is also inhibited by inhibition of 

adenylate cyclase through AT1 receptors coupled with Gi/0 protein (104, 105). By the 

decreased production of cAMP through AT1 receptors its vasodilator effect is reduced 

thus causing vasoconstriction. The location of AT1 receptors in the human body is studied 

extensively and it is exhibited that they are mainly present in the brain, adrenal glands, 

heart, vascular smooth muscles and kidney (106). 

 

1.2-5 (b) Angiotensin II Type 2 Receptors 

AT2 receptor has a molecular weight of 41 kDa, encoded by a 363 amino acids 

protein and is also composed of seven transmembrane domain. The amino acid sequence 

similarity is around 34% with that of AT1 receptors (107). The binding affinity for AT1 

and AT2 receptors is almost similar (108). The extracellular domain of AT2 receptors 

contains five potential N-glycosylation sites at NH2-terminal domain and 14 cysteine 

residues, while the intracellular cytoplasmic domain contains a potential protein kinase C 

(PKC) phosphorylation site where as cytoplasmic tail contains three extra potential 

consensus sequence for phosphorylation by PKC and one cAMP dependent 

phosphorylation site for protein kinase (109). Recently it has been demonstrated that it 

has signaling pathway which includes nitrous oxide – cyclic guanosine monophosphate 

(NO-cGMP) system and release of arachidonic acid mediated through phospholipase A2. 

But very little is known about its function as compared to AT1 receptors. 
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1.2-6  Tissue Renin Angiotensin System 

Ag II also acting as a paracrine factor exerts its organ specific role (110).Many 

different tissues contain all RAS components independently, that generate Ag II, in 

addition to the system that produces Ag II in circulation. This local RAS is apparently 

found in walls of blood vessels, the placenta, uterus and fetal membrane. In addition, 

tissue RAS is also expressed in eyes, heart, adipose tissue, adrenal cortex, testis, ovaries, 

exocrine portion of pancreas, pituitary, brain and renal tissues (69-72, 111, 112). 

This locally produced Ag II induces cell growth, mitogenesis, inflammation, 

apoptosis and cell differentiation in addition to its normal physiological role. It also 

regulates gene expression of bioactive substances and many intracellular significant 

pathways which might contribute to injury at tissue level thus implicating many 

pathophysiological conditions like hypertension congestive cardiac failure and 

nephropathy (113).  

Kidneys have important role in causation of hypertension; development of 

hypertension is a cause as well as consequence of renal disease (115). 

Ag II contents in the renal tissues are particularly much higher than the circulating 

levels. Furthermore, much higher concentration of Ag II is demonstrated in specific 

regions and compartments within the renal parenchyma, also indicating selective local 

regulation of intrarenal Ag II (116-118). 

It is now apparent that intrarenal Ag II levels are regulated in a different manner, 

which is distinctive from circulating Ag II. From these facts, it has been revealed that 

regulatory influence exerted by renal tissues on local Ag II production causes 

hemodynamic alterations and structural changes responsible for pathogenesis of renal 

injury (119, 120). 
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1.3 Physiology of Renin Angiotensin System 

1.3-1  Renin 

The slow and sustained rise in blood pressure caused by the intravenous injection 

of renal extracts, was first demonstrated by Tigersedt and Bagman as early as 1898. They 

named the active substance for this increase in blood pressure renin, (121) which was 

later on identified as a proteolytic enzyme, that increases the production of angiotensin, a 

potent vasoconstrictor agent (122). Finally, component of RAS was exhibited with its 

important role in control, maintenance and mediation of blood pressure and its central 

role in renal blood follow and autoregulation of glomerular filtration. 

The JGA, which is present around the afferent arterioles, sense and transduce 

changes in renal perfusion pressure and ultimately respond accordingly to these changes 

by adjusting the release of renin, production of ACE and finally synthesis of Ag I by 

positive or negative feedback mechanism on RAS and aldosterone through adrenal cortex. 

Modified smooth muscles cells, called JG cells found in the tunica media of the 

afferent arterioles of renal glomeruli, synthesize and store renin in specialized granules 

which is the entire source of renin in circulation (123, 124). Renin is considered as a 

hormone because it is subject to tight control and its role is determined by Ag I. Therefore 

plasma renin activity or concentration is often assumed as a measure of overall RAS 

activity. That is why, the different mechanisms of renin secretion shall first be defined in 

detail. The secretion of renin is controlled by five different mechanisms i.e. renal 

baroreceptors, macula densa cells, neural mechanism, endocrine and paracrine 

mechanism and intracellular mechanism. 

Renal baroreceptors and macula densa cells, independently control the renin 

secretion in the kidneys (125). Decreased pressure, or stretch mediated through the 

baroreceptors in the media of afferent arterioles causes increase in renin secretion and 
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vice versa (126). Volume expansion with NaCl has a profound inhibitory effect on 

secretion of renin probably due to the effect of NaCl on macula densa cells situated in the 

distal tubules (127) and the signal is also presumably generated through these cells, 

therefore the cells of macula densa act as chemoreceptors, thus monitoring the sodium 

chloride load present in the distal tubules. So they can modulate the glomerular filtration 

rate (GFR) and filtered load of sodium. Arachidonic acid metabolites and nitric oxide 

(NO) also modulate renin release through macula densa cells. On the other hand 

mesangial cells contain voltage gated Ca
+2

 channels and Ca
+2

 activated Cl
-
 channels 

therefore changes in Cl
-
 concentration might influence directly on the granular cells 

(128). 

Modulation of renin release by central nervous system occurs through sympathetic 

nerve terminals, present on the JGA, which causes an increase in renin secretion by their 

stimulation or increase in sympathetic nervous system activity by a number of factors e.g. 

hypoglycemia, carotid and cardiopulmonary mechanoreceptors stimulation, and changes 

in posture. β-adrenergic receptors stimulation causes increase in renin secretion through 

classical pathway of β-receptors signal transduction through activation of adenylate 

cyclase and formation of cyclic adenosine monophosphate (cAMP) (129) (Fig.7).  
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Figure 7   Release of renin by Juxtaglomerular apparatus. 

Regulation of renin release by the juxtaglomerular cells. Extracellular fluid (ECF). Cyclic adenosine 

monophosphate (cAMP). Adapted from Harrison-Bernard LM (2009). The renal renin-angiotensin system. 

Adv. Physiol. Educ; 33: 270-4. 

 

Several endocrine and paracrine hormones e.g. arachidonic acid, different PG, 

prostacyclin, products of lipoxygenase pathway of arachidonic acid [12-

hydroxyeicosatetraenoic (12-HPETE) and 15-epoxyeicosatrienoic acid (15-HPETE)], 

cytochrome P-450, mediated epoxide, histamine, parathyroid hormone (PTH), glucagon 

and dopamine also modulate the renin secretion. But the day to day physiological control 

by these endocrine and paracrine factors still require elucidation (130-135).  

Atrial natriuretic peptide, vasopressin, endothelin and adenosine have also been 

exhibited to inhibit the renin secretion (136, 137). But the most important physiological 

regulation of renin secretion is through Ag II, by negative feedback mechanism which 

also regulates the renin gene expression (138). In addition to the above mentioned 
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mechanisms of regulation of renin secretion, different intracellular mechanisms also 

modulate the renin secretion. In contrast to other hormones, in which hormone secretion 

is increased or stimulated by Ca
+2

, renin secretion is inhibited by high extracellular Ca
+2

 

concentration (139-141). But a minimum level of Ca
+2

 is always required for renin 

secretion. Hyperpolarization of JG cells by β-adrenergic stimulation causes efflux of 

Ca
+2

, thus increase in renin secretion (142, 143). Experimental evidence by research work 

of different researchers revealed that Ca
+2

 entering into the JG cells in both voltage 

dependent and voltage independent routes resulted in inhibition of renin secretion (144, 

145). cAMP is another intracellular mechanism through which renin release in modulated 

(146, 147). 

Finally, the renin release is also influenced by increased or decreased intake of 

potassium in a reciprocal manner. The mechanism and significance of these effects are 

still not known. Renin release is controlled by a negative feedback mechanism exerted by 

Ag II which is independent of blood pressure, aldosterone release and renal perfusion. 

Therefore the release of renin is controlled by both extrarenal (potassium concentration, 

Ag II and sympathetic nervous system) and intrarenal which includes cells of macula 

densa and pressor receptors. Hence it can be concluded from the above mechanism of 

RAS that serum renin levels reflect all these factors but intrarenal factors predominate 

(148). 

  

1.3-2 Angiotensinogen, Angiotensin Converting Enzyme and   

Angiotensin II 

Angiotensinogen, which is produced and secreted into the circulation by the liver 

(the primary site of angiotensinogen mRNA), is acted upon and cleaved by renin, 

produced by JG cells and is converted into Ag I by cleavage of leucine-valine bond (64, 
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65, 67). In addition to liver, angiotensinogen production has been demonstrated in the 

central nervous system, heart, adrenal glands, adipose tissue, leukocytes and kidney (67, 

77, 149-151). Like other acute phase proteins, the hepatic production of angiotensinogen 

is markedly elevated in response to different stresses like tissue injury and bacterial 

infection and also by hormones such as androgen, thyroid hormone and glucocorticoids 

(152, 153). Angiotensinogen has no other physiological role except being the precursor of 

Ag II. Ag I is an inactive intermediate peptide which is further processed and transformed 

by ACE into Ag II, an eight amino acid peptide. This enzymatic transformation of Ag II 

occurs in many tissues of the body especially in the vascular endothelium of pulmonary 

tissues and other vascular beds including kidney where ACE is located (154). Chronic 

obstructive airway disease, sodium depletion and hypoxia decrease the ACE activity 

while ACE levels are elevated in patients suffering from sarcoidosis (155, 156). The 

conversion of Ag I to Ag II by ACE is not a rate limiting step because the enzyme is 

ubiquitous and is having enormous capacity to convert Ag I into its active form Ag II. 

ACE production by vascular endothelial cells is the most important site for regulation of 

blood pressure in spite of the fact that ACE is also produced by many other tissues. This 

production of Ag II by ACE at the luminal surface of endothelial cells, in close proximity 

to tunica media containing the smooth muscles of vascular walls, is the critical target 

organ for vasoconstriction. According to different studies, ACE levels in human sera vary 

up to four times among individuals but no significant clinical association was identified 

with hypertension. Therefore, it has been concluded that alteration in ACE activity has no 

physiological significance (85, 157). The additional Ag II can be synthesized via non-

renin and non-ACE enzyme including cathepsin G, cathepsin A, chymase, tissue 

plasminogen activator, tonin and chymostatin Ag II generated enzyme (158, 159) (Fig. 8).  
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Figure 8   Classical and alternative enzymatic pathways of renin-angiotensin system. 

Block arrows show classical while dotted arrows represent alternative pathways. Angiotensin III (Ag 2-8), 

angiotensin IV (Ag 3-8) chymostatin-sensitive Ang-II-generating enzyme (CAGE), tissue plasminogen 

activator (t-PA), Angiotensin II type 1 receptor (AT1 Receptor), Angiotensin II type 2 receptor (AT2 

Receptor).  

Adapted from Lavoie JL and Sigmund CD. Mini review of the renin-angiotensin system an endocrine and 

paracrine system. Endocrinology 2003, 144: 2179-2183. 
 

The predominant function of RAS, mediated through Ag II, is the regulation of 

vascular tone and excretion of salts by the kidney in response to change in blood pressure 

and fluid volume. Ag II has a very short half-life of around one minute and ultimately is 

inactivated rapidly by angiotensinogenases. Ag II exerts its effect by acting on different 

organs/systems including central nervous system, adrenal glands, heart and kidney. Ag II 

has direct effect on vascular smooth muscles, which causes contraction of the smooth 

muscles thus increasing the vascular resistance (160). This effect on arteriolar smooth 

muscles is by anchoring to the surface of endothelial cells and hence it’s a potent pressor 

agent (161). Ag II exerts its physiological effects by binding with high affinity to cell 

surface receptors known as Ag II receptors; subtypes AT1 and AT2 as described earlier. 
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The physiological effects of Ag II are remarkably diverse but mostly designed to elevate 

blood pressure by different mechanisms including vasoconstriction by induction of 

smooth muscle constriction of the blood vessels thus increasing the peripheral resistance 

(162). Ag II directly causes sodium and water absorption by cells of both proximal 

tubular epithelium and gut. Ag II, and to some extent Ag III, also stimulates production of 

aldosterone by the zona glomerulosa cells of adrenal cortex, which in turn regulates 

sodium absorption from the cells of the distal tubules. Both of these effects of Ag II, 

directly and through zona glomerulosa cells, consequently influence the fluid and 

electrolyte balance. The other effects of Ag II on fluid and electrolytes homeostasis 

include, increase in resistance of both afferent and efferent arterioles of the kidney, 

increase in release of vasopressin from pituitary, causing increase in thirst. Ag II also has 

a positive inotropic effect on myocardium. All of these effects ultimately increase 

intravascular and intracellular volume, peripheral vascular resistance and ultimately cause 

a rise in blood pressure (163). The effects of Ag II and Ag III are mainly mediated 

through AT1 receptors. Presence of mRNA AT2 receptors has been localized recently in 

the proximal tubules and glomeruli, albeit at a much lower frequency. These actions of 

Ag II are summarized in Fig. 9. 
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Figure 9   Physiological action of angiotensin II on various tissues. 

Extracellular matrix (ECM), Macrophage (mɸ) Plasminogen activator inhibitor-1 (PAI-1), Prostaglandin 

(Pg), Glomerular capillary hydraulic pressure (Pgc), Renal blood flow (RBF), Transforming growth factor- 

β (TGF-β). 

Adapted from Taal MW, Brenner BM. Renoprotective benefits of RAS inhibition: From ACEI to angiotensin 

II antagonists. Kidney International 2000; 57: 1803–1817. 

 

 

In certain pathophysiological conditions it also causes hyperplasia and hypertrophy of 

the smooth muscle cells. These effects are only demonstrated in the vascular beds of 

smooth muscles of skin, coronary, cerebral and mesenteric arcs while pulmonary and 

skeletal vessels are not affected (164). In addition to these effects, Ag II also exerts its 

indirect pressor effect through peripheral and central nervous system (CNS). Increase in 

sympathetic discharge and decrease in vagal tone are the effects Ag II exhibits in the 

central nervous system (165). Ag II also enhances the norepinephrine release and inhibits 

the reuptake of norepinephrine by noradrenergic nerve endings, both of these effects 
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causes increase in noradrenergic response in the vascular beds (176-170) therefore, 

augmenting the vasopressor response. In addition to its pressor effects on CNS, Ag II also 

increases the secretion of adrenocorticotropic hormone (ACTH), luteinizing hormone 

(LH) and prolactin from posterior pituitary and anti-diuretic hormone (ADH) and 

oxytocin from anterior pituitary (171).  

 

1.4 Physiological Effects of Angiotensin II on Renal  

Hemodynamics 

Renal effect of Ag II is primarily exerted on the resistance of small diameter 

arterioles of the glomeruli. The tone of both afferent (pre-glomerular) and efferent 

(postglomerular) arterioles is effected by endogenous as well as exogenous Ag II. But the 

predominant effect is on efferent arterioles (172, 173). As described earlier, the endocrine 

and paracrine actions of Ag II in the other parts of the body, renal tissue also exhibit 

secondary vasoactive substances like NO, products of arachidonic acid metabolism, 

notably PGE2 and prostacyclins. These vasoactive factors are released in response of Ag 

II by endothelial smooth muscles or mesangial cells. Therefore the vasoconstriction is the 

most common net integrated response (131, 135). During daily normal activity and stress, 

autoregulatory mechanisms of renal vasculature play an important role in protecting the 

renal tubules and glomeruli from the massive changes in arterial pressure. These 

autoregulatory mechanisms maintain a constant renal blood flow and GFR by adjusting 

the renal vasomotor tone by two basic mechanisms involving the afferent arterioles (172).  

One is the tubuloglomerular feedback loop which involves the JGA and the other is the 

myogenic pressure induced response of vascular smooth muscles of afferent arterioles. 

Ag II appears to exert a tonic regulation of this tubuloglomerular feedback loop while 

myogenic response does not seem to be regulated by Ag II. These findings are confirmed 
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by different investigators, showing that ACE inhibitors or angiotensin receptors blockers 

(ARB’s) inhibit tubuloglomerular feedback loop whereas the myogenic response of 

vascular smooth muscle cells is not changed (110, 174-177 ). At least 60% of filtered 

glomerular load is reabsorbed by proximal tubules and Ag II exerts a key role in 

reabsorption of NaCl, HCO
3-

 and fluid by activating Na
+
/H

+
 exchanger (178, 179). In the 

distal tubules Ag II stimulates the HCO
3-

 reabsorption through AT1 receptors (180, 181). 

But the functions of Ag II on collecting ducts of kidneys are still not fully understood in 

the humans.  

 

1.5 Pathophysiological Effects of Renal Renin Angiotensin  

System 

End stage renal disease (ESRD) is the common histological end point of most of 

the progressive kidney diseases. In ESRD the renal mass is decreased and replaced by 

fibrotic tissue. There is loss of glomerular capillaries with localized cell proliferation 

areas which lead to progressive scarring and finally glomerulosclerosis. The infiltration of 

inflammatory cells is seen around the atrophied tubules which are attached to the scarred 

glomeruli. Extracellular matrix is having increased deposition of collagen and lipids. 

Glomerular and tubular basement membranes show thickening on electron microscopy, 

which finally lead to obliteration of glomerular and tubular architecture (182). These 

structural changes manifest as progressive loss of GFR and ultimately renal capacity of 

urine concentration and excretion. The progression to ESRD, by a number of renal 

diseases including diabetes, hypertension and inflammatory disease is caused by 

autocrine, paracrine and endocrine effects of Ag II. Ag II implicated non-hemodynamic 

effects include proliferation and hypertrophy of all the major cell types of glomerulus 

including epithelial, endothelial and mesangial cells in addition to hemodynamic 
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alterations (183, 184).  The most important mechanism involved in decline in GFR and 

obliteration of glomerular capillaries include, excessive accumulation of protein in the 

extra cellular mesangial matrix, which leads ultimately to renal failure (185-187). The 

mechanism of Ag II mediated mesangial cell growth is not fully elucidated up till now but 

PKC and mitogen-activated protein (MAP) kinase dependent pathways may be involved. 

Recent evidence also supports that transforming growth factor beta (TGF- β), 

plasminogen activator inhibitor-1 (PAI-1) and fibronectin may also be involved in 

enhancing mesangial hypertrophy and production of extracellular matrix. Ag II may also 

activate different inflammatory pathways including nuclear factors kappa beta (NF-κB) 

through induction of NF-κB dependent chemokines and monocyte chemoattractant 

protein (MCP-1) (188). It is also exhibited that in most types of diseases leading to 

ESRD, systemic RAS is not activated, instead local intrarenal is responsible for the 

progression of the disease (Fig.10).  
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Figure 10   The pathophysiological effect and mechanism of Renal injury mediated by intra-renal 

renin angiotensin system. 

Transforming growth factor-β (TGF-β), platelet-derived growth factor (PDGF), basic fibroblast growth 

factor (Bfgf), monocyte chemoattractant protein-1 (MCP-1), tumor necrosis factor (TNF-α), protein kinase 

C (PKC), nuclear factor-κB (NF-κB) and  mitogen-activated protein kinase (MAPK). 

 Adapted from Candido R, Burrell LM, Jandeleit-Dahm KA, Cooper ME. Vasoactive Peptides and the 

Kidney. In Brenner BM editor. Brenner and Rector’s The Kidney, 7
th
 ed. Pennsylvania: Saunders, An 

Imprint of Elsevier 2004; P. 680. www.mdconsult.com. 

 

 

1.6 Role of Renin Angiotensin System in the Pathophysiology  

of  Diabetic Nephropathy 

Diabetic nephropathy is the leading cause of ESRD in the developed as well as in 

developing countries. Activation of intrarenal RAS while suppression of systematic RAS 

is described in patients suffering from diabetes mellitus (189). In diabetic patients up 

regulation of renin and angiotensinogen has been reported in the proximal tubules while 

increase in ACE levels has been reported in the glomerulus, probably due to direct effect 
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of increased levels of extracellular glucose in the mesangial cells. Similarly local 

production of Ag II is also reported and different studies describe down regulation of AT1 

and AT2 receptors mRNA in diabetic kidney. In recent past, it has been reported that ACE 

inhibitors and ARB’s normalize the expression of AT1 receptors, which is associated with 

renoprotective effect (190). A large number of experimental and clinical studies 

demonstrated that the progression of renal damage, mediated by diabetes mellitus via 

RAS, is decreased by the use of ARB’s and ACE inhibitors. Similarly these drugs also 

reduce the progression of proteinuria in diabetic nephropathy caused by both type 1 and 

type 2 diabetes mellitus, which is probably due to the decrease in glomerular capillary 

pressure (191-194). Therefore, the glomerulus was protected from the accelerated renal 

sclerotic changes by the reversal of hemodynamic alteration caused by diabetes mellitus 

in experimental animals (195). In diabetic nephropathy patients, increased expression of 

type-IV collagen and TGF-β have been exhibited (196).  

 

 

1.7 Pathophysiology of Diabetic Nephropathy 

One of the best understood mechanisms of the renal injury is the progression of 

diabetic nephropathy to ESRD, which is associated with increase in GFR initially, 

followed by massive decline with increasing proteinuria (Fig.11).  
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Figure 11   Mechanism of chronic renal injury and its progression induced by diabetes mellitus. 
Adapted from Harris RC, Neilson EG. The adaptation of the Kidney to renal injury. In Fauci AS, Kasper 

DL, Braunwald E, Hauser SL, Longo DL, Jameson JL, Loscalzo J: Harrison’s Principles of Internal 

Medicine, 17
th

 ed. New York: McGraw Hill, Medical Publishing Division 2008; P. 1749.  http// 

www.accessmedicine.com. 

 

As the injury begins in the glomeruli, there are six sequential steps found in diabetic 

nephropathy. 

1. Persistent glomerular injury, caused as a direct effect of hyperglycemia and 

advanced glycosylation end products, causes local hypertension in glomerular 

capillary tufts which increase GFR in single nephron and engenders leak of 

proteins in the tubular fluid.  

2. Increase in glomerular proteinuria along with increase in local production of Ag 

II, which in turn facilitates ; 

3. increased production of cytokines which in turn produces accumulation of 

mononuclear cells in the interstitium. 

4. The initial appearance of neutrophils is replaced by T-lymphocytes and 

macrophages causing interstitial nephritis through immune response mechanism.  
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5. This inflammatory response causes formation of new interstitial fibroblasts by 

disintegration of the epithelial cells adjacent to the basement membrane. 

6. Finally, these fibroblasts produce a cellular scar by laying down collagenous 

matrix that destroys the adjacent architecture of capillaries and tubular nephrons 

(197). 

The diabetic nephropathy is believed to be due to combination of hemodynamic stress 

and metabolic factors. Mesangial expansion, thickened basement membrane and tubular 

intestinal fibrosis are characteristic features of renal diabetic glomerular injury. 

Recent evidence indicates that the key mechanism of diabetic nephropathy is the 

oxidative stress induced by hyperglycemia.  

 

1.7-1  Hyperglycemia 

A unified hypothesis was proposed by Brownlee et al in regard to the complex 

mechanism of hyperglycemia induced vascular injury in the kidneys (198). Over 

production of super oxide by mitochondrial electron transport chain is induced by 

hyperglycemia which in turn reduces, powerfully, the activity of glyceraldehyde 3-

phosphate, the gate keeper enzyme. The accumulation of glycolytic metabolites are 

shunted into the following four alternative pathways, with activation of different signaling 

cascades having profound consequences [Fig. 12]. 

1. Increased flux of polyol pathway [Fig. 13]. 

2. Increased flux of hexosamine pathway [Fig. 14].  

3. Activation of PKC and its isoforms [Fig. 15]. 

4. Increased formation of advanced glycation end products (AGE) [Fig.16]. 
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Figure 12   Four major pathways of hyperglycemia induced damage by over production of 

mitochondrial superoxide due to inhibition of Glyceraldehyde 3-phosphate dehydrogenase (GAPDH). 

Adapted from Brownlee M. Biochemistry and molecular cell biology of diabetic complications. Nature 

2001, 414: 813-820. 

 

 
 

 

Figure 13   Polyol pathway. 
Reactive oxygen species (ROS) generated aldehydes are reduced to alcohols and glucose to sorbitol by 

aldose reductase in the presence of nicotinamide adenine dinucleotide phosphate (NADP) as cofactor. 

Sorbitol is oxidized to fructose by sorbitol dehydrogenase (SDH) with presence of nicotinamide adenine 

dinucleotide (NAD) as cofactor. Oxidative stress is augmented where reduced glutathione (GSH) is 

depleted by sufficient quantity of aldose reductase. Adapted from Brownlee M. Biochemistry and molecular 

cell biology of diabetic complications. Nature 2001, 414:813-820. 
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Figure 14   Hexosamine pathway. 

Fructose-6-P (Fruc-6-P) which is an intermediate in glycolytic pathway is converted to glucosamine-6-

phosphate by the enzyme glutamine:fructose-6-phosphate amidotransferase (GFAT). N-acetylglucosamine 

(GlcNAc) is converted to serine and threonine during intracellular glycosylation and the reaction is 

catalyzed by the enzyme O-GlcNAc transferase (OGT). The increase in production of serine and threonine 

residues, due to elevated levels of GlcNAc moieties, induces production of factors like plasminogen 

activator inhibitor-1 (PA-1) and transforming growth factor- β (TGF- β1) by modulating mRNA 

transcription. Azaserine (AZA), antisense to GFAT (AS-GFAT). .  

Adapted from Brownlee M. Biochemistry and molecular cell biology of diabetic complications. Nature 

2001, 414: 813-820. 
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Figure 15   Hyperglycemia induced activation of Protein Kinase C. 

Adapted from Haneda M, Koya D, Isono M, Kikkawa R: Overview of glucose signaling in mesangial cells 

in diabetic nephropathy. J Am Soc Nephrol 2003, 14:1374-82. 
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Figure 16  Advanced glycation end-product and receptor for glycation end-products system. 

1).Secreted galectin-3, receptor for advanced glycosylation end products (RAGE) and soluble RAGE 

(sRAGE) bind glycation end-product. 2) Internalization of bond glycation end-product into the cells and 

removal by macrophage scavenger receptors. 3) Signaling through reactive oxygen species and macrophage 

activated protein kinase and modulation in gene expression. 4) Increase in expression of scavenger 

receptors and OST-48 (glycation end-product degradation receptors) and decrease in expression of RAGE 

and 80 K-H. (RAGE), (sRAGE), advanced glycation end-product (AGE), macrophage scavenger receptors 

(MSR), reactive oxygen species (ROS), macrophage activated protein kinase (MAPK).  

Adapted from Carla Iacobini, Lorena Amadio, Giovanna Oddi, Carlo Ricci, Paola Barsotti, Serena 

Missori, Mariella Sorcini, Umberto Di Mario, Flavia Pricci and Giuseppe Pugliese. Role of Galectin-3 in 

Diabetic Nephropathy. J Am Soc Nephrol 2003, 14:S264-70.  

 

Alternatively, Ag II induced by hyperglycemia directly stimulates TGF-β 

expression and decreases the expression of nephrin in the kidney resulting in increase in 

renal TGF-β and VEGF and other cytokines (199-200). In addition podocytes also release 

VEGF, which increases the permeability of proteins and stimulates angiogenesis, thus 

causing diabetic podocytopathy and albuminuria (201). Thus it is essential to inhibit the 

signaling pathways of TGF-β and VEGF by aggressive blockade of RAS in addition to 

glycemic burden reduction to retard the progression of diabetic nephropathy (202, 203). 
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1.7-2  Injury Due to Hemodynamic Alterations 

Significant decrease in renal mass due to fibrous scarring of the renal tissue results 

in hyperfiltration. The autoregulatory capacity of the remaining nephrons is lost resulting 

in systemic hypertension which is transmitted to the glomerulus. Hyperfiltration and 

intraglomerular hypertension eventually stimulate the appearance of glomerular sclerosis. 

Both increased intraglomerular and systemic pressure leads to the activation of various 

vasoactive substances and hormones, including components of RAS (204). These 

metabolic derangements caused by hyperglycemia and hemodynamic alterations stimulate 

the release of intracellular second messengers such as PKC and MAP kinase, nuclear 

transcription factors i.e. NF-κB, various growth factors i.e. VEGF and TGF-β and other 

cytokines (205). Consequently renal albumin permeability is increased causing increased 

proteinuria and extracellular matrix accumulation causing glomerular sclerosis and 

tubulointerstitial fibrosis (204) [Fig. 17].  
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Figure 17   Schema outlining diabetic nephropathy induced by metabolic and hemodynamic factors 

mediated through cytokines, growth factors and intracellular signaling molecules e.g. protein kinase-

c (PKC), nuclear factor kappa beta (NF-κB), mitogen-activated protein kinase (MAPK). 

Adapted from Cooper ME. Interaction of metabolic and hemodynamic factors in mediating experimental 

diabetic nephropathy. Diabetologia 2001, 44:1957-72. Available at 

http://www.ncbi.nlm.nih.gov/pubmed/11719827 

 

 

Clinical characterization of diabetic kidney disease starts from increasing urinary 

albumin excretion rates from normoalbuminuria which progresses to microalbuminuria, 

macroalbuminuria/overt nephropathy and ultimately to ESRD. Microalbuminuria is the 

earliest clinically detectable stage of diabetic nephropathy at which appropriate 

intervention can retard or even reverse the progression of the disease (206). 

Microalbuminuria is defined as 30-300 mg/d in a twenty four hour collection or 20-200 

microgram/minute or 30-300 microgram/milligram of creatinine in a spot collection, 

while macroalbuminuria/overt proteinuria is defined as more than 300 mg/d in a twenty 

four hour collection or more than 200 microgram/minute or more than 300 

microgram/milligram of creatinine in a spot collection. Results for timed specimens can 

http://www.ncbi.nlm.nih.gov/pubmed/11719827


40 

 
 

be reported as milligram albumin excreted per hour, but the albumin: creatinine ratio is 

more practical and convenient for the patient and is the recommended preferred method 

(207, 208). 

 

1.8 Genetic Burden in Diabetic Nephropathy 

A strong body of epidemiological evidence suggests that multiple factors, such as 

hemodynamic alteration, hypertension, metabolic abnormalities, dyslipidemia, various 

growth factors, smoking, duration of diabetes, family history and genetic factors are 

major contributing factors in the pathogenesis of diabetic nephropathy (209, 210). 

Available data suggests that genetic susceptibility, including various gene polymorphisms 

affecting RAS activity, contributes a major role in the development of diabetic 

nephropathy (211). 

Diabetic nephropathy is one of the most serious microvascular complications of 

diabetes mellitus and is the leading cause of ESRD worldwide, accounting for 25-35% 

patients on dialysis (212). Type 2 diabetes mellitus has higher prevalence (90%) as 

compare to Type 1 diabetes mellitus (10%), therefore the majority of patients with 

diabetic renal disease have Type 2 diabetes mellitus. But, not all diabetic patients develop 

nephropathy, only a subset of diabetic patients develop nephropathy suggesting that 

diabetic nephropathy is not an inevitable consequence of diabetes mellitus and its 

susceptibility may be modified by genetic factors (213). Clustering of diabetic 

nephropathy in families also suggest, at least in part, the genetic transmission of the 

disease (214). The susceptibility to microvascular complications of diabetes mellitus is 

associated with ethnic disparity. It was reported recently that non-Hispanic white 

Americans are more prone to the development of macrovascular complications e.g. 

myocardial infarction (MI), stroke, etc. as compared to Asians and African Americans, 
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while the development of microvascular complications (diabetic nephropathy and 

retinopathy) are more prevalent in Asians and African Americans (215). Diabetic 

nephropathy is one of the complex human diseases having involvement of multiple 

genetic and confounding factors contributing to its susceptibility (199). The exact genetic 

determinants of diabetic nephropathy remain largely unknown, as with other complex 

multi genetic diseases (216). Therefore, the approach to study the genetic determinants of 

diabetic nephropathy appears feasible. The genetic basis of diabetic nephropathy is not 

clearly understood but many candidate genes, e.g. ACE insertion deletion (I/D) 

polymorphism, M235T and AT1 receptors genes, have been shown to be closely 

associated with this renal complication of diabetes mellitus. As these genes encode the 

components of RAS, so they seem to be logical susceptible determinants (217). I 

performed my study, resulted in this thesis, on the ACE gene I/D polymorphism and its 

association to albuminuria in type2 diabetes mellitus patients. However, the work on the 

other two above mentioned genes are in progress in our laboratory.  

Although the I/D polymorphism is in the intronic region of the ACE gene but it has a 

functional significance, as the ACE levels have been demonstrated to be controlled 

genetically (218).  

Conflicting findings in various populations have been obtained with regard to the role 

of ACE I/D polymorphism in type 2 diabetic nephropathy patients. Ethnic factors might 

contribute to variability between reports evaluating the role of ACE I/D polymorphism 

(219). 

Although, several studies on ACE gene polymorphism in type 2 diabetes mellitus and 

its association with diabetic nephropathy have been performed in white and Japanese 

populations, but no large-scale study of ACE gene polymorphism in type 2 diabetics has 

been conducted in Pakistan. Therefore, this study is designed to determine whether ACE 
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gene I/D polymorphism is associated with diabetic nephropathy in patients of type 2 

diabetes mellitus in the local Punjabi population of Pakistan.  

Although it appears feasible to study the genetic determinants of diabetic nephropathy 

but as the heritability is population specific, therefore, our study among the Punjabi 

population may not necessarily yield the same results as Caucasians or other Asian races 

due to ethnic variations. 

 

1.9 Epidemiology of Diabetes Mellitus 

 The prevalence of diabetes for all age-groups worldwide was estimated to be 2.8% in 

2000 and 4.4% in 2030 in a study based on World Health Organization (WHO) estimates. 

The total number of people with diabetes is projected to rise from 171 million in 2000 to 

366 million in 2030. These findings indicate that the ―diabetes epidemic‖ will continue 

even if levels of obesity remain constant. Given the increasing prevalence of obesity, it is 

likely that these figures provide an underestimate of future diabetes prevalence (220).  

The number of people with diabetes in the whole world is increasing due to growth in 

population, aging, urbanization, and increasing prevalence of physical inactivity leading 

to obesity (due to better socioeconomic conditions). 

The ten countries estimated to have the highest number of people with diabetes in 2000 

and 2030 are listed in the following Table (220). The ―top three‖ countries are the same 

as those identified for 1995 (221) (India, China, and U.S.). Bangladesh, Brazil, Indonesia, 

Japan, and Pakistan also appear in the lists for both 2000 and 2030. The Russian 

Federation and Italy appear in the list for 2000 but are replaced by the Philippines and 

Egypt for 2030, reflecting anticipated changes in the population size and structure in these 

countries between the two time periods.  
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The number of people with diabetes in Pakistan is expected to be more than double 

between 2000 and 2030. 

 

 Year 2000 Year 2030 

Ranking Country 
People with diabetes 

(Millions) 
Country 

People with diabetes 

(Millions) 

1 India 31.7 India 79.4 

2 China 20.8 China 42.3 

3 U.S. 17.7 U.S. 30.3 

4 Indonesia 8.4 Indonesia 21.3 

5 Japan 6.8 Pakistan 13.9 

6 Pakistan 5.2 Brazil 11.3 

7 Russian Fed. 4.6 Bangladesh 11.1 

8 Brazil 4.6 Japan 8.9 

9 Italy 4.3 Philippines 7.8 

10 Bangladesh 3.2 Egypt 6.7 

 

Adapted from Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes estimates for 

the year 2000 and - projections for 2030. Diabetes Care 2004; 27: 1047-1053. 

 

 

Diabetic nephropathy is the most serious complication of diabetes mellitus and 

affects approximately a third of diabetic patients. It is the leading cause of ESRD 

worldwide, and it is estimated that 25% of type 2 diabetic patients reach ESRD during 

their lifetime (222, 223). Importantly, it is also the leading cause of ESRD requiring renal 

replacement therapy e.g. dialysis or transplantation in developing countries in Asia (224).  
 

 

 

 



44 

 
 

 

 

 

 

CHAPTER 2 

 

 

 

AIMS AND OBJECTIVES 
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The aims and objectives of the present study include: 

  

2.1- To compare the frequency of angiotensin-I converting enzyme gene 

polymorphism in type 2 diabetic patients with age and sex matched normal 

local Pakistani population. 

 

2.2- To examine the association of angiotensin-I converting enzyme levels with 

angiotensin-I converting enzyme gene polymorphism in type 2 diabetic 

patients. 

 

2.3- To compare the angiotensin-I converting enzyme levels of type 2 diabetic 

patients with age and sex matched normal population.    

 

2.4- To examine the association of angiotensin-I converting enzyme levels with 

albuminuria in type 2 diabetic patients. 

 

2.5- To examine the association between albuminuria and angiotensin-I converting 

enzyme gene polymorphism in local Pakistani type 2 diabetic patients. 
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CHAPTER 3 

 

 

MATERIALS AND 

METHODS 
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3.1 Study Population 

A total of one hundred and ninety-five subjects of both sexes with type 2 diabetes 

mellitus were recruited for this cross sectional case control analytical study, from 

Diabetes Management Centre, which is one of the super specialty center in Services 

Institute of Medical Sciences, Lahore Pakistan, (a tertiary care teaching hospital), having 

very well equipped computerized data base system of diabetic patients. All the recruited 

patients had long standing, type 2 diabetes mellitus i.e. > 10 years, to ensure sufficient 

exposure of disease, the age of the patients ranging from 40 to 70 years and diabetes was 

diagnosed according to World Health Organization criteria (225). Duration of diabetes 

was defined as the time period in years, between the time diabetes was diagnosed and 

time of recruitment in the study. Depending upon urinary albumin excretion, patients 

were divided into three groups, i. Diabetes without nephropathy (normal albumin 

excretion), ii. Diabetes with microalbuminuria, iii. Diabetes with macroalbuminuria/overt 

nephropathy. This stringent criteria of division of patients into three sub types was 

adopted to enhance the efficiency of our study in identifying the alleles associated in 

micro/macroalbuminuria. Patients were excluded from the study when albumin excretion 

attributable to other causes was suspected. The exclusion criteria included the presence of 

pyuria, hematuria, proteinuria, positive urine culture, renal insufficiency of unexplained 

origin, ESRD, glomerulonephritis, nephrotic and nephritic syndrome. Sixty-five healthy 

subjects with no history of diabetes mellitus, hypertension, ischemic heart disease, renal 

failure were selected from general population. The controls consisted of unrelated 

subjects with albumin creatinine ratio (ACR) < 3 mg/microgram of creatinine and 

consistently normal serum creatinine levels. These stringent criteria for the selection of 

controls were adopted to rule out misclassification of cases as controls. The confounding 

of population admixture was minimized by enrolling only Punjabi population of Pakistan. 
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The age and sex of the controls subjects were matched with the study group but I have 

avoided one to one matching and opted frequency matching between cases and controls to 

avoid study inefficiency due to over matching. The protocol of the study was approved by 

the institutional review board of Sheikh Zayed Federal Post Graduate Medical Institute, 

Lahore, Pakistan. 

 

3.2 Clinical and Biochemical Studies 

All of the sample population (cases and controls) received a baseline demographic 

data after obtaining written informed consent on consent Proforma (dually approved by 

ethical committee) i.e. measurement of weight, height (in light clothes and bare feet, 

respectively) using standardized techniques. The body mass index (BMI) was calculated 

by the following formula, weight (kg) / height (m
2
) (226). Demographic data included 

family history of diabetes mellitus, duration of diabetes, renal disease, hyperlipidemia, 

hypertension, indices of blood pressure, lipids and glycemic controls, treatment and 

dietary history were ascertained from detailed questionnaire Performa and by scrutiny of 

existing medical records. Measurements made within two months of recruitment in the 

study were considered valid for comparison but the following measurements/test 

parameters were made fresh on the day of recruitment by drawing fresh samples. Blood 

pressure was recorded in sitting position in the right arm with a mercury 

sphygmomanometer and rounded of, for nearest 2mm of Hg before blood collection. The 

first perception of successive sound was taken as systolic pressure and the complete 

disappearance of the sound (korotkoff phase V) was taken as diastolic blood pressure.     
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3.3 Sample Collection, Estimation of Biochemical Parameters  

and DNA Extraction    

After twelve hours overnight fast, blood samples were drawn from the patients and 

control subjects by venipuncture and collected into lavender top vacutainers B.D, (New 

Jersey, USA) containing 15% ethylene diamine tetra-acetic acid (EDTA) and golden top 

vacutainers containing clot activator gel for serum separation. EDTA containing blood 

was used for estimation of Hemoglobin A1c (HbA1c) and DNA extraction. While serum 

separated by clot activator gel was used for the biochemical estimations: blood urea 

nitrogen (BUN), serum creatinine, blood sugar level, serum cholesterol, serum 

triglycerides, high density lipoprotein cholesterol (HDL-C), low density lipoprotein 

cholesterol (LDL-C) and HbA1c were estimated on Dade Dimension RxL (Siemens 

Healthcare Diagnostic Inc. Delaware, USA) fully automatic clinically chemistry analyzer 

while Serum ACE levels and microalbuminuria were estimated  on Olympus AU 400 

(Tokyo, Japan) and  Hitachi 902 (Roche Diagnostics, Mannheim, Indianapolis, USA) 

open system analyzer respectively. 

Two hours post prandial capillary blood glucose levels were determined by using On 

Call® Plus basic glucometer (Acon Laboratories Inc. CA, USA) after calibrating the 

glucometer. Fasting urine sample was collected for routine examination and culture 

sensitivity and estimation of urinary creatinine from every subject recruited in the study. 

The urinary creatinine was also estimated on Dade Dimension RxL clinical chemistry 

system.    

 

3.3-1  Blood Urea Nitrogen 

BUN was estimated by method of Kaplan adapted for Dade Dimension® RxL 

Clinical Chemistry System (227). 
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 BUN was determined using urease/glutamate dehydrogenase coupled enzymatic 

technique on Dimension ® RxL clinical chemistry system. 

 

3.3-1 (a) Principle 

 Urea is hydrolyzed by urease to form ammonia (NH3) and carbon dioxide (CO2). 

Enzyme glutamate dehydrogenase (GLDH) uses NH3 to reductively aminate α-

ketoglutarate (α-KG) along with oxidation of reduced nicotinamide-adenine dinucleotide 

(NADH). The change in absorbance at 340 nm due to oxidation of NADH is directly 

proportional to BUN concentration in the sample and is measured using a bichromatic 

rate (340, 383 nm) technique. 

 Urease  

Urea + H2O  2NH3 + CO2 

                

 GLDH  

NH3 + α -KG + NADH  L - glutamate + NAD 

 

3.3-1 (b) Reagents 

Wells  Form Ingredient Concentration 

1-3  Tablet α –KG 4.69 mmol/l 

Reagent 1   NADH 0.34 mmol/l 

   Urease 6.8 U/ml 

   Activator and Stabilizers  

4-6  Liquid GLDH Stabilizers 2.0 U/ml 
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3.3-1 (c) Reagent Preparation 

Liquid reagents present in wells 4 to 6 were used for preparation of reagent 1 by 

diluting/hydrating the tablets in wells 1 to 3. Mixing and diluting were automatically 

performed by the Dimension ® RxL system. 

 

3.3-1 (d) Procedure 

 The BUN Flex® reagent cartridge, Dade Cat: DF21 was used to perform the BUN 

test. This test was performed on the Dimension ® RxL clinical chemistry system after the 

method was calibrated by CHEM I calibrator Cat. No. DC 18A. 

 

3.3-1 (e) Test Steps 

 Sampling, reagent delivery, mixing, processing and printing of results were 

automatically, performed by the Dimension ® RxL system. 

 The sample container must contain sufficient quantity to accommodate the sample 

volume plus the dead volume. 

 

3.3-1 (f) Test Conditions 

 Sample Size:     3 L 

 Reagent 1 Volume:    90 L  

 Diluent Volume:    277 L 

 Test Temperature:    37 C 

 Wavelength:     340 and 383 nm 

 Type of Measurement:   Bichromatic rate 
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3.3-1 (g) Results 

 The instrument automatically calculated and printed the concentration of urea 

nitrogen in mg/dl (mmol/l) using calculation scheme illustrated in Dimension ® system 

manual. 

 Control sera, Dade Moni-Trol  level 1 Cat. No. TLM 12111 and level 2 Cat. No. 

TLM 12112 were used respectively for quality control.  

 

3.3-1 (h) Analytical Measurement Range  

This method is linear up to 150mg/dl (53.5mmol/l). 

 

3.3-2  Serum/ Urinary Creatinine 

The creatinine estimation method used in the Dimension® RxL clinical chemistry 

system was an in vitro diagnostic for the quantitative determination of creatinine in 

human serum, plasma and urine. This method has been reported to be less susceptible 

than conventional methods to interference from non-creatinine, Jaffe positive compounds.   

 

3.3-2 (a) Principle 

 Serum and urinary creatinine was estimated on Dimension® RxL clinical 

chemistry system. The method employs a modification of kinetic Jaffe reaction reported 

by Larsen (228). Creatinine reacts with alkaline picrate to form an orange red 

chromophore. The rate of increasing absorbance at 510 nm due to formation of this 

chromophore is directly proportional to the creatinine concentration in the sample and is 

measured using a bichromatic (510, 600 nm) recording of absorbance. Bilirubin is 

oxidized by potassium ferrocyanide to prevent interference. 
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 NaOH  

Creatinine + Picrate  Red chromophore (absorbs at 510 nm) 

 

 

3.3-2 (b) Reagents 

Wells  Form   Ingredient   Concentration 

1-3 

Reagent 1 

 Liquid   Lithium Picrate   25 mmol/l 

4-6 

Reagent 2 

 Liquid   NaOH 

K3Fe(CN)6 

  100 mmol/l 

0.13 mmol/l 

 

3.3-2 (c) Reagent Preparation 

All reagents were liquid and ready to use. 

 

3.3-2. (d) Procedure 

 The CREA Flex® reagent cartridge, Dade Cat: DF33A was used to perform the 

creatinine test. This test was performed on the Dimension ® RxL clinical chemistry 

system after the method was calibrated by CHEM I calibrator, Cat. No. DC 18A. 

 

3.3-2 (e) Test Steps 

 Sampling, reagent delivery, mixing, processing and printing of results were 

automatically performed by the Dimension ® RxL system. 

 The sample container must contain sufficient quantity to accommodate the same 

volume plus the dead volume. 
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3.3-2 (f) Test Conditions 

Sample Size:     20 l 

 Reagent 1 Volume:    74 l 

 Reagent 2 Volume:    18 l  

 Diluents Volume:    258 l 

 Test Temperature:    37 C 

 Wavelength:     510 and 600 nm 

 Type of Measurement:   Bichromatic rate 

 

3.3-2 (g) Results 

 The instrument automatically calculated and printed the concentration of 

creatinine in mg/dl (mol/l) using the calculation scheme illustrated in the Dimension® 

system literature. 

 Control sera, Dade Moni-Trol level 1 Cat. No. TLM 12111 and level 2 Cat. No. 

TLM 12112 were used respectively for quality control. For calibration of urinary 

creatinine, I used BIO-RAD (Bio-Rad laboratories, Irvine, CA, USA) urinary controls 

Cat. No. 378 and 379 for level 1 and 2 respectively. 

 

3.3-2 (h) Analytical Measurement Range 

The method is linear up to 2 mg/dl (1768 µmol/l).  

All urine samples were diluted automatically by the instrument with 1 part of 

urine: 9 parts of enzymes diluents Cat. No. C790035901. 
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3.3-3  Glucose  

The glucose method is an adaptation of the hexokinase-glucose-6-phosphate 

dehydrogenase method, presented as a general clinical laboratory method by 

Kunst et al (229). The hexokinase method is the generally accepted reference 

method for measuring glucose (230, 231). 

  

3.3-3 (a) Principle 

 Hexokinase (HK) catalyzes the phosphorylation of glucose in the presence of 

adenosine-5ˊ-triphosphate (ATP) and magnesium to form glucose-6-phosphate (G-6-P) 

and adenosine diphosphate (ADP). G-6-P is then, oxidized by glucose-6-phosphate 

dehydrogenase (G-6-PDH) in the presence of nicotinamide adenine dinucleotide (NAD) 

to produce 6-phosphogluconate and NADH. One mole of NAD is reduced to one mole of 

NADH for each mole of glucose present. The absorbance due to NADH (and thus the 

glucose concentration) is determined using a bichromatic (340, 383 nm) endpoint 

technique. 

 

 HK  

Glucose + ATP  Glucose-6-phosphate + ADP 

 Mg
+2

  

 

 
 G-6-PDH  

Glucose-6-posphate + NAD
+
  6-Phosphogluconate + NADH + H

+
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3.3-3 (b)   Reagents 

 

Wells Form Ingredient    Concentration 

1 - 6     Liquid        HK    15 U/ml  

Reagent 1 and Diluent                  G-6-PDH   30 U/ml 

                    NAD      8 mmol/l 

         ATP            15 mmol/l 

                 Mg
+2

            7.4 mmol/l  

              Stabilizer and Buffer         

 

3.3-3 (c) Reagent Preparation 

 

All regents were liquid and ready to use. 

 

3.3-3 (d) Procedure 

 The GLUC Flex® reagent cartridge, Dade Cat: DF40 was used to perform the 

glucose test. This test was performed on the Dimension® RxL clinical chemistry system, 

after the method was calibrated by CHEM 1 Calibrator Cat. No. DC18A. 

 

3.3-3 (e) Test Steps 

 Sampling, reagent delivery, mixing, processing and printing of results were 

automatically, performed by the Dimension ® RxL system. 

 The sample container must contain sufficient quantity to accommodate the sample 

volume plus the dead volume. 
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3.3-3 (f) Test Conditions 

 Sample Size:     3 l 

 Reagent 1 Volume:    56 l  

 Diluent Volume:    321 l 

 Temperature:     37 °C 

 Wavelength:     340 and 383 nm 

 Type of Measurement:   Bichromatic endpoint 

 

3.3-3 (g) Results 

 The instrument automatically calculated and printed the concentration of glucose 

in mg/dl (mmol/l) using calculation scheme illustrated in Dimension ® system manual. 

Dade Moni-Trol  level 1 Cat. No. TLM 12111 and level 2 Cat. No. TLM 12112 were 

used respectively for quality control. 

 

3.3-3 (h) Analytical Measurement Range  

This method is linear up to glucose concentration of 500 mg/dl (27.8 mm/l). 

 

3.3-4  Cholesterol 

The Cholesterol method used on the Dimension® clinical chemistry system was 

an in vitro diagnostic test intended for the quantitative determination of total cholesterol 

in human serum and plasma. The cholesterol method is based on the principle first 

described by Stadtman (232) and later on adapted by other workers (233, 234), including 

Rautela and Liedtke (235). 
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3.3-4 (a) Principle 

 Cholesterol esterase (CE) catalyzes the hydrolysis of cholesterol esters to produce 

free cholesterol, which, along with preexisting free cholesterol, is oxidized in a reaction 

catalyzed by cholesterol oxidase (CO) to form cholest-4-ene-3-one and hydrogen 

peroxide. In the presence of horseradish peroxidase (HPO), the hydrogen peroxide thus 

formed is used to oxidize N, N-diethylaniline-HCl/4-aminoantipyrine (DEA-HCl/AAP) to 

produce a chromophore that absorbs at 540 nm. The absorbance due to oxidized DEA-

HCl/AAP is directly proportional to the total cholesterol concentration and is measured 

using a polychromatic (452, 540, 700 nm) endpoint technique. 

 CE  

Cholesterol esters  Cholesterol + Fatty acids 

 

  

 CO  

Cholesterol + O2  Cholest-4-ene-3-one + H2O2 

 

 
 HPO  

2H2O2 + DEA . HCl/AAP  4H2O + Oxidized DEA . HCl/AAP 

 

3.3-4 (b) Reagents 

Wells Form Ingredient Concentration 

1-3      Tablet     CE    0.7 U/ml 

Reagent 1      CO    0.1 U/ml 

       HPO    2.4 U/ml 

1-3      Tablet   AAP    4.5 U/ml 

Reagent 2      Buffer   

       Cholate     

4-6      Liquid   DEA     5.8 µmol 

       Surfactant 
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3.3-4 (c) Reagent Preparation 

Hydrating diluting and mixing were automatically performed by the instrument. 

 

3.3-4 (d) Procedure 

 The CHOL Flex® reagent cartridge, Dade Cat: DF 27 was used to perform the 

cholesterol test. This test was performed on the Dimension® RxL clinical chemistry 

system, after the method was calibrated by CHEM I Calibrator Cat. No. DF 27. 

 

3.3-4 (e) Test Steps 

 Sampling, reagent delivery, mixing, processing and printing of results were 

automatically, performed by the Dimension® RxL system. 

 The sample container must contain sufficient quantity to accommodate the sample 

volume plus the dead volume. 

 

3.3-4 (f) Test Conditions 

 Sample Size:     3 l 

 Reagent 1 Volume:    88 l  

 Reagent 2 Volume:    26 l 

 Diluent Volume:    241l 

 Temperature:     37 °C 

 Wavelength:     452, 540 and 700 nm 

 Type of Measurement:   Polychromatic endpoint 
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3.3-4 (g)  Results 

 The instrument automatically calculated and printed the concentration of 

cholesterol in mg/dl (mmol/l) using calculation scheme illustrated in Dimension® system 

manual.  

 Control sera, Dade Moni-Trol  level 1 Cat. No. TLM 12111 and level 2 Cat. No. 

TLM 12112 were used respectively for quality control. 

 

3.3-4 (h) Analytical Measurement Range 

This test method is linear from 50 to 600 mg/dl (1.3 to 15.5 mmol/l). 

 

3.3-5  Triglycerides  

The Triglycerides method used on the Dimension® clinical chemistry system was 

an in vitro diagnostic test intended for the quantitative determination of triglycerides in 

human serum and plasma. Measurements obtained were used in the diagnosis and 

treatment of patients with diabetes mellitus, nephrosis, liver obstruction, other disease 

involving lipid metabolism, or various endocrine disorders. 

 

3.3-5 (a) Principle 

The triglycerides method is based on enzymatic procedure in which combinations 

of enzymes are employed for the measurement of serum or plasma triglycerides. The 

sample is associated with lipoprotein lipase (LPL) enzyme reagent that converts 

triglycerides into free glycerol and fatty acids. Glycerol kinase (GK) catalyzes the 

phosphorylation of glycerol by adenosine-5-triphosphate (ATP) to glycerol-3-phosphate. 

Glycerol-3-phosphate-oxidase (GPO) oxidizes glycerol-3-phosphate to dihydroxyacetone 
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phosphate and hydrogen peroxide (H2O2). The catalytic action of peroxidase (POD) forms 

quinoneimine from H2O2, aminoantipyrine and 4-chlorophenol. The change in absorbance 

due to the formation of quinoneimine is directly proportional to the total amount of 

glycerol and its precursors in the sample and is measured using a bichromatic (510, 700 

nm) endpoint technique (236). 

 

 LPL  

Triglycerides  Glycerol + Fatty Acids 

 

 GK  

Glycerol + ATP  Glycerol-3-phosphate + ADP 

 

 GPO  

Glycerol-3-Phosphate + O2  Dihydroxyacetone phosphate + H2O2 

 

      

 POD  

2H2O2 + Aminoantipyrine+ 4-Chlorophenol  Quinoneimine + HCl + 4H2O 

 

3.3-5 (b) Reagents 

Wells Form Ingredient    Concentration 

1 - 6        Liquid     Lipoprotein Lipase   7.5 kU/l 

Reagent 1        ATP     3 mmol/l 

         Glycerol kinase   0.5 kU/l 

         Glycerol-3-Phosphate-oxidase  2.2 kU/l 

        4-aminoantipyrine             0.75mmol/l 

         4-chlorophenol   6 mmol/l 

         Peroxidase    5 kU/l  

                    Mg
+2

              22.5mmol/l  

        Buffer pH 7.2   50 mmol/l 
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3.3-5 (c) Reagent Preparation 

All regents are liquid and ready to use. The concentrations represented in the last 

column of the table are the nominal values in the final reaction mixtures reconstituted by 

the instrument for the preparation of reagent 1. 

 

3.3-5 (d) Procedure 

 The TGL Flex® reagent cartridge, Dade Cat: DF69A was used to perform the 

triglycerides test. This test was performed on the Dimension® RxL clinical chemistry 

system after the method, was calibrated by CHEM II calibrator Cat. No. DC20. 

 

3.3-5 (e) Test Steps 

 Sampling, reagent delivery, mixing, processing and printing of results were 

automatically, performed by the Dimension ® RxL system. 

 The sample container must contain sufficient quantity to accommodate the sample 

volume plus the dead volume. 

 

3.3-5 (f) Test Conditions 

 Sample Size:     4 l 

 Reagent 1 Volume:    133 l  

 Temperature:     37 °C 

 Wavelength:     510 and 700 nm 

 Type of Measurement:   Bichromatic endpoint 
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3.3-5 (g) Results 

 The instrument automatically calculated and printed the concentration of 

triglycerides in mg/dl (mmol/l) using calculation scheme illustrated in Dimension ® 

system manual. 

  Control Sera, Dade Moni-Trol  level 1 Cat. No. TLM 12111 and level 2 

Cat. No. TLM 12112 were used respectively for quality control. 

 

3.3-5 (h) Analytical Measurement Range  

This method is linear from 15 to 1000 mg/dl (0.17 to 11.3 m mol/l) 

 

3.3-6   Automated High Density Lipoprotein Cholesterol 

The reference method for quantitation of HDL-C combines ultracentrifugation and 

chemical precipitation to separate HDL from other lipoproteins, followed by cholesterol 

measurement using the Abell-Kendall assay. This method is too time consuming and 

labor intensive for use in routine analysis. Therefore, most laboratories utilize one of 

several methods for selective precipitation and removal of LDL-C and VLDL-C, followed 

by the enzymatic measurement of HDL-C in the supernatant fraction. Since these 

methods require off-line pretreatment and separation steps the assay procedures cannot be 

fully automated. As a result, routine determination of HDL-C has suffered from long 

handling times and poor reproducibility.  

 

3.3-6 (a)  Principle 

 The automated high density lipoprotein cholesterol assay is a homogeneous 

method for directly measuring HDL-C levels without the needs for off-line pretreatment 

or centrifugation steps (237, 238). 
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 The method is in a two reagent format and depends on the properties of a unique 

detergent, as illustrated. This method is based on accelerating the reaction of cholesterol 

oxidase (CO) with non-HDL unesterified cholesterol and dissolving HDL unesterified 

cholesterol is subject to an enzyme reaction and the peroxide generated is consumed by a 

peroxidase reaction with N,N-bis (4-sulphobutyl)-m-toluidine-disodium (DSBmT) 

yielding a colorless product. The second reagent consists of a detergent capable of 

solubilizing HDL specifically, cholesterol esterase (CE) and chromogenic coupler to 

develop color for the quantitative determination of HDL-C. This may be referred to as the 

accelerator Selective Detergent methodology.  

 

 

 

Accelerator + CO 

HDL, LDL,VLDL, Chylomicrons  
Non-reactive LDL,VLDL, 

Chylomicrons 

DSBmT + Peroxidase 

 

 

 

HDL Specific Detergent 

HDL  HDL disrupted 

 

 

 

Cholesterol esterase 

HDL Cholesterol  Δ
4
 Cholestenone + H2O2 

Cholesterol oxidase 
 

 

 

Peroxidase 

H2O2 + DSBmT +4-AAP  Color development 
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3.3-6 (b) Reagents 

Wells Form Ingredient    Concentration 

1, 2, 3    Liquid        MES Buffer    

Reagent 1         Cholesterol oxidase      ˂1000 U/l 

     Peroxidase           ˂1300 ppg U/l 

     N, N-bis (4-sulphobutyl)-    

          m-toluidine-sodium   

      (DSBmT)          ˂1 mM  

          Accelerator          ˂1mM 

     Preservative         ˂0.06% 

4   Liquid  MES Buffer 

Reagent 2               4-Aminoantipyrine 

      (4-AAP)          ˂1 mM 

     Detergent          ˂2% 

     Restrainer          ˂0.15% 

     Preservative          ˂0.06% 

     Ascorbic acid oxidase     ˂3000 U/l 

5, 6    Liquid       NaOH      1.00 M     

 

3.3-6 (c) Reagent Preparation 

All regents are liquid and ready to use. NaOH is used a probe cleaning solution 

and is not used in the reaction. 

 

3.3-6 (d) Procedure 

 The ADHL Flex® reagent cartridge, Dade Cat: DF48A was used to perform the 

HDL-C test. This test was performed on the Dimension® RxL clinical chemistry system 

after the method, was calibrated by ADHL calibrator Cat. No. DC48A. 
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3.3-6 (e) Test Steps 

 Sampling, reagent delivery, mixing, processing and printing of results were 

automatically, performed by the Dimension ® RxL system. 

 The sample container must contain sufficient quantity to accommodate the sample 

volume plus the dead volume. 

 

3.3-6 (f) Test Conditions 

 Sample Size:     3 l 

 Reagent 1 Volume:    300 l  

 Reagent 2 Volume:    100 l 

 Temperature:     37 °C 

 Wavelength:     600 and 700 nm 

 Type of Measurement:   Bichromatic endpoint 

 

3.3-6 (g) Results 

 The instrument automatically calculated and printed the concentration of HDL-C 

in mg/dl (mmol/l) using calculation scheme illustrated in Dimension® system manual. 

 

3.3-6 (h) Analytical Measurement Range 

 The linearity of this method is from 10 to 150 mg/dl (0.26 to 3.89 mmol/l). 

 

3.3-7   Low Density Lipoprotein Cholesterol 

Following empirical equation of Friedwald et al (239) was used for the calculation 

LDL-C by putting the values of the primary measurements of cholesterol triglycerides 

and HDL-C: 
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LDL-C = Total Cholesterol – HDL-C – 
Triglyceride 

5 

 

3.3-8   Very Low Density Lipoprotein Cholesterol 

Calculation of VLDL-C was done by the following equation (239): 

 

VLDL-C = 
Triglyceride 

5 

 

3.3-9  Hemoglobin A1c 

The HbA1c assay used on the Dimension® RxL clinical chemistry system is an in 

vitro diagnostic assay for the quantitative determination of percent HbA1c in human 

anticoagulated whole blood. Measurements of the percent HbA1c are effective in 

monitoring long term glucose control in individuals with diabetes mellitus. 

HbA1c refers to the product of a non-enzymatic reaction between glucose and 

hemoglobin A1. The human erythrocyte is freely permeable to glucose, which can non-

enzymatically combine with hemoglobin to form HbA1c. This non-enzymatic reaction 

between the alpha-amino group of the N-terminal valine of the hemoglobin beta chain 

and glucose takes place to form an unstable aldimine or Schiff base intermediate (labile 

fraction). This reaction is slow and reversible and occurs at a rate that is proportional to 

the glucose concentration in the blood. The aldimine intermediate subsequently 

undergoes a non-reversible Amadori re-arrangement to form the stable ketoamine 1-

glucofrutovaline product. Since the reaction is driven by the concentration of reactants, 

the degree of glycosylation (reported as percent HbA1c) is proportional to the average 

concentration of blood glucose over the circulating life span of hemoglobin in the red cell 

(approximately 120 days) (240, 241). 
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3.3-9 (a) Principle 

The Dimension® HbA1c assay measures both HbA1c and hemoglobin. The 

HbA1c measurement is based on a turbidimetric inhibition immunoassay (TINIA) 

principle, and the measurement of total hemoglobin is based on a modification of the 

alkaline hematin reaction. Using the values obtained for each of these two analytes (in 

g/dl), the percentage of the total hemoglobin that is glycated is calculated and reported as 

%HbA1c. The final %HbA1c result has been standardized to the results obtained in the 

diabetes control and complications trial (DCCT). Pre-treatment to remove the labile 

fraction is not necessary as only the Amadori rearranged form of HbA1c is detected. All 

hemoglobin variants that are glycated at the beta-chain N-terminus and have epitopes 

identical to that of HbA1c are measured by this assay. 

A sample of whole blood was added to the first cuvette containing lysing reagent. 

This reagent lysed the red blood cells and simultaneously converted the released 

hemoglobin to a derivative that has a characteristic absorbance spectrum. An aliquot of 

the lysed whole blood was transferred from the first cuvette to a second cuvette where 

total hemoglobin concentration was measured at 405 nm and blanked at 700 nm (242). 

 

Whole blood + lysing agent                 Released hemoglobin                        hemoglobin derivative  

                                                                                                      (measured at 405 nm) 

 

The same aliquot of the lysed whole blood that was transferred from the first 

cuvette to the second cuvette for the Hb measurement was also used for the measurement 

of HbA1c. The second cuvette contained an anti-HbA1c antibody in a buffered reagent. 

HbA1c in the sample reacted with anti-HbA1c antibody to form a soluble antigen-

antibody complex. A polyhapten reagent containing multiple HbA1c epitopes was then 

added to this cuvette. The polyhapten reacted with excess (free) anti-HbA1c antibodies to 
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form an insoluble antibody-polyhapten complex. The rate of this reaction was measured 

turbidimetrically at 340 nm and blanked at 700 nm and was inversely proportional to the 

concentration of HbA1c in the sample. 

 

Hemoglobin A1c + anti-HbA1c antibody                         hemoglobin A1c-anti-HbA1c  

                                                                       Antibody complex 

 

 

Hemoglobin A1c + anti-HbA1c antibody                          hemoglobin A1c-anti-HbA1c  

                                                                Antibody complex 

 

 

Anti-HbA1c antibody (excess) + polyhapten                         Ab/polyhapten complex  

                                                                                 (absorbed at 340 nm) 

 

 

3.3-9 (b) Reagents 

Walls Form Ingredient  Concentration 

1.2 Liquid Antibody > 0.5 mg/mL  

  MES Buffer 0.025 M 

  Tris Buffer, pH 6.2 Stabilizers 0.015 M 

    

3 Liquid Polyhapten Reagent > 8µg/mL 

  MES Buffer 0.025 M 

  Tris Buffer, pH 6.2 Stabilizers 0.015 M 

4 Empty   

    

5.6 Liquid TTAB (Hemolyzing reagent) < 1% 

 

MES = 2-morpholinoethane sulfonic acid 

Tris – tris (hydroxymethyl)-aminomethane 

TTAB = tetradecyl trimethyl ammonium bromide 
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3.3-9 (c) HbA1c Calibrators 

HbA1c calibrator levels 2, 3, 4 and 5 were used to calibrate HbA1c. The same 

samples of HbA1c calibrator levels 3 and 4 were automatically used by the system to 

perform hemoglobin (Hb) calibration.  

 

3.3-9 (d) Reagent Preparation  

All reagents were liquid and ready to use 

 

3.3-9 (e) Procedure 

 The HA1C Flex® reagent cartridge, Dade Cat: DF105 were used to perform the 

HbA1c test. This test was performed on the Dimension ® RxL clinical chemistry system 

after the method, was calibrated by calibrators CAT No. DF 105. 

 

3.3-9 (f) Results 

The Dimension® system automatically calculated and printed the concentration of 

total hemoglobin and HbA1c in percentage using the calculation scheme programmed in 

the system. Diabetic control sera Dade Moni-Trol  level 1 and 2 CAT No. P 5301 were 

used for quality control. 

 

3.3-9 (g) Calculated Results 

Using these values the instrument then calculated % HbA1c based on the 

following equation: 

%HbA1c = 
(g/dl HbA1c) 

x 100 
(g/dl Hb) 

 

Subsequently the Dimension® clinical chemistry system calculated a standardized 

%HbA1c result based on the calculation shown below. This calculation provided a 
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%HbA1c value that was standardized to the DCCT study result, which was printed on the 

Dimension® report slip. 

 

Standardized %HbA1c = [0.00251 x (%HbA1c)
2
)]+ (0.71786 x %HbA1c) + 2.32233 

 

3.3-9 (h) Analytical Measurement Range  

This method is linear from 1 to 30 g/dl Hb, 0.2 to 2.9 g/dl HbA1c 

 

3.3-9 (i) Expected Values 

4.6 – 6.0 %HbA1c 

 

3.3-10  Estimation of Angiotensin Converting Enzyme  

ACE activity was measured on fully automated clinical chemistry Analyzer 

(Olympus AU400) by programming the instrument according to the programming sheets 

provided by the supplier. ACE kinetic method was used for estimation of ACE levels by 

ACE kinetic kit provided by the BUHLMANN laboratories AG (Baselstrasse 55, CH- 

4124 Schonenbuch, Switzerland) having code number B-ACK-SUB. 

The BUHLMANN ACE kinetic test is intended for the direct and quantitative in vitro 

diagnostic determination of ACE activity in serum by an enzymatic assay. 

 

3.3-10 (a) Principle of the Assay 

ACE catalyzes the conversion of angiotensin I to angiotensin II. In virto the 

enzyme also mediates the cleavage of the synthetic substrate N-[3-(2-furyl) acryloyl]-L-

phenylalanyl-L-glycyl-L-glycine (FAPGG) into an amino acid derivative furyl acryloyl 

phenylalanine (FAP) and a dipeptide glycylglycine (GG). The kinetic of this cleavage 
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reaction is measured by recording the decrease in absorbance at 340 nm (243). The ACE 

kinetics method was already standardized with the Buhlmann ACE colorimetric kit (order 

code: KK-ACK). 

 

 

 

 

 

 

3.3-10 (b)  Reagents Supplied and Preparation 

 
Regents KK-ACK Code Reconstitution 

Substrate 

1 vials 

26 ml 

B-ACK-SUB Ready to use 

Calibrator 1 vial B-ACK-CA 

Add 2 ml of sterile 

water 

Controls Normal and High 2 vials 

B-ACK-

CONEST 

Add 2 ml of sterile 

water 
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3.3-10 (c) Storage of Reagents 

 

Unopened Reagents 

Stable at 2-8
 
°C until expiration date printed on the label 

Opened/Reconstituted Reagents 

Substrate Stable until expiry date at 2-8 °C 

Calibrator 
Stable for 6 months at 2-8 °C 

Controls 

 

3.3-10 (d) Specimen Collection and Storage 

Since EDTA inhibits ACE activity, serum specimen was used for the 

determination of ACE activity. ACE activity in sterile serum is stable for up to 30 days at 

2-8
 
°C and 6 months at  -20 °C. To avoid lipemic sera, blood samples were taken from 

fasting patients.  

 

3.3-10 (e) Test Steps 

Sampling, reagent delivery, mixing, incubation, processing and printing of results 

were automatically, performed by Olympus automated open chemistry analyzer as per 

program. 

The sample container must contain sufficient quantity to accommodate the sample 

volume plus the dead volume. 
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3.3-10 (f)  Test Conditions 

 Sample Size:     25 L 

 Reagent Volume:       250 L  

 Test Temperature:    37 C 

 Wavelength:     340 nm 

 Type of Measurement:   Bichromatic rate 

 

3.3-10 (g)  Procedure and Results 

Instrument automatically calculated and provided the ACE activity levels in U/L 

by using the programming of the instrument. Control sera having, lot No. 023 and Cat. 

No. A6040 were used for quality control.  

The ACE kinetic (KK-ACK) is standardized against the reference method established by 

Lieberman (244, 245). 

 

3.3-10 (h)  Calculations 

Results were calculated according to the corresponding enzyme activity (Ex) of 

each unknown sample by dividing the difference in absorbance of the individual sample 

(ΔAx) through the mean of the absorbance difference of the calibrator vial (ΔAc) and by 

multiplying the result by the enzyme activity (Ec) indicated on the data sheet of the 

instrument by using following formula:  

   ΔAx 

Ex = ------------ x Ec 

   ΔAc 
 

One unit of ACE activity is defined as the amount of enzyme required to release 1 

µmol of hippuric acid per minute and per liter of serum at 37
 

C as determined by the 

colorimetric assay: 
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1ACE unit = 
1 µmol hippuric Acid 

= 1 U/L 
Min x L 

 

3.3-10 (i)  Expected Values 

The serum ACE activity strongly depends on the genotype of the patients 

investigated. Therefore, reference values depend on the genetic pattern of the donors and 

differences can be explained by the frequency of the three genotypes within group of 

donors on investigation. Normal values range from 20-70 U/l.  

 

3.3-11 Estimation of Microalbuminuria 

Immunoturbidimetric assay for the in vitro quantitative determination of albumin 

in human urine was performed on Roche/Hitachi 902 automated clinical chemistry 

analyzer. The analyzer automatically calculated and analyzed the concentration of each 

sample. 

 

3.3-11 (a) Principle 

The microalbuminuria method is based on turbidimetric inhibition immunoassay 

adapted for Hitachi auto analyzers. Anti-albumin antibodies react with the antigen in the 

sample to form antigen/antibody complexes which, following agglutination, were 

measured turbidimetrically. 

 

3.3-11 (b) Reagents – working solutions 

R1 Tris (hydroxymethyl)-aminomethane (Tris) buffer: 50 mmo/l, pH 8.0; 4.2%; 

EDTA: 2.0 mmol/l; preservative 

R2 Polyclonal anti-human albumin antibodies (sheep): dependent on  

titer; Tris buffer: 100 mmol/l, pH 7.2; preservative  
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3.3-11 (c) Reagent Handling 

 R1 and R2 were in liquid form and ready to use. Samplings, addition of R1, R2 

were automatically, performed by auto analyzer and assayed immunoturbidimetric 

reaction. 

 

3.3-11 (d) Analytical Measurement Range 

 This method is linear from 3 to 400 mg/dl (0.064 to 6.08 µmol/l).  

At high concentrations, samples were diluted manually with 0.9% NaCl (e.g. 

1+1). The results were multiplied by appropriate dilution factor (e.g. 2). 

 

3.3-11 (e) Expected Values 

Adult’s morning urine having albumin concentration less than 20mg/g creatinine 

were considered within normal range. 

 

3.3-11 (f)  Procedure 

The tina quant albumin reagent bottles Cat. No. 03576108-190 were used to 

perform the estimation of microalbuminuria test after method was calibrated by the use of 

BIO-RAD (Irvine, California, USA) urinary controls Cat. No. 378,  379 for level 1 and 

level 2 respectively. 
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3.3-12 Extraction of Genomic DNA From Whole Blood 

3.3-12 (a) Reagents Used for DNA extraction                                 

Buffer A (Red blood cell lysis buffer) composition  Buffer B (Proteinase K buffer) 

composition        

0.32 M sucrose                                                         20 mM Tris-HCl 

10 mM Tris HCl                                                       4 mM Na2EDTA                                                                              

5 mM MgCl2                                                            100 mM NaCl 

1% Triton-X-100  

    pH was adjusted to 7.6           pH was adjusted to 7.4  

 

Additional Reagents 

    10% SDS 

    5.3 M NaCl 

    Cold Isopropanol 

    70% ethanol  

    Low TE (10 mM Tris-HCl pH 8, 0.2 mM EDTA pH 8)                                                               

All solutions were sterilized by autoclave. Buffer A was autoclaved for ten 

minutes prior to addition of Triton-X-100. Sterile filtering of solutions may be used 

instead of autoclaving as a better option. 

 

3.3-12 (b) DNA Extraction Procedure 

1. I added 5 ml (1 Volume) of cold buffer A to 5 ml (1 Volume) of blood and 10 

ml (2 Volumes) of cold, sterile, distilled, deionized water in a 15 ml sterilized 

falcon tubes, already numbered according to sample numbers. The water used 
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was autoclaved and refrigerated to avoid the microbial DNA extraction. The 

tubes were vortexed and incubated on ice for 10-15 minutes.   

2. Spinning was performed at 3500 rpm for 15 minutes at 4 C. Supernatant was 

discarded carefully, by making sure that the pellet remained in the bottom of 

the falcon tubes; in 10% bleach solution. Pellets were resuspended in 2 ml of 

buffer A and 6 ml of distilled cooled water by vortex for 10-20 seconds. 

Samples were spun again at 3500 rpm at 4 C for 15 minutes and supernatant 

was discarded, preserving the pellets. These washing were repeated for 2-3 

times until off white pellets were obtained which were completely devoid of 

red blood cells. 

3. Pellets were resuspended in 5 ml of buffer B and 500 µl of 10% SDS by 

vortex for 30 – 60 seconds. Then 25-50 µl of proteinase K solution was added 

(20 mg/ml). The proteinase K solution was freshly prepared and refrigerated. 

4. Samples were incubated at 55 C in water bath for two hours, removed and 

placed on ice for 5-10 minutes to inhibit the activity of proteinase K. Then 4 

ml of NaCl, was added and mixed by vortex for 15 seconds for precipitation of 

proteins.  

5. Tubes were spun again at 4500 rpm for 20 minutes at 4 C and supernatant 

was poured in to 15 ml new falcon tubes (for further processing) by taking 

precaution for avoiding the dislodgement of protein precipitates, the tubes 

were re-centrifuged for 20 minutes as above. The remaining traces of protein 

were precipitated. 

6. Supernatant was poured into other new falcon tubes of 15 ml and equal 

volume of isopropanol chilled at -20 C was added. DNA was suspended in 

the solution after inverting the tubes for 5-6 times.  
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7. The DNA, was removed by wide bore tips and transferred into microfuge 

tubes containing 1 ml of 70% ethanol. Centrifugation was done for 15 minutes 

at 4500 rpm at 4 C and supernatant was discarded. 

8. DNA present at the bottom of the tubes was left for drying for 10 – 15 minutes 

at 37 C finally DNA was resuspended in 300-400 µl of low T.E and left over 

night at 37
 
C to be re-dissolved.   

9. DNA, was finally heated at 70 C in water bath for 1 hour to inactivate any 

remaining nucleases. 

Extracted DNA, was put into cryostat tubes and frozen at -20 C until further 

analytical use.          

 

3.4 Determination of Genotype 

For the determination of ACE I/D polymorphism, genomic DNA was extracted by 

standard inorganic method as described in previous section from peripheral blood 

leukocytes already collected on EDTA (pH=8) (246). The ACE I/D gene polymorphism 

was determined by polymerase chain reaction (PCR) using primers (Gene Link NY USA) 

flanking the polymorphic region of intron 16 with the following primer sequences:  

5ˊ–CTGGAGACCACTCCCATCCTTTC and 5ˊ–GATGTGGCCATCACATTCGTCAG. 

PCR was carried out in 25 µl volumes under standard conditions [3 mmol/l MgCl2, 500 

µmol/l for each dNTP (Fermentas MD USA), 10 mmol/l Tris/HCl, 50 mmol/l KCl, 0.2 

µmol/l primers, 1 U Taq DNA polymerase (Fermentas MD USA) per sample] in a Bio-

Rad iCycler® (California, USA) with initial denaturation of 3 minutes (94 C) followed 

by amplification in three steps reaction consisting of 30 seconds denaturing time (94 C), 

30 seconds annealing time (56 C) and 30 seconds extension time (72 C) for a total of 35 

cycles followed by final extension for 5 minutes (72 C). Electrophoresis of amplified 
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products in 2% agarose gel containing ethidium bromide in a gel electrophoresis system 

from Cleaver Scientific Ltd (Warwickshire, UK) having power supply of Labnet 

international, Inc. (New Jersey, USA) allowed the detection of human ACE gene I/D 

polymorphism which was documented by gel doc camera Wealtec corporation Model 

Dolphin-DOC Plus (Nevada, USA). 

Mistyping between DD and ID genotypes was overcome by a second, allele 

specific PCR, which was identified by the presence or absence of I-allele. 

PCR amplifications were performed in 30 µl volume with the insertion specific 

following primer pair (Gene Link USA) 5ˊ- TSGGACCACAGCGCCCGCCACTAC and 

5ˊ- TCGCCAGCCCTCCCATGCCCATAAC. PCR was carried out under standard 

conditions [3 mmol/l MgCl2, 500 µmol/l for each dNTP (Fermentas MD USA), 10 

mmol/l Tris/HCl, 50 mmol/l KCl, 0.2 µmol/l primers, 1 U Taq DNA polymerase 

(Fermentas MD USA) per sample]. The samples were subjected to an initial denaturation 

at 94 C
 
 for 3 minutes, followed by amplification in 35 cycles in three steps consisting of 

denaturation at 94 C for 45 seconds annealing at 60 C for 45 seconds, extension at 72 

C for 45 seconds and final extension at 72 C for 10 minutes in Bio-Rad iCycler® PCR 

system. The samples were run for identification on 2% agarose gel as described 

previously (247).   
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CHAPTER 4 

 

 
   RESULTS 
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In the present study 195 cases of type 2 diabetes mellitus having disease for more 

than 10 years were included from Diabetes Management Centre of Services Hospital 

Lahore, Pakistan. A total of 65 normal healthy age, sex and ethnically matched controls 

were recruited, from general population. There were 73 males and 122 females in type 2 

diabetes mellitus patients, while there were 25 males and 40 females in control group. 

There was no difference in percentages of patients and controls when compared according 

to gender (Table-1). 

The duration of type 2 diabetes mellitus according to gender was given in Table-2 

showing that there was no significant difference in duration of disease in male and female 

patients. The results were given in mean ± standard deviation (SD). Age, height and 

diastolic blood pressure of type 2 diabetes mellitus patients did not show any significant 

difference in their values when compared with control group. While weight, BMI, waist 

to hip ratio (W:H) (p=0.000) and systolic blood pressure were significantly higher in 

patient groups as compared to control groups as shown in Table-3 (p ˂ 0.05).  

Male and female type 2 diabetes mellitus patients did not show any significant 

difference in age, height and diastolic blood pressure from their respective controls. 

Weight, BMI and systolic blood pressure of the female patients were showing highly 

significantly higher values (p ˂ 0.01) when compared with their respective controls. 

While male patients were also showing significantly higher values of weight and BMI 

and W: H ratio as compared to their respective controls but their p value was less than 

0.05. Systolic blood pressure was showing higher value in female patients (p ˂ 0.05) 

while in male patient groups both systolic and diastolic blood pressure did not show any 

significant difference in their values when compared to their respective control groups.  
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Similarly W:H ratio of female patients showed highly significantly higher values 

(p ˂ 0.001) with respect to their controls but in case of male patients  W:H ratio showed p 

˂ 0.05 (Table-4, 5). 

 

Table 1 Distribution of males and females in controls and type 2 

diabetic patients. Figures in parenthesis indicate percentage of cases in each 

group. 

 

Group Male   n (%) Female n (%) Total n (%) 

Control 25 (25.5) 40 (24.7) 65 (25) 

Patient 73 (74.5) 122 (75.3) 195 (75) 

Total 98 (100) 162 (100) 260 (100) 

 

Where ―n‖ stands for number of subjects 

 

 

 

 

 

 

Table 2 Duration of diabetes mellitus in type 2 diabetic patients 

according to gender. Mean ± SD is given. 

 

 Male Female Total 

Duration of diabetes (years) 14.44±4.67 13.60±3.73 13.91±4.12 
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Table 3 Age, weight, height, BMI, waist to hip ratio, systolic BP and 

diastolic BP in controls and type 2 diabetic patients. Mean ± SD is given. 

Figures in parenthesis indicate number of cases in each group. 
 

Group Controls (65) Patients (195) t-value p-value 

Age (years) 53.31±8.46 54.14±7.76 0.73 0.47 

Weight (kg) 62.16±10.80 68.84±12.17 3.93 0.000 *** 

Height (cm) 158.92±9.59 159.87±9.23 0.71 0.48 

BMI (kg/m
2
) 24.51±4.15 26.85±4.01 4.03 0.000 *** 

Waist to Hip Ratio 0.941±0.065 0.990±0.069 5.04 0.000 *** 

Systolic BP (mm Hg) 118.68±7.86 125.19±19.36 2.64 0.01 * 

Diastolic BP (mm Hg) 78.97±7.83 78.72±10.40 -0.18 0.86 

 

*p<0.05 significantly higher as compared to respective controls 

***p<0.001 highly highly significantly higher as compared to respective controls 
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Table 4 Age, weight, height, BMI, waist to hip ratio, systolic BP, and 

diastolic BP in controls and type 2 diabetic patients in male groups. Mean ± 

SD is given. Figures in parenthesis indicate number of cases in each group. 

 

Group Controls (25) Patients (73) t-value p-value 

Age (years) 54.52±9.05 55.92±7.31 0.775 0.440 

Weight (kg) 65.44±8.91 71.99±12.11 2.482 0.015 * 

Height (cm) 166.36±8.00 168.01±7.68 0.916 0.362 

BMI (kg/m2) 23.64±3.80 25.42±3.48 2.161 0.033 * 

Waist to Hip Ratio 0.970±0.053 0.997±0.059 2.051 0.043 * 

Systolic BP (mm Hg) 121.24±6.17 128.29±20.99 1.650 0.102 

Diastolic BP (mm Hg) 83.32±7.17 80.48±11.61 -1.148 0.254 

 

*p<0.05 significantly higher as compared to respective controls 
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Table 5 Age, weight, height, BMI, waist to hip ratio, systolic BP and 

diastolic BP in controls and type 2 diabetic patients in female groups. Mean 

± SD is given. Figures in parenthesis indicate number of cases in each group. 

 

Group Controls (40) Patients (122) t-value p-value 

Age (years) 52.55±8.09 53.07±7.86 0.363 0.717 

Weight (kg) 60.12±11.45 66.95±11.87 3.187 0.002 ** 

Height (cm) 154.28±7.34 155.00±6.13 0.619 0.537 

BMI (kg/m2) 25.05±4.32 27.70±4.08 3.510 0.001 ** 

Waist to Hip Ratio 0.922±0.066 0.985±0.074 4.785 0.000 *** 

Systolic BP (mm Hg) 117.08±8.43 123.34±18.16 2.958 0.004** 

Diastolic BP (mm Hg) 76.25±7.02 77.66±9.50 -0.866 0.388 

 

**p<0.01 highly significantly higher as compared to respective controls 

***p<0.001 highly highly significantly higher as compared to respective controls 

 

Comparison of fasting blood sugar (BSF), blood sugar random (BSR) and HbA1c 

of controls and patients groups are given in Table-6 showing highly highly significant 

differences in their values in both the groups (P ˂ 0.001). 

Similarly these parameters also showed p ˂ 0.001 in both male and female 

patients when compared with their respective controls. But comparison of these 

parameters among genders in control and patient groups did not show any significant 

difference in their values (Table-7, 8). 

I also estimated fasting lipid profile of type 2 diabetic patient and control groups, 

which revealed highly significantly higher values (p ˂ 0.001) of all the components of 
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lipid profile (total cholesterol, triglycerides, HDL-C, LDL-C, VLDL-C) in type 2 diabetes 

patient population when compared to their respective controls (Table-9). 

Whereas Table-10 shows only triglycerides and LDL-C levels were statistically 

significantly high (p ˂ 0.05) in type 2 diabetic patients as compared to their respective 

controls in male groups and total cholesterol, HDL-C  and VLDL-C did not show 

increased levels in patients when compared to their respective controls. On the other hand 

when these parameters were compared in females type2 diabetes patients with their 

respective controls, highly significantly higher values of total cholesterol, HDL-C, LDL-

C (p ˂ 0.001) were obtained while p values for triglycerides and VLDL-C were less than 

0.01 (Table-11). 

 

 
Table 6 Comparison of blood sugar fasting (BSF), blood sugar random 

(BSR) and HbA1c in controls and type 2 diabetic patients. Mean ± SD is 

given. Figures in parenthesis indicate number of cases in each group. 

 

 Controls (65) Patients (195) t. value p. value 

BSF (mg/dl) 81.35±9.98 171.66±77.78 9.323 0.000 *** 

BSR (mg/dl) 110.14±14.99 272.62±100.77 12.936 0.000 *** 

HbA1c (%) 5.35±0.45 9.18±1.68 18.092 0.000 *** 

 

***p<0.001 highly highly significantly higher as compared to respective controls 
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Table 7  Comparison of blood sugar fasting (BSF), blood sugar random 

(BSR) and HbA1c in controls and type 2 diabetic patients in male groups. 

Mean ± SD is given. Figures in parenthesis indicate number of cases in each 

group. 

 

 Controls (25) Patients (73) t. value p. value 

BSF (mg/dl) 80.84±9.94 150.68±69.60 8.330 0.000 *** 

BSR (mg/dl) 108.48±18.00 245.96±97.83 11.454 0.000 *** 

HbA1c (  % ) 5.32±0.47 9.10±1.94 15.317 0.000 *** 

 

***p<0.001 highly highly significantly higher as compared to respective controls 

 

 

 

 

 

Table 8 Comparison of blood sugar fasting (BSF), blood sugar random 

(BSR) and HbA1c in controls and type 2 diabetic patients in female groups. 

Mean ± SD is given. Figures in parenthesis indicate number of cases in each 

group. 

 

 Controls (40) Patients (122) t. value p. value 

BSF (mg/dl) 81.68±10.11 184.20±79.96 13.830 0.000 *** 

BSR(mg/dl) 111.18±12.90 288.57±99.50 19.207 0.000 *** 

HbA1c (  % ) 5.37±0.44 9.23±1.51 25.039 0.000 *** 

 

***p<0.001 highly highly significantly higher as compared to respective controls 
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Table 9 Comparison of total cholesterol, triglycerides, high density 

lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-

C) and very low density lipoprotein cholesterol (VLDL-C) in controls and 

type 2 diabetic patients. Mean ± SD is given. Figures in parenthesis indicate 

number of cases in each group. 

 

 Controls (65) Patients (195) t. value p. value 

Total Cholesterol (mg/dl) 153.18±35.91 189.37±70.10 5.392 0.000 *** 

Triglycerides(mg/dl) 164.88±59.16 219.88±118.93 4.893 0.000 *** 

HDL-C (mg/dl) 42.83±9.75 51.38±20.15 4.534 0.000 *** 

LDL-C (mg/dl) 68.77±21.84 89.89±42.12 5.164 0.000 *** 

VLDL-C (mg/dl) 32.89±11.81 45.10±33.99 4.29 0.000 *** 

 

 ***p<0.001 highly highly significantly higher as compared to respective controls 

 
 

 

 

Table 10  Comparison of total cholesterol, triglycerides, high density 

lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-

C) and very low density lipoprotein cholesterol (VLDL-C) in controls and 

type 2 diabetic patients in male groups. Mean ± SD is given. Figures in 

parenthesis indicate number of cases in each group. 

 

 Controls (25) Patients (73) t. value p. value 

Total cholesterol 

(mg/dl) 
151.48±42.03 169.40±49.99 1.607 0.111 

Triglycerides (mg/dl) 152.04±49.77 191.64±101.93 2.549 0.013 * 

HDL-C  (mg/dl) 41.52±9.70 45.71±14.30 1.360 0.177 

LDL-C (mg/dl) 72.20±23.25 84.72±34.10 2.037 0.046 * 

VLDL-C (mg/dl) 30.34±9.86 43.78±49.45 1.345 0.182 

 

*p<0.05 significantly higher as compared to respective controls 
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Table 11 Comparison of total cholesterol, triglycerides, high density 

lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-

C) and very low density lipoprotein cholesterol (VLDL-C) in controls and 

type 2 diabetic patients in female groups. Mean ± SD is given. Figures in 

parenthesis indicate number of cases in each group. 

 

 Controls (73) Patients (122) t. value p. value 

Total cholesterol  

(mg/dl) 
154.25±32.03 201.33±77.51 5.440 0.000 *** 

Triglycerides (mg/dl) 172.90±63.62 236.78±125.41 3.089 0.002 ** 

HDL-C (mg/dl) 43.65±9.82 54.80±22.34 4.362 0.000 *** 

LDL-C (mg/dl) 66.63±20.93 93.07±46.22 4.893 0.000 *** 

VLDL-C (mg/dl) 34.49±12.73 45.90±19.74 3.425 0.001 ** 

 

**p<0.01 highly significantly higher as compared to respective controls 

***p<0.001 highly highly significantly higher as compared to respective controls 

 

Comparison of BUN, serum creatinine and GFR were made (Table-12) in control 

and type 2 diabetic patients. It was noted that BUN and serum creatinine levels were 

highly highly significantly increased in patient groups (p ˂ 0.001) as compared to controls 

but GFR values were highly highly significantly lower in patient groups as compared to 

controls. The p-values remain the same when these parameters were compared according 

to gender with their respective controls. Similarly there was no difference in BUN, serum 

creatinine and GFR values when compared between male and female controls and patient 

groups (Table-13, 14). 

I also calculated albumin creatinine ratio (ACR) by estimating urinary creatinine 

and microalbuminuria in spot urinary collection. It revealed that urinary creatinine was 
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significantly low in type 2 diabetic patients as compared to controls (p ˂ 0.001) whereas 

values of microalbuminuria and ACR were significantly higher in type 2 diabetic patients 

as compared to controls (Table-15).  Values of microalbuminuria and ACR according to 

gender in type 2 diabetes mellitus patients were compared with their respective control 

groups and found that almost similar findings were replicated in male and female patients 

as compared to their respective controls but with a slight decrease in significance levels in 

male group i.e. p-values of microalbuminuria and ACR in female patients vs controls had 

more statistically significant values when compared to p-values of male patients vs 

controls (Table-16, 17). Table-17 (a)  shows the frequency and percentage of albuminuria 

in type 2 diabetes mellitus patients according to gender and Table-17 (b) shows the 

calculation of p-value, odds ratio (OR) and 95% confidence interval (C-I) of 

normoalbuminuric, microalbuminuric and macroalbuminuric patients. I did not find any 

significant difference in p-values and OR of normoalbuminuric, microalbuminuric and 

macroalbuminuric patients according to gender. 

 

Table 12  Comparison of blood urea nitrogen (BUN), serum creatinine 

and glomerular filtration rate (GFR) in controls and type 2 diabetic patients. 

Mean ± SD is given. Figures in parenthesis indicate number of cases in each 

group. 

 

  Controls (65) 
Patients 

(195) 
t. value p. value 

BUN (mg/dl) 10.42±3.59 17.81±11.32 7.995 0.000 *** 

Serum creatinine  

(mg/dl) 
0.65±0.21 1.19±0.89 7.795 0.000 *** 

GFR  (ml/min) 110.09±32.79 75.58±29.24 -7.990 0.000 *** 

 

 ***p<0.001 highly highly significantly higher/lower as compared to respective controls 

  



92 

 
 

Table 13 Comparison of blood urea nitrogen blood urea nitrogen (BUN), 

serum creatinine and glomerular filtration rate (GFR) in controls and type 2 

diabetic patients in male groups. Mean ± SD is given. Figures in parenthesis 

indicate number of cases in each group. 

 

 Controls (25) Patients (73) t. value p. value 

BUN (mg/dl) 10.56±3.84 18.85±14.36 4.487 0.000 *** 

Serum creatinine 

(mg/dl) 
0.70±0.20 1.45±1.33 4.74 0.000 *** 

GFR (ml/min) 120.01±38.94 74.87±28.85 -5.32 0.000 *** 

 

 ***p<0.001 highly highly significantly higher/lower as compared to respective controls 

 

 

 

 

 

 
Table 14  Comparison of blood urea nitrogen (BUN), serum creatinine 

and glomerular filtration rate (GFR) in controls and type 2 diabetic patients 

in female groups. Mean ± SD is given. Figures in parenthesis indicate 

number of cases in each group. 

 

 
Controls 

(122) 
Patients (73) t. value p. value 

BUN (mg/dl) 10.33±3.47 17.19±9.04 6.96 0.000 *** 

Serum creatinine 

(mg/dl) 
0.63±0.21 1.03±0.40 8.19 0.000 *** 

GFR (ml/min) 103.98±26.99 76.00±29.58 -5.284 0.000 *** 

 

***p<0.001 highly highly significantly higher/lower as compared to respective controls 
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Table 15  Comparison of urinary creatinine, microalbuminuria and 

albumin to creatinine ratio (ACR) in controls and type 2 diabetic patients. 

Mean ± SD is given. Figures in parenthesis indicate the number of cases in 

each group. 

 

 Controls (65) Patients (195) t. value p. value 

Urinary creatinine (mg/dl) 110.23±60.70 81.09±50.28 -3.835 0.000 *** 

Microalbuminuria (mg/dl) 4.19±6.41 138.49±360.97 2.995 0.003 ** 

ACR (µg/mg of creatinine) 3.88±6.66 207.55±561.25 2.922 0.004 ** 

 

**p<0.01 highly significantly higher as compared to respective controls 

***p<0.001 highly highly significantly higher/lower as compared to respective controls 

 

 

 

 

 

 

Table 16  Comparison of urinary creatinine, microalbuminuria and 

albumin to creatinine ratio (ACR) in controls and type 2 diabetic patients in 

male groups. Mean ± SD is given. Figures in parenthesis indicate number of 

cases in each group. 

 

 Controls (25) Patients (73) t. value p. value 

Urinary creatinine (mg/dl) 111.77±50.30 85.54±53.81 -2.137 0.035 * 

Microalbuminuria (mg/dl) 4.93±7.67 182.16±452.95 3.342 0.001 ** 

ACR  (µg/mg of 

creatinine) 
5.54±9.62 264.30±700.30 3.156 0.002 ** 

 

*p<0.05 significantly higher/lower as compared to respective controls 

**p<0.01 highly significantly higher as compared to respective controls 



94 

 
 

Table 17  Comparison of urinary creatinine, microalbuminuria and 

albumin to creatinine ratio (ACR) in controls and type 2 diabetic patients in 

female groups. Mean ± SD is given. Figures in parenthesis indicate the 

number of cases in each group. 

 

 Controls (65) Patients (195) t. value p. value 

Urinary creatinine (mg/dl) 109.27±66.98 78.42±48.07 -3.176 0.002 ** 

Microalbuminuria (mg/dl) 3.73±5.53 112.35±291.53 4.113 0.000 *** 

ACR (µg/mg of creatinine) 2.85±3.59 173.59±458.39 4.114 0.000 *** 

 

**p<0.01 highly significantly higher/lower as compared to respective controls 

***p<0.001 highly highly significantly higher/lower as compared to respective controls 

 

 

 

 

 

Table 17-(a)  Frequency of type 2 diabetic patients having albuminuria 

according to gender. Figures in parenthesis indicate the percentages in each 

group. 

 

 Male Female Total 

Normoalbuminuria 33 (35.10%) 61 (64.90%) 94 (100%) 

Microalbuminuria 29 (37.18%) 49 (62.82%) 78 (100%) 

Macroalbuminuria 11 (47.83%) 12 (52.17%) 23 (100%) 

Total 73 (37.44%) 122 (62.56%) 195 (100%) 
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Table 17-(b) P-value, odds ratio (OR) and 95% confidence-interval  

(C-I) of frequency of type 2 diabetic patients having albuminuria according 

to gender. 

 

 Male vs Female 

Normoalbuminuria vs Microalbuminuria 

 

P=0.77 
 

OR=0.914 
 

C-I=0.48-1.70 

 

Microalbuminuria vs Macroalbuminuria 

 

P=0.36 
 

OR=0.64 
 

C-I=0.25-1.64 

 

Normoalbuminuria vs Macroalbuminuria 

 

P=0.26 
 

OR=0.59 
 

C-I=0.23-1.48 

 

  

 

Components of RAS especially ACE activity can provide a basis for a relationship 

between renal microvascular complications (albuminuria) and ACE levels and the ACE 

levels are governed by ACE gene I/D polymorphism which is characterized by the 

presence (insertion) or absence (deletion) of a 287 bp Alu repeat sequence in intron 16. 

The homozygous individuals for insertion allele (II genotype) were identified by the 

presence of single 490 bp product, the homozygous individuals for deletion allele (DD 

genotype) were identified by the presence of a single 190 bp product and the 

heterozygous individuals with insertion, deletion (ID genotype) were identified by the 

presence of both 190 and 490 bp product (248) documented by gel doc camera system 

(described previously) as shown in   Fig. 18.  
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Figure 18   Detection of angiotensin converting enzyme gene insertion deletion polymorphism.  

Ethidium bromide stained 2% agarose gel of 16 representative samples demonstrating PCR amplified DNA 

fragments showing homozygous DD, homozygous ID genotypes. Lane 2, 5, 14 & 15: Homozygous DD 

sample. Lane 3, 7, 8, 10, 12, 13, 16, & 17: Homozygous II samples. Lane 1, 4, 6 & 11: Heterozygous ID 

sample. Lane 9: DNA marker (# SM0403, Fermentas). 

 

A second allele specific PCR was performed for the identification of mistyping 

between DD and ID genotypes revealed that only samples containing I-allele produced 

355 bp  amplicon whereas the DD genotype did not yield any product. 

I estimated the ACE levels according to genotypes in all the sample population 

and it was established from results that ACE levels were highest in DD genotype and 

lowest in II genotype while ID genotype exhibited intermediate levels in both control and 

patient groups (Table-18).  

 

Table 18 Comparison of angiotensin converting enzymes (ACE) levels 

according to genotypes in controls and type 2 diabetic patients. Mean ± SD 

is given. Figures in parenthesis indicate sample numbers.   

 

  D/D I/D I/I 

ACE levels 

(U/l) 

Controls (65) 67.58±23.153 41.00±7.314 34.06±8.531 

Patients (195) 66.70±20.879 41.10±15.33 30.92±14.262 
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When statistical analysis was performed on ACE levels according to genotype it 

revealed that p-values were found significantly high (p = 0.000) in both patients and 

controls in DD vs ID genotype and DD vs II genotype but in control groups no significant 

difference was found in ACE levels in II vs ID genotype (p=0.115). Increased levels of 

ACE were also found in patients having ID genotype when compared with II genotype (p 

= 0.001) (Table-18 a).  I did not find any significant difference in ACE levels according 

to albuminuria in type 2 diabetic patients as shown in Table-18 (b). 

 

Table 18-(a) 

  DD vs ID DD vs II II vs ID 

ACE levels 

(U/l) 

Controls P=0.000 *** P=0.000 *** P=0.115 

Patients P=0.000 *** P=0.000 *** P=0.001 ** 

 

**p<0.01 highly significantly higher in genotype within controls and patients 

***p<0.001 highly highly significantly higher in genotype within control and patients 
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Comparison of ACE levels according to genotype in male groups is given in 

Table-19. It showed that in control groups ACE levels were significantly high in DD 

genotype when compared with ID and II genotype [71.50 (DD) vs 43.0 (ID), 35.8 (II)] p= 

0.008 and 0.001 respectively. But no significant difference in ACE levels was found in 

male control groups between II and ID genotypes (p=0.304) while in patients group 

highly significantly raised levels of ACE were noted in DD genotype when compared 

with ID and II genotype [66.7 (DD) vs 43.7 (ID) and 30.23 (II) respectively]. But 

statistically significance value (p-value) was reduced when DD genotype was compared 

with ID genotype with respect to ACE levels in patient groups (p= 0.014) (Table-19a). 

Comparison of ACE levels both in female patient and control groups also revealed 

that highest levels were found in DD genotype and lowest levels were found in II 

genotype while ID groups exhibited intermediate levels. These results were almost 

comparable to the male groups when analyzed statistically by using x
2
 test (Table-20 and 

20a). I also compared ACE levels according to gender in controls and patient groups and 

found that there was no difference in ACE levels according to gender in all the three 

genotypes (Table-21).  

 

Table 19  Comparison of angiotensin converting enzyme (ACE) levels 

according to genotypes in controls and type 2 diabetic patients in male 

groups. Mean ± SD is given. 

 

  D/D I/D I/I 

ACE levels 

(U/l) 

Controls 71.50±27.58 43.00±8.23 35.80±9.85 

Patients 66.74±23.60 43.71±13.22 30.23±13.99 
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Table 19-(a) 

  DD vs ID DD vs II II vs ID 

ACE levels 

(U/l) 

Controls P=0.008 ** P=0.001 ** P=0.304 

Patients P=0.000 *** P=0.000 *** P=0.014 * 

 

*p<0.05 significantly higher in genotype within controls and patients 

**p<0.01 highly significantly higher in genotype within controls and patients 

***p<0.001 highly highly significantly higher in genotype within controls and patients 

 

 

 
Table 20 Comparison of angiotensin converting enzyme (ACE) levels 

according to genotypes in controls and type 2 diabetic patients in female 

groups. Mean ± SD is given. 
 

  D/D I/D I/I 

ACE levels 

(U/l) 

Controls 66.80±23.80 39.77±6.73 32.53±7.12 

Patients 66.68±19.27 39.48±16.43 31.27±14.54 

 

 

Table 20-(a) 

  DD vs ID DD vs II II vs ID 

ACE levels 

(U/l) 

Controls P=0.000 *** P=0.000 *** P=0.308 

Patients P=0.000 *** P=0.000 *** P=0.046 * 

 

*p<0.05 significantly higher genotype within control and patients 

***p<0.001 highly highly significantly higher genotype within control and patients 
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Table 21 Comparison of angiotensin converting enzyme (ACE) levels 

according to gender in control and type 2 diabetic patients.  

 

 Gender D/D I/D I/I 

 

ACE 

levels (IU) 

Male Controls 71.50±27.58 43.00±8.23 35.80±9.85 

Female Controls 66.80±23.80 39.77±6.73 32.53±7.12 

Male Patients 66.74±23.60 43.71±13.22 30.23±13.99 

Female Patients 66.68±19.27 39.48±16.43 31.27±14.54 

 

Frequency of genotype was calculated in controls and type 2 diabetes mellitus 

patients as shown in Table-22. When the frequency of genotype was compared within 

each group i.e. within patients and within controls, it revealed that within control groups, 

II genotype was 49.2% vs 18.5% of DD genotype (p=0.003). While no statistically 

significant difference was found in DD vs ID and II vs ID genotypes within control 

group. When the frequency distribution was compared within patient groups only DD 

(24.1%) vs ID (41.5%) genotype showed significant difference in p-value levels 

(P=0.003). DD genotype was found 24.1% vs 34.4% of II genotype within patients group 

which showed increased trends in frequency of II genotype with in patients group but did 

not reach significant p-value levels (p=0.061) (Table-22a). This showed that there was 

overall trend present in increase in II genotype within patient and control groups. It was 

noted that in patients 34.4% of II genotype was present as compared to 49.2% of II 

genotype with their respective controls, while in patients 18.5% DD genotype was present 

when compared with DD genotype which was 24.1% with their respective controls which 

showed increased percentages in frequency of DD genotype in patients as compared to 

their respective controls. But did not reach the statistically significant levels (P=0.141, 
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OR= 1.87, C-I=0.87-4.00) which demonstrated that there were increasing trends of DD 

genotype in patients while decreasing trends were observed in II genotype patients as 

compared to controls. OR for II vs ID genotype in patients vs controls is 0.54 which has 

no significance value (Table-22b). Table-23 and 24, show frequency of genotype in 

patients and control male and female groups, respectively. Statistical analysis of 

frequency of genotype within control groups of males revealed that II (60%) genotype 

was significantly increased in prevalence (p=0.003) as compared to DD (8%) genotype 

(Table-23a). The increase in II genotype (p=0.003) reflected in control group of overall 

sample population was due to the increased prevalence of II genotype in male controls 

population. No significant difference was found in p-value within patients and control of 

female groups except DD vs ID (p=0.017) (Table-24a). II genotype was 36.1% vs 23% of 

DD genotype in female patients showing increased trends in II genotype but did not reach 

significant level (=0.077). These increased frequencies of ID and II genotypes in female 

groups were reflected in overall sample population statistics. 

Comparison of frequency of genotype in male patients versus control groups 

revealed that DD genotype was 26.0% in patients versus 8% in control groups having p-

value 0.017 (OR= 6.19, C-I=1.25-30.55) which demonstrated that DD genotype was 6.19 

times higher in type 2 diabetic patients than control subjects (Table-23b). When 

frequency of genotype was compared in female patients with their respective control 

groups no significant difference was observed  between DD and II genotype or DD vs ID 

or II vs ID genotypes (p=1.0, OR=0.92, C-I=0.37-2.30)  (Table-24b). 

For calculation of significant levels of different alleles, I pooled DD genotype 

with ID genotype (DD+ID), D-allele and compared it with II genotype in patients and 

control groups and found that D-allele frequency was significantly higher in type 2 

diabetes mellitus patients (25.3% vs 32.82%) when compared with controls (p=0.039, 
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OR=1.85, C-I=1.04-3.27) (Table-25, 25a). Similar findings were replicated in male 

groups of population but with a significantly higher p-value (p=0.017, OR=3.26, C-

I=1.27-8.35). While in female sample population no significant difference was found 

when pooling of different genotypes was performed and compared in controls and 

patients which demonstrated that the effect of significantly increased D-allele reflected in 

overall sample population (in both gender) was due to increased frequency of D-allele in 

male gender (Table-27, 27a). 

Table 28 shows allele frequency in control and patient groups and revealed that D-

allele was significantly high as compared to I-allele [44.87% (D-allele) vs 34.62% (I-

allele)] in patient groups as compared to controls (p=0.041, OR=1.53, C-I=1.01-2.32) 

whereas I-allele showed decrease in frequency when compared with D-allele [55.13% (I-

allele) vs 65.38% (D-allele)] in patients and controls respectively. Disparities were 

observed in prevalence of allele frequencies, according to gender in patient and control 

groups when compared with their respective gender i.e. in male groups highly 

significantly increased D-allele prevalence was found in type 2 diabetes mellitus patients 

as compared to their controls (p=0.004, OR=2.83, C-I=1.37-5.86) (Table-29). While in 

female groups of sample population, no significant difference was observed in the 

prevalence of allele frequencies when compared to their respective controls (p=0.79, 

OR=1.09, C-I=0.65-1.82) (Table-30). 
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Table 22  Frequency of genotypes in controls and type 2 diabetic patients. 

Figures in parenthesis indicate the percentages in each group. 

 

 D/D I/D I/I Total 

Controls 12 (18.5%) 21 (32.3%) 32 (49.2%) 65 (100%) 

Patients 47 (24.1%) 81 (41.5%) 67 (34.4%) 195 (100%) 

Total 59 (22.7%) 102 (39.2% 99 (38.1%) 260 (100%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 22-(a) Chi square and p-value of frequency of genotype within 

controls and type 2 diabetic patients.  
 

 DD vs ID DD vs II II  vs ID 

Controls 

 

X
2
 = 2.455 

 

P = 0.117 

 

X
2
 = 9.091 

 

P = 0.003** 

 

X
2
 = 2.83 

 

P = 0.131 

 

Patients 

 

X
2 

=  9.03 

 

P = 0.003** 

 

X
2
 = 3.509 

 

P = 0.061 

 

X 
2
 =1.324 

 

P = 0.25 

 

 

**p<0.01 highly significantly higher in genotype within controls and patients 
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Table 22-(b)  P-Value, odds ratio (OR) and 95% confidence-interval 

(C-I) of frequency of genotype in control and type 2 diabetic patients.  

 

 DD vs ID DD vs II II  vs ID 

Patient vs Control 

 

1.000 

 

OR= 1.01 

 

0.45-2.24 

 

0.141 

 

1.87 

 

0.87-4.00 

0.077 

 

0.54 

 

0.28-1.02 

 

 

Table 23  Frequency of genotypes in control and type 2 diabetic patients 

in male groups. Figures in parenthesis indicate the percentages in each 

group.   

 

 D/D I/D I/I Total 

Controls 2 (8.0%) 8 (32.0%) 15 (60.0%) 25 (100%) 

Patients 19 (26.0%) 31 (42.5%) 23 (31.5%) 73 (100%) 

Total 21 (21.4%) 39 (39.8%) 38 (38.8%) 98 (100%) 

 

 

Table 23-(a) Chi-square p-value of frequency of genotypes within 

control and type 2 diabetic patients in male groups. 

 

 DD vs ID DD vs II II  vs ID 

Controls 

 

X
2
=2.500 

 

P=0.113 

 

X
2
=8.471 

 

P=0.003** 

X
2
=1.565 

 

P=0.210 

Patients 

 

X
2
=2.420 

 

P=0.119 

 

X
2
=0.214 

 

P=0.643 

X
2
=0.907 

 

P=0.340 

 

**p<0.01 highly significantly higher in genotype within controls and patients 
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Table 23-(b) P-Value, odds ratio (OR) and confidence-interval (C-I) of 

frequency of genotypes in controls and type 2 diabetic patients in male 

groups. 

 

 DD vs ID DD vs II II  vs ID 

Patients vs Controls 

 

P=0.469 

 

OR=2.45 

 

C-I=0.47-12.78 

 

P=0.017* 

 

OR=6.19 

 

C-I=1.25-30.55 

P=0.084 

 

OR=0.39 

 

C-I=0.14-1.09 

 

*p<0.05 significantly higher in genotype within controls and patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 24 Frequency of genotypes in control group and type 2 diabetic 

patients in female groups. Figures in parenthesis indicate the percentages in 

each group. 

 

 D/D I/D I/I Total 

Controls 10 (15%) 13 (30%) 17 (55%) 40 (100%) 

Patients 28 (23.0%) 50 (41.0%) 44 (36.1%) 122 (100%) 

Total 38 (23.5%) 63 (38.9%) 61 (37.7%) 162 (100%) 
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Table 24-(a)  Chi-square and p-value of frequency of genotypes within 

controls and type 2 diabetic patients in female groups. 

 

 DD vs ID DD vs II II  vs ID 

Controls 

 

X
2
=0.174 

 

P=0.67 

 

X
2
=1.33 

 

P=0.248 

X
2
=0.300 

 

P=0.583 

Patients 

 

X
2
=5.654 

 

P=0.017* 

 

X
2
=3.125 

 

P=0.077 

X
2
=0.266 

 

P=0.606 

 

*p<0.05 significantly higher in genotype within controls and patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 24-(b) P-Value, odds ratio (OR) and 95% confidence-interval 

(C-I) of frequency of genotypes in controls and type 2 diabetic patients in 

female groups.  
 

 DD vs ID DD vs II II  vs ID 

Patients vs Controls 

 

P=0.625 

 

OR=0.72 

 

C-I=0.28-1.87 

 

P=1.00 

 

OR=1.08 

 

C-I=0.43-2.69 

P=0.404 

 

OR=0.67 

 

C-I=0.29-1.54 
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Table 25 Frequency of different genotypes after pooling with each other 

in controls and type 2 diabetic patients. Figures in parenthesis indicate the 

percentages in each group. 

 

 DD + ID (D-allele) 
ID + II (I-

allele) 
II + DD Total 

Controls 33 (25.38%) 53 (40.76%) 44 (33.84%) 130 (100%) 

Patients 128 (32.82%) 148 (37.94%) 114 (29.23%) 390 (100%) 

Total 161 (30.96%) 201 (38.65% 158 (30.38%) 520 (100%) 

 

 

 

 

 

 

 

Table 25-(a)  P-Value, odds ratio (OR) and 95% confidence-interval 

(C-I) of frequency of different genotypes after pooling in controls and type 2 

diabetic patients. 

 

 D-allele vs II DD vs I-allele ID vs (DD+II) 

Patients vs Controls 

P=0.039* 

 

OR=1.85 

 

C-I=1.04-3.27 

P=0.395 

 

OR=1.40 

 

C-I=0.69-2.84 

P=0.24 

 

OR=1.48 

 

C-I=0.82-2.69 

 

*p<0.05 significantly higher D-allele in patients as compared to controls 
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Table 26 Frequency of different genotypes after pooling in controls and  

type 2 diabetic patients in male groups. Figures in parenthesis indicate the 

percentages in each group. 

 

 DD + ID (D-allele) ID + II (I-allele) II + DD Total 

Controls 10 (20.0%) 23 (46.0%) 17 (34.0%) 50 (100%) 

Patients 50 (34.25%) 54 (36.99%) 42 (28.76%) 
146 

(100%) 

Total 60 (30.61%) 77 (39.29%) 59 (30.10%) 
196 

(100%) 

 

 

 

 

 

 

 

 

 

 

 

Table 26-(a) P-value, odds ratio (OR) and confidence-interval (C-I) of 

frequency of different genotypes after pooling in controls and type 2 diabetic 

patients in male groups. 

 

 D-allele vs II DD vs I-allele ID vs DD+II 

Patients vs Controls 

 

P=0.017* 

 

OR=3.26 

 

C-I=1.27-8.35 

 

P=0.088 

 

OR=4.04 

 

C-I=0.87-18.81 

P=0.478 

 

OR=1.56 

 

C-I=0.60-4.09 

 

*p<0.05 significantly higher D-allele in patients as compared to controls 
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Table 27  Frequency of different genotypes after pooling in controls and 

type 2 diabetic patients in female groups. Figures in parenthesis indicate the 

percentages in each group. 

 

 DD + ID (D-allele) ID + II (I-allele) II + DD Total 

Controls 23 (28.75%) 30 (37.50) 27 (33.75%) 80 (100%) 

Patients 78 (31.97%) 94 (38.52%) 72 (29.51%) 
244 

(100%) 

Total 101 (31.17%) 124 (38.27%) 99 (30.56%) 
324 

(100%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 27-(a) P-Value, odds ratio (OR) and 95% confidence-interval 

(C-I) of frequency of different genotypes after pooling in controls and type 2 

diabetic patient in female groups. 

 

 D-allele vs II DD vs I-allele ID vs DD+II 

Patients vs Controls 

 

P=0.573 

 

OR=1.3 

 

C-I=0.63-2.71 

 

P=0.830 

 

OR=0.89 

 

C-I=0.38-2.05 

P=0.357 

 

OR=1.44 

 

C-I=0.67-3.06 
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Table 28 Allele frequencies of controls and type 2 diabetic patients 

 D I Total D vs I 

Controls 45 (34.62%) 85 (65.38%) 130 (100) P=0.04* 

 

OR=1.53 

 

C-I=1.01-2.32 

Patients 175 (44.87%) 215 (55.13%) 390 (100%) 

Total 220 (42.31%) 300 (57.69%) 520 (100%) 

 

*p<0.05 significantly higher genotype in type 2 diabetic patients as compared to controls  

 

 

 

 

 

 

 

 

 

 

 

Table 29 Allele frequencies of controls and type 2 diabetic patients in 

male groups. 
 

 

 D I Total D vs I 

Controls 12 (24%) 38 (76%) 50 (100%) P=0.004** 

 

OR=2.83 

 

C-I=1.37-5.86 

Patients 69 (47.2%) 77 (52.74%) 146 (100%) 

Total 81 (34.62%) 153 (65.38%) 234 (100%) 

 

**p<0.01 highly significantly higher genotype in type 2 diabetic patients as compared to 

controls  



112 

 
 

Table 30 Allele frequencies of controls and type 2 diabetic patients in 

female groups. 

 

 D I Total D vs I 

Controls 33 (41.25%) 47 (58.75%) 80 (100%) 
P=0.795 

 

OR=1.09 

 

C-I=0.65-1.82 

Patients 106 (43.44%) 138 (56.56%) 244 (100%) 

Total 139 (42.90%) 185 (57.10%) 324 (10%) 

 

Table 31 and 32 demonstrate frequency of genotypes according to ACR in patient 

and control groups respectively. The percentage of normoalbuminuria in control group 

did not show any significant difference in percentages according to genotype when 

compared with combined data of sample population i.e. patients and control groups. Only 

one male subject of II genotype showed microalbuminuria in control group out of 65 

control subjects. 

I did not find any significant difference in p-values in type 2 diabetic patients 

when compared according to ACR in different genotypes (Table 33, 33–a). When ACR 

was compared with frequency of genotypes in male patients, it was noticed that DD 

genotype was increased from 15.15% in normoalbuminuric patients to 27.59% and 54.5% 

in microalbuminuria and macroalbuminuria patients respectively as compared to II 

genotype which was decreased from 36.36% in normoalbuminuric patients to 34.48% and 

9.1% in microalbuminuric and macroalbuminuric patients respectively, demonstrating 

that DD genotype was significantly increased in normoalbuminuria vs macroalbuminuria 

in male patients (p=0.02, OR=14.4, C-I=1.35-152.53) (Table 34, 34–a). But the data in 
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Table-35, 35–a did not show any significant difference in ACR according to genotypic 

frequency in female patients.  

I also statistically computed the data of type 2 diabetes mellitus patients and 

control subjects according to genotype frequencies in different ways e.g. by pooling of 

different genes and then performing comparison of II vs D-allele (DD+ID), DD vs I-allele 

(II+ID) and ID vs (DD+II) but did not find any significant association by pooling of 

different gene frequencies according to ACR in patients (Table 36, 36–a). 

When pooling of different allele frequencies was analyzed according to gender, it 

revealed that in male type 2 diabetes mellitus patients DD genotype was prevalent 54.5% 

vs 22.73% as of I-allele (ID+II) in patients suffering from macroalbuminuria as compared 

to normoalbuminuric patients where DD genotype was 15.15% vs 43.24% as of I-allele 

(ID+II) (p=0.009, OR=7.68, C-I=1.68-34.95). Similarly DD genotype was also 

significantly increased as compared to I-allele in male patients having macroalbuminuria 

as compared to patients having microalbuminuria (p=0.02, OR=2.5, C-I=0.59-10.98) 

(Table 37, 37–a). But these finding were not confirmed in female patients i.e. no 

significant difference was observed after the pooling of genotypes (Table 38, 38–a). 

Allele frequencies of the type 2 diabetes mellitus patients were calculated 

according to ACR in Table-39, which revealed that D-allele frequency was increased 

from 40.43% to 58.69% in normoalbuminuric patients as compared to patients having 

macroalbuminuria where as I-allele frequency was decreased from 59.57%  in 

normoalbuminuric patients to 51.31% in macroalbuminuric patients (p=0.031, OR=2.09, 

C-I=1.08-4.03) while no significant association was seen between normoalbuminuric 

patients and microalbuminuric patients. Similarly no significant difference was found in 

allele frequency of patients suffering from microalbuminuria and macroalbuminuria 

(p=0.179, OR=1.65, C-I=0.85-3.22) (Table 39–a). 
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Gender wise stratification of data according to allele frequency and ACR revealed 

that in male D-allele frequency in normoalbuminuric, microalbuminuric and 

macroalbuminuric patients was 30 (40.54%), 23 (46%) and 16 (72.72%) as compared to 

I-allele 44 (59.46%), 27 (54%) and 6 (27.28%) respectively. The D-allele frequency was 

significantly higher in macroalbuminuric patients as compared to microalbuminuric and 

normoalbuminuric patients group (P=0.043, OR=3.13, C-I=1.05-9.31), (P=0.013, 

OR=3.91, C-I=1.37-11.14) respectively (Table 40, 40–a). Whereas no significant 

difference in allele frequencies according to ACR was observed in female groups (Table 

41, 41–a). 

 

Table 31 Frequency of genotypes according to albumin creatinine ratio in 

controls and type 2 diabetic patients. Figures in parenthesis indicate the 

percentages in each group. 

 

 D/D I/D I/I Total 

Normoalbuminuria 29 (18.35%) 63 (39.87%) 66 (41.77%) 158 (100%) 

Microalbuminuria 22 (27.85 %) 28 (35.44%) 29 (36.71%) 79 (100%) 

Macroalbuminuria 8 (34.78%) 11 (47.82%) 4 (17.39%) 23 (100%) 

Total 59 (22.69%) 102 (39.23%) 99 (38.07%) 260 (100%) 
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Table 32 Frequency of genotypes according to albumin creatinine ratio in 

controls. Figures in parenthesis indicate the percentages in each group. 

 

 D/D I/D I/I Total 

Normoalbuminuria 12 (18.75%) 21 (32.81%) 31 (48.44%) 64 (100%) 

Microalbuminuria 0 0 1 (100%) 1 (100%) 

Total 21 (32.31%) 12 (18.46%) 32 (49.23%) 65 (100%) 

 

 

 

 

 

 

 

 

Table 33 Frequency of genotypes according to albumin creatinine ratio in 

type 2 diabetic patients. Figures in parenthesis indicate the percentages in 

each group. 

 

 D/D I/D I/I Total 

Normoalbuminuria 17 (18.09%) 42 (44.68%) 35 (37.23%) 94 (100%) 

Microalbuminuria 22 (28.21%) 28 (35.90%) 28 (35.90%) 78 (100%) 

Macroalbuminuria 8 (34.78%) 11 (47.83%) 4 (17.39%) 23 (100%) 

Total 47 (24.10%) 81 (41.54%) 67 (34.36%) 195 (100%) 
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Table 33-(a) P-value, odds ratio (OR) and 95% confidence-interval (C-

I) of frequency of genotypes according to albumin creatinine ratio in type 2 

diabetic patients. 

 

 DD vs ID DD vs II II  vs ID 

Normoalbuminuria 

vs 

Microalbuminuria 

P=0.1124 

OR=1.94 

C-I=0.87-4.29 

P=0.3088 

OR=1.61 

C-I=0.73-3.61 

P=0.60 

OR=1.20 

C-I=0.60-2.39 

Microalbuminuria 

vs 

Macroalbuminuria 

P=1.000 

OR=0.92 

C-I=0.31-2.69 

P=0.2760 

OR=2.54 

C-I=0.67-9.56 

P=0.11 

OR=0.36 

C-I=0.10-1.28 

Normoalbuminuria 

vs 

Macroalbuminuria 

P=0.3967 

OR=1.79 

C-I=0.61-5.24 

P=0.2885 

OR=4.11 

C-I=1.08-15.61 

P=0.18 

OR=0.43 

C-I=0.12-1.49 

 

 

 

Table 34 Frequency of genotypes according to albumin creatinine ratio in 

male type 2 diabetic patients. Figures in parenthesis indicate the percentages 

in each group. 

 

 D/D I/D I/I Total 

Normoalbuminuria 5 (15.15%) 16 (48.48%) 12 (36.36%) 33 (100%) 

Microalbuminuria 8 (27.59%) 11 (37.93%) 10 (34.48%) 29 (100%) 

Macroalbuminuria 6 (54.5%) 4 (36.4%) 1 (9.1%) 11 (100%) 

Total 19 (26%) 31 (41%) 23 (36.1%) 73 (100%) 
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Table 34–(a)  P-Value, odds ratio (OR) and 95% confidence-interval 

(C-I) of frequency of genotypes according to albumin creatinine ratio in 

male type 2 diabetic patients. 

 

 DD vs ID DD vs II II  vs ID 

Normoalbuminuria 

vs 

Microalbuminuria 

P=0.22 

OR=2.32 

C-I=0.59-9.02 

P=0.36 

OR=1.92 

C-I=0.47-7.76 

P=0.74 

OR=1.21 

C-I=0.38-3.78 

Microalbuminuria 

vs 

Macroalbuminuria 

P=0.36 

OR=2.06 

C-I=0.43-9.80 

P=0.09 

OR=7.50 

C-I=0.74-75.72 

P=0.310 

OR=0.27 

C-I=0.02-2.89 

Normoalbuminuria 

vs 

Macroalbuminuria 

P=0.05 

OR=4.80 

C-I=0.95-24.14 

P=0.02* 

OR=14.40 

C-I=1.35-152.53 

P=0.35 

OR=0.33 

C-I=0.03-3.37 

 

*p<0.05 significantly higher in genotype in macroalbuminuric as compared to 

normoalbuminuric patients. 

 

 

 

Table 35 Frequency of genotypes according to albumin creatinine ratio in 

female type 2 diabetic patients. Figures in parenthesis indicate the 

percentages in each group. 

 

 D/D I/D I/I Total 

Normoalbuminuria 12 (19.7%) 26 (42.6%) 23 (37.7%) 61 (100%) 

Microalbuminuria 14 (28.7%) 17 (34.6%) 18 (36.7%) 49 (100%) 

Macroalbuminuria 2 (16.7%) 7 (58.3%) 3 (25%) 12 (100%) 

Total 28 (23%) 50 (41%) 44 (36.1%) 122 (100%) 
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Table 35–(a) P-value, odds ratio (OR) and 95% confidence-interval (C-I) of 

frequency of genotype according to albumin creatinine ratio in female type 2 

diabetic patients. 

 

 DD vs ID DD vs II II  vs ID 

Normoalbuminuria 

vs 

Microalbuminuria 

P=0.319 

OR=1.78 

C-I=0.66-4.77 

P=0.461 

OR=1.49 

C-I=0.55-4.00 

P=0.825 

OR=1.16 

C-I=0.50-2.85 

Microalbuminuria 

vs 

Macroalbuminuria 

P=0.271 

OR=0.34 

C-I=0.06-1.94 

P=1.000 

OR=0.85 

C-I=0.12-5.85 

P=0.295 

OR=0.40 

C-I=0.08-1.82 

Normoalbuminuria 

vs 

Macroalbuminuria 

P=0.704 

OR=0.61 

C-I=0.11-3.43 

P=1.000 

OR=1.27 

C-I=0.18-8.72 

P=0.487 

OR=0.48 

C-I=0.11-2.09 

 

 

 

Table 36 Frequency of different genotypes after pooling of genotypes 

according to albumin creatinine ratio in type 2 diabetic patients. Figures in 

parenthesis indicate the percentages in each group. 

 

 DD + ID (D-allele) ID + II (I-allele) II + DD Total 

Normoalbuminuria 59 (31.38%) 77 (40.95%) 52 (27.66%) 
188 

(100%) 

Microalbuminuria 50 (32.05%) 56 (35.89%) 50 (30.05%) 
156 

(100%) 

Macroalbuminuria 19 (41.30%) 15 (32.61%) 12 (26.09%) 
46 

(100%) 

Total 128 (32.82%) 148 (37.95%) 114 (29.23%) 
390 

(100%) 
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Table 36-(a) P-value, odds ratio (OR) and 95% confidence-interval  

(C-I) of frequency of different genotypes after pooling of genotypes 

according to albumin creatinine ratio in type 2 diabetic patients. 

 

 D-allele vs II DD vs I-allele ID vs (DD+II) 

Normoalbuminuria 

vs 

Microalbuminuria 

P=0.8750 

OR=1.05 

C-I=0.56-1.97 

P=0.143 

OR=1.77 

C-I=0.86-3.56 

P=0.276 

OR=0.69 

C-I=0.37-1.28 

Microalbuminuria 

vs 

Macroalbuminuria 

P=0.152 

OR=2.66 

C-I=0.82-8.59 

P=0.606 

OR=1.35 

C-I=0.50-3.65 

P=0.336 

OR=1.63 

C-I=0.63-4.19 

Normoalbuminuria 

vs 

Macroalbuminuria 

P=0.118 

OR=2.81 

C-I=0.88-8.95 

P=0.0933 

OR=2.41 

C-I=0.88-6.60 

P=0.818 

OR=1.13 

C-I=0.45-2.82 

 

 

 

 

 

Table 37 Frequency of different genotypes after pooling of genotypes 

according to albumin creatinine ratio in male type 2 diabetic patients. 

Figures in parenthesis indicate the percentage in each group. 
 

 DD + ID (D-allele) ID + II (I-allele) II + DD Total 

Normoalbuminuria 25 (33.78%) 32 (43.24%) 17 (22.98%) 
74 

(100%) 

Microalbuminuria 15 (30%) 17 (34%) 18 (36%) 
50 

(100%) 

Macroalbuminuria 10 (45.45%) 5 (22.73%) 7 (31.82%) 
22 

(100%) 

Total 50 (34.25%) 54 (36.99%) 42 (28.76%) 
146 

(100%) 
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Table 37-(a) P-Value, odds ratio (OR) and 95%confidence-interval  

(C-I) of frequency of different genotypes after pooling of genotypes 

according to albumin creatinine ratio in male type 2 diabetic patients. 

 

 D-allele vs II DD vs I-allele ID vs (DD+II) 

Normoalbuminuria 

vs 

Microalbuminuria 

P=0.595 

 OR=0.72 

C-I=0.25-2.06 

P=0.113 

OR=3.01 

C-I=0.85-10.64 

P=0.40 

OR=0.64 

C-I=0.23-1.79 

Microalbuminuria 

vs 

Macroalbuminuria 

P=0.115 

OR=6.66 

C-I=0.73-60.52 

P=0.02* 

OR=2.55 

C-I=0.59-10.91 

P=0.702 

OR=0.93 

C-I=0.22-3.94 

Normoalbuminuria 

vs 

Macroalbuminuria 

P=0.245 

OR=4.80 

C-I=0.54-41.94 

P=0.009** 

OR=7.68 

C-I=1.68-34.95 

P=0.493 

OR=0.60 

C-I=0.14-2.47 

 

*p<0.05 significantly higher genotype in macroalbuminuric as compared to 

microalbuminuric patients. 

**p<0.01 highly significantly higher genotype in macroalbuminuric as compared to 

normoalbuminuric patients 

 

 

 

Table 38 Frequency of different genotypes after pooling according to 

albumin creatinine ratio in female type 2 diabetic patients. Figures in 

parenthesis indicate the percentages in each group. 

 

 DD + ID (D-Allele) ID + II (I-Allele) II + DD Total 

Normoalbuminuria 38 (31.15%) 49 (40.16%) 
35 

(28.69%) 

122 

(100%) 

Microalbuminuria 31 (31.63%) 35 (35.71%) 
32 

(32.66%) 

98 

(100%) 

Macroalbuminuria 9 (37.5%) 10 (41.67%) 
5 

(20.83%) 

24 

(100%) 

Total 78 (31.96%) 94 (38.42%) 
72 

(29.51%) 

244 

(100%) 
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Table 38-(a)  P-value, odds ratio (OR) and 95% confidence-interval 

(C-I) of frequency of different genotypes after pooling of genotypes 

according to albumin creatinine ratio in type 2 diabetic patients. 

 

 D-Allele vs II DD vs I-Allele ID vs (DD+II) 

Normoalbuminuria 

vs 

Microalbuminuria 

P=1.000 

OR=1.04 

C-I=0.47-2.26 

P=0.366 

OR=1.63 

C-I=0.67-3.95 

P=0.436 

OR=0.71 

C-I=0.32-1.55 

Microalbuminuria 

vs 

Macroalbuminuria 

P=0.510 

OR=1.74 

C-I=0.41-7.27 

P=0.489 

OR=0.50 

C-I=0.09-2.57 

P=0.189 

OR=2.63 

C-I=0.72-9.56 

Normoalbuminuria 

vs 

Macroalbuminuria 

P=0.519 

OR=1.81 

C-I=0.44-7.40 

P=1.000 

OR=0.81 

C-I=0.15-4.22 

P=0.356 

OR=1.88 

C-I=0.53-6.60 

 

 

 

 

 

Table 39  Allele frequency of genotypes according to albumin creatinine 

ratio in type 2 diabetic patients. Figures in parenthesis indicate the 

percentages in each group. 
 

 D I Total 

Normoalbuminuria 76 (40.43%) 112 (59.57%) 188 (100%) 

Microalbuminuria 72 (46.15%) 84 (53.85%) 156 (100%) 

Macroalbuminuria 27 (58.69%) 19 (51.31%) 46 (100%) 

Total 175 (44.87%) 215 (55.13%) 390 (100%) 
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Table 39-(a) P-Value, odds ratio (OR) and 95% confidence-interval 

(C-I) of allele frequency of genotypes according to albumin creatinine ratio 

in type 2 diabetic patients. 

 

 D vs I 

Normoalbuminuria vs Microalbuminuria 

P=0.325 

OR=1.26 

C-I=0.82-1.39 

Microalbuminuria vs Macroalbuminuria 

P=0.179 

OR=1.65 

C-I=0.85-3.22 

Normoalbuminuria vs Macroalbuminuria 

P=0.031* 

OR=2.09 

C-I=1.08-4.03 

 

*p<0.05 significantly higher genotype in macroalbuminuric as compared to 

normoalbuminuric patients 

 

 

 

 

Table 40  Allele frequency of genotypes according to albumin creatinine 

ratio in male type 2 diabetic patients. Figures in parenthesis indicate the 

percentages in each group. 

 

 D I Total 

Normoalbuminuria 30 (40.54%) 44 (59.46%) 74 (100%) 

Microalbuminuria 23 (46% 27 (54%) 50 (100%) 

Macroalbuminuria 16 (72.72%) 6 (27.28%) 22 (100%) 

Total 69 (47.26%) 77 (52.74%) 146 (100%) 
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Table 40-(a) P-value, odds ratio (OR) and 95% confidence-interval  

(C-I) of allele frequency of genotypes according to albumin creatinine ratio 

in male type 2 diabetic patients. 

 

 D vs I 

Normoalbuminuria vs Microalbuminuria 

P=0.582 

OR=1.24 

C-I=0.60-2.57 

Microalbuminuria vs Macroalbuminuria 

P=0.043* 

OR=3.13 

C-I=1.05-9.31 

Normoalbuminuria vs Macroalbuminuria 

P=0.013* 

OR=3.91 

C-I=1.37-11.14 

 

*p<0.05 significantly higher genotype in macroalbuminuric as compared to 

microalbuminuric patients and normoalbuminuric patients. 

 

 

 

 

 

Table 41 Allele frequency of genotypes according to albumin creatinine 

ratio in female type 2 diabetic patients. Figures in parenthesis indicate the 

percentages in each group. 
 

 D I Total 

Normoalbuminuria 50 (40.98%) 72 (59.02%) 122 (100%) 

Microalbuminuria 45 (45.92%) 53 (54.08%) 98 (100%) 

Macroalbuminuria 11 (45.38%) 13 (54.62) 24 (100%) 

Total 106 (43.44%) 138 (56.56%) 244 (100%) 



124 

 
 

Table 41-(a)  P-value, odds ratio (OR) and 95% confidence-interval  

(C-I) of allele frequency of genotypes according to albumin creatinine ratio 

in female type 2 diabetic patients. 

 

 D vs I 

Normoalbuminuria vs Microalbuminuria 

P=0.495 

OR=1.22 

C-I=0.71-2.09 

Microalbuminuria vs Macroalbuminuria 

P=1.000 

OR=0.99 

C-I=0.40-2.44 

Normoalbuminuria vs Macroalbuminuria 

P=0.658 

OR=1.21 

C-I=0.50-2.93 

 

Multi logistic regression analysis was used to determine the independent 

association between severity of albuminuria and biochemical/demographic variables with 

the genotypes were considered as dependent variables. For this purpose I used two 

different models. In the first model severity of albuminuria was considered as 

independent variable and demographic variables including genotypes were considered as 

dependent variables, while in the second model albuminuria again set as independent 

variable whereas biochemical parameters including genotypes were considered as 

dependent variables as shown in Table 42–44 (a). P-value, odds ratio with 95% C-I of 

demographic variables showed that macroalbuminuric type 2 diabetic patients exhibited 

independent association with age, BMI and genotype whereas no association was 

demonstrated in other demographic as well as biochemical parameters except HbA1c 

which was independently associated with all the three categorical variables of 

albuminuria.  
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Table 42 Multiple regression analysis of demographic variables for 

independent correlation of albuminuria. 

 

 Macroalbuminuria vs Normoalbuminuria 

Parameters P-value OR 95% C-I 

Age 0.0327* (a) 1.0858 1.0068 to 1.1711 

BMI 0.0105* (a) 1.3291 1.0690 to 1.6526 

Weight 0.1682 0.9591 0.9037 to 1.0178 

Duration of diabetes mellitus 0.6612 0.9706 0.8493 to 1.1092 

Systolic BP 0.7843 0.9946 0.9568 to 1.0339 

Diastolic BP 0.6128 0.9820 0.9155 to 1.0534 

ACE Genotype    

DD vs II 0.0463* (b) 4.4139 1.0245 to 19.0170 

DD vs ID 0.8581 1.1165 0.3336 to 3.7362 

 

(a) *p<0.05 significantly higher as compared to macroalbuminuria 

(b) *p<0.05 significantly higher DD genotype as compared to normoalbuminuria  

 

 

 

  



126 

 
 

Table 42-(a) Multiple regression analysis of biochemical parameters 

for independent correlation of albuminuria. 

 

 Normoalbuminuria vs Macroalbuminuria 

Parameters P-value OR 95% C-I 

Serum creatinine 0.949 1.0928 0.0704 to 16.9571 

GFR 0.156 0.9511 0.8873 to 1.0194 

BUN 0.399 1.0514 0.9356 to 1.1815 

Total cholesterol 0.086 1.0161 0.9977 to 1.0347 

Triglyceride 0.277 0.9954 0.9870 to 1.0037 

HbA1c 0.000*** 7.5406 2.5355 to 22.4252 

ACE levels 0.661 1.0116 0.9608 to 1.0649 

ACE Genotype    

DD vs II 0.364 0.2236 0.0088 to 5.6930 

DD vs ID 0.742 0.6338 0.0418 to 9.6004 

 

***p<0.001 highly highly significantly higher as compared to macroalbuminuria 
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Table 43 Multiple regression analysis of demographic variables for 

independent correlation of albuminuria. 

 

 

Microalbuminuria vs Normoalbuminuria 

Parameters P-value OR 95% C-I 

Age 0.9777 0.9994 0.9573 to 1.0433 

BMI 0.5012 1.0412 0.9257 to 1.1711 

Weight 0.8019 0.9951 0.9573 to 1.0343 

Duration of diabetes mellitus 0.7944 0.9897 0.9154 to 1.0700 

Systolic BP 0.4291 0.9903 0.9667 to 1.0145 

Diastolic BP 0.9251 1.0021 0.9587 to 1.0475 

ACE Genotype    

DD vs II 0.2493 1.6230 0.7121 to 3.6991 

DD vs ID 0.1043 1.9753 0.8689 to 4.4906 
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Table 43-(a) Multiple regression analysis of biochemical parameters 

for independent correlation of albuminuria. 

 

 Normoalbuminuria vs Microalbuminuria 

Parameters P-value OR 95% C-I 

Serum creatinine 0.406 1.4837 0.5844 to 3.7668 

GFR 0.317 0.9910 0.9737 to 1.0087 

BUN 0.906 1.0039 0.9404 to 1.0717 

Total cholesterol 0.222 1.0040 0.9976 to 1.0106 

Triglyceride 0.687 0.9991 0.9948 to 1.0034 

HbA1c 0.000*** 2.7298 1.8864 to 3.9503 

ACE levels 0.198 1.0156 0.9919 to 1.0398 

ACE Genotype    

DD vs II 0.785 1.1857 0.3469 to 4.0530 

DD vs ID 0.702 1.2423 0.4089 to 3.7742 

 

***p<0.001 highly highly significantly higher as compared to microalbuminuria 
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Table 44 Multiple regression analysis of demographic variables for 

independent correlation of albuminuria. 

 

 Macroalbuminuria vs Microalbuminuria 

Parameters P-value OR 95% C-I 

Age 0.0216* 1.0989 1.0139 to 1.1911 

BMI 0.0496* 1.2117 1.0003 to 1.4678 

Weight 0.1904 0.9581 0.8988 to 1.0215 

Duration of diabetes mellitus 0.2027 0.9213 0.8122 to 1.0451 

Systolic BP 0.7710 1.0057 0.9681 to 1.0447 

Diastolic BP 0.3852 0.9641 0.8877 to 1.0470 

ACE Genotype    

DD vs II 0.8289 0.8780 0.2698 to 2.8574 

DD vs ID 0.1286 3.2153 0.7130 to 14.4995 

 

*p<0.05 significantly higher as compared to macroalbuminuria 
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Table 44-(a) Multiple regression analysis of biochemical parameters 

for independent correlation of albuminuria. 
 

 Microalbuminuria vs Macroalbuminuria 

Parameters P-value OR 95% C-I 

Serum creatinine 0.856 0.9399 0.4798 to 1.8411 

GFR 0.325 0.9852 0.9563 to 1.0149 

BUN 0.264 1.0262 0.9806 to 1.0738 

Total cholesterol 0.941 1.0004 0.9901 to 1.0108 

Triglyceride 0.330 0.9974 0.9923 to 1.0026 

HbA1c 0.000*** 2.2969 1.5116 to 3.4900 

ACE levels 0.726 0.9942 0.9624 to 1.0271 

ACE Genotype    

DD vs II 0.839 1.1682 0.2597 to 5.2553 

DD vs ID 0.176 0.2705 0.0405 to 1.8039 

 

***p<0.001 highly highly significantly higher as compared to macroalbuminuria 
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The study in this thesis was designed as cross sectional study. Cross sectional 

study is simple to perform and suitable for hypothesis generation and description purpose. 

On the other hand these types of studies have some limitations when considered for 

calculation for association or casual inference because exposure and outcomes are 

measured simultaneously.  

I observed that percentages of women in patients group is more (62.5%) as 

compared to men (37.44%) most probably because of the reason that, house wives tend to 

come more often for consultations as we recruited the patients from morning out patients 

department (OPD). This might be the fact of increased percentage of female patients.  

I observed that weight, BMI, W:H ratio and systolic blood pressure were 

positively associated with diabetes mellitus patients when compared to their respective 

controls in Punjabi Population of Pakistan. An increase in obesity, especially central 

obesity, reflected as increased BMI and W:H ratio is generally positively associated with 

metabolic diseases like diabetes mellitus, hypertension and dyslipidemia. The converse is 

also confirmed, that the majority of patients with this metabolic disease are either obese 

or over weight having increased BMI/W:H ratio (249).  

It has been reported that male adults having W:H ratio in excess of 0.94 and 

female patients with W:H ratio more than 0.82 are at higher risk for diabetes mellitus and 

vice versa (250). Okosun et al in 2000 and Arora et al in 2007 reported that there was a 

positive correlation of diabetes mellitus with waist circumference, which is in accordance 

to the findings of the present study (251, 252).  

Comparison of BSF, BSR and HbA1C values also revealed that inspite of the 

aggressive treatment strategies the values of these three parameters were found 

significantly different in patients as compared to control population. This might be 

because of the lower socioeconomic condition, low literacy rate and lack of compliance in 
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the studied population. The markedly significant difference in these values was found in 

both sexes. 

I compared the components of lipid profile e.g. total cholesterol, triglycerides, 

HDL-C, LDL-C, VLDL-C, in type 2 diabetes mellitus patients with controls and found 

that all the parameters of lipid profile were increased highly statistically significant in 

patients population. Prevalence of different types of dyslipidemia was seen in patients 

when compared to controls and these findings were consistent with the finding reported 

earlier by Nakhjavani et al in 2006 (253). 

When I compared different parameters of lipid profiles according to gender, we 

found that cholesterol. HDL-C and VLDL-C did not show any significant difference in 

male type 2 diabetes mellitus patients, while levels of triglycerides and LDL-C were 

significantly high in patients group. The comparison of different parameters of lipid 

profile in female patients with controls showed statistically highly significant levels of all 

the measured parameters of lipids e.g. total cholesterol, triglycerides, HDL-C, VLDL-C. 

From this study, it is revealed that lipid profiles were altered more adversely by diabetes 

mellitus in female patients than male patients. These findings are similar with the study 

conducted by Nakhjavani et al (253).  

Most significant prevalent dyslipidemia in male patients was hypertriglyceridemia 

(p=0.013) while least significant prevalent was LDL-C (P=0.046). When these findings 

were compared in female patients, it was revealed that hypercholesterolemia was most 

prevalent (p= 0.000, t=5.44) whereas least prevalence was found in hypertriglyceridemia. 

These findings were not in accordance to the study conducted by Jeppesen et al in 1998 

(254).  

Increased prevalence of all types of dyslipidemia in female patients was most 

probably due to their higher BMI and W:H ratio. Somewhat different data was presented 



134 

 
 

by Sandhu et al (255) in 2008, they presented that only high cholesterol levels were 

associated with BMI and W:H ratio in both male and female type 2 diabetic patients. 

These dyslipidemic features are associated with increased risk of cardiovascular disease 

(CVD), which is one of the leading cause of morbidity and mortality among type 2 

diabetic patients as reported previously by Fontbonne et al (256).  

Similarly low HLD-C levels were reported previously by Bays in type 2 diabetic 

patients, which was contrary to the findings of this study 2003 (257). Although some of 

the patients in the present study were treated with lipid lowering agents in addition to 

hypoglycemic agents, which may be a confounding factor with the results reflected in this 

study.  

BUN, serum creatinine and GFR are the parameters that reflect the normal 

physiological functions of the kidney. Alteration in the serum creatinine concentration 

reflects more reliably the changes in GFR and deterioration in renal functions than the 

BUN concentration (258). Therefore, serum creatinine concentration remains a useful 

parameter for the assessment of renal function inspite of some limitations. As a renal 

function parameter serum creatinine seems to be more sensitive indicator because it’s 

levels are not changed significantly except in renal disease while BUN has more 

limitation because many extrarenal condition like dehydration can affect the BUN levels 

(259).  

Comparison of renal function tests i.e. serum creatinine, BUN and GFR revealed 

that there was highly significantly higher values of BUN and serum creatinine while 

highly significantly lower values of GFR were found in type 2 diabetic patients as 

compared to their respective controls. Values of these parameters were found almost 

similar according to gender in both groups. Similar findings were reported by Wagle in 

2010 (260). The progression of nephropathy in type 2 diabetes mellitus was studied by 
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Rossing et al in 2004 (261) and their findings were also in accordance to study reported in 

this thesis. 

Therefore, it was observed that type 2 diabetes mellitus was positively associated 

with deranged renal functions in Pakistani population of Punjab. The causality of these 

deranged renal functions may be associated/aggravated with other components of 

metabolic syndrome i.e. hypertension, dyslipidemia and high BMI, in addition to 

persistent elevated blood glucose levels (262-264). 

These metabolic derangements precede the onset of renal disease and are ultimate 

risk factors for ESRD (265, 266). A strong body of prospective data elucidated that renal 

injury is caused by derangements in these biological pathways (267). Individual 

variations are present which increase the need to consider the segregation of the genes 

involved in chronic kidney disease (CKD) leading to ESRD in type 2 diabetic patients. 

In this study albuminuria was calculated in a spot urine specimen by ACR and 

expressed in µg/mg of creatinine. It was found that urinary creatinine excretion was 

significantly (P=0.000) reduced in type 2 diabetes mellitus patients while albumin 

excretion was significantly increased in type 2 diabetes mellitus patients when compared 

with their respective controls (P= 0.003). Therefore ACR was also increased significantly 

in type 2 diabetic patients (p=0.004) as compared to controls but with a higher standard 

deviation. Almost statistically significant similarity levels were demonstrated when the 

data was stratified according to gender. 

It becomes increasingly important to screen the type 2 diabetic patients for the 

development and progression of CKD by identifying the abnormal albumin excretion and 

declining GFR in order to reduce the risk of ESRD by slowing the progression of kidney 

disease by timely intervention. Therefore, the assessment of renal function by ACR 
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should also be included routinely in screening, diagnosis and monitoring the response of 

management. 

This study demonstrated that 48% patients were normoalbuminuric while 40% 

and 12% had microalbuminuria and macroalbuminuria, respectively. When percentages 

of patients according to ACR were compared gender wise, it revealed that in male gender 

45.2% patients having normoalbuminuria as compared to female patients having 46.72% 

normoalbuminuria. Similarly, 43.44% female patients suffered from microalbuminuria 

where as 39.72% male patients were having microalbuminuria. These findings were not 

statistically significant according to gender. Similarly male to female ratio in 

macroalbuminuric patients was 15.06% vs 9.83% [Table 17-A].  

These findings were almost matching with the study conducted by Parving and 

coworkers in 2006 (268). They reported the prevalence of microalbuminuria range for 25-

40% in type 2 diabetic patients having disease for more than 10 years. In a systematic 

review of 28 studies, conducted on 10298 type 2 diabetic patients: the prevalence of 

microalbuminuria was representing around 28% at a mean disease duration of 10 years 

(269). Similarly, progression from microalbuminuria to macroalbuminuria/overt 

nephropathy reported in 20-40% of Caucasian patients with type 2 diabetes mellitus (270-

272). The contributory risk factors for progression of nephropathy might include 

hyperglycemia, increased BMI, hypertension, ethnicity and cigarette smoking (261). 

In 2009, Chowta et al (273) reported the similar findings in their study of 

association of microalbuminuria with gender. They did not find any correlation of 

microalbuminuria with gender. There are certain confounding factors in the measurement 

of albuminuria, which can affect the interpretation of results. These include urinary tract 

infection (UTI), high protein intake, vigorous exercise, congestive cardiac failure, acute 
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febrile illness, water overload, use of non-steroidal anti-inflammatory drugs (NSAIDS) 

and ACE inhibitors,  menstruation and vaginal discharge (274, 275).  

Persistent microalbuminuria in type 2 diabetic Caucasian patients causes about 5-6 

times increase in the risk of overt nephropathy over a period of ten years. However, in 

certain ethnic populations including Pima Indians, Mexicans and African Americans, 

there is a 20-fold increase in overt nephropathy, which is comparable to prevalence of 

nephropathy in type 1 diabetes mellitus patients (276-278). While in our ethnic 

population, no report is published, at least in my knowledge up-till now.  

I estimated the ACE levels in type 2 diabetes mellitus patients, and control groups 

and then divided them according to ACE gene I/D polymorphism. It was revealed from 

the results that DD genotype demonstrated highest levels of ACE (67.58+10.15) while II 

genotype had lowest levels (34.06±8.51) whereas ID heterozygotes exhibited 

intermediate levels (41.07±7.31) in control group. Almost similar levels were noted in 

patient groups. On statistical analysis, it was demonstrated that in DD vs II, DD vs ID and 

II vs ID genotype the difference in ACE levels was highly significant in control group.   

While in case of type 2 diabetic patients all the three genotypes showed 

statistically highly significant difference in levels of ACE activity. These findings were 

similar when compared according to gender i.e. in both male and female patient and 

control groups the difference in ACE levels was significantly higher in DD genotype 

when compared with ID genotype and II genotypes. 

Results similar to this study of ACE levels were reported by Cambien et al (279). 

In addition, a number of studies also showed that DD genotype was strongly associated 

with increased serum ACE levels (157, 280, 281). These findings were in reconciliation 

with the present study. Although the I/D polymorphism is located in the intronic region of 
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the ACE gene, but it strongly affected the serum levels of ACE and inter-individual 

variation of plasma ACE activity were found up to 50% due to major gene effects (282). 

The values of ACE levels were found higher in Punjabi population as compared to 

a study conducted by Bloem et al in 1996 (283), in Indiana University, USA, who 

reported that ACE activity in whites was significantly higher (p<0.0001) in DD 

homozygotes as compared to heterozygotes and II homozygote groups while in Black 

population of U.S.A, there was no significant difference found between ACE levels 

according to genotypes. The levels reported in the said study were 19-35 U/l in whites 

and 23-27 U/l in blacks while I found quite higher values in my study, this difference in 

ACE activity might be due to racial differences or due to environmental and other 

confounding factors, but contrary to this study they reported 26% higher ACE activity in 

males than females. 

The genotype frequencies were calculated as shown in Table- 22-30. I statistically 

computed I/D gene polymorphism frequencies within each group, gender wise and 

between cases vs controls. I also analyzed my results by calculating allele frequencies. 

The data revealed in this study that II and DD genotype frequencies were 49.2% and 

18.5% in controls group and 34.4% and 24.1% in patients group, respectively. While 

Feng et al, in 2002 (248) reported 20% DD genotype in type 2 diabetic patients and 11% 

in control subjects, whereas II genotype frequency was reported 39.8% and 44.4%, 

respectively in Asian Chinese population. The data of this study population showed 

slightly higher percentages of genotype frequencies in both case and control subjects.  

On calculation of significance level (p-value) I found that II genotype was 

significantly higher (p=0.003) within control group while ID heterozygote were found 

significantly higher within patients groups. II genotypic prevalence was also higher in 
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patients group but did not reach the statistically significant level, therefore, it was 

concluded that II genotypic frequency was prevalent in our population under study.  

Comparison of genotype frequencies among patients and controls did not reveal 

significantly increased levels of any type of genotype. However, DD genotype was more 

prevalent than II genotype in patients but not up to the statistically significant levels. 

These findings are contrary to the findings reported by Hseih et al (247), and Feng et al, 

(248) who reported significantly higher p-values of DD genotype in patient groups as 

compared to control subjects. From two meta-analysis of Ng et al in 2005 (224) and Kunz 

et al in 1998 (284), it was revealed that DD genotype is more prevalent in type 2 diabetes 

mellitus patients in Asian populations mainly in China and Japan but not in Caucasians.   

On further stratification of data according to gender II genotype was found 

significantly higher within male control subjects (p=0.003) while ID genotype 

demonstrated significantly increased (p=0.017) prevalence within female patient groups. 

But when data was analyzed according to ACE gene polymorphism in patients vs control 

groups according to gender, DD genotype in male group demonstrated significantly 

higher values 26% vs 8% (p=0.017, OR=6.19, C-I=1.25-30.15) in patient and control 

groups respectively, while in female patients vs control groups no genotype was found 

significantly prevalent. Similar type of disparities according to gender in ACE I/D gene 

polymorphism were reported with hypertension in Framingham Heart study conducted on 

3095 subjects, by O'Donnell et al  in 1998 (285). They reported that DD genotype showed 

increased association with hypertension in men but not in women.  

The data was also analyzed by pooling of the ID genotype with DD and II 

genotypes respectively in the entire sample size and later on according to gender. 

Comparison of pooled genotype D-allele (DD+ID) and I-allele (II+ID) with II genotype 

and DD genotype revealed that only D-allele was found significantly prevalent and 
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associated with type 2 diabetic patients as compared to controls (p=0.039 OR=1.85, 

CI=1.04-3.27) in entire study population, this association was also present in male gender 

with a high p-value and OR (p=0.017 OR=3.26, C-I=1.27-8.85) whereas female gender 

did not show association of any genotype in patient and control groups comparison. As I 

have already described that without pooling of the ID with DD genotype, no genotypic 

association was found in control vs patient groups. Contrary to my study Tripathi et al in 

2006 (286) found that DD genotype was significantly increased as compared to II 

genotype of diabetic origin ESRD population whereas comparison of pooling of DD + ID 

(D- allele) genotype with II genotype patients vs control group showed increased D-allele 

frequency (p=0.0001, OR=5.74, CI=3.4-8.5) which were in consistency to the findings 

reported in the present study. 

In a study conducted in Taiwan by Hseih et al (247) analysis of data was 

performed by pooling of different genotypes and revealed that DD genotype was 

significantly increased (P<0.01) when compared with ID + II (I-allele) genotype in type 2 

diabetes mellitus patients and control groups. These findings were according to analysis 

of pooling of genotypes in this study population of Pakistan. Zingone et al (287) found 

that deletion polymorphism of ACE gene was associated with fasting  hyperglycemia in 

male subjects of general population while diabetes mellitus patients exhibited increased 

blood glucose levels as reported in 1998 by Huang et al (288).  

Arfa et al (289) in 2008 reported that there was no statistical difference (x
2
 = 1.42, 

p=0.49) between the genotype distribution of ACE gene polymorphism in normal non-

diabetic control subjects and non-insulin-dependent diabetes mellitus patients. These 

findings are in conciliation with the present report of this thesis. Despite the findings of  

that the D-allele of ACE gene is associated with increased ACE serum levels in diabetic 

patients as well as in controls (290), results obtained in the studied Punjabi population of 
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Pakistan did not show any association of deletion gene polymorphism of ACE gene with 

type 2 diabetes mellitus in the entire study population.  

Calculation of different allele frequencies among control and patient groups 

revealed that D-allele frequency distribution (44.8% vs 34.62%, p=0.041) was more 

frequent in diabetic patients as compared to control subjects. Feng et al in 2002 (248) 

reported 40.2% and 32.8% D-allele frequency in the case and control groups, 

respectively. Similar frequencies of D-allele (29.3%-41.6%) were reported in other Asian 

population in different studies (210, 291-293) whereas much higher values of D-allele 

(52%-57%) were found in diabetic patients in Caucasian population reported by different 

investigators (251, 294, 295). Therefore, my findings are in line with the previously 

reported allele frequencies of ACE gene polymorphism in type 2 diabetic patients from 

Asia. These findings suggested that there is an increased risk of type 2 diabetes mellitus 

for DD genotype (OR=1.53, CI=1.01-2.32) in the studied population of Pakistan. To 

avoid the confounding factors of genetic heterogeneity by admixture of population, I 

restricted my sample population to Punjabi origin otherwise spurious association due to 

admixture of population may occur (296). Stratification of allele frequency data according 

to gender, demonstrated that this increase in D-allele frequency becomes more significant 

in type 2 diabetes mellitus patients in male group (47.2% vs 24%, p=0.004, OR=2.83, 

CI=1.37-5.86) as compared to male control subjects while in female patients and control 

groups allele distribution showed no significant difference in allele frequency (p=0.795) 

which suggests that highly significant high D-allele frequency is only the gender specific 

e.g. male patients which was reflected in the entire study population. 

Findings in accordance to the present study were reported by Stephens et al in 

2005 (297) in a study conducted on 574 type 2 diabetes mellitus Caucasian men and 2413 
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non-diabetic Caucasian men. They reported increased D-allele frequency in type 2 

diabetes mellitus men (p=0.004) as compared to non-diabetic male subjects. 

ACR calculation was done in all the subjects including controls and type 2 

diabetes mellitus patients and found that only one female patient was having 

microalbuminuria in control subjects, whereas the genotypic distribution among patients 

having normoalbuminuria and controls were comparable without any significant increase 

in any genotype in controls and patient groups. A 5-7% prevalence of microalbuminuria 

has been reported in general population by European studies (298, 299) whereas 6.1% of 

men and 9.7% of women have been suffering from microalbuminuria in the  general 

population of U.S without having diabetes mellitus, hypertension and CVD (300). While 

no report from Pakistani general population about the prevalence of microalbuminuria has 

been published at least in my knowledge. Of total 195 diabetic subjects studied, 94 

(48.2%) had normoalbuminuria, 78 (40%) had microalbuminuria, whereas 23 (11.8%) 

had overt nephropathy/macroalbuminuria. In a study conducted by Unnikrishnan et al 

(206), on 1363 known diabetic patients having the disease for more than 10 years, 

reported higher value of 66.4% of normoalbuminuria and lower value 27.7% , 5.9% of 

microalbuminuria and macroalbuminuria, respectively, than this  study population.  

I also compared prevalence rates of normoalbuminuria, microalbuminuria and 

macroalbuminuria with other population based studies. It was reported by Collins et al in 

1989 (301) that extremely high (73%) nephropathy was found in Nauru, whereas an 

Egyptian study recorded 21% prevalence of albuminuria among known diabetic subjects 

(302). 

The large differences documented in the prevalence of albuminuria among 

different studies in different populations could be due to difference in study design, 

methodologies and probably ethnic and genetic variations. Referral bias could have been 
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introduced as many of the studies were clinical based. Another confounding factor was 

the use of ACE inhibitor/ARB’s due to increased awareness of the reno-protective effect 

of these drugs. 

The distribution of DD, ID and II genotypes of ACE gene polymorphism 

according to ACR did not show any significant difference among the three genotypes. 

These prevalences of DD, ID and II genotypes according to ACR were 18.09%, 44.68% 

and 37.23% among the patients having normoalbuminuria; 28.21%, 35.9% and 35.9% in 

the microalbuminuric patients and 34.78%, 47.38% and 17.39% in the 

macroalbuminuric/overt nephropathy patients, respectively.  The frequency of genotypic 

distribution, p-value, OR and C-I did not reveal any difference and association between 

ID gene polymorphism and microalbuminuria / macroalbuminuria as shown in Table-3. 

These observations are in accordance with those made by: Fradin et al (212) in French 

type 2 diabetes mellitus patients, Grzeszczak et al (86) in Poland non-insulin dependent 

diabetes mellitus  patients, Arfa et al  (289) and Baroudi et al (303) in Tunisian non-

insulin dependent diabetes mellitus  patients, Golmohamadi et al (304) in Iranian type 2 

diabetes mellitus patients, Powrie et al (305) in insulin dependent diabetes mellitus  

patients of British origin and Fujisawa et al in (291) Japanese non-insulin dependent 

diabetes mellitus  patients but these are not in conciliation with the findings made by Doi 

et al (306) in type 2 diabetes mellitus patients in Kyushu area of Japan, Movva et al (222) 

in Asian Indians having type 2 diabetes mellitus, Hseih et al (247) in Taiwani, population 

and Marre et al (307) in French insulin dependent diabetes mellitus patients. 

Ethnic differences in the frequencies of ACE gene polymorphism were reported in 

previous studies and the different reports demonstrated that inspite of the fact that 

association of the D-allele of the ACE gene with high blood ACE levels (287) and 

elevated fasting blood glucose levels (325), this study revealed that DD genotype and D-
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allele frequency is not likely to be associated with this susceptibility of microalbuminuria 

and macroalbuminuria / overt nephropathy in type 2 diabetes mellitus patients of 

Pakistani population of Punjab. Association of ACE gene I/D polymorphism with diabetic 

nephropathy among various populations demonstrated conflicting findings (308-310). 

These discrepancies and conflicting results in previously conducted studies by other 

ethnic groups might be due to several contributing and confounding factors including 

definition of albuminuria but mainly due to ethnicity. 

Schmidt et al (311) conducted a study on 455 type 2 diabetes mellitus patients and 

247 type 1 diabetes mellitus patients with disease duration of more than 10 years and 

reported that there was no association of ACE genotypes and diabetic nephropathy. They 

used the definition of diabetic nephropathy as urine albumin excretion of more than 

200µg/min. 

The data stratification according to gender revealed that the significance was 

present between the frequency of DD genotype (54.5%) in macroalbuminuric male 

patients as compared to normoalbuminuric male patients (15.15%) (p=0.02, OR=14.40) 

but no association was found in female patients among different ACE genotypes. 

Decreasing trends were noted in DD genotype in macroalbuminuric vs normoalbuminuric 

female patients (19.7% vs 16.7%) and between microalbuminuric and macroalbuminuric 

patients. The comparison between DD and II genotypes in male patients revealed the 

frequency of II genotype in macroalbuminuric patients was only one as compared to DD 

genotype which was having frequency of six patients which is due to the redistribution of 

data according to albuminuria, genotypes and gender. Therefore, the calculation of p-

value of 0.02 and OR of 14.4 with 95%C-I=1.35-152.53 was obtained. Admittedly these 

values are unable to conclude any inference before replication of the data on a larger scale 
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in male type 2 diabetic patients having albuminuria. Similar findings were reported by 

Nakajima et al in a study conducted in Japan (312).   

Calculation of D-allele frequency also showed the similar findings e.g. only male 

microalbuminuric and macroalbuminuric patients demonstrated slightly but significantly 

increased frequency of D-allele when compared with normoalbuminuric male patients 

[40.54% (normoalbuminuria) vs 46% (microalbuminuria) and 72.72% 

(macroalbuminuria), p=0.43 and p=0.13] respectively (Table 40, 40-a). The significance 

level of p-value (0.031 with OR=2.09 and C-I=1.08-4.03) in type 2 diabetic patients 

suffering from normoalbuminuria vs macroalbuminuria in this study population 

irrespective of gender stratification were due to the increased prevalence and association 

of macroalbuminuria with D-allele in male patients whereas female groups of diabetic 

patients having albuminuria did not show any association with genotype and allele 

frequency (Table 39-a). 

From the data presented in Table-33-41-a I concluded that no significant 

association was found among the genotypic distribution of ACE gene I/D polymorphism 

and D-allele frequencies with microalbuminuria or macroalbuminuria/overt nephropathy 

in female Punjabi non-insulin dependent diabetes mellitus patients of Pakistan. These 

gender base disparities in my study population may be due to small percentages of male 

patients as I have already described that in overall type 2 diabetic patients, 62.56% 

recruited population comprised of female patients. So, there may be a statistical bias 

contributing to the increased association of DD genotype and D- allele frequency with 

albuminuria. The second more common reason of this gender related disparity may be 

due to the facts that gonadal steroids (female sex hormones), pregnancy and menopause 

assumed to have some impact on serum ACE activity (313-315).  



146 

 
 

Doi et al (306) assumed that patients having DD genotype were more susceptible 

to the development of microalbuminuria, but on computing x
2
 value of data provided by 

Doi et al in their study revealed that if I add one microalbuminuric patient from DD 

genotype to ID genotype, the preexisting significance of statistics disappears. Almost 

similar findings were found in my data, on computing significance values of DD 

genotype in type 2 diabetes mellitus male patients, if I add one patient from ID genotype 

to DD genotype of macroalbuminuric patients, the p–value arose to 0.08. In the previous 

studies mistyping of ID genotype as DD might be one of the reasons for these conflicting 

results, despite ethnic variations but I tried to minimize the mistyping by using D-allele 

specific flanking primers on all the ID genotypes. 

The D-allele frequency was also higher in male patients of microalbuminuria and 

macroalbuminuria as compared to normoalbuminuria but these trends were not observed 

in female patients. There was also a difference of only one patient between 

microalbuminuria and macroalbuminuria male patients in D-allele frequency 

computation, which made the results significantly high. This discordance may be due to 

gender difference or statistical error because of small number of patients was observed on 

stratification of data in to normoalbuminuria, microalbuminuria and macroalbuminuria. In 

most of the previous studies (291, 305-307, 311, 316) no analysis regarding impact of 

gender on ACE I/D gene polymorphism and D-allele frequency had been made with the 

development of nephropathy. But the gender based association of ACE gene 

polymorphism with left ventricular hypertrophy was reported by Schunkert et al (317) 

and its association with myocardial infarction was reported by Tarnow et al (316).  

Recent evidence suggested that men with non-diabetic kidney disease suffered 

more rapid decline in renal function as compared to women (318-320).  But Seliger et  al 

(318) documented in detail the progression of diabetic nephropathy in male gender is 
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more controversial and obscure. Potential mechanism involved in the rapid progression of 

diabetic nephropathy might be due to the involvement of estrogen, androgens, in addition 

to the derangements of RAS components and increased expression of TGF-β (319, 320).   

These discrepancies in previous studies may be due to several factors including 

ethnicity. The variation between the studies may be due to the two other potential reasons 

e.g. definition of diabetic nephropathy and criteria for inclusion/exclusion of the 

diabetic/non-diabetic control groups without renal complications. Hypertension, 

congestive cardiac failure, UTI and use of nephrotoxic drugs are other reasons, which 

may present as causes of albuminuria. Insufficient duration of diabetes may also be 

classified as diabetic control, without renal complications in some studies. I tried to 

exclude these biases by detailed history examination and clinical investigation e.g. 

exclusion of cardiovascular events, UTI etc for all the patients. Secondly, I included only 

diabetic patients having disease more than at least 10 years and controls from normal 

population.  

In multi logistic regression analysis, I included DD genotype as reference 

genotype in independent variables whereas macroalbuminuria was considered as 

dependent variable. The DD genotype demonstrated independent association with 

macroalbuminuria as compared to II genotype having p-value of 0.046, OR of 4.41 and 

95% C-I of 1.024-19.01. These findings are in accordance to the findings reported by 

Nikzamir et al in 2009 (321) in a study conducted in Iran but with higher P-value of 0.002 

and OR of 9.55. From their study, it revealed that DD genotype had about 10 times more 

chances of developing macroalbuminuria. HbA1C was found independent to correlate 

microalbuminuria and macroalbuminuria versus normoalbuminuria as well as in 

microalbuminuria versus macroalbuminuria in my study. Similar findings were reported 

by Unnikrishnan et al (206) but they also demonstrated systolic blood pressure in addition 
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to HbA1C as independent correlate with microalbuminuria which was contrary to the 

findings reported in the present study.    

This is the first study at least in my knowledge conducted in Pakistani population 

of Punjab. These preliminary findings, regarding the role of D-allele in prevalence of 

macroalbuminuria in male patients and correlation of therapeutic efficiencies of ACE 

inhibitors/ARBs on the treatment of nephropathy in relation to genotype remains to be 

evaluated in future studies on a large scale in the same ethnic areas. I tried to minimize 

the following confounding factors and bias in my study but need further elucidation. 

 

 

CONFOUNDING FACTORS 

1. SOCIOECONOMIC STATUS 

 Recent reports indicated that socioeconomic status is inversely associated with both 

exposure and outcome of metabolic conditions i.e. obesity, diabetes mellitus and diabetic 

nephropathy (322), therefore, it may become strong confounding factor for association 

between diabetic nephropathy and metabolic abnormalities. As socioeconomic status is 

not well defined in this study, therefore, it becomes one of the limitations. Defining of 

social disparity especially in developing countries and its impact is still a challenging task 

(323). Investigators defined methods to answer the magnitude of social disparity but the 

best practice to measure the socioeconomic status of an epidemiological population still 

requires further explanation and elucidation (324). I tried to minimize this confounding 

factor by including general population as control group from the comparable 

socioeconomic class of sample population.  
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2. GENE – ENVIRONMENTAL INTERACTIONS 

  Despite the fact that hemodynamic and metabolic alterations are responsible for 

the pathogenesis of diabetic nephropathy, numerous environmental factors are also 

believed to contribute to the causation of diabetic nephropathy. These environmental 

factors may be dietary/nutritional e.g. high carbohydrate and fat loaded diet intake (325-

327) occupational exposure e.g. low physical activity, exposure to nephrotoxins, life style 

factors e.g. smoking and alcohol intake and as I have already described in detailed 

socioeconomic factors. The investigation of multigenic disease like diabetes mellitus and 

its consequent nephropathy is less likely to give conclusive information without careful 

considerations of environmental factors as described earlier. This is one of the limitations 

of this study that I am unable to consider precisely, the interactions of environmental 

factors in the causation of diabetic nephropathy. However, in most of the case control 

studies genotyping is precisely done whereas phenotyping and environmental risk 

confounding factors are measured imprecisely as it is quite troublesome to measure the 

exact exposure of environmental risk factors and its association with the gene and its 

related disease (328). A sheer number of genes and their environmental interactions 

cannot be practically detectable in a comprehensive research. 

 

  Taken together, careful selection of genotypic marker, precise quantification of 

environmental risk factors and accurately defined phenotype may offer the best hope of 

improvement in genetic and environmental contributions towards analysis of complex 

diseases (329).  
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BIAS                                     

Any systematic error resulting in invalid estimation of association between risk of the 

disease and its exposing factor is called bias. In the present study following two types of 

biases were considered.   

1. SELECTION BIAS 

 Participants of this study were selected according to the inclusion criteria described 

in the materials and methods section and there may be chances for the arising of selection 

bias inadvertently. For example all the patients attending the diabetes management center 

of Services Hospital Lahore Pakistan should be ambulatory to participate in the study and 

are relatively less effected by complications of diabetes because patients with 

microvascular complications like amputation due to diabetic ulcers/necrosis are referred 

to surgical units and are less likely to attend diabetic center, similarly patients with overt 

nephropathy or more precisely proteinuria and advance retinopathy are referred to 

nephrology and ophthalmology departments respectively, may also default more likely. 

Therefore, participants of this study might be healthier than the patients who could not 

participate or defaulted.  

  The most difficult and obvious selection bias which cannot be addressed in almost 

any study related to diabetic patients (and its complications) is related to the fact that 

these types of patients were using different types of multiple therapeutic agents for a 

different duration which cannot be discontinued for the participation in this study. On the 

other hand, controlled population was practically free from using any therapeutic agent. 

Ideal situation is to the recruitment of drug naive subjects, which is almost impossible to 

find because patients with microalbuminuria and macroalbuminuria/overt nephropathy 

included in these types of studies having usually long standing diabetes during which 
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multiple types of therapeutic drugs/agents were used and very little is known whether or 

not these therapeutic agents influence the genotypic variations. 

 

2. STATISTICAL AND INFORMATION BIAS  

One important bias, which was not addressed properly in this study was due to limited 

size of samples, which resulted in low study statistical power.  

 Depending upon the lab procedures genotyping errors are sufficiently common in 

these types of epidemiological studies which causes invitation of extensive reviews (330). 

To safe guard the laboratory bias, I randomly allocated the cases and controls in a single 

96 wells plate instead of running the samples in different plates for controls and patients.  
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