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ABSTRACT

Diabetes is a globally leading metabolic disorder and diabetic nephropathy (DN) is most serious long term complication associated with it. 
It accounts for approximately 30% to 40% Chronic Kidney Disease (CKD) and up to 45% of end-stage renal diseases. Diabetes mellitus 
(DM) starts from autoimmune destruction of the β-cells of the pancreas with consequent insulin deficiency/ abnormalities that result in 
resistance to insulin action; it leads to hyperglycemia. In a diabetic population an increase in highly reactive free radicals inside blood cells 
and body that alters blood cell membrane properties which causes blood cell aggregation and increased blood viscosity leads to in impaired 
blood flow. Glycated hemoglobin (hemoglobin A1c, HbA1c, A1C) is a form of hemoglobin that is covalently bound to glucose. Therefore, 
increases in glycated hemoglobin used as prognostic marker for DM. Due to hyperglycemia the upper and lower urinary tract enriches the 
soil for various microorganisms. In DN observed the increase in protein excretion in urine which leads to thickening of glomerular and 
tubular basal membranes, with progressive mesangial expansion (diffuse or nodular) leading to progressive reduction of glomerular filtration 
surface. Specifically, glomerulus shown the more alterations. Microscopically; mainly found thickening of glomerular basement membrane/ 
degeneration, mononuclear cell infiltration, glomerular sclerosis is caused by intraglomerular hypertension and septicemic cases suppurtive 
nephritis. This review will shed light on the pathophysiology and role of glycated hemoglobin in DN due to proteinuria and histopathological 
changes. Subsequent pathological alterations and accumulation in the renal tissue shown by special staining PAS and Massons trichrome 
staining.
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INTRODUCTION

DIABETES MELLITUS

Diabetes is leading metabolic disorder found in all communities with 
irrespective of race, age and sex. Diabetes mellitus (DM) is a group 
of metabolic diseases characterized by hyperglycemia resulting from 
defect in insulin secretion/ insulin action or both (Landon et.al.2009) 
leads to a high morbidity and mortality worldwide & heavy economic 
loss and becomes burden to the family (Metzger et. al. 2010). 
Morbidity and mortality of DM due to the micro and macro vascular 

complications (Andrassy et. al. 2013). Pancreatic disorder leads to 
many complications including nephropathy, retinopathy, neuropathy, 
cardiovascular problem, gangrene and more than that. The prevalence 
of diabetes is increasing in developing countries like India. Currently, 
India is the world leader with the largest proportion of diabetic patients 
and is distinguished as the “diabetes capital of the world”. India had 
an estimated 31,705,000 diabetics in the millennium year which 
is estimated to grow by over 100% to 79,441,000 by 2030 (Zhang 
et.al.2010). India is facing a major health care burden due to the high 
prevalence of type 2 diabetes and there are indications that it would 
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increase further in the next few decades.  Diabetes mellitus (types 1 
and 2), is the foremost cause of incident and invite the chronic kidney 
disease (CKD). CKD accounts of approximately 30% to 40% and up to 
45% of end-stage renal diseases (Whaley-Connell et.al. 2009).

Several pathogenic mechanisms are involved in the development of 
hyperglycemia/ diabetes. These range from autoimmune destruction 
of the β-cells of the pancreas with consequent insulin deficiency to 
abnormalities that result in resistance to insulin action (Li et. al. 2010). 
The deficiency or resistance of insulin on target tissues leads to the 
abnormalities in carbohydrate, fat, and protein metabolism (Xu et. al. 
2008). Deficient insulin action results from inadequate insulin secretion 
and/or diminished tissue responses to insulin at one or more points 
in the complex pathways of hormone action. Impairment of insulin 
secretion and defects in insulin action frequently coexist in the same 
patient, and due to the unknown cause. Clinical symptoms of marked 
hyperglycemia include polyuria, polydipsia, weight loss, sometimes 
with polyphagia, and in chronic affected population showed gangrene 
and blurred vision (Ntemka et. al. 2011). Life-threatening consequences 
of uncontrolled hyperglycemia with ketoacidosis or the nonketotic 
hyperosmolar syndrome but it’s not common in the society. Long-term 
complications of diabetes include DN, gangrene and retinopathy with 
potential loss of vision. Nephropathy leads to renal failure, peripheral 
neuropathy causes numbness and with risk of foot ulcers, amputations, 
and charcot joints. Autonomic neuropathy causes gastrointestinal, 
genitourinary, and cardiovascular symptoms and sexual dysfunction. 
Patients with diabetes have an increased incidence of atherosclerotic 
cardiovascular issues, peripheral arterial, and cerebrovascular disease. 
Hypertension and abnormalities of lipoprotein metabolism are often 
found in people with diabetes.

DIABETIC NEPHROPATHY

Hyperglycemia alters the redox equilibrium produces oxidative stress 
and elevation of reactive oxygen species (ROS) or inadequate antioxi-
dant defense. Results in the molecular and structural damages at DNA, 
RNA, lipids, and proteins and develops the glomerular and tubular hy-
pertrophy. The thickening of glomerular and tubular membranes ulti-
mately leads to the cellular apoptosis or necrotic cell death. Ultimately 
leads to glomerular dysfunction characterized by albuminuria, protein-
uria, glomerulosclerosis, and tubule-interstitial fibrosis.

Diabetic nephropathy (DN) refers to a characteristics of structural and 
functional abnormalities in the kidney. The structural abnormality in-
cludes hypertrophy, increase in glomerular basement membrane thick-
ness, nodular and diffuse glomerulosclerosis, tubular atrophy, and inter-
stitial fibrosis accumulation of extracellular matrix in these membranes 
leads to tubule-interstitial fibrosis, glomerular fibrosis and sclerosis. 
(American Diabetes Association Diagnosis and classification of diabe-
tes mellitus, 2010). The secondary complications associated with the 
diabetes mellitus have raised and boosted the number of deaths in the 
last few years. Diabetic nephropathy occurs in patients having chronic 
hyperglycemia continuously from a longer duration of time. Specific 
pathological structural and functional changes seen in the kidneys of 
patients with chronic diabetes mellitus (Kim et. al. 2008).  

Diabetes mellitus
Advanced glycation end products, increase in hemodynamic and 

growth factors etc.
 

Glycated hemoglobin causes an increase of highly reactive free rad-
icals inside blood cells and free radicals alters the blood cell mem-

brane properties

Aggregation of blood cells

Glomerular hyper filtration, Altered glomerular composition, Glomer-
ular hypertension.

Deposition of extracellular matrix, Albuminuria, 

Thickening of glomerular basement membrane, Renal hypertrophy,

Glomerulosclerosis, Interstitial fibrosis

End stage Kidney disease

The flow chart of progression of DN

Type 1 diabetes 

Type 1 Diabetes, once known as juvenile diabetes or insulin dependent 
diabetes, is a chronic condition in which pancreas produces little or 
no insulin. Different factors contribute in pathogenesis of the type 1 
diabetes including genetics and some viruses (Jacobsen et. al. 2006). It 
commonly appears during childhood or adolescence (Ruggenenti et.al 
2008). Treatment of type 1 diabetes focuses on managing blood sugar 
levels with insulin, diet and lifestyle (Fig. 1) to prevent complications 
(Rossing et. al. 2007). Signs and symptoms of type1 diabetes can are 
increased thirst, frequent urination, extreme hunger, unintended weight 
loss, fatigue, weakness and blurred vision. Type 2 Diabetes is a long 
term metabolic disorder characterized by high blood sugar, insulin 
resistance and relative lack of insulin (Sato et. al. 2007). It commonly 
occurs due to obesity and lack of exercise (Brenner et.al. 2008) and 
found about 90% of cases of Diabetes cases (Gaede et.al. 2008).

NATIONAL AND INTERNATIONAL STATUS OF DIABETIC 
NEPHROPATHY

The prevalence of diabetes has extended epidemic magnitudes and 
is expected to affect more than 350 million people by the year 2035 
globally (i.e. estimated to affect more than 8% of the global population) 
(Ramachandran et. al. 2010). Diabetic kidney disease (DKD) is a 
major complication that takes place in 20% to 40% of all diabetics. 
The incidence of end stage renal disorder is increasing year by year 
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(de Boer et.al. 2011). In the United States, the prevalence of diabetes 
among adults increased from 9.8% in the 1988–1994 to 12.3% in 
the 2011–2012-time period. In the year 2015 approximately 415 
million people were estimated to have diabetes and by the year 2040, 
prevalence is projected to increase to 642 million, globally (WHO, 
2014). Diabetic kidney disease is more frequent in African Americans, 
Asian-Americans, and Native Americans. The prevalence of diabetes 
especially type 2 is greater in certain races and ethnic groups. Affecting 
approximately 13% of African Americans, 9.5% of Hispanics, and 
15% of Native Americans. In type 1 DM, nearly 20% to 30% morbid 
population leads to evident nephropathy and patients progress to ESKD 
(End Stage Kidney Disease). Arabic countries - Kuwait, Lebanon, 
Qatar, Saudi Arabia, Bahrain, and United Arab Emirates (UAE), 
are among the world’s leaders in prevalence of type 2 diabetes. An 
increase in ESKD secondary to type 2 DM has been noted in countries 
known to have low incidences of type 2 DM, such as Denmark and 
Australia. Furthermore, the prevalence of any type of CKD and its rate 
of progression, especially DKD, is significantly higher in citizens of 
Asian origin, as observed both in the United Kingdom and in Canada 
presumably the result of different genetics and/or lifestyle and lack of 
awareness of kidney complications of diabetes.

In the national point of view; the number of people with diabetes in 
India increased from 26.0 million in 1990 to 65.0 million in 2016. 
Facing a major health care burden due to the high prevalence of type 2 
diabetes and it may increase further in the next few decades (McCarty 
et. al. 2004). None the less attention towards diabetic nephropathy is 
not directed until the patient has progressed towards the stage of renal 
failure (Kaveeshwar et. al. 2014).  The elderly diabetic population, 
DN accounts for 46% (Prakash et. al. 2006). The prevalence of DN 
and microalbuminuria was 2.2% and 26.9%, respectively, in the urban 
citizens of the chennai (Unnikrishnan et. al. 2007).

NATURAL HISTORY OF NEPHROPATHY

In the early 1980’s independent investigators reported that there is a 
“preclinical” stage of

diabetic nephropathy; characterized by urinary albumin excretion. 
Normal individuals do not excrete more than 10-15 mg/day of albumin. 
However, routine laboratory tests do not detect these small amounts of 
albuminuria unless it is in excess of 300 mg/day (Greka et. al. 2012). 
This range (30-300 mg/day or 20-200 of gram/min) has been referred 
to as microalbuminuria and is the first laboratory evidence of diabetic 
renal disease (Greka et. al. 2012). Fortunately, microalbuminuria can 
be detected using more sophisticated techniques (Radioimmunoassay, 
Enzyme linked immunosorbent assay) and a highly accurate screening 
urine test for microalbuminuria now exists. Initial retrospective studies 
reported that approximately 80% of patients with type 1 diabetes would 
progress from microalbuminuria to overt albuminuria over 6 to 14 
years.  More importantly, tight glycemic control with insulin during the 
microalbuminuria stage has been shown to prevent the development of 
overt diabetic nephropathy.

The progression of nephropathy in type 1 diabetes has classically 
been described as a series of stages in a relentlessly deteriorating 
course from normal renal function to end stage renal disease marked 

by increasing amounts of albuminuria. At the time of initial diagnosis 
there are no significant renal abnormalities, and renal plasma flow 
(RPF) and glomerular filtration rate (GFR) are elevated. Within 3 
years, histologic changes (increased mesangial matrix material and 
glomerular basement membrane thickening) of diabetic nephropathy 
are evident but GFR and RPF remain elevated (Caramoriet.al.2006). 
Over the subsequent 10-15 years there is progressive histologic damage 
but renal hyper filtration persists, approximately 15 years after the 
diagnosis of diabetes, albuminuria (> 300 mg/day; overt albuminuria, 
microalbuminuria) is detected and the elevated rates of RPF and GFR 
have returned to normal. This is an ominous sign and heralds the 
onset of progressive renal insufficiency. At this stage no intervention 
has been shown to slow the rate of decline of GFR. Within 5 years 
of the onset of albuminuria approximately half of the individuals will 
have experienced a 50% reduction in the GFR and a doubling of their 
serum creatinine (Vasylyeva et.al.2007). Within a mean of 3 to 4 years, 
half of these patients will have progressed to End Stage Renal Disease 
(ESRD) (Gariani et. al. 2012). At or just before the time of onset of 
over albuminuria, most patients will develop hypertension and the 
increase in blood pressure markedly accelerates the progression of renal 
disease (Giaccoet.al.2010). Effective treatment of the hypertension 
has been documented to slow, although not prevent, the progression 
to ESRD. Once clinically significant albuminuria (> 300 mg/day) has 
developed, tight glycemic control cannot prevent the development of 
renal insufficiency. It has been appreciated for more than a decade that 
microalbuminuria predicts risk for progression to overt albuminuria 
in both type 1and 2 diabetes (Parchwaniet.al.2012). It is an early 
warning system to alert clinicians to intervene at a time when future 
renal damage is still preventable. In type 2 diabetes, some might argue 
that the predictive value of microalbuminuria is less but most agree 
that it still indicates a need for appropriate evaluation and treatment. 
Further, a number of studies have shown that once proteinuria occurs, 
the decline in renal function continues at the same rate regardless of the 
type of diabetes and hence microalbuminuria is regarded as marker of 
progression of diabeticnephropathy (Su et.al.2010).

Hyperglycemia is well known risk factor for Diabetic Kidney Disease 
(DKD) and it recognized that intensive glucose control reduces the risk 
of DKD. Other hyperglycemia-dependent metabolic abnormalities that 
may also play a role in the development of nephropathy includes AGEs 
and polyols. AGEs are the result of nonenzymatic covalent attachment 
of glucose to proteins which not only changes the tertiary structure 
of proteins but also results in intra and intermolecular crosslinking. 
Proteins of many types are affected by this process, and levels of 
circulating and tissue. Hypertension is probably both a cause and an 
effect of diabetic nephropathy. In the glomerulus, an early effect of 
systemic hypertension is dilatation of the afferent arteriole, contributing 
to intraglomerular hypertension, hyper filtration, and hemodynamically 
mediated damage. ACE inhibitors specifically decrease the efferent 
arteriolar pressure, thereby decreasing intraglomerular pressure and 
helping to protect the glomerulus from further damage, as seen in their 
beneficial effect on microalbuminuria.

Complications

Complications of diabetic nephropathy may develop gradually over 
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period of time including fluid retention, which could lead to swelling in 
legs and arms, high blood pressure, pulmonary edema, hyperkalemia, 
heart and blood vessels disease leads to stroke. Damages to the blood 
vessels of the retina and leads diabetic retinopathy, foot sores, erectile 
dysfunction, diarrhea and neuropathy. Irreversible damage to kidneys 
eventually leads to end-stage kidney disease.

The pathophysiology of DN

Diabetic Nephropathy (DN) usually observed 15 to 25 years after the 
onset of type 1 and 2 diabetes (Heshmatollah and Isa 2013) and 3.5 
to 4 months of hyperglycemic condition in experimental animals. DN 
is a clinical syndrome characterized by the consistent albuminuria 
that should be confirmed on at least two occasions separated by 3-6 
months, by continuous decline in the glomerular filtration rate (GFR), 
and by increased arterial blood pressure (Di Landroet.al. 2010). A 
clinically asymptomatic point of failure follows with development of 
microalbuminuria (30 mg albumin per day) to microalbuminuria (>300 
mg albumin per day). Once microalbuminuria has established, renal 
function falls at a significant but at alterable rate (decline in GFR of 
220 ml/min/ year) (Wanner et.al. 2016). The rate of decline depends 
on type of diabetes, genetic predisposition, glycemic control and, very 
significantly, blood pressure. The characteristic occurrence is thickening 
of the glomerular basement membrane(GBM) and renal damage 
(Kitadaet.al2014). After renal damage, the thickening of the basement 
membrane starts, which leads to pathologic modifications in mesangial 
and vascular cells. It includes formation of AGEs, accumulation of 
polyols, and activation of protein kinase C. It leads to activation of 
the inflammatory pathway playing a significant role in the damage 
of Glomerular Basement Membrane (Cooper et.al.2008). Secondly, 
the renal hemodynamic anomaly is similar in both types of diabetes. 
An initial physiologic abnormality is glomerular hyper-filtration 
related to intra-glomerular hypertension (Remuzziet.al.2010). This is 
complemented by the onset of microalbuminuria. Microalbuminuria 
is considered the first sign indicating the onset of DN (Parving et.al. 
2010).

Hyperglycemia leads to thickening of GBM and Glomerular hyper-
filtration. Which leads to impaired endothelial integrity and onset of 
microalbuminuria and impairment of nitric oxide synthesis. Impairment 
of nitric oxide transport causes loss of afferent/efferent auto-regulatory 
control.

Sustained hyperglycemia in diabetes in creases free fatty acid (FFA) 
synthesis and triglyceride (TG) accumulation in adipose tissue 
(Eidet.al.2016). Further elevation of serum TGs, FFAs, and modified 
cholesterol levels causes ectopic accumulation of lipids in the parenchy-
mal organs including the pancreas, liver, heart, and kidneys (Rudberget.
al.2011). This process of lipotoxicity serves as an aggra vating factor 
in the pathogenesis of DN in association with glomerulosclerosis and 
tubule-interstitial injury (Cherneyet.al.2012). This lipid byproduct 
accumulation in DN may arise from altered lipid metabolism resulting 
from a mismatch between lipid uptake and disposal, featuring enhanced 
lipid uptake and reduced peroxidation, catab olism, and efflux of 
residues in the kidney.

Stage 1 Glomerular hypertension and hyper filtration, Raised 
GFR ,Raised creatinine level

Stage 2 Silent Phase (Structural changes on biopsy but no clinical 
manifestations), Normoalbuminuria.

Stage 3 Microalbuminuria, Normal serum creatinine, There may 
be increased blood pressure

Stage 4 Macroalbuminuria, Hypertension, Increase in the pro-
gression of nephropathy

Stage 5 End stage renal failure

Development of renal changes in diabetes is recognizable 

Stage 1: Early hypertrophy and hyper function

Stage 2: Glomerular lesion without clinical disease

Stage 3: Incipient diabetic nephropathy/ microalbuminuria stage: urine 
albumin excretion 30-300mg/day

Stage 4: Overt diabetic nephropathy/microalbuminuria stage: urine 
albumin excretion > 300 mg/day

Stage 5: End-stage renal disease

The major histological changes (Jenkins et.al.2010). 

(1) Mesangial expansion is directly induced by hyperglycemia, 
perhaps viaincreased matrix production or glycosylation of matrix 
proteins. Tubular hypertrophy/ degeneration (Fig. 1) thickening of 
the tubular basement membrane and interstitial inflammation (Fig. 2) 
with mononuclear cell infiltration early histological alterations in the 
diabetic kidney.

Figure 1. Risk Factors: Depicting different mechanisms and risk factors 
for Diabetic Nephropathy

Figure 2: Kidney- Glomerular - tubular degeneration (red arrow)- 
basement membrane thickening (green arrow)- and interstitial 
inflammation (black arrow) - H & E staining 10X
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(2) Glomerular basement membrane thickening occurs, cell shape and 
function, cell vacuolization of tubules. Progress of tubulointerstitial 
abnormalities leads to tubulointerstitial fibrosis and tubular atrophy. 
Eosinophilic deposition (Fig. 3) is an early sign of the renal fibrosis 
due to glycation of extra cellular matrix (ECM) and the loosening of the 
balance of ECM protein synthesis and degradation.

Figure 3: Kidney- Increase in Bowman’s space (red arrow) - tubular 
degeneration - and interstitial inflammation (black arrow)- Eosinophilic 
accumlation - H & E staining.

(3) Glomerular sclerosis is caused by intraglomerular hypertension and 
in upper urinary tract infection cases suppuration and necrosis (Fig. 4) 
and septicemia.

Figure 4: Kidney- Medullary area-tubular degeneration (red arrow) 
- and interstitial inflammation black arrow) - Eosinophilic deposition 
(green arrow) -H & E staining.

These different histologic patterns appear to have similar prognostic 
significance.

Special staining - Massons Trichrome staining

Masson’s trichrome is a three-colour staining protocol used 
in histopathology for checking the status of chronic alteration in the tissue.
It’s used for distinguishing thecells from the surrounding connective 
tissue.The bluish green staining indicates interstitial sclerosis/ fibrosis/ 
collagen formation in the glomeruli or interstitial parenchyma (Fig. 5).

Figure 5: Kidney- Medullary area - suppurative nephritis (red arrow) - 
and interstitial inflammation (black arrow) - H & E staining 10X

PAS Staining

The accumulation of glycogen in minute glomerular capillaries leads 
thickening of mesangial layer of bowman’s capsule and also takes dark 
pink coloration in the glomeruli which leads to hindrance in glomerular 
filtration and its function (Fig. 6) (Alsaad and Herzenberg 2007).

Figure 6: Kidney- Cortical area- glomeruli- mild bluish-green 
coloration showed chronic changes with collagen formation& interstitial 
fibrosis (black arrow) - tubular degeneration (red arrow) - Eosinophilic 
deposition (green arrow)– Massons trichrome staining 10X.

Hemodynamic abnormalities

There is a wealth of evidence from experimental diabetic models that 
intraglomerular pressure is raised, due to relative constriction of the 
efferent glomerular arteriole. The increased pressure is thought to 
precipitate glomerular damage directly by pressure effects and indirectly 
by increasing proteinuria (Li et al 2004).

https://www.ncbi.nlm.nih.gov/pubmed/?term=Alsaad KO%5BAuthor%5D&cauthor=true&cauthor_uid=17213346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Herzenberg AM%5BAuthor%5D&cauthor=true&cauthor_uid=17213346
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Figure 7: Kidney- Cortical area- glomeruli-dark pink coloration - 
showed accumulation of glycogen at central matrix accumulation, and 
the restriction of the surrounding glomerular capillaries – multifocal 
pink deposition in parenchyma– PAS staining 10X.

Genetic influences

The fact that only a subset of people with diabetes develop nephropathy 
has long been interpreted as evidence that there is a genetic susceptibility 
to the development of nephropathy (Ryuet.al.2013).  Many studies 
have demonstrated an excess of hypertension, dyslipidemias, insulin 
resistance, and premature cardiovascular disease in individuals with 
diabetic nephropathy compared with diabetic individuals with normal 
albumin excretion. (Zanchi et.al.2013). Family studies have also 
demonstrated an excess of these features in first degree relatives of 
diabetic nephropathy patients compared with first degree relatives of 
patients with diabetes but no nephropathy (Zoja et. al.2014).

Thus it may be that the genetic factor in the development of nephropathy 
also influences the susceptibility to cardiovascular risk factors and 
premature cardiovascular disease.

Role of Glycated Hemoglobin in Diabetic Nephropathy

Glycated hemoglobin (hemoglobin A1c, HbA1c, A1C, or less 
commonly HgbA1c, hemoglobin A1c, HbA1c, Hb1c, etc.) is a form 
of hemoglobin that is covalently bound to glucose (Shimazaki .et.
al 2007). It is formed in a non-enzymatic glycation pathway by 
hemoglobin’s exposure to plasma glucose. Glycated hemoglobin 
causes an increase of highly reactive free radicals inside blood cells 
and alters the blood cell membrane properties. This leads to blood cell 
aggregation and increased blood viscosity which results in impaired 
blood flow (Selvin et.al.2010). The lifespan of a red blood cell is four 
months (120 days) due to this reason the test is limited to a three-month 
average (Pradhan et.al.2007). However, since red blood cells do not all 
undergo lysis at the same time, HbA1C is taken as a limited measure 
of three months. HbA1c is a measure of the β-N-1-deoxy fructose 
component of hemoglobin. Diabetes mellitus (DM) is the leading 
cause of chronic kidney disease (CKD) worldwide, accounting for end-
stage renal disease (ESRD) (Kumar et.al.2014). Measuring glycated 
hemoglobin (HbA1c) has been suggested as a means of assessing 

glycemic control in patients with diabetes. HbA1c is the gold standard 
to measure severity and level of control of diabetes mellitus (Raman 
et.al.2016). Glycated compounds are formed when glucose reacts 
with primary amines of proteins non-enzymatically. Hyperglycemia 
exerts harmful effects on kidney functioning by directly changing the 
signaling pathways of cells.

Kidney infections in Diabetes mellitus

Urinary tract infection (UTI) is the most common infection in subjects 
having chronic diabetes. Certain renal tract infections includecystitis, 
candidiasis. These together with the renal papillary necrosis forms the 
basis for the UTI. Diabetic patients have been found to have more folds 
of frequency of having UTI. These infections lead to severe kidney 
damage and cause renal failure (Raptiset.al.2001). Gram negative 
bacillus are the most common organisms to cause UTI in diabetic 
patients. E. coli causes maximum UTI in Diabetic patients (Pickup 
et.al.1997).

PRIMARY PREVENTION AND TREATMENT FOR DIABETIC 
NEPHROPATHY 

Blood glucose control

The ultimate aim is to prevent the development of diabetic nephropathy. 
Both the Diabetes Control and Complications Trial (DCCT) in type 1 
diabetes and the UKPDS (United Kingdom Prospective Diabetes Study) 
in type 2 diabetes demonstrated that in individuals with normal albumin 
excretion at outset, the lower the blood glucose level long term, the 
lower the risk of developing microalbuminuria (Mosenzonet.al.2017). 
In neither study was a threshold of glycated hemoglobin (HbA1c) 
demonstrated, below which further reduction in risk was not gained. 
Thus for prevention of nephropathy, the lowest possible HbA1c for the 
individual patient is the target (Cristobal-Garcia et.al.2015). Several 
studies in type 1 diabetes suggest that the effect of tight blood glucose 
control in delaying the onset of nephropathy may persist for longer than 
the actual period of tight control.

Blood pressure control

Good control of systemic blood pressure also reduces the risk of 
nephropathy. In the UKPDS (United Kingdom Prospective Diabetes 
Study), the lower the blood pressure, the lower the risk of developing 
microalbuminuria (Kanasakiet.al. 2017). Again, there was no threshold 
blood pressure below which further reduction did not result in further 
lowering of risk. However, an upper limit of acceptable blood pressure 
has generally been agreed at 140/80 mm Hg. There is no great evidence 
to support the use of one particular class of anti-hypertensive agent over 
another in the primary prevention of nephropathy, the most important 
point is to lower the blood pressure.

Treatment targets

In type 1 diabetes, target blood pressure,120/70 mm Hg are 
recommended, with130/75 mm Hg in type 2 diabetes (Bjornstadet.
al.2015). However, in the belief that the passage of protein through 
the glomerulus accelerates damage, some authorities advocate adding 
additional antihypertensive therapy regardless of blood pressure, 
aiming to reduce albuminuria into the normal range.
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Hypolipidemic treatment

Treatment of all DN patients with statins is recommended. Statins 
decrease the risk of atherosclerotic cardiovascular disease in CKD 
patients. However, they have a minimal effect on CKD progression 
(Tomaschitzet.al.2010).

Diet control

Dietary salt restriction to less than 5–6 g (100 m mol)/day significantly 
reduces BP in T1DM and T2DM. It seems that salt restriction should be 
advised very early in the course of diabetes mellitus (Zanchiet.al.2013).

Quitting smoking

Smoking is one of the important factors responsible for DN progression. 
Cigarette smoking can damage your kidneys and make existing kidney 
damage worse. 

Maintain a healthy weight

 Maintenance of a healthy weight, and to maintain it by being physically 
active most days of the week.  Talk with your doctor about strategies for 
the weight loss. Often this involves increasing daily physical activity 
and reducing calories each and every day.

Table: 1: Commonly used therapies for management of hyperglycemia

Medicine Uses Side effects Mechanism
Metformin Improves insulin sensitivity Long term use impairs vitamin B12 absorption It acts through AMPK pathway

DPP-4 inhibitors Increase insulin release Caution in patients with heart failure It prolongs incretin activity

Thiazolidinediones Increase insulin sensitivity It worsens condition of heart patients It decreases gluconeogenesis

Novel therapies (Table: 1)

• DPP 4 inhibitors- Sitagliptin, Saxagliptin,Vildagliptin, 
Linagliptin.

• SGLT 2inhibitors (Sodium Glucose Co Transporter 2 
Inhibitors)- Dapagliflozin, Empagliflozin.

• Selective endothelin receptor antagonists

In the last few years there has been an exponential growth in the field of 
herbal medicine. These drugs are gaining popularity both in developing 
and developed countries because of their natural origin and less side 
effects. Medicinal antidiabetic plants with proven and related beneficial 
effects and of herbal drugs includes, 

Allium sativum, Eugenia jambolana, Momordicacharantia, 
Ocimumsanctum, Phyllanthusamarus, Pterocarpus 
marsupium, Allium cepa, 
inosporacordifolia, Trigonellafoenumgraecum and Withaniasomnifera 
and various others (Goh et al 2008).
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Conclusion

This review will shed light on the recurrence rate of diabetes and 
its complication. Diabetes and its complication rate increasing and 
awareness shold be there in all affected population. Pathophysiology and 
role of glycated hemoglobin in DN due to proteinuria and subsequent 
histopathological findings in the end-stage renal disease. In future use 
of this reviewed pathogenesis and mechanism of action will help to 
know the sytematic pathogenesis and management of hypergycaemia to 
alleviate the diabetic nephropathy.
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