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INTRODUCTION

Diabetic nephropathy (DN) is a generic term
referring to any deleterious effect on the kidney
structure or function caused by diabetes mellitus.
Clinically it is defined as the presence of persistent
proteinuria, more than 0.5 gram over 24 hours, in
a diabetic patient, usually along with retinopathy,
hypertension and declining glomerular filtration
rate (GFR), in the absence of urinary tract infection
heart failure, or other renal disease.

Diabetic nephropathy is one of the commonest and
the most important microvascular complications
of diabetes mellitus. Diabetes mellitus has become
an increasingly important cause, of end stage renal
disease (ESRD) requiring renal replacement
therapy and constitutes one third to half of the
patients undergoing dialysis. In view of increasing
prevalence of DM, it is likely that diabetic related
ESRD will also be in the rise, unless prevented.
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PATHOPHYSIOLOGY

Diabetic nephropathy progress through various
phases. The clinical course and natural history is,
however, best defined in type 1 diabetes mellitus.

An early physiological abnormality is glomerular
hyperfiltration associated with glomerular
hypertension.1 GFR is found to increase by 20 -
40% in diabetes mellitus.

This is followed by a period of silent phase. In this
phase, though, there is normal urinary albumin
excretion, key pathophysiologic event in DN,
basement membrane damage, starts.3

The next stage is the appearance of micro-
albuminuria. The microalbuminuria can be
regarded as part of more generalised vascular
permeability of diabetic microvascular disease. It
has been suggested that the early increased in
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protein excretion is likely to be the consequence of
alteration of glomerular haemodynamics. However,
subsequently loss of fixed negative electrical charge
on the membrane due to decreased concentration
of anionic heparin sulphate results in loss of
albumin through urine.4 The stage of
microalbuminuria is critical time in the evolution
of diabetic renal disease. If adequate therapeutic
intervention is not taken in this point progressive
decline of renal function occur.

A clinically asymptomatic period follows and leads
to macroalbuminuria (albuminuria >300 mg in 24
hrs). Once overt nephropathy has developed renal
function declines at significant but variable rate of
2 - 20 ml/min/yr. leading to ESRD in 7-15 years
period. > In type 2 diabetic mellitus, the stages of
DN differ in initial stages. These differences have
been evaluated recently.5 At the time of diagnosis
of type 2 diabetes mellitus, rate of hyper-filtration
is half than that seen in type 1 diabetes mellitus,
microalbuminuria is already present in 15% of the
patients and may be associated with hypertension.
In the silent phase (stage 2), apart from basement
membrane thickening and mesangial expansion,
vascular and tubulointerstial changes are common.
Presence of microalbuminuria in stage 3, is strong
indicator of cardiovascular disease, where in type
1 diabetes, microalbuminuria is an indicator of
renal prognosis. The later stages are similar in both
the type of diabetes.

Risk Factors for the development of DN

There is no straightforward casual relation between
hyperglycemia and renal disease. The renal
involvement is seen in 35-50% diabetic patients.
The majority of diabetic patients do not develop
renal failure, although, some histological damage
is universal. The factors, which are important in
bearing pathogenesis of DN, are;
a) Genetic: Genetic influence on the development

of DN is strongly supported by the study in Pima
Indians.6 Seaquest et al7 has pointed out that
diabetic sibling from parents with diabetes and
renal disease are five .times more likely to suffer
from diabetic nephropathy than diabetic sibling of
diabetic parents without renal disease. Studies in
thte Pima Indians by petit et.al6 observed that
proteinuria developed in 14% diabetic offspring
when neither parent had proteinuria and 46% if
both the parent had proteinuria. Brazilian study
has shown the risk to be 3.75 fold.8

b) Hyperglycemia: Hyperglycemic milieu is
essential in the development of DN. It is uncommon
in patient with HbA1C consistently less than 7.5-
8%.9 Glomerular hyperfiltration occurs under
moderate hyperglycemia. Severe hyperglycemia
(14-16 mmol/l), on the other hand in associated
with normal or reduced GFR.2 Direct glucotoxic
effects leading to increase synthesis & accumulation
connective tissue and alteration in endothelial cell
function and structure are observed in experimental
studies.10 Hyperglycemia dependent metabolic
pathways also play role in development of DN-
• Nonenzymatic glycosylation leads to formation

of advance glycosylation end products (AGEs).
These AGEs changes the tertiary structure of
protein, and also changes the functions of
various proteins, cytokines, hormones, and
extracellular matrix. In a study the AGE content
in the arterial wall collagen was found to be
four fold higher in diabetic patient than
nondiabetic.11

• Polyol pathway: In presence of hyperglycemia
sorbitol production via polyol pathway is
increased. This is more so on tissue where
glucose uptake is insulin independent. It is
postulated that increase in sorbitol production
alongwith reduced myoinisitol concentration
will upset osmoregulation in renal cells and
leads to DM.12 However, clinical trials using
aldose reductase inhibitor fails to reduce
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microalbuminuria in humans, though research
in these fields are still ongoing.

• Other metabolic pathways that are postulated
to be involved in the genesis of DN are increased
protein kinase C and growth factor activity,13

Endothelial dysfunction, abnormal lipid
metabolism14 etc.

C)   Hypertension: Haemodynamic  factor  is  very
important  in   the development of diabetic
nephropathy. Systemic hypertension leads to
afferent arteriolar dilatation contributing to
intraglomerular hypertension, hyperfiltration and
haemodynamically mediated damage of
glomeruli.15 There may be abnormal renal response
to angiotensin system in the diabetic kidney.16

Patient with proteinuria and hypertension suffers
from rapid deterioration of renal function if not
treated aggressively.

c) Smoking: Smoking has been linked to increase
in the incidence and progression of diabetic
nephropathy.17,18 Mehlar P et al,19 in their study  has
shown  that  smoker diabetics  have  1.6  high  risk
of nephropathy.
d) Obesity: Although obesity has been categorised
as risk factor for DN, the exact role of obesity is
not clear.5

e) Homocysteine: Homocysteine is increased in
diabetes patients. This is more so in type 2 diabetes
mellitus than type 1 diabetes. Homocysteine is
associated with endothelial cell dysfunction in type
1 DM17 and with neuropathy and nephropathy in
type 2 diabetes.18 There is also strong positive
association between urinary albumin excretion and
plasma homocysteine level.20

f) Serum lipid: A large multicentre trial has
revealed the serum cholesterol was independent
predictor of loss of renal function.21 Apolipoprotein
B has also been found to be associated with
declining GFR.22

MANAGEMENT

ESRD, due to diabetes mellitus has higher dialysis
associated mortality than similar non-diabetic
patient. They also suffer from higher morbidity.23

Therefore focus is to prevent development of
diabetic nephropathy. Once overt nephropathy is
present, however, progression of renal deterioration
cannot be halted, only slowed. Once
macroalbuminuria appears, the cumulative
incidence of ESRD was reported to be 70% over
15 years in Caucasian and Pima Indian. This may
more in certain ethnic group.19,24 Therefore the
stress is laid upon screening and management of
modifiable risk factors.

Blood pressure control: Hypertension is found in
half of the diabetic population. Presence of
nephropathy in patients with diabetes and
hypertension result in almost 40 fold increase in
mortality.25 Parvin et al has demonstrated that with
effective control of blood pressure albumin
excretion rate can be reduced to 50% and decline
of GFR can be slowed to 0.29/ml/min/month from
0.9 ml/min/month.26 Various studies have shown
that higher the mean arterial pressure greater is
the renal loss in both non-diabetic and diabetic
patient.22,27

Recently there is consensus on recommended target
blood pressure of 130/80 mmHg for patient with
diabetes and hypertension.27 As urinary albumin
excretion is the predictor of the rate of decline in
GFR,28 it is logical that an antihypertensive chosen
to treat diabetic nephropathy must be able to reduce
microalbuminuria. Few antibypetensive with this
property are angiotensin converting enzyme
inhibitor (ACEI), angiotensin II receptor
antagonist, non-dihydropyridine calcium channel
blocker and cardioselective B-Blocker (carvedilol).
Analysis of UKPDS,28 HOPE,29 Danish study30

captopril study revealed that ACEI inhibitors
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reduce cardiovascular mortality apart from its
renoprotective effects. Moreover ACEI has been
found to have inhibitory effects on megangial cell
proliferation, interstitial fibroblast, glomerular
growth and improvement in glomerular membrane
size.31 The limiting factors in use of ACEI inhibitor
are; markedly raised serum creatinine, bilateral
renal artery stenosis, hyperrenimic states,
hyperkalemia etc.

The use of non-dihydropyridine subclass of calcium
channel blockers including diltiazem and
verapemil is more strongly associated with
vasodilatation of afferent arteriole than efferent
arteriole. They are also shown to decrease
albuminuria. There are reports that combination
of ACEI and calcium channel blocker in low dose
combination achieves greater reduction of protein
excretion and decline in GFR.32

Glycemic control: Diabetic nephropathy is
uncommon in patient with HbA1C constantly
below 7.5%.9 In the Diabetic Control Complication
trial (DCCT), there was 39% reduction in the
incidence of microalbuminuria in primary
prevention group and there was decreased in the
progression from microalbumuria to
macroalbuminuria by 54% irt the secondary
prevention group.33 In the United Kingdom
Prospective Diabetes Study34 newly diagnosed 36^7
diabetic patients were divided into intensive
treatment group (HbA1C: 7%) and conventional
group (HbA1C: 7.9%). there was 34% decrease in
the risk of development of microalbumiuria and
relative risk of developing macroalbunuria was also
decreased. The relative risk of doubling serum
creatinine was also decreased in 12-yr. follow up
in small group. Study from Japan has revealed that
intensive treatment with insulin decreased the
frequency of development of microalbuminuria by
57% and macroalbumiuria by 70%.35 The
increasing results of regression of diabetic

nephropathy in eight patients with type 1 DM who
received pancreatic transplantation36 open up a new
vista that it could be reversible process.

The recommended optimum prepandial, bed time
and HbA1C by American Diabetic Association are
80-120mg, 100-140mg/df and HbA1C <7%
respectively. It is the strict control rather than the
methods of control that matters.37

Diet in diabetic Nephropathy: Dietary protein
restriction has been questioned on the basis of
disappointing result of Modification of Diet in
Renal Disease study.38 However the demerits of the
study being heterogenecity of renal diseases and
small number of type 1 diabetes. Metanalysis has
shown that low protein diet (0.69 g/Kg/day ) is
beneficial in terms of declining in GFR both in
diabetic and non diabetic patients.39 The current
recommendation of protein is 0.6g/kg/day to 0.8g/
kg/day. Since the rate of hepatic synthesis of
albumin is maximise in proteinuric patient, a low
protein diet has no effect on serum albumin.
However, protein restriction needs to be avoided
in hypercatabolic and malnourished patient.

Treatment of dyslipedemia: Dyslipedemia is known
risk factor for atherosclerosis. Hyperlipedemia and
their role on diabetic nephropathy is not clear,
though, it has been implicate to cause glomerular
injury. Large controlled studies are needed to
confirm their role in renal disease. Till then the
current guideline in treatment of Coronary Heart
Disease may be followed.40

Other modalities: Smoking worsens hypertension
and albuminuria. Therefore, smoking cessation is
imperative. Other renal disease prevention
measures like prompt treatment of urinary tract
infection, avoidance of renal toxic drugs,
dehydration etc are also applicable to diabetic
nephropathy.
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FUTURE PERSPECTIVE

Impaired endothelial dependent vascular responses
has been observed in patients with diabetes mellitus
irrespective of albuminuria. This endothelial
dysfunction is implicated to be due to raised
homocysteine level.20,41,42 If increased homocysteine
is casually related to endothelial dysfunction, that
in turn, responsible for diabetic nephropathy, low
dose vitamins (folic acid, B12, B6) therapy can be
part of multifactorial approach in preventing
progression of diabetic nephropathy.

Some researchers have focused on loss of heparin
sulfate and negative charge of glomerular basement
membrane. Heparin injection is to restore heparin
sulfate, oral glycosoaminoglycans, danaparoid
sodium has shown some beneficial result in initial
studies.43

REFERENCES

1. Wardle E. How does hyperglycemia predispose
to diabetic nephropathy? Quart J Med 1996; 89:
943-951.

2. Mogensen CE. Glomerular filtration rate and renal
plasma flow in short term and long term juvenile
diabetes mellitus. Scandinavian J. ofClin and Lab
Inv 1971; 28: 91 - 100.

3. Rudberg S, Osterby R. Diabetic Glomemlopathy
in young EDDM patients: preventive and
diagnostic aspects. Horm Res 1998; 50(suppl
I): 17-22.

4. Winetz JA, Golbertz HV, Spencer RJ, Lee JA,
Myers BD. Glomerular function in advanced
human diabetic nephropathy. Kidney International
1982; 21: 750 - 756.

5. Ismail N, Becker B, Strzelczyk P, Ritz E. Renal
disease and hypertension in non-insulin
dependent diabetes mellitus. Kidney Int 1999; 55:
1-28.

6. Petitt DJ, Saad MF, Bennett PH, Nelson RG,
Knowler WC. Fammilial predesposition to renal
disease in two generationa Pima Indians with type
2 diabetes mellitua (NIDDM). Diabetologia 1990;
33: 438 - 43.

7. Seaquist E, Goetz F, Rich S, Barbosa J. Familial
clustering of diabetic kidney disease: evidence for
genetic susceptibilty to diabetic nephropathy. N
Eng J Med 1989; 320: 1161-1165.

8. Canani L, Gerchman F, Gross J. Familial clustering
of diabetic nephropathyin Brazilian type 2 diabetic
patients. Diabetes 1999; 48: 909-913.

9. Deferrari G, Repetto M, Calvi C, Ciabattoni M,
Rossi C, Robaudo C. Diabetic nephropathy: from
micro to macroalbuminuria. Nephrol Dial
Transplant 1998; 13 (suppi 8): 11-15.

10. Lorenzi M. Glucotoxicity in the vascular
complication of diabetes: The cellular perspective.
Diabetes metabolism review 1992; 18: 85 - 103.

11. Makita Z, Radoff SS, Rayfield E, Yang Z, Skolnik E,
Dalaney V, Friedman E, Cerami A, Vlassara H.
Advance Glycosylation end products in patients
with diabetes mellitus. N Eng JMed 1991; 325:
836-842.

12. Cogan DG. Aldose reductase and complications
of diabetes. Annals of Internal Medicine 1984;
101: 81-91.

13. De Rubertis FR, Craven PA. Activation of protein
kinase C in glomerular cells in diabetes:
mechanism and potential links to the
pathogenesis of diabetic glomerulopathy.
Diabetes 1994; 43:1-8.

14. Hseuh WH, anderson PW. Hypertension, the
endothelial cell and vascular complications of
diabetes mellitus. Hypertension 1992; 20: 253 -
263. .15. Mark E -Cooper. Pathogenesis,
prevention and treatment of diabetic
nephropathy. Lancetl998;352:213-219.

16. Velasquez M, Bhathena S, Striffler J, Thibault N,
Scalbert E: Role of angiotensin-converting enzyme
inhibition in glucose metabolism and renal injury
in diabetes. Metabolism 47 (12 Suppi I): 7-
11,1998.

Sharma : Diabetic Nephropathy - Pathophysiology and Management 229



JNMA, October - December, 2001, 40

230 Sharma : Diabetic Nephropathy - Pathophysiology and Management

17. Marcantoni C, Ortalda V, Lupo A, Maschio G:
Progression of renal failure in diabetic
nephropathy. Nephrol Dial Transplant 13 (Suppi
8): 16-19,1998.

18. Ritz E: Nephropathy in type 2 diabetes. J Intern
Med 245:111-26,1999.

19. Mehler P, Jeffers B, Biggerstaff S, Schrier R.
Smoking as a risk faster for nephropathy in non-
insulin dependent diabetes. J Gen Intern Med
1998; 13:842 -845.

20. Araki A, Sako Y, Ito H. Plasma homocysteine
concentration in Japanese patients with non-
insuline dependant diabetes mellitus: effect
ofparenteral methylcobalemin treatment.
Atheroslerosis 1993; 103:149-157.

21. Kroleski AS, Warram JH, Christieb AR.
Hypercholesteremia - a determinant of renal
function loss and death in IDDM patients with
nephropathy. Kidney Int 1994; 45: sl25 -131.

22. Samuelsson 0, Aurell M, Knight-Gibson C,
Alaupovic P, Attman PO. Apolipoprotein-B-
containing lipoprotein and progression of renal
insufficiency. Nephron 1993; 63: 279 -285.

23. Chantrel F, Enache I, Boulier M, Kolb I, Kunz K,
Petitjean P, Moulin B, Hannedouche T. Abysmal
prognosis of patients with type 2 diabetes
entering dialysis. Nephrol Dial transplant 1999;
14: 129-136.

24. Nelson RG, Knowler WC, McCahce DR, Sievers
ML, Pettit DJ, Charles MA, Hanson RL, Liu QZ,
Bennet PH. Determinant of end stage renal
disease in Pima Indians with type 2 (non-insulin-
dependent) diabetes mellitus and proteinuria.
Diabetologia 1993;36:1087-1093.

25. Morrish NJ, Steven LK, Head J, Fuller JH, Jarret
TJ, Keen H. A prospective study on mortality
among middle aged diabetic patients (The London
Cohort of The WHO Multinational study of
Vascular Disease in Diabetics) II: associated risk
factors. Diabetologia 1990; 33: 542 -548.

26. Parving HH, Andersen AR, Smidt UM, Svendsen
PA. Early aggressive antihypertensive treatment
reduced rate of decline in kidney function in
diabetis nephropathy. Lancet 1983; 1:1175-
1179.

27. Bakris GL, Willium M, dworkin L, Elliot WJ, Epstein
M, Toto R, Tuttle K, Douglas J, Hsueh W, Sowers
J. Preserving renal function in adults with
hypertension and diabetes: A consensus
approach. Am J Kidney Dis 2000; 36:646 - 661.

28. UK Prospective Diabetes Study Group. Tight blood
pressure control and risk of macrovascular and
microvascular complications in type 2 diabetes:
UKPDS 38. B M J 1998; 317: 703-713.

29. Heart Outcome Prevention Evaluation (HOPE)
Study Investigators. Effects of ramipril on
cardiovascular and microvascular outcomes in
people with diabetes mellitus: Results of the HOPE
study and MICRO-HOPE substudy. Lancet 2000;
355: 253 - 259.

30. Gaede P, vedel P, Parving HH, Pederson 0.
Intensified multifactorial intervention in patients
with type 2 diabetes mellitus and
microalbuminuria: the steno 2 randomised study.
Lancet 1999; 353: 617-622.

31. Amann K,- Irzyniec T, Mall G, Ritz E. The effect of
enalapril on glomerular growth and glomerular
lession after subtotal nephrectomy in the rat: A
stereological analysis. J Hypertens 1993; 11:
969-975.

32. Wiedmann P, Schneider M, Bohlen L. Therapeutic
efficacy of different anti hypertensive drugs in
human diabetic nephropathy. An updated meta
analysis. Nephrol Dial transplant 1995;10:39.

33. The DCCT Research Group: The effect of intensive
treatment of diabetes on the development and
progression of long-term complications in insulin-
dependent with diabetic nephropathy. New Engi
J Med 1993; 329: 977 - 986.

34. UK Prospective Diabetes Study Group. Intensive
blood glucose control with sulphonylureas or
insulin compared with conventional treatment and
risk of complications in patients with type 2
diabetes (UKPDS 33). Lancet 1998; 352: 837 -
853.

35. Ohkubo Y, Kishikawa H, Araki E et al. Intensive
insulin therapy prevents the progression of
diabetic microvascolar complications in Japanese
patients with non-insulin dependent diabetes
mellitus: a randomised prospective 6 year study.
Diabetes Res Clin Pract 1995: 28(2): 103-117.



JNMA, October - December, 2001, 40

36. Fioretto P, Steffes M, Sutherland D, Goetz F,
Mauer M. Reversal of lesions of diabetic
nephropathy after pancreas transplantation. N
Engi J Med 1998; 339: 69 - 75.

37. Kroc Collaborative Study Group. Blood glucose
control and evolution of diabetic retinopathy and
albuminuria. A preliminary multicentric trial. N
Engi J Med 1984; 311: 365 -372.

38. Leavy AS, Greene T, Beck GJ, Caggiula AW, Kusek
JW, Hunsicker LG, Klahr S. Dietary protein
restriction and the progression of chronic renal
disease: what have all of the results of the MDRD
study shown? Modification of Diet in Renal
Disease Study group. J Am Soc (Nephrol. 1999;
10:2426-39.

39. Pedrini MT, Levey AS, Lau J et al. Dietary protein
restriction on progression of diabetic and non
diabeteic renal disease. A Meta analysis. Ann
Intern Med 1996; 124: 627 - 632.

40. Knopp RH. Drug treatment oflipid disorders. N
Engi J Med 1999; 341:498.

41. Stabler SP, Estacio R, Jeffers BW, Cohen JA, Alien
RH, Schier RW. Total homocystein is associated
with nephropathy in non-insulin dependant
diabetes mellitus. Metabolism 1999; 48:1096-
1101.

42. Chiko A, Perez A, Cordoba A, Arecelus R, Can-
eras G, de Leiva A, Gonzalez-sastre F, Blanco-Vaca
F. Plasma homocysteine is related to albumin
excretion rate in patients with diabetes mellitus:
a new link between diabetic nephropathy and
eardivascular disease? Diabetologia 1998; 41:
684-693.

43. Bell DS, Alele J. Dealing with diabetic nephropathy.
Postgrad Med 1999; 105(2): 83 - 87.

Sharma : Diabetic Nephropathy - Pathophysiology and Management 231

!"!"!

With Best ComplimentsWith Best ComplimentsWith Best ComplimentsWith Best ComplimentsWith Best Compliments

fromfromfromfromfrom

FRANCO-INDIAN PHARMACEUTICALS PRIVATE LIMITEDFRANCO-INDIAN PHARMACEUTICALS PRIVATE LIMITEDFRANCO-INDIAN PHARMACEUTICALS PRIVATE LIMITEDFRANCO-INDIAN PHARMACEUTICALS PRIVATE LIMITEDFRANCO-INDIAN PHARMACEUTICALS PRIVATE LIMITED
20, Dr. E. Moses Road, Mumbai 400 011

• Dexorange Syrup

• Glyciphage
• Natvie
• Ecarotin

• Glide
• Omilcal Syrup

• Grilinctus BM Paediatric

• Dexorange Capsules

• Sorbiline

• Mixcarotin

• Brakke

• Glimet

• Grilinctus / Grilinctus BM

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○


