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Recent advances in diabetic nephropathy

Sally M Marshall

ABSTRACT – Diabetic nephropathy is the most
common cause world-wide of renal failure
requiring renal replacement therapy, most
patients having type 2 rather than type 1 dia-
betes. Cardiovascular risk increases progressively
as nephropathy develops. In addition to abnor-
malities in the glomerular endothelium and
mesangium, recent data suggest that changes are
also seen in the glomerular epithelial cell or
podocyte. The foot processes of the podocyte
broaden and efface and there is loss of podocyte
specific proteins such as nephrin. Eventually
there is loss of podocytes themselves. These
changes may contribute to proteinuria.

The development of nephropathy can be pre-
vented by good glucose and blood pressure con-
trol. Once microalbuminuria or proteinuria are
present, control of intraglomerular pressure,
using inhibitors of the renin-angiotensin system,
and control of systemic blood pressure are para-
mount, and can delay the need for renal replace-
ment therapy by many years. Aggressive man-
agement of cardiovascular risk factors also slows
the progression of nephropathy and prevents
cardiovascular events.
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Diabetic nephropathy develops over many years in a
subset of people with diabetes. Increasing urine
albumin excretion is accompanied by rising blood
pressure and cardiovascular risk. At a relatively late
stage, glomerular filtration begins to fall and eventu-
ally end-stage renal disease (ESRD) is reached. This
will not be a comprehensive review of diabetic
nephropathy. Instead, it will focus on three main
areas: natural history, pathophysiology and manage-
ment, concentrating on recently published data and
on previously neglected or controversial areas.

Natural history of diabetic nephropathy

Current prevalence of end-stage renal disease
in diabetes

It is difficult to obtain precise data on the incidence
of end-stage renal disease (ESRD) due to diabetes

worldwide for a number of reasons: not every
country has a renal register; even in those countries
with a register, data are often incomplete; methods of
reporting differ between registries; data are on those
individuals accepted on to renal replacement therapy
(RRT) so are inevitably an underestimate. However,
despite these caveats, recent data from many coun-
tries show that diabetes is the commonest single
cause of ESRD. In the USA, the number of individ-
uals with diabetes entering RRT programmes is now
around 140 per million population.1 In Europe, the
incidence is lower, ranging from 42.5 per million
population in Austria to 15.1 in the Netherlands.2

Data from the UK Renal Registry are incomplete, but
the UK incidence appears to be towards the lower
end of the European range.3 In almost all countries,
the numbers of people with diabetes entering RRT
programmes has increased steadily over the last
10 years.1 However, in the USA incidence rates
appear to be levelling off, and in the UK the rise has
been much less marked than in other countries.

In addition to wide variation between countries in
the absolute incidence of new cases requiring RRT
due to diabetes, the proportion of cases due to
diabetes also varies enormously.1 The countries with
the highest proportion due to diabetes are Brunei
and USA (~45% of the total population), with the
lowest figures in Russia (<5%). At least some of this
difference between countries relates to the different
prevalence of diabetes, particularly type 2 diabetes.

Key Points

Diabetic nephropathy is now the most common cause world-wide of
renal failure requiring renal replacement therapy, the majority of
patients having type 2 rather than type 1 diabetes

The natural history of nephropathy in Caucasian type 2 diabetes is
similar to that in type 1, whereas in non-Caucasian individuals,
nephropathy is more common and progresses faster

Cardiovascular risk is increased at all stages of nephropathy and rises
acutely as nephropathy progresses

Diabetic nephropathy can be prevented by tight blood glucose and
blood pressure control

Multifactorial intervention with intensive life-style and aggressive
management of blood pressure, blood glucose and blood lipids,
significantly reduces the rate of progression of diabetic nephropathy
and its associated cardiovascular disease



In many countries now, the majority of people with diabetes
entering RRT have type 2 not type 1 diabetes. In the USA, 71%
have type 2 diabetes1 whilst in UK the figure is around 31%.3

The proportion of individuals entering RTT with type 2 diabetes
is higher in those from indigenous populations and from the
ethnic minorities; for example in the USA, 63% of Europid
patients have type 2 diabetes, whilst 81% of Native American
and 75% of Afro-American individuals have type 2 diabetes.3

Similarly, in Australia, 48% of Europid diabetic patients begin-
ning RRT have type 2 diabetes, whilst in the Aboriginal RRT
diabetic population, 85% have type 2 diabetes. 

Is the natural history of diabetic nephropathy in
type 1 diabetes changing?

The above data would suggest that the incidence of ESRD due to
diabetes is increasing, but is this true? Classical work reported in
the 1980s suggests that after 25–30 years duration of diabetes, the
cumulative incidence of proteinuria in both type 1 and type 2
diabetes is approximately 30%.4,5 In type 1 diabetes, the peak
annual incidence of developing proteinuria was 4–5% at 15–20
years duration and then the incidence declined sharply, although
there was a small further peak in incidence around 30–35 years
duration.6 In the initial studies of earlier stages of nephropathy,
approximately 50% of individuals with type 1 diabetes developed
microalbuminuria.7,8

However, recent studies reporting in the 1990s suggest that the
incidence of microalbuminuria has fallen to around 35–40% and
of proteinuria to 15–20%.9–12 This has been interpreted as pre-
vention of nephropathy because of improved management, pri-
marily of blood pressure. However, another interpretation might
be simply that the appearance of microalbuminuria or protein-
uria has been delayed. On the basis of data from one study in a
small number of type 1 diabetic patients with microalbuminuria,
it was suggested that in patients with long duration (>15 years)
diabetes, microalbuminuria was of lesser significance than in
short-duration patients.13 Long-duration individuals were
thought to be at much less risk of progression to proteinuria and
ESRD than shorter-duration individuals. Two recent studies

challenge this interpretation.14,15 In one of them, individuals
with type 1 diabetes for >30 years were followed for seven
years.14 Of the 87 patients who were normoalbuminuric at base-
line, 24% developed persistent microalbuminuria and 4% persis-
tent proteinuria. Of the 19 initially microalbuminuric patients,
32% developed proteinuria. In addition, the seven-year survival
was significantly less in those with microalbuminuria at baseline
compared to the normoalbuminuric patients (50 vs 85%). Thus
it would seem that even in long duration diabetes, microalbu-
minuria remains a significant risk factor for premature death and
for the development of proteinuria. In addition, these data might
suggest that the natural history of nephropathy may be changing.
Rather than preventing the development of nephropathy,
improvements in care may be delaying it. This has important
implications for screening programmes for nephropathy and for
the management of patients with long-duration diabetes. 

Thus, over a lifetime of diabetes, about 50% of individuals will
develop microalbuminuria, at a rate of 2–4% per annum (Fig 1).
Of those with microalbuminuria, 20–30% develop proteinuria in
10–20 years and eventually ESRD. A further 40% will remain
microalbuminuric, and perhaps will eventually progress to pro-
teinuria. The remaining 20–30% will revert to normal albumin
excretion, even after several years of microalbuminuria.16 The
reasons for these differences in behaviour are not clear but are
likely to centre around control of blood pressure and perhaps
blood glucose. Thus the overall natural history of nephropathy 
in type1 diabetes has changed. Onset is probably later and 
progression slower than previously thought. It is no longer
safe to assume that because an individual has not developed
proteinuria after 30 years duration diabetes, they will not do so.

The natural history of diabetic nephropathy in
type 2 diabetes

In type 2 diabetes, at least in Europid populations, the natural
history of nephropathy is remarkably similar to that in type 1
diabetes. The UK Prospective Diabetes Study (UKPDS) has
recently reported transition rates of 2% per annum from normo-
albuminuria to microalbuminuria, 2.8% per annum from

microalbuminuria to proteinuria and 2.3 % per annum
from proteinuria towards ESRD.17 These figures are
very close to those reported for type 1 diabetes. The
UKPDS has also confirmed the increasing risk of 
premature mortality, generally from cardiovascular
disease, with increasing evidence of nephropathy.
Annual death rates in the UKPDS were 0.7, 2.0, 3.5 and
12.1% for people with normal albumin excretion,
microalbuminuria, proteinuria and elevated serum
creatinine, respectively. 

In non-Caucasian populations, rates of development
of microalbuminuria and proteinuria are probably
higher than in Caucasian individuals and the rate of
progression of nephropathy may be faster. The most
intensively studied population is the Pima Indians,
where longitudinal studies have been performed. The
rate of progression from normal albumin excretion to
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Fig 1. Natural history of the development of diabetic nephropathy in
type 1 diabetes.
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microalbuminuria is at least 4% per annum and more than 
50% develop proteinuria within 20 years duration diabetes.18,19 In
contrast to the apparent decline in cumulative incidence of 
proteinuria in European type 1 diabetic patients, in the Pima
Indians the incidence has doubled in the last 40 years, despite
improvements in glucose and blood pressure control.20

Pathophysiology of diabetic nephropathy

Genetics

The observation that only a subset of people with diabetes
develop nephropathy has led to the belief that there is a genetic
susceptibility to nephropathy. In addition to renal disease 
and premature cardiovascular mortality, people with diabetic
nephropathy have a number of other metabolic and pathophys-
iological abnormalities, listed in Box 1. Many of these abnor-
malities are also seen in first degree relatives of diabetic nephro-
pathic patients, who also have a higher prevalence of hyperten-
sion and cardiovascular disease than first degree relatives of
people with diabetes without nephropathy.21,22 Thus any genetic
susceptibility must link premature cardiovascular and renal 
disease. A number of candidate genes have been suggested but

there is no convincing evidence of a major effect of any gene
tested so far. 

Biochemical mechanisms

Hyperglycaemia and glomerular hypertension are the two main
initiating and progression factors thus far identified in the devel-
opment of nephropathy. Hyperglycaemia probably acts via
direct glucose toxicity, glycation and increased flux through the
polyol and hexosamine pathways (Fig 2). Recently, it has been
suggested that hyperglycaemia-induced overproduction of
superoxide by the mitochondrial electron transport chain may
be the fundamental abnormality stimulating these individual
pathways.23

Proteinuria

In the glomerulus in diabetes, protein passes across the endothe-
lial cells of the glomerular capillaries, across the basement mem-
brane and through the slit pores of the glomerular epithelial cells
(podocytes) into Bowman’s space (Fig 3). Previously, work has
focused on changes within the glomerular vasculature and its
supporting basement membrane and mesangium. Because of
relative constriction of the efferent glomerular arteriole com-
pared to the afferent arteriole, transglomerular pressure is
increased in diabetes and contributes to proteinuria and possibly
the development of glomerulosclerosis. Changes in the basement
membrane are also well described. On electron microscopy, the
basement membrane is thickened. Biochemically, there is loss of
negatively charged glycosaminoglycans from the basement mem-
brane, particularly of heparan sulphate, allowing increased
passage of anionic albumin and thus a relatively selective
proteinuria. Later, clearance studies of neutral dextrans suggest
the development of large pores in the basement membrane,
leading to non-selective proteinuria, with loss of large molecules. 

Changes occurring in the mesangium are also well
documented. Microscopically, there is mesangial
matrix expansion, either generally or in a nodular 
pattern (the classical Kimmelsteil-Wilson kidney). An
increase in mesangial cell number also occurs. As
disease advances, there is a close relationship between
mesangial expansion and declining glomerular filtra-
tion. Mesangial expansion also correlates inversely
with capillary-filtration surface area, which itself corre-
lates to glomerular filtration rate (GFR).

Recently attention has focused on the glomerular
epithelial cell or podocyte. The podocyte has a cell
body with numerous foot processes which rest on the
outer surface of the basement membrane, probably
providing support for the glomerulus (Fig 3). The foot
processes interdigitate, so that adjacent foot processes
always arise from different podocyte cell bodies. The
surface of the podocyte, like the basement membrane,
is covered in negatively charged molecules, including
podocalyxin (Fig 4). The podocyte also has an active
cytoskeleton to which transmembrane molecules such
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Box 1. Metabolic and clinical characteristics of diabetic
patients with albuminuria and their first degree relatives.

Insulin resistance

High triglycerides

Low HDL-cholesterol

Hypertension

Cardiovascular disease

Premature cardiovascular mortality

HDL = high-density lipoprotein.

Fig 2. Biochemical factors important in the development of diabetic
nephropathy.
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as podocalyxin are attached via adaptor molecules. The spaces
between the podocyte foot processes are called the slit spaces.
These contain the protein nephrin, amongst others. Molecules of
nephrin are thought to form a zip-like structure across the slit
space, which controls the passage of protein into Bowman’s 
space. 

In both human and experimental diabetes, podocyte mor-
phology is abnormal. The foot processes broaden and efface.
Eventually there is loss of the podocyte itself.24 Podocytes cannot
regenerate so this loss cannot be compensated for. There is also
decreased expression of nephrin mRNA and protein.25

Abnormalities in several podocyte proteins have been demon-
strated to cause proteinuric renal diseases in humans, for
example: absence of nephrin in Finnish congenital nephritic 
syndrome; CD2-adaptor protein and podocin in forms of
steroid-resistant nephritic syndrome. Thus it is possible that
podocyte protein abnormalities in diabetes contribute to 
proteinuria and eventual glomerulosclerosis.

Recent advances in the management of diabetic
nephropathy

Blood glucose control

In the prevention of diabetic nephropathy, good control of
blood glucose is essential. Both the Diabetes Control and
Complications Trial (DCCT) in type 1 diabetes and the UK
Prospective Diabetes Study (UKPDS) in type 2 diabetes demon-
strated that the lower the HbA1c the lower the risk of developing
nephropathy. There was no HbA1c level below which benefit was
not gained, ie no threshold. Thus, suggested targets for HbA1c

are <7.0%, provided this can be achieved without unacceptable
hypoglycaemia.

Once microalbuminuria or proteinuria is present, there is
little evidence that improving glucose control delays progression
of nephropathy. Trials that have been performed have been too
small, of insufficient length or have failed to reach adequate glu-
cose control. However, good glucose control obviously remains
essential for other aspects of diabetes care.

Control of intraglomerular pressure and systemic blood
pressure 

Perhaps the most important development in the management of
diabetic nephropathy in the last 10 years has been the demon-
stration of the importance of adequate control of systemic blood
pressure and intraglomerular pressure, particularly using
inhibitors of the renin-angiotensin system (RAS). 

The blood pressure arm of the UKPDS demonstrated that tight
blood pressure control reduced the risk of developing
nephropathy in type 2 diabetes. A maximum acceptable blood
pressure for someone with type 2 diabetes and normal albumin
excretion is considered to be 140/80 mmHg, levels above this
requiring treatment with the most appropriate class of antihyper-
tensive agent for the individual patient. In type 1 diabetes, there
have been no good trials of the effect of antihypertensive therapy
in preventing nephropathy in normoalbuminuric individuals.

Once microalbuminuria or proteinuria is present, there is
much evidence that control of intraglomerular pressure, partic-
ularly using inhibitors of the RAS, and control of systemic blood
pressure can greatly slow the progression to end-stage renal
failure.

A recent meta-analysis of papers examining the effect of
angiotensin-converting enzyme (ACE) inhibition compared to
placebo in microalbuminuric type 1 diabetic patients confirmed
that ACE inhibition reduces the risk of developing proteinuria
by 60% and increased the likelihood of reverting to normal
albumin excretion three-fold over two years.26 Interestingly, the
beneficial effects of ACE inhibition in reducing albumin excre-
tion appeared to wane with time, being significantly less after
four years treatment compared to one year, lending support to
the concept of delay rather than prevention of proteinuria. In
most of these studies, systemic blood pressure was <130/80
mmHg at entry and around 120/70 mmHg during treatment.
This has led to the suggestion that young type 1 diabetic patients
with microalbuminuria or proteinuria should be prescribed
ACE inhibitors regardless of their blood pressure. At the pro-
teinuric stage, there is also good evidence that very tight blood
pressure control, using ACE inhibitors with the addition of

other agents as necessary, significantly delays progres-
sion. Target blood pressure levels for type 1 patients
with microalbuminuria are 120/70 mmHg and for
proteinuria <130/75 mmHg. Patients should be pre-
scribed ACE inhibitors to the maximum tolerated dose
initially, with other agents being added as necessary. 

In type 2 diabetes, the largest trials have been 
performed using angiotensin II receptor antagonists
rather than ACE inhibitors. Three large studies exam-
ined the effects of angiotensin II receptor antagonists
(ATIIRBs) in type 2 diabetic patients with microalbu-
minuria27 or advanced nephropathy.28,29 In micro-
albuminuria, treatment with irbesartan reduces the
risk of progression to proteinuria by 40 % compared to
placebo.27 In more advanced nephropathy, the risk of
progression of nephropathy was reduced 20–25%
compared to placebo28,29 or amlodipine.29 However,
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Fig 3. Electron micrograph of the components of the glomerular
filtration barrier.
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none of these studies showed any cardiovascular benefit. Thus,
as with type 1 diabetes, type 2 diabetic patients with microalbu-
minuria or proteinuria should be offered therapy with an RAS
inhibitor in the maximum tolerated dose initially, with other
classes of agent being added as necessary to achieve a target
blood pressure <135/75 mmHg.

Several relatively small, short-term studies in both type 1 and
2 diabetes have demonstrated similar reductions in blood pres-
sure and albumin excretion with ACE inhibitors and ATIIRBs.
Addition of the two classes of drug further reduces blood pres-
sure and proteinuria. Longer-term studies demonstrating
harder end-points and the safety of combination therapy are
awaited.

Reduction in protein intake

Fears of malnutrition and the practical difficulties in achieving
low protein intake have limited recommendations on protein
intake. However, the consensus view is that diabetic patients
should be encouraged not to eat excessive amounts of protein
but not to restrict intake below 1.0–1.2 g/kg body weight per
day.

Managing cardiovascular risk in diabetic nephropathy

As discussed above, cardiovascular risk increases dramatically as
nephropathy progresses. Aggressive management of cardio-
vascular risk factors is thus extremely important and is likely to
be doubly beneficial: progression of nephropathy is likely to be
slowed as well as cardiovascular risk reduced. One study has
reported on a multifactorial intervention in microalbuminuric
type 2 diabetic patients.30 Patients were randomised to usual
care or to an intensive lifestyle and medical intervention reg-
imen according to a target-driven protocol. In the intensive
group, extra effort was made to encourage weight loss, increased
exercise and smoking cessation and stricter targets for HbA1c,
lipids and blood pressure set. Aspirin, statins and ACE
inhibitors were prescribed for everyone in the intensive group.

Over an eight-year follow-up, in the intensively treated
group, cardiovascular morbidity and mortality was
decreased by 50%, progression to proteinuria by 60%
and retinopathy by 60%. Thus, all diabetic patients
with nephropathy will almost certainly gain renal and
cardiovascular benefit from aggressive attack of car-
diovascular risk factors.

Thus, there is convincing evidence that effective
implementation of current treatment modalities can
greatly improve the outlook for diabetic patients with
early nephropathy. The challenge remains to ensure
that everyone with diabetes has access to such treat-
ment. Audit studies from the UK have demonstrated
that when first seen in specialist renal clinics, the
majority of patients with diabetes are under-treated,
not receiving inhibitors of RAS, statins or aspirin and
in poor glucose control.31

Conclusions

Despite general improvements in diabetes care, the number of
individuals with end-stage renal disease continues to increase, so
that worldwide, diabetes is now the single commonest cause of
entry to RRT programmes. Good clinical management, particu-
larly tight control of hypertension and other cardiovascular risk
factors, improves both the renal and cardiovascular outcome.
With the current explosive increase in the incidence of diabetes,
particularly type 2 diabetes, we risk an epidemic of ESRD due to
diabetes, unless proven clinical interventions are offered to
everyone with diabetes.

References

1 US Renal Data System. USRDS 2002 Annual Data report. Bethesda, MD:
National Institute of Diabetes and Digestive and Kidney Diseases, 2002.

2 ERA-EDTA Registry. ERA-EDTA Registry 2001 Annual report.
Amsterdam: Academic Medical Centre, 2003.

3 UK Renal Registry. UK Renal Registry Report 2002, D Ansell, T Feest
(eds). Bristol: UK Renal Registry. 

4 Andersen AR, Sandahl Christiansen JK, Andersen K, Kreiner S, Deckert
T. Diabetic nephropathy in type I (insulin dependent) diabetes: an
epidemiological study. Diabetologia 1983;25:496–501.

5 Hasslacher C, Ritz E, Wahl P, Michael C. Similar risks of nephropathy
in patients with type I or type II diabetes mellitus. Nephrol Dial
Transplant 1989;4:859–63.

6 Borch-Johnsen K, Andersen KP, Deckert T. The effect of proteinuria on
relative mortality in Type 1 (insulin dependent) diabetes mellitus.
Diabetologia 1985;28:590–96.

7 Kofoed-Enevoldsen A, Borch-Johnsen K, Kriener S, Nerup J, Deckert T.
Declining incidence of persistent proteinuria in Type I (insulin
dependent) diabetic patients in Denmark. Diabetes 1983;36:205–9.

8 Orchard TJ, Dorman JS, Fraser RE, Becker DJ et al. Prevalence of com-
plications of diabetes in IDDM by sex and duration. Diabetes
1990;39:1116–24.

9 Harvey JN, Rizvi K, Craney L, Messenger J et al. Population-based study
and analysis of trends in the prevalence of diabetic nephropathy in Type
1 diabetes. Diabetic Med 2001;18:998–1002.

10 Stephensen J, Fuller JH. Microvacsular and acute complications in
IDDM patients: the EURODIAB IDDM Complications Study.
Diabetologia 1994;37:278–85.

Recent advances in diabetic nephropathy

Clinical Medicine Vol 4 No 3 May/June 2004 281

Fig 4. Diagram illustrating the component parts of the foot process of
the glomerular epithelial cell (the podocyte).

Actin cytoskeleton

Slit diaphragm

Anchorage to GBM

Transmembrane
proteins

Adaptor
proteins

http://www.ingentaconnect.com/content/external-references?article=/0012-186X^281983^2925L.496[aid=896428]
http://www.ingentaconnect.com/content/external-references?article=/0931-0509^281989^294L.859[aid=1913527]
http://www.ingentaconnect.com/content/external-references?article=/0012-186X^281985^2928L.590[aid=5846287]
http://www.ingentaconnect.com/content/external-references?article=/0012-1797^281990^2939L.1116[aid=4757712]
http://www.ingentaconnect.com/content/external-references?article=/0742-3071^282001^2918L.998[aid=5432132]
http://www.ingentaconnect.com/content/external-references?article=/0012-186X^281994^2937L.278[aid=1211095]
http://www.ingentaconnect.com/content/external-references?article=/0931-0509^281989^294L.859[aid=1913527]
http://www.ingentaconnect.com/content/external-references?article=/0012-1797^281990^2939L.1116[aid=4757712]


11 Bojestig M, Arnqvist HJ, Hermanssen G, Karlberg BE, Ludvigssen J.
Declining incidence of nephropathy in insulin-dependent diabetes
mellitus. N Engl J Med 1994;330:15–18.

12 Estudio Diamante Study group. Renal involvement in Type 1 (IDDM)
diabetes in Spain. Diabetes Res Clin Prac 1997;38:129–37.

13 Forsblom CM, Groop PH, Groop LC. Predictive value of microalbu-
minuria in patients with insulin dependent diabetes of long duration.
BMJ 1992;305:1051–3.

14 Arun C, Stoddart J, Mackin P, MacLeod JM et al. Significance of
microalbuminuria in long-duration Type 1 diabetes. Diabetes Care
2003;26:2144–9.

15 Allen KV, Walker JD. Microalbuminruia and mortality in long-duration
Type 1 diabetes. Diabetes Care 2003;26:2389–91.

16 Perkins B, Ficociello LH, Silva KH, Finkelstein DM I et al. Regression of
microalbuminuria in Type 1 diabetes. N Engl J Med 2003;348:2285–93.

17 Adler AI, Stevens RJ, Manley SE, Bilous RW et al on behalf of the
UKPDS Group. Development and progression of nephropathy in type
2 diabetes: The United Kingdom Prospective Diabetes Study (UKPDS
64). Kidney Int 2003;63:225–32.

18 Nelson RG, Knowler WC, Pettitt DJ, Hanson RL, Bennett PH. Incidence
and determinants of elevated urinary albumin excretion in Pima
Indians with NIDDM. Diabetes Care 1995;18:182–7.

19 Nelson RG, Meyer TN, Myers BD, Bennett PH. Course of renal disease
in Pima Indians with NIDDM. Kidney Int 1997;52(suppl 63):S45–S48.

20 Nelson RG, Morgemstern H, Bennett PH. An epidemic of proteinuria
in Pima Indians with type 2 diabetes. Kidney Int 1998;54:2081–8.

21 Earle KS, Walker J, Hill C, Viberti GC. Familial clustering of cardio-
vascular disease in patients with insulin-dependent diabetes and
nephropathy. N Engl J Med 1992;325:673–7.

22 Fogarty DG, Rich SS, Hanna L, Warram JH, Krolewski AS. Urinary
albumin excretion in families with type 2 diabetes is heritable and
genetically correlated to blood pressure. Kidney Int 2000;57:250–57.

23 Brownlee M. Biochemistry and molecular cell biology of diabetic
complications. Nature 2001;414:813–20.

24 White KE, Bilous RW, Marshall SM, El Nahas M et al on behalf of the
European Study for the Prevention of Renal disease in Type 1 Diabetes
(ESPRIT). Podocyte number in normotensive Type 1 diabetic patients
with albuminuria. Diabetes 2002;51:3083–9.

25 Langham RG, Kelly DJ, Cox AJ, Thomson NM et al. Proteinuria and the
expression of the podocyte slit diaphragm protein nephrin in diabetic
nephropathy: effects of angiotensin converting enzyme inhibitors.
Diabetologia 2002;45:1572–6.

26 The ACE Inhibitors in Diabetic Nephropathy Trialist Group. Should all
patients with Type 1 diabetes mellitus and microalbuminuria receive
ACE inhibitors: a meta-analysis of individual patient data. Ann Intern
Med 2001;144:370–79.

27 Parving HH, Lehnert H, Brochner-Mortensen J, Gomis R et al. The
effect of irbesartan on the development of diabetic nephropathy in
patients with type 2 diabetes mellitus. N Engl J Med 2001;345:870–78.

28 Brenner BM, Cooper ME, de Zeeuw D, Keane MF et al. Effects of
losartan on renal and cardiovascular outcomes in patients with type 2
diabetes mellitus and nephropathy. N Engl J Med 2001;345:861–9.

29 Lewis EJ, Hunsucker LG, Clarke WR, Berl T et al. Renoprotective effects
of the angiotensin II receptor antagonist irbesartan in patients with
nephropathy due to type 2 diabetes. N Engl J Med 2001;345:851–60.

30 Gaede P, Vedel P, Larsen N, Jensen GVH et al. Multifactorial interven-
tion and cardiovascular disease in patients with Type 2 diabetes. N Engl
J Med 2003;348:383–93.

31 Dunn EJ, Burton CJ, Feest T. The care of patients with diabetic
nephropathy: audit, feedback and improvement. QJM 1999;92:443–9.

Sally M Marshall

282 Clinical Medicine Vol 4 No 3 May/June 2004

http://www.ingentaconnect.com/content/external-references?article=/0028-4793^281994^29330L.15[aid=983413]
http://www.ingentaconnect.com/content/external-references?article=/0168-8227^281997^2938L.129[aid=5862668]
http://www.ingentaconnect.com/content/external-references?article=/0959-8138^281992^29305L.1051[aid=1467538]
http://www.ingentaconnect.com/content/external-references?article=/0149-5992^282003^2926L.2144[aid=5862669]
http://www.ingentaconnect.com/content/external-references?article=/0149-5992^282003^2926L.2389[aid=5348430]
http://www.ingentaconnect.com/content/external-references?article=/0028-4793^282003^29348L.2285[aid=5862670]
http://www.ingentaconnect.com/content/external-references?article=/0085-2538^282003^2963L.225[aid=5585116]
http://www.ingentaconnect.com/content/external-references?article=/0149-5992^281995^2918L.182[aid=5862671]
http://www.ingentaconnect.com/content/external-references?article=/0085-2538^281998^2954L.2081[aid=5862672]
http://www.ingentaconnect.com/content/external-references?article=/0085-2538^282000^2957L.250[aid=5862674]
http://www.ingentaconnect.com/content/external-references?article=/0028-0836^282001^29414L.813[aid=3187160]
http://www.ingentaconnect.com/content/external-references?article=/0012-1797^282002^2951L.3083[aid=5862675]
http://www.ingentaconnect.com/content/external-references?article=/0012-186X^282002^2945L.1572[aid=5862676]
http://www.ingentaconnect.com/content/external-references?article=/0028-4793^282001^29345L.870[aid=1891006]
http://www.ingentaconnect.com/content/external-references?article=/0028-4793^282001^29345L.861[aid=1932017]
http://www.ingentaconnect.com/content/external-references?article=/0028-4793^282001^29345L.851[aid=1932355]
http://www.ingentaconnect.com/content/external-references?article=/0028-4793^282003^29348L.383[aid=4980621]
http://www.ingentaconnect.com/content/external-references?article=/0149-5992^282003^2926L.2144[aid=5862669]
http://www.ingentaconnect.com/content/external-references?article=/0028-4793^282003^29348L.383[aid=4980621]

