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Historical Remarks

Type 2 diabetes is by no means a novel disease. No
definite description of diabetes can be found in the Corpus
Hippocraticum or in the subsequent European literature,
except inconclusive descriptions by Galenus and Aretaios.
It took centuries before the sweet taste of urine in diabetes
was described by Thomas Willis (in 1674) and sugar in
the urine was identified by Matthew Dobson (in 1776). In
contrast, a large body of evidence points to the common
presence and diagnosis of diabetes in ancient India and
China, presumably the result of genetics and lifestyle —
and acumen of the respective physicians.

The characteristic sweet urine in diabetes was
mentioned in the Indian Sanskrit medicine literature!™
presumably written between 300 before and 600 after
Chr. The ancient physicians described “sugar cane
urine” (Iksumeha) or “honey urine” (Madhumeha and
Hastimeha) as well as “urine flow like elephant in
heat”; furthermore, they mentioned the observation that
ants and insects rush to this type of urine — suggesting
that the observations concerned true glucosuria and
diabetes.!! The ancient Indian physicians ascribed
this condition to excessive food intake and insufficient
exercise; they also mentioned the complete list of the
three cardinal symptoms: polyphagia, polyuria and
polydispsia; even secondary sequelae of diabetes such as
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abscess formation, carbuncles, lassitude and floppiness
were reported. Suggested interventions ranged from
administration of honey and sugar in patients with
Iksumeha and Mathumeha (illogical, but possibly
envisaged as substitution therapy) to the (very rational)
advice of active physical exercise with long marches and
riding on elephants [Schadtewaldt H., Geschichte des
Diabetes Mellitus (History of Diabetes Mellitus), Springer;
Berlin-Heidelberg-New York 1975].

In China, the earliest description of diabetes as “xiao-ke”
(wasting thirst or emaciation and thirst) syndrome can
be traced back more than 2000 years ago to the Yellow
Emperor’s Classic of Medicine (Huangdi Neijing) [Deng,
Y.Y. and Y.P Chen, Diabetic nephropathy. In: Wang G.,
Y.P Chen and Y.Q. Zou, eds. Contemporary nephrology in
traditional Chinese medicine (p.585-602). Beijing: People’s
Medical Publishing House, 2003 (in Chinese)]. Ancient
Chinese physicians had noted that « sweet » urine was a
manifestation of this disease, which was further classified
into upper (characterized by thirst and polydipsia),
middle (characterized by hunger and polyphagia) and
lower (characterized by thirst and polyuria) subtypes
based on different manifestations [Shen, Q.E (ed), Clinical
nephrology in traditional Chinese medicine. Shanghai:
Shanghai Scientific and Technological Literature Publishing
house, 1997 (in Chinese)]. In addition, the ancient Chinese
literature documented the complications of xiao-ke
(e.g., skin abscesses, infections, blindness, turbid urine
and edema) and ascribed its pathogenesis to improper
fatty, sweet and rich diet, emotional imbalance and
physical or sexual overindulgence (Liu Z.W,, Liu L.(eds)
Essentials of Chinese Medicine, New York, Springer 2009).
Diet therapy, exercise, herbal medicine and acupuncture
were proposed by ancient Chinese physicians centuries
ago [Gao Y.B.(ed.) Ancient and contemporary case reports
on diabetes mellitus. Beijing, The people’s Military Medical
Press, (2005) (Chinese)].

These observations, relatively specific and strong in India,
but also very suggestive in China, indicate that diabetes
had been known in Asia for a long time.
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Epidemiology

Against this long historical background, what is new
is the recent steep rise in the prevalence of metabolic
syndrome!? and of type 2 diabetes!® worldwide, which
is extremely pronounced in Asian countries,' and is
particularly dramatic in India.'*® This gave India the
dubious distinction of the “diabetes capital of the world.””?
Indian diabetic patients tend to have pronounced insulin
resistance, higher waist circumference despite lower
body mass index as well as lower adiponectin and
higher inflammatory markers.”! A high prevalence of the
precursors of diabetes, i.e. of the metabolic syndromef2#!
and of glucose intolerance,™ has been well documented
in the Indian population. As everywhere, the prevalence
of overt diabetes is particularly high in Indian elderly®! —
but of great concern is the frequency of obesity,'!! of
prediabetes and of overt diabetes in the young.[®!?
Diabetes is also particularly frequent in the rural
populations of India."*%! In parallel with the increase in
diabetes, a dramatic increase in the prevalence of diabetic
nephropathy has been noted,"®!”! which has become the
single most common cause of end-stage kidney disease
according to some,"&1 but not all,?” reports. In the
elderly, diabetic nephropathy today accounts for no less
than 46% of chronic kidney disease.?!! In the “Chennai
Urban Rural Epidemiology Study,” the prevalence of
overt nephropathy and microalbuminuria was 2.2% and
26.9%, respectively, in the urban citizens with diabetes,
There are indications (as also observed in our cohort in
Heidelberg™®) that the presence of diabetes increases
the risk of, and presumably also the rate of progression,
of nondiabetic kidney disease.’?*! The estimated overall
incidence rate of chronic kidney disease (CKD) and end-
stage renal disease (ESRD) in India is currently 800 per
million population and 150-200 pmp, respectively.[!”]

Of great interest is the fact that compared with the local
populations of European origin, in citizens of a South-
East Asian origin, the risks of impaired fasting glucose
and of impaired glucose tolerance are markedly higher!2!
Furthermore, the prevalence of any type of chronic kidney
disease and its rate of progression, but specifically also
of diabetic nephropathy; is significantly higher in citizens
of Asian origin, as observed both in the UK and in
Canada®”! — presumably the result of different genetics
and/or lifestyle. In these communities, there is a lack of
awareness of kidney complications despite familiarity
with diabetes — an educational challenge.?®

The World Health Organization (WHO) has identified
diabetes as a major health problem in Asia and, in this
context, prevention of diabetes has become a high priority
of health policies.?

The root of the problem is the current lifestyle causing
visceral obesity; the long-term solution must be changes
in lifestyle.®3%31] Disappointingly, a recent 6-year
lifestyle intervention study while improving the risk of
retinopathy failed to improve the risk of nephropathy,*!
but interventions of longer duration may be necessary —
illustrating the magnitude of the problem.

Nevertheless, the dramatic increase of advanced diabetic
nephropathy in type 2 diabetes requires additional
measures targeted more specifically to the kidney. The
prevalence of diabetic nephropathy is aggravated by
today’s decreased cardiovascular mortality of diabetic
individuals so that ever more patients reach the stage of
advanced nephropathy. Fortunately, in the recent years —
apart from better metabolic control of diabetes — specific
nephroprotective interventions have become available.

Diabetic Nephropathy

Until the 19% century, type 2 diabetes was relatively
infrequent in Europe and elsewhere. With increasing
wealth and increasing prevalence of obesity, a progressive
increase in the frequency of type 2 diabetes was noted.
Proteinuria in type 2 diabetes had been well known in
the 19™ century, but ESRD in type 2 diabetic patients
was relatively uncommon because most patients died
of cardiovascular events or other, mostly infectious,
complications. Diabetic nephropathy in type 2 diabetes
emerged relatively late as an issue.

Epidemiology of end-stage renal disease

Today, ESRD has become very rare in type 1 diabetes.
ESRD was, for a long time, not a major problem in type
2 diabetes. In the 1980s, however, when past restrictions
to accept type 2 diabetics for dialysis were relaxed,
admission of type 2 diabetic patients for dialysis increased
dramatically; we called this “a medical catastrophe of
worldwide dimensions.”? In the *90s and in the early
years of the first decade after 2000, the rate of admission
of type 2 diabetics for dialysis continued to increase. More
recently, however, the admission rate has stabilized in
the US (USRDS Registry www.usrds.org/adr.htm) as well
as in Europe.®¥ Observations in the Pima Indians, an
Indian tribe in the USA with a particularly high prevalence
of type 2 diabetes, suggest that such stabilization of
admission rates is not explained by higher rates of
cardiovascular death prior to ESRD, but reflects a real
decrease — presumably the result of effective intervention
(interestingly, if anything, the incidence of proteinuria
has increased).*4

Today, however, the classical presentation of Kimmestiel-
Wilson’s disease is no longer the only mode of presentation
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of ESRD in all type 2 diabetic patients. In our own

series,*) we found

e classical Kimmestiel-Wilson (i.e., enlarged kidneys,
heavy proteinuria with and without retinopathy) in
60%,

* ischemic nephropathy (i.e., shrunken kidneys, modest
or no proteinuria) in 13% and

* primary kidney disease with superimposed diabetes
in 27%.

It is therefore important not to automatically diagnose
diabetic nephropathy in all type 2 diabetic patients with
ESRD but to take a careful history, to examine the urinary
sediment, etc. to exclude other renal diseases.

Our observation that a certain proportion of type
2 diabetic patients with ESRD have little or no
proteinuria is in line with many recent reports that a
sizable proportion of diabetic patients with reduced
eGFR has no albuminuria.® In the UKPDS study, after
15 years of follow-up, 28% had developed an eGFR
<60 ml/min and 14% had no albuminuria;®® similar
data were reported from the US.B7 A recent 7.5-year
prospective study showed that the presence of cerebral
microinfarcts, documented by brain magnetic resonance
imaging, predicted subsequent doubling of serum
creatinine or dialysis dependency in diabetic patients
with no microalbuminuria®® — suggesting that this
nonproteinuric type of renal malfunction is the result
of arteriolopathy.

More recently, we have seen with increasing frequency
type 2 diabetic patients presenting with further modes
of terminal renal failure. Type 2 diabetic patients with
CKD are much more prone to develop superimposed
acute kidney injury (AKI) (“acute on chronic kidney
disease”), often triggered by infections, administration
of radiocontrast, hypovolemia, etc. AKI in type 2 diabetic
patients is associated with a high mortality. In a certain
proportion of patients, the AKI is irreversible. Patients
who recover from AKI subsequently exhibit frequently
delayed progression to terminal renal failure®” so that
follow-up controls are obligatory.

Another important point is that in our series, in 11%
of the patients in whom the oral glucose tolerance test
documented the presence of type 2 diabetes, the referring
physician had been unaware of the diagnosis of type 2
diabetes. Interestingly, in the US Registry (USRDS) 10%
or more of the patients on dialysis developed apparently
de novo diabetes in the first 2 years of hemodialysis.
Presumably in the preterminal stage of uremia, because
of weight loss and anorexia, many patients with type 2
diabetes are no longer hyperglycemic in the fasting state.

The underlying type 2 diabetes can only be documented,
if at all, by the oral glucose tolerance test and/or the
finding of diabetic complications.

The best data on the natural history of diabetic
nephropathy in type 2 diabetes are provided by the
UKPDS study: ™" in a cohort of 5097 subjects, the annual
rate of progression from normo-to-microalbuminuria was
2%, from micro-to-macroalbuminuria was 2.8% and from
macroalbuminuria to elevation of serum creatinine was
2.3%.The annual death rate was 0.7% in normo-, 2.0% in
micro- and 3.5% in macroalbuminuric patients and was
12.1% in those with elevated serum creatinine.

Albuminuria/proteinuria: Predictor and treatment
target

In the past, it was thought that albuminuria was
always the consequence of diabetic nephropathy. It
is relevant, however, that albuminuria may not only
be the consequence of diabetes but may also predict
future diabetes as found in the DESIR study.'!! There is
currently a debate at what point in the natural history
from prediabetes to overt diabetes diabetic nephropathy
actually starts. It is of interest that sporadic patients with
diffuse diabetic glomerulosclerosisi*? and even nodular
diabetic glomerulosclerosis'**! have been encountered
in patients with pathological glucose tolerance who
developed diabetes only much later; it is difficult to
decide whether these patients had diabetes in the past,
lost weight and therefore lost hyperglycemia or whether
diabetic nephropathy may develop at levels of glycemia
that are lower than the current definition of diabetes
type 2. In this context, it is also relevant that the onset of
type 2 diabetes is predicted by albuminuria.™%

Following the first studies of Mogensen, Parving
and Viberti on albuminuria in diabetes, it has been
consistently documented that in diabetic patients who
do not have overt proteinuria (>300 mg/day), the
presence of albumin in the urine is a powerful predictor
of cardiovascular events, of progressive loss of GFR and
of mortality.[*>#¢! In the early days, the sensitivity of urine
albumin tests had been limited. Patients who did not have
overt proteinuria, but who had albumin concentrations
beyond the then-available detection threshold for albumin
(approximately 30 mg/day), were given the diagnosis
of “microalbuminuria.” As time went by, it has been
appreciated that even urine albumin concentrations
<30 mg/day predict renal and cardiovascular outcomes
so that many investigators postulate to abandon the
concept of “microalbuminuria” and to treat urinary
albumin concentrations as a continuous variable as, for
instance, serum cholesterol.[”!
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The predictive value of albumiuria is increased if eGFR
is monitored concomitantly,*! because both parameters
independently predict progression of nephropathy (and
of cardiovascular events). It is of interest that albuminuria
predicts cardiovascular events even in the absence of
diabetes. 84! Proteinuria is correlated to the yearly loss
of GFR in type 2 diabetes.>® The reason why in diabetes
albuminuria is so predictive of nephropathy may be
explained by the fact that glycated albumin is more
nephrotoxic than nonglycated albumin, as was found
in animal experiments.®! According to the AUSDIAB
study in the early stages of type 2 diabetes, albuminuria
is related to both HbA1_and systolic blood pressure’®? —
potential targets of intervention, because, in the UKPDS
study, the effect of blood glucose and of blood pressure
reduction were additive.?!

On the horizon are markers beyond urinary albumin
such as neutrophil gelatinase-associated lipokalin
(NGAL).P4 exosomes and microvescicles, i.e. cell
membrane-bounded cell wall particles, the content of
which is specific for the respective kidney disease™! or
proteomics (SELDI/TOF). ! Numerous further predictors
have been identified with more or less practical relevance,
e.g. plasma uric acid concentration as a predictor of
macroalbuminuria.”!

The question has been raised whether albuminuria/ 1%
proteinuria is a legitimate treatment target. The
IDNT® study clearly showed that patients with type 2
diabetes and CKD in whom the angiotensin II receptor
blocker Irbesartan reduced albuminuria had less renal
events than patients without such reduction; obviously,
albuminuria is a valid treatment target!®® — not to
the least because reduction of microalbuminuria/®!
and reduction of proteinuria in more advanced
stages of diabetic nephropathy is associated with less
cardiovascular events.®?

In type 2 diabetes, the main targets for intervention are:
e albuminuria/proteinuria

* glycemia

* blood pressure and

* rennin-angiotensin system

Treatment targets: HbAlc

In the ARIC study, HbA1 was a powerful predictor of
diabetic nephropathy.[®¥ It is specifically glycemia in
the first 10 years of type 2 diabetes that determines
the long-term cardiovascular and renal outcome as first
found by Pirart®™® and confirmed by numerous other
studies. The UKPDS study showed that even a limited
period of stringent glycemic control early on lowered
the risk of microvascular disease after 10 years by almost

20%.4 The explanation for this “glycemic memory” or
“legacy” effect is mainly the epigenetic modification of
genomic DNA,! which causes permanent modification
of transcription. “Glycemic memory” and its time course is
illustrated by an interesting observation in type 1 diabetic
patients. Morath!®¢71 studied the long-term survival
of type 1 diabetic patients who had either received
simultaneous pancreas kidney transplantation, live donor
kidney transplantation or cadaver kidney transplantation.
It took years before patients with simultaneous pancreas
kidney transplantation (and subsequent normoglycemia)
showed a survival advantage as compared with live donor
kidney transplantation, a result of less cardiovascular
events [Figure 1].

With respect to glycemic control, there has recently been
much controversy on the optimal target HbA1 value. In the
Advance study;®® intensified treatment with Gliclazide on
top of routine diabetic medication achieved HbA1_values
of 6.5% vs. 7.3% in the control group. This resulted in a
21% reduction of the renal endpoints and a 31% reduction
of new macroalbuminuria in the group with intensified
glycemic control. Specifically, less microvascular events
occurred.® In contrast, recent studies in elderly patients
with a long duration of diabetes and frequent secondary
complications showed that HbA1l was aggressively
lowered; with the exception of microalbuminuria, either
no significant reduction of microvascular events, of major
cardiovascular events or of death were noted”® or even
increased mortality was seen.”!

It appears sensible to optimize HbA1_aggressively in the
early stages of type 2 diabetes without advanced target
organ damage and to be more circumspect and tolerate
higher HbA1_ values in patients with a long duration
of diabetes and advanced secondary complications.

C Patient Survival

% Survival

oO——+
0 2 4 6 8 10 12 14 16 18
Years
Figure 1: Survival of type 1 diabetic patients receiving alive donor kidney
(LDK), simultaneous pancreas kidney transplants (SPK) or dead donor
kidney (DDK) [Morath et al., JASN (2008) 19:1557]
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The evidence of benefit from HbA1 <7 is better
for microvascular endpoints than for macrovascular
endpoints.”?!

With respect to achieving lower HbA1_ values, the main
available strategies are either to provide insulin or to
sensitize the response to insulin. This has implications for
the evolution of diabetic nephropathy. The administration
of insulin is associated with weight gain and a greater
risk of weight gain and of hypoglycemia. The risk of
hypoglycemia is considerably greater in patients with
advanced reduction of GFR, because of increased insulin
half-life on the one hand and less renal production of
glucose to counteract hypoglycemia on the other hand.

To limit the discussion to type 2 diabetic patients with
kidney disease, two relatively novel forms of glycemic
control are of specific interest, i.e. glitazones and SGLT2
inhibitors.

Glitazones lower glycemia by sensitizing tissues for
the action of insulin, but they also have a number of
desirable effects beyond glycemic control. Specifically,
as compared with metformin in the PROACTIVE study;,
pioglitazone caused a significantly greater reduction of
the albumin-creatinine ratio in the urine.”® Glitazones
also cause a modest reduction of blood pressure and
facilitate control of hypertension,” and at least
Pioglitazone decreased the cardiovascular endpoints
in type 2 diabetic patients in whom renal function
was reduced,!®?! whereas the competitor Rosiglitazone
apparently tended to increase cardiovascular events.”>
An important problem requiring mention is the side-
effects of sodium and fluid retention as well as triggering
congestive heart failure, which require attention to
sodium intake, diuretic treatment and exclusion of the
underlying cardiac problems.®!

Glitazones apparently have beneficial effects on the
kidney even in nondiabetic kidney disease, as shown in
animal models.””! Recently, Pioglitazone has been shown
to even reduce glomerular changes in senescent rats.”!

A second intervention of specific interest to the
nephrologists is the development of inhibitors of
sodium-glucose cotransport in the proximal tubule. In
the kidney, Na*—glucose cotransport is mediated by the
SGLT2 transporter in the S1 segment of the proximal
tubule. Mutations of the transporter cause hereditary
glucosuria without any systemic side-effects. Similarly,
novel specific inhibitors of the Na*—glucose cotransport!””!
increase glucose loss in the urine (which is desirable),
reduce fasting plasma glucose, cause a modest increase
of natriuresis and a modest decrease of blood pressure

as well as a moderate weight loss. The Na*-glucose
cotransport inhibitor Dapagliflozin was effective in
controlling HbA1_in type 2 diabetic patients with
inadequate glycemic control on metformin.%

Target blood pressure

It is important that elevation of blood pressure in type
2 diabetes is not only the consequence of renal damage.
Hsu!® showed that blood pressure values even within
the normotensive range predicted future ESRD in
nondiabetic and, even more so, in diabetic individuals,
and the risk of developing type 2 diabetes is 2.5-fold
higher in hypertensive individuals.®? It is also important
that not all antihypertensives are equal with respect to
the risk of developing type 2 diabetes: the incidence of
de novo diabetes is significantly lower with blockers of
the rennin-angiotensin system,!®®! presumably because
[B-cells are prone to ANGII-induced injury.®*

Currently, there are ongoing discussions concerning the
optimal technique of blood pressure measurement as well
as the appropriate target blood pressure.

The study of Kamoi'® showed that compared with
clinic blood pressure measurement, self-measurement of
blood pressure by the patient in the morning predicted
much better diabetic complications, i.e. nephropathy,
retinopathy and coronary heart disease. Therefore,
patients should be educated to measure their own
blood pressure. It is of interest that in type 1 diabetes,
high night-time blood pressure preceded the onset of
microalbuminuria®® and in type 2 diabetes, nocturnal
blood pressure elevation also predicted the progression of
albuminuria;'®”’ these observations illustrate the potential
usefulness of 24-h blood pressure measurements.

There has also been some recent discussion on whether
lowering the systolic blood pressure by antihypertensive
medication actually provided any benefit in type 2
diabetes. A metaanalysis of Mancia®! showed that in
almost all studies, benefit with respect to endpoints
was significantly greater in patients randomized to
more-intensive blood pressure lowering compared with
less-intensive blood pressure lowering. In the ADVANCE
study;® further reduction of blood pressure reduced renal
events when the blood pressure was lowered in individuals
with baseline systolic blood pressure <120 mmHg. These
patients had limited target organ damage.

Aggressive blood pressure lowering may no longer be
safe in more advanced stages with higher cardiovascular
and renal damage. In the IDNT study, Berl®® found that
the lower the diastolic blood pressure, the higher the
risk of myocardial infarction [Figure 2]; in patients with
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coronary heart disease or other cardiac disease, coronary
perfusion (which occurs only during diastole) may be
compromised if the diastolic blood pressure is low. In the
ONTARGET study,®” in patients at high cardiovascular
risk, the major primary endpoints were more frequent if
the baseline systolic blood pressure was <130 mmHg.

Blockade of the renin—-angiotensin system

In diabetes, the renin-angiotensin system (RAS) is
activated. Blockade of the RAS by ACE inhibitors or
angiotensin receptor blockers reduces proteinuria.
A metaanalysis by Jafar (73) showed that RAS blockade
did not only lower proteinuria but also caused significant
reduction of progression at least in patients with baseline
urinary protein excretion >1 g/day. The same has been
shown for angiotensin receptor blockers.[??°4 Thus,
RAS blockade is certainly indicated in proteinuric type
2 diabetic patients. It would be wrong, however, to
assume that RAS blockade per se is sufficient. As shown
in Figure 3, the effect of lowering blood pressure in
the Amlodipine arm of the study was greater than the
effect of RAS blockade in the Irbesartan arm. Apart from
insufficient lowering of 24-h blood pressure (including
nighttime blood pressure), further causes of insufficient
reduction of proteinuria are excessive NaCl intake,
insufficient diuretic dose (in proteinuric patients, protein-
bound diuretics fail to block Na* reabsorption) and
aldosterone “escape”.

Unfortunately, monotherapy is usually insufficient to
achieve target blood pressure values. This raises the
issue, which additional antihypertensive agents should
be combined with RAS blockade. The ACCOMPLISH trial
showed that benazepril plus hydrochlorothiazide was less
effective in reducing renal events than benazepril plus
amlodipine.” Nevertheless, reduction of dietary sodium
intake®”! and diuretics is usually required in diabetic
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patients with impaired renal function.

What is the evidence that in advanced diabetic
nephropathy, progression to end-stage kidney disease
can be influenced.

A frequent problem in diabetic nephropathy is inadequate
reduction of proteinuria or initial successful lowering with
a secondary increase in proteinuria, the so-called “escape”
phenomenon. In the patient with escape, the following
approaches are available to the physician [Table 1].

Salt restriction causes upregulation of the RAS and
increases the response to RAS blockade. Patients must
be educated to reduce salt intake, and this should
be monitored by measuring the 24-h urine sodium
excretion. 71 The doses of diuretics should be adapted to
the magnitude of proteinuria (diuretics are protein-bound
and act from within the tubular lumen); the presence
of proteinuria in the effective free (nonprotein-bound)
concentration is reduced.
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Figure 2: Relative risk of myocardial infarction as a function of diastolic
blood pressure in type 2 diabetic patients with impaired renal function
(IDNT study) [Berl et al., JASN (2005) 16:2170]

Figure 3: Average achieved systolic blood pressure and renal endpoints
(a) and all-cause mortality (b) in type 2 diabetic patients with impaired renal
function (IDNT study) [Pohl et al., JASN (2005) 16:3027]
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Table 1: “Escape” or nonresponse to conventional
doses of renin—angiotensin system blockade

Salt restriction/diuretics

Dose escalation of ACE inhibitors or angiotensin receptor blockers
Spironolactone/Eplerenone

Aliskiren

Endothelin receptor blockers (Avosentan, Atrasentan)

Paricalcitol

It has become apparent that the doses licensed for blood
pressure reduction may not be the optimal dose to reduce
proteinuria and inhibit progression. Therefore, dose
escalation of ACE inhibitors or angiotensin receptor blockers
can be advised. There is no superiority of combining ACE
inhibitors with angiotensin receptor blockers at least in
microalbuminuric type 2 diabetic patients.[®

The escape phenomenon is linked to an increase in
aldosterone concentrations. A number of studies!*°-10%
showed that Spironolactone or Eplerenone, i.e.
mineralocorticoid receptor blockers, reduce the risk of
escape and can achieve reversal of escape.

An investigational drug is currently the renin inhibitor
Aliskiren, which has been shown to reduce proteinuria, %!
and a current study examines whether progressive loss
of GFR can be beneficially affected.

In animal experiments, endothelin receptor blockers were
highly effective in diabetic nephropathy. We had shown
that relatively low doses of the endothelin A receptor
blocker, Avosentan, reduce albuminuria in early stages
of type 2 diabetes with nephropathy.['* Unfortunately,
patients with more advanced diabetic nephropathy and
treated with relatively high doses with Avosentan had
major side-effects mostly related to sodium retention,
and fluid overload was noted.l'%! The novel, more ETA
receptor-selective blocker Atrasentan appears to be
promising in this indication (Kohan, JASN in press).

Active vitamin D has been shown to reduce glomerulosclerosis
and proteinuria in renal damage models.['%! De Zeeuw
recently showed that the vitamin D receptor agonist
paricalcitol reduced albuminuria in type 2 diabetes without
causing hypercalcemia at the dose examined.!?”!

In preclinical trials, further approaches such as renin
receptor inhibitors, AT2 receptor agonists and chymase
inhibitors are under examination.
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