
P
c
t
m
a

D

A

0
©

1

Albuminuria: A Target for Treatment of
Type 2 Diabetic Nephropathy

Dick de Zeeuw, MD, PhD

Summary: Both renal and cardiovascular morbidity and mortality is increased markedly in
patients with type 2 diabetes. Besides the classic risk factors and markers such as glucose,
blood pressure, blood lipid profile, and lifestyle (smoking, overweight), novel risk markers are
identified, among them urine albumin excretion. Levels of urinary albumin excretion greater
than normal are observed frequently in patients with type 2 diabetes. Moderately increased
levels of albuminuria, so-called microalbuminuria, are predictive both for progressive renal
function loss to diabetic nephropathy, and for cardiovascular morbidity and mortality: the
higher the albuminuria level, the more chance of renal and cardiovascular complications.
More advanced levels of albuminuria (overt albuminuria) are observed in patients in the
diabetic nephropathy state. In this condition, renal and cardiovascular risk are extremely
high, and again one may observe that the level of albumin excretion is predictive of renal and
cardiovascular outcome. Several drug strategies decrease the level of urinary albumin excre-
tion in type 2 diabetic patients. Data on using drugs that intervene in the renin-angiotensin-
aldosterone-system (RAAS) are the most extensive and conclusive. RAAS intervention is a very
effective strategy to decrease the amount of albumin in the urine, independent from the blood
pressure decreasing characteristics of the treatment. RAAS intervention is associated with
long-term renal and cardiovascular protection. Importantly, the degree of short-term albu-
minuria decrease is associated with the degree of renal and cardiovascular protection: the
more albuminuria reduction, the more protection. The protective predictive power of the
albuminuria effect of RAAS intervention is not related to (or dissociated from) the blood
pressure decreasing effect of these drugs. The protective effect of RAAS intervention is
present at normoalbuminuric, microalbuminuric, and overt albuminuria levels. This makes
albuminuria a target for therapy in type 2 diabetes. New drug strategies that decrease or
prevent albuminuria without affecting other risk factors currently are being tested, and not
only will add to underscoring the need to treat albuminuria as a separate target, but also will
assist in reducing the enormous residual risk burden of individual diabetic patients.
Semin Nephrol 27:172-181 © 2007 Elsevier Inc. All rights reserved.
Keywords: Diabetes, albuminuria, nephropathy, cardiovascular risk, renin-angiotensin-
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atients with diabetes are prone to all
kinds of complications; renal and cardio-
vascular (CV) complications are the most

ommon and carry the most morbidity and mor-
ality.1,2 Controlling risk factors such as glucose
etabolism, blood pressure, blood lipid profile,

nd lifestyle (such as overweight and smoking)
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as been instrumental in reducing the renal and
V risk. However, the residual risk is still dev-
stating. The challenge for the future is to find
rug strategies that add to the current arma-
entarium. In addition, we need to find bi-

markers or surrogate end points that help us
n the short-term identification of potentially
enal/CV-protective drugs, and subsequent
onitoring of protective effects. This article

elineates urine albumin leakage or albumin-
ria as such a clinical tool: increased urine al-
umin excretion is an indication for increased

enal and CV risk in the diabetic population,

in Nephrology, Vol 27, No 2, March 2007, pp 172-181



a
u
h

D

T
c
d
a
m
g
m

r
m
t
a
t
u
c
a
f
p
u
a
r
s

d
t
c
a
fi
u
t
t
m
e
m
m
R

W

A
d
v
fi
t
l
a
a
m
t
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nd, more importantly, short-term reduction of
rine albumin excretion using specific drugs
eralds long-term renal and CV protection.

EFINITION OF NORMAL ALBUMINURIA

he established consensus is that in physiologic
onditions no, or small, amounts of albumin are
etected in the urine. If the amount of urine
lbumin exceeds 30 mg/d and is less than 300
g/d it is called microalbuminuria, and if it is

reater than 300 mg/d it is called macroalbu-
inuria or overt albuminuria (Table 1).3

The earlier-described cut-off levels are de-
ived from studies that defined the urine albu-
in levels in normal individuals. However,

here are reasons to redefine the normal urine
lbumin range. It recently has become clear
hat the pathology associated with increases in
rine albumin levels is not restricted to mi-
roalbuminuria or overt albuminuria, but is also
pparent at levels of less than 30 mg/d.4-6 In
act, the risk associated with albuminuria ap-
ears to be a continuum at all levels of albumin-
ria. In addition, one could question whether
n albuminuria that is decreased by several cur-
ent therapies still can be categorized by the

Table 1. Threshold Levels for Abnormalities in
Improving Global Outcomes (KDIGO) Consen

24-Hour Urine
Collection Albumin

Excretion Rate,
mg/d

Albumin
Concentration,

mg/L

�30 �20

3–300 20–200

�300 �200

Abbreviations: M, male; F, female.
*Threshold levels for albumin-to-creatinine ratios vary amon

recommendations, but rounded to figures that are close t
†Terms are used commonly but should be avoided because
Modified and reprinted with permission from Levey et al.3
ame classes as before. e
Thus, microalbuminuria may need to be re-
efined based on the cut-off levels. In addition,
he term microalbuminuria is misleading be-
ause we are not dealing with small (micro)
lbumin molecules (as the term appears to de-
ne), but with mild increases in the amount of
rine albumin. The latter would be defined bet-
er by hyperalbuminuria. Hyperalbuminuria
hen could be categorized, if needed, as mild,
oderate, and severe. This also would help to

liminate misleading terms such as microalbu-
inuria, macroalbuminuria, or overt albu-
inuria. A recent review by Ruggenenti and

emuzzi7 addressed this issue of definitions.

HAT DO WE MEASURE

s stated previously, the glomerular filter is
esigned to retain macromolecules within the
ascular compartment. In case of a defective
lter, several macromolecules may be found in
he urine. Indeed, in case of excess albumin
eakage, increased amounts of other proteins
lso are found in the urine. Interestingly, there
re interprofessional differences in what to
easure in the urine. Many nephrologists are

rained to measure the total urinary protein

ry Albumin According to the Kidney Disease:

ot Morning Urine
mple Albumin-to-

Creatinine Ratio*

Termsmol mg/g

�30 Normal
2.0 M �20
0 F �3.0

30–300 Microalbuminuria†
0-20 M 20-200
-30 F 30-300

�300 Macroalbuminuria†
20 M �200
0 F �300

elines. Threshold levels shown here are close to the various
hreshold levels given in mg/d and mg/L.
re misleading (see text).
Urina
sus

Sp
Sa

mg/m

�3
M �
F �3
3–30
M 2.
F 3.0
�30
M �
F �3

g guid
o the t
they a
xcretion. Commonly, the main component of
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174 D. de Zeeuw
his total protein is albumin (�50%). Doctors
ealing with diabetic patients mostly use tech-
iques that measure the albumin level in the
rine. It is hard to define today which plasma
rotein is the one that should be measured in
he urine. Urinary proteins are measured to
ssess kidney dysfunction (damage) and vascu-
ar function (damage), and are used as tools to
redict renal and cardiovascular risk. It could
e that the molecule of interest is albumin,
owever, it also could be that another plasma
rotein (cofiltered with albumin) is better re-

ated to the renal and CV damage or its predic-
ion.8 Until otherwise concluded, urine albumin
evel is the best measure for diagnostic pur-
oses.
Another ongoing debate is which technique

e should use to measure the albumin level in
he urine. Most common laboratory techniques
se antibodies that bind to the albumin mole-
ule (or its fragments), and subsequently detect
he amount of formed complexes. Recently, a
ew approach was introduced that detects the
lbumin molecule more directly. Plasma is sep-
rated using high-pressure liquid chromatogra-
hy, and subsequently the albumin peak is
uantified. This technique appears to detect
arkedly more albumin in the urine of some

ndividuals compared with the classic
ethod.9,10 It is suggested that this high-pres-

ure liquid chromatography technique en-
ances the sensitivity for CV or renal risk.9

owever, prospective trials still are pending.

OW DO WE MEASURE

o diagnose substances in the urine, the urine
eeds to be collected. Traditional collection
overs a 24-hour period (24-h collection). This
orces the patient to carry urine collection con-
ainers. Other collection strategies involve spot
rine samples (the patient produces a urine
ortion at any time of the day) or first morning
oid (the patient collects the first urine passed
fter waking). In case of a 24-hour collection,
ne can calculate the amount of albumin excre-
ion per time. This allows standardized moni-
oring between patients and within a patient.
he problem with urine portion collection

echniques is that they cannot be linked to

ime, and therefore lack within-patient and in- a
erpatient standardization. This problem can be
vercome by using the urine creatinine excre-
ion as a reference. Creatinine is excreted in the
rine with relative constancy over time. The
lbumin/creatinine ratio thus introduces a rela-
ive constant measure. One of the disadvan-
ages is that the amount of creatinine may differ
etween individuals depending on their muscle
ass. The definition of normal levels for the

ifferent collection techniques and for creati-
ine correction are shown in Table 1.

Most doctors use a central laboratory facility
or albumin measurement. This is determined
ainly by the fact that precise and accurate
easurement of albumin requires advanced

nd dedicated equipment. However, small
esktop point-of-care machines were intro-
uced recently that can measure urine albumin
ith the same accuracy and precision as central

aboratory machines (see Florvall et al11 for an
xample). This is an important clinical develop-
ent, comparable with what happened with

lood pressure measurement techniques. This
ill allow patient care to be much more direct

t the patient bedside. Doctors and even pa-
ients can monitor their risk (based on albumin-
ria) more easily and doctors can determine
herapeutic actions without delay.

LBUMINURIA AND RENAL RISK

icroalbuminuria

n patients with diabetes, an increased level of
rine albumin heralds an ominous sign for the
evelopment of diabetic nephropathy. In type
diabetes, Mogensen12 identified a level of al-

uminuria above which 80% of the patients
rogress to diabetic nephropathy in 10 years,
hereas the subjects with levels that are less

han this microalbuminuric threshold do not
rogress. A similar phenomenon was estab-

ished in type 2 diabetes. Patients with mi-
roalbuminuria have an increased risk for both
osing kidney function (glomerular filtration
ate loss) and progression to overt albumin-
ria.13-16

The threshold of an increased albumin excre-
ion that is associated with renal risk is not
bsolute. High normal levels of albuminuria are

ssociated with more renal risk than low nor-
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Treatment of type 2 diabetic nephropathy 175
al levels. Verhave et al6 showed in a general
opulation that high normal levels of albumin-
ria are associated with renal risk compared
ith low normal levels. In addition, Ruggenenti

t al,17 recently showed in a large hypertensive
ype 2 diabetic cohort that patients with normal
lbuminuria levels are at risk to progress to
icroalbuminuria, which can be reduced by

ntervention.
The current guidelines indicate that we

hould use the microalbuminuric range of albu-
in excretion as the renal risk marker in type 2

iabetes. However, we appear to be dealing
ith albuminuria as a continuous renal risk pa-

ameter. Future risk assessment in type 2 diabe-
es may involve either lower cut-off levels for
he definition of microalbuminuria, or better
mplementation of the albuminuria level in the
otal renal risk engine, including levels of albu-
in and other renal risk factors.

vert Albuminuria

he chance of developing end-stage renal dis-
ase is enhanced drastically if a patient with
ype 2 diabetes has levels of albumin excretion
reater than the microalbuminuric range (�300
g/d). The relation between proteinuria and

enal damage was found long ago, both in ex-
erimental and clinical settings. Remuzzi and
ertani18 proposed a mechanism in 1990, and
his was updated recently,19 suggesting that
here is a direct detrimental effect of leaked
lbumin in the kidney. Since then, many clinical
tudies have looked at the role of overt albu-
inuria as a risk marker for renal progressive

unction loss. In nondiabetic patients, Rugge-
enti et al20 clearly showed that proteinuria is
n important clinical contributor to renal out-
ome. The most recent data for type 2 diabetes
ome from 2 recent large intervention tri-
ls.21,22 Keane et al23 clearly showed that albu-
inuria is the most important predictor of renal

isk out of all currently known renal risk factors
n a type 2 diabetic population that is well
reated according to the guidelines. Keane et al2

ecently published a renal risk score for such
atients, in which albuminuria is next to hemo-
lobin, serum creatinine, and serum albumin,
he factors dictating renal outcome. Atkins et

l24 showed that proteinuria is indeed an impor- r
ant predictor of renal outcome, irrespective of
ystemic blood pressure.

The cumulative data over the past decades
how that albuminuria has a definite role in
ausing progressive renal damage.

LBUMINURIA AND CV RISK

icroalbuminuria

o establish the relation between albumin-
ria and CV risk one needs a large population
r patient studies with relatively long-term
ollow-up periods. Few, if any, studies have
ooked at an isolated unselected type 2 dia-
etic population prospectively for a relation
etween CV risk and microalbuminuria. How-
ver, there are several large randomized clin-
cal trial studies such as heart outcomes pre-
ention evaluation (HOPE) that have type 2
iabetic patients among the recruited sub-

ects.25 Such studies have shown that the
resence of type 2 diabetes itself is a cardio-
ascular risk factor, and that microalbumin-
ria is a major cardiovascular risk factor.
ore dedicated studies directly associate mi-

roalbuminuria to CV outcome. In 1984, Mo-
ensen26 described the relation between mi-
roalbuminuria and mortality in type 2
iabetes. Marshall27 described the CV mortal-

ty risk as about 4 times higher in microalbu-
inuric compared with normoalbuminuric

ype 2 diabetes. Yuyun et al28 described the
elative CV risk within a type 2 diabetes mi-
roalbuminuria cohort and clearly showed
hat even within the microalbuminuria range
here is increasing CV risk (Fig. 1). Sukhija et
l29 showed that microalbuminuria clearly dif-
erentiated the cardiovascular risk within
ype 2 diabetic patients, increasing the
hance of coronary artery disease consider-
bly. Mykkanen et al30 showed that mi-
roalbuminuria is associated with cerebrovas-
ular problems. Keech et al31 found that even
ithin the normoalbuminuric range one finds

n increased risk for vascular morbidity in
ype 2 diabetic patients. Finally, a meta-anal-
sis found that microalbuminuria doubles the
ardiovascular morbidity and mortality in
ype 2 diabetes after adjusting for traditional

isk factors.32
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176 D. de Zeeuw
vert Albuminuria

he relation between higher quantities of albu-
in or protein in the urine and cardiovascular

isease already was established by the Framing-
am data published in 1984.33 The exact reason
or this relation remains unknown to date.
learly, also in type 2 diabetic patients, who
lready have an increased risk for CV disease,
he role of overt albuminuria as a CV risk pre-
ictor is important. This again was established

n 2 recent large type 2 diabetic trials of ne-
hropathy patients.21,22 Both trials showed that
here is a relation between baseline proteinuria
r albuminuria and CV outcome as measured by
omposite end points.34,35

EDUCING ALBUMINURIA REDUCES RISK

enal Outcome

t is well known that several different therapeu-
ic interventions may decrease albumin excre-
ion in the urine considerably. Among these
easures are drugs that intervene in the renin-

ngiotensin-aldosterone system (RAAS). These
easures may decrease albumin excretion on

verage by about 50%.36 The intriguing phe-
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igure 1. Baseline albuminuria in quintiles is associated
han 30 mg/d. □, type 1 diabetes (n � 161); �, type
ermission from Yuyun et al.28
omenon can be observed that drugs (or strat- w
gies) that decrease urine albumin excretion
re in most cases also associated with renal
rotection. More importantly, the more a drug
educes the albumin in a certain individual pa-
ient in the short term, the more the kidney is
rotected in the long term.37,38 This finding has
een confirmed in many large diabetic and non-
iabetic intervention trials that followed such
s the Captopril Collaborative Study Group
rial, the ramipril efficacy nephropathy (REIN)
rial, the reduction in endpoints in patients
ith non-insulin-dependent diabetes mellitus
ith the angiotensin II antagonist losartan

RENAAL), and the irbesartan in diabetic ne-
hropathy trial (IDNT). These trials showed
hat renoprotective therapy was associated
ith a reduction of albuminuria (proteinuria),
ith more or less similar blood pressures as the

omparator group.21,22,39,40 Some of these trials
nd their post hoc analyses clearly showed that
he degree of reduction of albuminuria (or pro-
einuria) conferred by the drug given was asso-
iated with the follow-up renal outcome: the
ore the drug initially decreased the urinary

lbumin/protein excretion, the more the pa-
ients were protected (Fig. 2).24,41 These data

3 4 5
uria quintile
3 4 5
uria quintile

ardiac events in diabetes with albuminuria levels greater
etes (n � 266); z, total. Modified and reprinted with
minmin

with c
2 diab
ere observed not only in overt albuminuria,
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ut also in microalbuminuric ranges, as shown
n the irbesartan microalbuminuria type 2
IRMA-2) trial in which the decrease in albumin-
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The drugs most frequently associated with
enal protection and albuminuria reduction are
rugs that intervene in the RAAS. Because these
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178 D. de Zeeuw
lso the systemic blood pressure, and because
ecreasing the systemic blood pressure also is
ssociated with renal protection, one may won-
er whether a reduction of albuminuria is re-

ated directly to renal outcome improvement.
ecent data from the RENAAL trial gave the

mpression that indeed one should consider al-
uminuria reduction as a target by itself, inde-
endent from the blood pressure reduction.
ijkelkamp et al44 found that those individuals
ho respond to RAAS intervention with no

hange or even an increase in blood pressure,
till may be protected from end-stage renal dis-
ase in case one achieves a reduction in albu-
inuria.

ardiovascular Outcome

here are several studies that clearly have
hown that intervention in the RAAS leads to
ardiovascular protection in type 2 diabetic pa-
ients.25,45 The question, however, is whether
his protection is associated with the decrease
n albuminuria that is likely to occur in these
rials.

No prospective data are available on mi-
roalbuminuria in specific type 2 diabetic co-
orts. However, Ibsen et al46 showed in the

osartan intervention for endpoint reduction
n hypertension (LIFE) study (of which a ma-
or part was type 2 diabetes) that the short-
erm degree of decrease in baseline (mi-
ro)albuminuria by the instituted treatment
as indeed associated with the long-term CV
orbidity and mortality. The Prevention of
enal and Vascular Endstage Disease Inter-
ention Trial (PREVEND-it) study showed that
n normotensive, nondiabetic individuals

ith microalbuminuria, angiotensin convert-
ng enzyme (ACE) inhibition in the short term
ecreases albuminuria by about 30%, which is
ssociated in the long term with CV protec-
ion.47

In overt albuminuria, a post hoc analysis of
he RENAAL study in overt albuminuric type 2
atients showed that the degree of the albumin-
ria decrease over the first 6 months of therapy

s predictive of the CV outcome, such that the
ore one decreases albuminuria the better the
rognosis.34 Again, the effect of RAAS interven-

ion on albuminuria may indeed be indepen- t
ent from the blood pressure effect, as is the
ong-term associated CV outcome.44

UTURE AND NEW DRUG STRATEGIES

lbuminuria is clearly an important risk marker
or both renal and CV morbidity and mortality
n type 2 diabetic patients. Drugs that decrease
lood pressure and intervene in the RAAS and
ecrease albuminuria do afford renal and CV
rotection for those patients. However, the re-
idual risk in well-controlled trials with optimal
are is still very high. Interestingly, the residual
isk of these patients is related to the residual
lbuminuria. In other words, the future im-
rovement of patient care in type 2 diabetes
ppears also to depend on, next to improve-
ent of blood pressure control, the further

eduction of albuminuria/proteinuria.
Several strategies for further albuminuria re-

uction are available, such as combination ther-
pies in addition to renin-angiotensin-aldoste-
on system intervention (RAASi). The addition
f a diuretic and/or low-sodium diet to enhance
he antialbuminuric response to angiotensin-
onverting enzyme inhibition (ACEi) or angio-
ensin-II receptor blocker (ARB) also is impor-
ant.48 In addition, one should look at
ncreasing the dose of the renin-angiotensin-
ldosteron system intervention (RAASi) for op-
imal antialbuminuric treatment.49,50 Interesting
esults have been obtained recently by new
rugs such as Sulodexide (Keryx Biopharma-
euticals, New York, NY), which appears to
ecrease albuminuria in addition to ACEi both

n microalbuminuric and overt albuminuria.51

n addition, interesting drugs to decrease albu-
inuria further are being tested such as statins,

itamin D,52 and endothelin antagonist.
Most importantly, it will be necessary to test

hether this addition of drugs not only de-
reases albuminuria further, but also will fur-
her protect the patient with type 2 diabetes
gainst renal and CV problems. No hard end
oint evidence is available yet, but several trials
re ongoing or need to be started (Table 2).

Next to optimalization of intervention strat-
gies with respect to mild, moderate, or severe
ncreases in albuminuria as a renal or CV risk

arker in type 2 diabetes, perhaps we should

arget our efforts to prevention instead of inter-
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Treatment of type 2 diabetic nephropathy 179
ention. Palmer et al53 showed that treating the
icroalbuminuric type 2 diabetic patient ap-
ears to be more cost effective than treating the
atient with established nephropathy. Even
ore importantly, Ruggenenti et al17 recently

tated that the use of RAAS intervention in nor-
oalbuminuric type 2 diabetic patients may

ndeed protect them against the development
f microalbuminuria.

ONCLUSIONS

ype 2 diabetic patients run a very high risk for
enal and CV complications. Albuminuria is a
ood predictor for both renal and CV risk in this
opulation: the more albuminuria, the more
enal and/or CV risk. Strategies that reduce al-
uminuria are associated with renal and CV
rotection: the more short-term albuminuria re-
uction the more renal and CV protection. Al-
uminuria is close to becoming a separate tar-
et for treatment. Currently ongoing clinical
rials targeting albuminuria itself (without af-
ecting other risk factors) will provide the ur-
ently needed final proof. Next to improve-
ent of intervention strategies, the prevention

f microalbuminuria development may be an
mportant strategy for the future.
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