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Chronic kidney diseases share common pathogenic mechanisms that, independently from the initial injury, lead to glomerular
hyperfiltration, proteinuria, and progressive renal scarring and function loss. Consistent experimental evidence supports the crucial role
of proteinuria in accelerating kidney disease progression to end-stage renal failure through multiple pathways, including induction of
tubular chemokine expression and complement activation. These events, in turn, lead to inflammatory cell infiltration in the interstitium
and sustained fibrogenesis. The extent of proteinuria is widely recognized as a marker of the severity of chronic kidney disease and as a
predictor of future decline in glomerular filtration rate. More importantly, a reduction in proteinuria invariably translates into a
protection from renal function decline in patients with diabetic and non-diabetic renal disease. Recent evidence also showed the
existence of a relatioship between proteinuria levels and cardiovascular risk, which extends to the range of urinary albumin excretion
that was previously thought ‘normal’. Thus, proteinuria should be considered a valuable surrogate end point for clinical trials in patients
with chronic renal diseases and a target for reno- and cardioprotecive strategies.

Introduction

People with chronic kidney disease (CKD) represent 5–7 %
of the entire world population and are at higher risk for
hospitalization and heart disease than those of corre-
sponding age and gender in the general population.
According to a cohort study including almost 1.3 million
individuals, the unadjusted mortality rates after myocar-
dial infarction in subjects with CKD were significantly
higher than in subjects with a history of cardiovascular
disease or diabetes [1].As a consequence of the few notice-
able symptoms of CKD, four out of five affected people are
not even aware of their condition and progressively lose
renal function over the course of years.Half of CKD patients
die from cardiovascular events before reaching end stage
renal disease (ESRD) and nearly two-thirds of patients who
enter dialysis die within 5 years of initiation of renal
replacement therapy, a life expectancy worse than patients
with heart failure or most common cancers.

The high burden of CKD and associated costs, related
adverse outcomes and decreased productivity make it a
significant public health problem worldwide [2]. This issue
is even more relevant in emerging nations, where ESRD
constitutes a ‘death sentence’, as dialysis or kidney trans-
plantation are often unavailable or unaffordable, leading
to the death of nearly 1 million ESRD patients each year.

Improvements in renal disease prevention and man-
agement have ameliorated outcomes of patients with CKD
over the last decades, but the number of those who still
progress to ESRD is unbearably high [3]. New treatment
options have arisen from experimental studies over the
last decades, but the new molecules with nephroprotec-
tive properties that have actually reached the clinical
setting is disappointingly low.The chronic,slowly progress-
ing nature of kidney disease makes designing clinical trials
with hard endpoints, such as need of replacement therapy
or death, extremely challenging. Doubling of serum creati-
nine concentrations is a Food and Drug Admininistration
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(FDA) accepted surrogate end point, but is of limited utility
in clinical trial design since many years are generally
required before this outcome develops.

Slopes of glomerular filtration rate (GFR) have been
used as another surrogate endpoint. However, the two
most widely used formulae to estimate GFR, namely the
‘Chronic Kidney Disease Epidemiology Collaboration’
(CKD-Epi) and the ‘abbreviated Modification of Diet in
Renal Disease’ (aMDRD) have been repeatedly challenged
and there is increasing evidence that their use might gen-
erate misleading information [4]. According to a recent
prospective cohort study in 111 patients with autosomal
dominant polycystic kidney disease (ADPKD) patients, esti-
mated GFR (eGFR) values were biased by a significant over-
estimation with the CKD-Epi and underestimation with the
aMDRD formula compared with direct GFR measurements
done by iohexol plasma clearance technique [5]. Only
direct measurements of the GFR by gold standard tech-
niques could actually assess a treatment effect on GFR
decline, but this approach may be hard to implement in
large clinical trials.

Thus, novel, surrogate endpoints able to predict easily a
clinically relevant end point, possibly long before its occur-
rence, are needed to test new treatments in CKD and gen-
erate evidence for their implementation in patient care [6].

Proteinuria is a major risk factor of
renal disease progression

Proteinuria is strongly associated with the risk of CKD pro-
gression in both non-diabetic and diabetic patients. A
mass screening involving 107 192 participants in Okinawa,
Japan, identified proteinuria as the most powerful predic-
tor of ESRD risk over 10 years in the general population [7].
In the 274 patients with non-diabetic chronic nephropa-
thies and clinical proteinuria included in the Ramipril
Efficacy in Nephropathy (REIN) trial [8], urinary protein
excretion was the only baseline variable that correlated
with the rate of GFR decline and progression to ESRD. Con-
sistently, when patients were stratified according to base-
line proteinuria levels, those in the lowest tertile had the
lowest rate of renal disease progression and of ESRD, as
compared with patients in the middle and in the highest
tertiles. In harmony with these findings, the Modification of
Diet in Renal Disease (MDRD) [9] and the African-American
Study of Kidney Disease and Hypertension (AASK) [10]
studies which included non-diabetic patients with CKD
showed that higher baseline proteinuria was associated
with faster GFR decline.

The same is true for diabetic patients. Results from the
UK Prospective Diabetes Study 74 revealed that increased
urinary albumin concentrations within the normal range
were independently associated with subsequent develop-
ment of micro-albuminuria (urine albumin excretion
between 30 and 300 mg 24 h-1) or renal impairment in

type 2 diabetics with but no albuminuria at baseline [11].
Among patients with diabetic nephropathy, baseline
urinary albumin to creatinine ratio was a strong independ-
ent predictor of ESRD in the Reduction of Endpoints in
NIDDM with the Angiotensin II Antagonist Losartan
(RENAAL) study and in the Irbesartan in Diabetic Neph-
ropathy Trial (IDNT) [12, 13].

Thus, proteinuria is a marker of renal risk in the general
population and in non-diabetic and diabetic patients with
CKD prior to treatment. Furthermore, according to the
RENAAL study, baseline albuminuria was the most impor-
tant independent predictor of ESRD risk in all ethnic
groups, including White, Black, Asian and Hispanic [14].

Proteinuria plays a crucial
pathogenic role in loss
of renal function

Experimental data have provided significant insights on
the mechanisms by which CKD progresses. It is now well
established that, independent of the underlying cause,
chronic proteinuric nephropathies have in common a loss
of selectivity of the glomerular barrier to protein filtration.
In the experimental model of renal mass reduction by
five-sixths nephrectomy, the remnant glomeruli undergo
hypertrophy and the tone of afferent arterioles drops by a
greater degree than that of efferent ones. These changes
increase glomerular capillary hydraulic pressure and lead
to more filtrate formed per nephron. These changes, ini-
tially helpful to minimize the functional consequences of
nephron loss, are ultimately detrimental, causing relentless
injury of remaining intact nephrons [15]. Enhancing intra-
glomerular capillary pressure and perfusion pressure
results in stretching of the glomerular capillaries, leading
to impaired filter function and loss of larger molecules,
such as proteins, in the urine (Figure 1).

Recent data showed the existence of a direct relation-
ship between podocyte detachment, endothelial cell fen-
estration and albuminuria in patients with type 2 diabetes
[16]. Similarly to previous findings in type 1 diabetes [17],
these three parameters worsen in parallel with the classic
histological features of diabetic kidney disease, providing a
structural link between glomerular injury, albuminuria and
renal scarring.

These data are consistent with the hypothesis that
tubulo-interstitial damage is induced by direct toxicity of
filtered proteins. Studies support the possibility that the
excessive protein load of podocytes can be a factor under-
lying progressive injury of these glomerular cells and
through their release of transforming growth factor-b,
eventually leading to the differentiation of mesangial cells
into myofibroblasts [18]. In vitro experiments showed that
proximal tubular cells exposed to plasma proteins such
as albumin, IgG and transferrin, release profibrotic and
pro-inflammatory molecules, including the vasoconstrictor
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peptide endothelin-1 (ET-1), RANTES and osteopontin
[19–22]. Protein overloading of human proximal tubular
cells induced the synthesis of fractalkine, which in its
membrane-anchored form promotes mononuclear cell
adhesion via the CX3CR1 receptor [2]. Gene expression of
fractalkine, a CX3C transmembrane chemokine, was
increased in kidneys of mice with protein overload pro-
teinuria, and the gene product was detected in tubular
epithelial cells mainly in the basal region [2].

Transcription analysis by cDNA microarray of renal
tubular cells from patients with proteinuric nephropathies
[23] identified more than 160 genes as being regulated
differently compared with those of proximal tubular
cells from control subjects. The upregulation of cytokines,
growth factors and vasoactive substances, results in abnor-
mal accumulation in the interstitium of extracellular matrix
collagen, fibronectin and other components that are
responsible for interstitial fibrosis [24].As a consequence of
proteinuria, the intrarenal activation of the complement
cascade may also promote injury through the formation
of membrane attack complex and possibly other biologi-
cally active products that interact with specific receptors
[25–27]. Thus, experimental data converge to indicate that
proteinuria is not just a marker of the entity of renal

damage, but it also plays a direct pathogenic role in renal
disease progression, promoting loss of kidney function
and scarring.

Selectivity has been pointed out as an important
feature of proteinuria, modifying its nephrotoxic effect.
When proteinuria is highly selective, i.e. when albumin rep-
resents its major component, tubulo-interstitial damage is
milder than in cases when also larger proteins, together
with potentially nephrotoxic components, such as comple-
ment factors, growth factors and others, are ultrafiltered in
the urinary space.

This evidence, however, should not lead to the under-
estimation of the injurious effects of albuminuria. Recent
experimental data have showed a direct, pro-inflammatory
role of urinary albumin. The proteolysis of ultrafiltered
albumin by proximal tubular cells provides the substrate to
dendritic cells for the generation of antigenic peptides that
elicit an inflammatory response [28]. Consistently, patients
with persistent selective proteinuria secondary to minimal
change disease who do not respond to steroids or immu-
nosuppressive treatments eventually develop renal inter-
stitial inflammation and glomerulosclerosis [15, 29].

Fractional protein clearance has been described as a
more accurate indicator of impairment of glomerular
permselectivity than total proteinuria in predicting renal
outcome of patients with primary glomerulonephritis [30],
possibly because it represents a more accurate marker of
glomerular permselectivity impairment. According to a
recent study in 97 patients with primary glomerulonephri-
tis [31], fractional excretion of albumin and fractional high
molecular weight proteinuria were better predictors of
developing stage 5 CKD or ESRD than total proteinuria.
Intriguingly, the two fractional clearances had a similar pre-
dicting power, which further supports the notion that the
amount of proteinuria, rather than its quality, represents
the major predictor of renal function loss.

Reducing proteinuria retards renal
disease progression

Clinical trials consistently showed the renoprotective
effect of proteinuria reduction [15]. Results of the MDRD
study established that a reduction of proteinuria by anti-
hypertensive treatment was associated with a decrease in
the rate of GFR loss, and that protection of renal function
achieved by lowering blood pressure was dependent on
the extent of initial proteinuria [9]. The REIN study was
designed to assess the hypothesis that, through a specific
antiproteinuric effect, angiotensin converting enzyme
(ACE) inhibitors could be superior to other antihyperten-
sive drugs in limiting the GFR decline and preventing ESRD
in patients with chronic nephropathies. In this study,
patients were randomly assigned to receive ramipril or
conventional antihypertensive therapy to maintain diasto-
lic blood pressure at 90 mmHg or less. The study showed

Increased glomerular capillary pressure

Increased filtration of plasma proteins 

Excessive tubular reabsorption 

Release of vasoactive and inflammatory proteins

Tubular cell apoptosis, monocyte infiltration, accumulation in
the interstitium of extracellular matrix 

Increased glomerular
permeability to macromolecules

Scarring/GFR loss 

Podocyte dysfunction/loss  

Renal injury/reduced nephron mass 

Figure 1
The common pathway in the progression of chronic proteinuric neph-
ropathies. Modified from [52]
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that despite similar blood pressure control in the two treat-
ment groups, ACE inhibitor therapy decreased proteinuria
significantly more than conventional antihypertensive
therapy and this translated into a 50% reduced progres-
sion to ESRD [32]. Patients who had more proteinuria to
start with benefited more from treatment than those who
had less proteinuria. Of note, independent of the initial
level of proteinuria, the extent of short term proteinuria
reduction significantly correlated with the reduction in the
rate of GFR decline and progression to ESRD in the long
term [33]. Similar findings were observed in diabetic
kidney disease. Bjorck et al. [34] found that in type 1 dia-
betics with overt nephropathy, enalapril reduced the
rate of GFR decline more than did treatment with a
b-adrenoceptor blocker, despite comparable blood pres-
sure control. Another trial of 409 type 1 diabetics [35]
showed less progression to the combined end point of
doubling serum creatinine, ESRD or death while on capto-
pril compared with placebo. In both trials, blood pressure
was comparable between treatment groups and slower
progression was associated with more proteinuria reduc-
tion in patients on ACE inhibitor therapy. Similar data are
available for type 2 diabetics. Two large trials of patients
with overt nephropathy showed that proteinuria reduc-
tion by angiotensin receptor blocker treatment was asso-
ciated with a lower incidence of serum creatinine doubling
and risk of ESRD [12, 13]. Actually, all post hoc analyses
of randomized clinical trials aimed at evaluating the rela-
tionships between changes in proteinuria and disease
outcome consistently found that short term proteinuria
reduction was invariably associated with slower GFR
decline and progression to ESRD in the long term.

A meta-analysis of 1860 patients with diabetic or non-
diabetic chronic nephropathies showed that proteinuria
was the most important modifiable risk factor to slow pro-
gression and that reduction of urine protein excretion was
the main goal for treatment [36]. Consistently, a pooled
analysis of 2387 patients included in 11 randomized clini-
cal trials, found that, irrespective of treatment adopted,
short term changes were strongly consistent with long
term renal outcome. Reduction of proteinuria was invari-
ably associated with improved outcome, whereas no effect
on proteinuria predicted no long term benefit. A worsen-
ing of proteinuria was never associated with improvement
[37].

A recent trial in 227 diabetic patients with eGFR
<45 ml min-1 1.73 m-2 showed that bardoxolone methyl,
an anti-oxidant and anti-inflammatory molecule, increased
eGFR compared with placebo in a dose-dependent
fashion, an effect that was associated with increased blood
pressure and albuminuria [38]. This phenomenon, raised
concerns whether the renal effect of increasing eGFR was
actually due to hyperfiltration, a major determinant of
accelerated glomerular damage. Consistent with this
hypothesis, treatment with an analogue of bardoxolone
methyl in Zucker diabetic fatty (ZDF) rats with overt type 2

diabetes was associated with increased proteinuria and
glomerulosclerosis [39]. Therefore, data from the bardox-
olone trial actually confirm that hyperfiltration-induced
proteinuria is associated with increased glomerulosclero-
sis in rats and may lead to accelerated renal function loss in
patients. Unfortunately, a long term randomized trial
designed to understand the impact of bardoxolone on
long term renal survival in stage IV–V CKD patients with
diabetes has been recently halted due to increased mor-
tality in the treatment group (ClinicalTrials.gov identifier:
NCT01351675).

Proteinuria is a cardiovascular
risk factor

Beyond its association with renal disease progression, pro-
teinuria increases risk for cardiovascular events and mor-
tality in patients with and without diabetes. Patients with
proteinuria have augmented risk for cardiovascular events,
cardiovascular mortality and all-cause mortality [40]. In
addition, proteinuria has been implicated in myocardial
disease of the left ventricle and increased risk for incident
stroke. Finally, proteinuria is also associated with increased
risk for atherosclerotic events in the peripheral vasculature
[40].

In the RENAAL Study, which randomized 1513 patients
with type 2 diabetes to losartan vs. placebo, for each 50%
reduction in albuminuria, there was an 18% and 27%
reduction in cardiovascular and heart failure risk, respec-
tively [41]. Similar results were noted in the LIFE trial [42], in
which time varying albuminuria was related to the primary
composite cardiovascular endpoint such that the risk
decreased with lower levels of albuminuria in follow-up.
Larger proteinuria reduction predicted slower renal
disease progression and even less cardiovascular events
[43]. Similar data were reported for type 2 diabetes
patients with overt nephropathy included in the IDNT trial
[44]. Thus, evidence that interventions that reduce urinary
albumin or total protein excretion are invariably reno- and
cardioprotective confirms that albuminuria and proteinu-
ria are sensitive and both reliable surrogate end points
to monitor and predict treatment effect in clinics and
research.

Proteinuria-associated
cardiovascular risk extends to any
degree of measurable albuminuria

Patients with type 2 diabetes and micro- or macro-
albuminuria have a significantly higher risk for cardiovas-
cular death than that observed in patients with less
albuminuria. In a pooled analysis of 11 cohort studies
including 2138 patients with type 2 diabetes followed up
for a mean of 6.4 years, micro-albuminuria was found to be

Proteinuria in CKD

Br J Clin Pharmacol / 76:4 / 519



associated with an adjusted overall odds ratio for all-cause
mortality of 2.4 and for cardiovascular morbidity and mor-
tality of 2.0 [45]. Even higher cardiovascular risk has been
reported for patients with macro-albuminuria [46]. This
largely accounts for the excess cardiovascular mortality
observed in patients with diabetes compared with age-
matched subjects without the disease.

In contrast with diabetic patients with micro- or
macro-albuminuric, those with urinary albumin excretion
<20 mg min-1 (the upper limit of what is generally consid-
ered the normal range) were initially supposed to have a
cardiovascular risk close to that of the general population.
However, this concept has been recently challenged. In the
Third Copenhagen City Heart Study, individuals with
>4.8 mg min-1 levels of albuminuria had increased risk of
coronary artery disease and all-cause mortality as com-
pared with those below this level [47]. Similarly, 1568 non-
hypertensive, non-diabetic Framingham Offspring Study
participants free of cardiovascular disease, those with
urinary albumin/creatinine greater than the gender-
specific median (�3.9 mg mg-1 for men and 7.5 mg mg-1 for
women) had a three-fold increased risk of cardiovascular
disease as compared with those below this level [48].

More strikingly, according to a recent analysis of 1208
hypertensive, normo-albuminuric patients with type 2 dia-
betes from the BErgamo NEphrologic Diabetes Complica-
tion Trial (BENEDICT), any degree of measurable albumin
excretion bore significant heart risks [49]. For each
1 mg min-1 in albumin excretion at the start of the study,
there was a progressive incremental risk of experiencing
heart problems during follow-up. Second degree poly-
nomial multivariable analysis showed a continuous non-
linear relationship between albuminuria and events
without thresholds. Even albuminuria of 1–2 mg min-1 was
significantly associated with increased risk compared with
albuminuria <1 mg min-1 (Figure 2).

Thus, in type 2 diabetes patients, any degree of meas-
urable urinary protein excretion, even in what is consid-
ered the normal range, increases their risk of experiencing
heart problems. This is a major health issue, since patients
with normo-albuminuria account for at least 90% of the
diabetic population.

Conclusion

Surrogate endpoints of renal failure are instrumental to
test new treatments in patients with CKD, whose natural
history is characterized by a slow, asymptomatic, decline of
function. Proteinuria plays a direct pathogenic role in renal
disease progression and its extent is widely recognized as
a marker of the severity of glomerulopathy. Population-
based studies and controlled trials have identified pro-
teinuria as a predictor of future decline in GFR and the
development of ESRD. Reduction in proteinuria invariably
translates into protection from renal function decline in

non-diabetic and diabetic renal disease with overt pro-
teinuria. Even more importantly, proteinuria reduction and
preservation of renal function translates into improved
cardiovascular outcomes. Altogether, proteinuria should
be considered a valuable surrogate endpoint for clinical
trials in proteinuric renal diseases and a target for cardio-
vascular protection.

Though proteinuria is still not recognized by the FDA or
the European Medicines Agency (EMA) as a surrogate end-
point for trials of CKD interventions, the aforementioned
evidence prompted a lively discussion between leading
nephrologists and FDA representatives on the qualifica-
tion of proteinuria as a surrogate marker [50, 51].
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