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Abstract
Albuminuria is a risk factor for progression of kidney disease. Angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers slow the progression to ESRD, an effect that is correlated with reduction in
albuminuria. This has led to the hypothesis that albuminuria should be a target for therapy. This work argues that
there are issues with this hypothesis. The previously reported studies were not designed to test the hypothesis that
achieving a specific albuminuria target would be beneficial in and of itself irrespective the mechanism used to
achieve that goal. One cannot assume that the beneficial effect observed was causally related to the effect on
albuminuria or that it would extend to other interventions. Most importantly, it is not known if the approach of
maximizing therapy to reduce proteinuria is safe. Recent studies have shown that combining renin-angiotensin
system therapies decreases albuminuria without significant clinical benefit but with increased risk of adverse
events. More studies are needed, but at this time, albuminuria has not jumped the hurdle needed to be accepted
as a surrogate end point or target for treatment. Primum non nocere, first do no harm.

Clin J Am Soc Nephrol 10: 1089–1093, 2015. doi: 10.2215/CJN.10681014

Introduction
The question posed to us is whether albuminuria is an
appropriate target for treatment. In other words, after
the use of maximally tolerated recommended doses of
angiotensin-converting enzyme inhibitors (ACEIs) or
angiotensin receptor blockers (ARBs), if we decrease
patients’ albuminuria by additional treatment, do we
decrease the risk of ESRD? Should we be actively
trying to decrease albuminuria? Our answer to this
question is that we do not yet have sufficient data to
ensure that we would be helping, not harming, our
patients with this approach.

The hypothesis that albuminuria should be a pri-
mary treatment target came from trials of renin an-
giotensin blockade in patients with CKD who were
proteinuric (1–3). Reductions of albuminuria were as-
sociated with lower risk of ESRD; additional reduc-
tion in albuminuria explained a large proportion of
the benefit of renin-angiotensin system (RAS) block-
ade on the risk of progression (4,5). In the Reduc-
tion of Endpoints in NIDDM with the Angiotensin II
Antagonist Losartan (RENAAL) Study, the decline in
proteinuria with losartan accounted for 100% of the
benefit of ARB in reduced risk of doubling of serum
creatinine and 50% of the reduction in risk of progres-
sion to ESRD (1). Residual albuminuria while on ARB
was a risk factor for progression (5). Although these
findings support albuminuria as a target/surrogate,
they are not sufficient. The studies were not designed
to test albuminuria as a target. In addition, the benefit
associated with reduction in albuminuria with ACEI
or ARB cannot be assumed to extend to other inter-
ventions. In an extreme illustration of this, drugs that
markedly reduced GFR, such as nonsteroidal anti-

inflammatory drugs, reduce proteinuria but would
not prevent ESRD!
To illustrate these issues, we can look at two analogous

issues in cholesterol studies: decreased levels of serum
HDL cholesterol as a risk factor for adverse cardiovas-
cular outcomes and the use of LDL cholesterol as a target
for treatment.
Multiple cohort studies have found that low HDL

cholesterol is associated with the risk of coronary
artery disease (6,7). HDL is presumed to be protective
through reverse cholesterol transport, and animal
studies supported the role of HDL in atherosclerosis
(8). Low HDL is one of the factors in the Framingham
risk score (9) and the more recently developed pooled
cohort equations (6), which are used to determine
who should be treated with lipid-lowering medica-
tions. However, despite the associated risk and bio-
logic plausibility of the importance of HDL, trials of
interventions that raise HDL have not shown a car-
diovascular benefit (10–13). In one of the studies, de-
spite raising HDL by 72% and lowering LDL by 25%,
torcetrapib was associated with increased mortality
(10). This does not detract from HDL’s role as a pre-
dictor of cardiovascular disease but means that it may
not be a target for treatment (8) or that current inter-
ventions that lower HDL have other unintended con-
sequences that outweigh this potential benefit.
Similarly, until recently, LDL cholesterol was con-

sidered a target for therapy to prevent primary and
secondary cardiovascular events. Statin medications
lower LDL, and the LDL lowering correlates with the
decrease in cardiovascular risk (14). This led to cho-
lesterol treatment guidelines, including those by the
Kidney Disease Outcomes Quality Initiative, with
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target LDL cholesterol levels (15,16). More recently, it was
recognized that the studies that led to this recommenda-
tion were not designed to test LDL as a target, because the
trials used fixed statin doses rather than doses targeted
to a particular LDL level. Importantly, other treatments that
lower LDL cholesterol, such as fenofibrate or niacin, do not
decrease cardiovascular risk. This past year, the revised Amer-
ican Heart Association/American College of Cardiology and
Kidney Disease Improving Global Outcomes lipid guidelines
no longer target LDL but recommend moderate or high doses
of statins depending on the underlying risk of cardiovascular
disease (17,18). The recently presented Improved Reduction of
Outcomes: Vytorin Efficacy International Trial compared sim-
vastatin with simvastatin/ezetimibe in patients with acute
coronary syndrome; the median LDL cholesterol was 69.9
versus 53.2, respectively, in the two groups. The use of sim-
vastatin/ezetimibe led to a small but statistically significant
reduction in cardiovascular events (19). This suggests that
lowering of LDL further may be beneficial in high-risk indi-
viduals but in context of the negative niacin and fenofibrate
studies, that each intervention needs to be specifically tested
in a large outcome study to prove efficacy.

What Is Needed for Surrogate End Points?
In the Food and Drug Administration (FDA) guidance for

exposure-response relationships, study design, data analysis,
and regulatory applications, a number of terms are defined
(Table 1): biomarkers, surrogate end points, and clinical ben-
efit end points (20). A biomarker is defined as a “physiologic,
pathologic or anatomic measure that is thought to relate to
some aspect of normal or pathological biologic process” (20).
A surrogate end point is a biomarker that is a “substitute for a
clinically meaningful endpoint that is expected to predict the
effect of the therapy” (20). Not all biomarkers are valid sur-
rogate end points for clinical benefit, although they may
have a role in drug development by assisting in understand-
ing the drug’s mechanism of action, patient selection for studies,
and evaluating potential risks and benefits. There are few
biomarkers that the FDA currently accepts as valid surrogates
for regulatory drug approval (e.g., BP reduction).
What is needed to validate a surrogate end point is con-

troversial, and there have been a number of different

proposals (21). As discussed by Fleming and Powers (22), to
validate a surrogate biomarker, one should have a com-
prehensive understanding of (1) the principal pathways
through which the disease process affects the clinical end
point, (2) the extent to which effects on the biomarker cap-
ture the meaningful on-target effects of the intervention on
these causal pathways, and (3) any off-target effects of the
intervention that are not captured by the biomarker (for both
efficacy and safety).
A valid surrogate outcome should be in the causal path-

way, where the disease leads to a clinical outcome, and an
intervention should be mediated through its effect on the
surrogate (23). The best surrogate marker is on the only
causal pathway to the disease (Figure 1). Furthermore, it is
pointed out that a biomarker as a surrogate is context spe-
cific and cannot be assumed to be a general biomarker (22).
That is, if one were to validate a biomarker in one setting
(e.g., diabetic kidney disease) or intervention (RAS blockade), it
cannot be assumed to be valid as a biomarker for efficacy or
safety for other interventions or diseases (22). In addition,
you cannot assume that, if the biomarker is validated in
individuals with diabetes and an albumin/creatinine ra-
tio .300 mg/g, you can extrapolate to lower levels of
albuminuria.
The reason for this vigor in validation is that there are a

number of cases where proposed surrogates have failed for
either efficacy or safety when tested in larger studies. The
prior cases also highlight the inability to extend a biomarker
from one intervention to another and the need to understand
the biology of how an intervention acts on a surrogate and
the clinical outcome. As an illustration, we can look at bone

Table 1. Definition of end points

Term Definition

Biomarker Physiologic, pathologic, or anatomic
measure that is thought to relate to
some aspect of normal or
pathologic biologic process

Surrogate end
point

Biomarker that is a laboratory
measurement or physical signused
in therapeutic trials as a substitute
for a clinically meaningful end
point that is expected to predict the
effect of the therapy

Clinical benefit
end point

Variable that reflects how a patient
feels, functions, or survives

Reprinted from reference 20, with permission.

Figure 1. | Albuminuria as a surrogate. (A) If this is the true scenario,
this would provide the best support for albuminuria as a target. Al-
buminuria would be in the causal pathway from CKD to ESRD, and the
intervention would be mediated through its effect on albuminuria. (B)
This illustrates other situations where albuminuria could fail as a surro-
gate. There are other pathways from CKD to ESRD, which may or may
not be affected by an intervention, or albuminuria is not in the causal
pathway to ESRD. (C) This illustrates a third issue: that there are sig-
nificant safety effects of the intervention that lead to an adverse risk to
benefit ratio, even if the intervention affects the surrogate and the
clinical end point. Adapted from reference 23,with permission from the
American College of Physicians.
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mineral density (BMD). Low BMD predicts the risk of fracture
(24). Bisphosphonates increased BMD and decreased the risk
of vertebral and nonvertebral fractures (25), leading to the
conclusion that BMD is an appropriate surrogate outcome
for trials to prevent fracture (26). However, in subsequent
studies using fluoride, which increased BMD, there was an
increase in nonvertebral fractures (27). This is because there
was a decrease in bone strength, despite the increase in BMD.
BMD is used in the diagnosis of osteoporosis, predicts risk of
future events, and may be useful as a marker of who should
receive treatment, but it may not be a good surrogate for
interventions. This is analogous to the situation with albumin-
uria, where persistent albuminuria is in the definition of CKD,
albuminuria predicts risk of ESRD, and albuminuria
indicates a population that benefits from RAS blockade but
has not met the hurdle of being a good surrogate/target for
interventions.

Why Is the Evidence Not Sufficient for Albuminuria?
Higher levels of albuminuria predict a greater risk of

ESRD. Individuals with an eGFR$60 ml/min per 1.73 m2

and an albumin-to-creatinine ratio $300 mg/g have an 18-
to 67-fold higher risk of ESRD than individuals without
albuminuria (28). A prediction model of the 2-year risk of
ESRD in individuals with CKD includes log urine albumin
in addition to age, sex, eGFR, serum albumin, and chemis-
tries (29). Indeed, albuminuria is a more powerful predictor
of renal progression than the creatinine itself. However, al-
though albuminuria increases the risk of developing ESRD,
many individuals reach ESRD without ever developing al-
buminuria. Thus, it is not a necessary step in the causal
pathway from CKD to ESRD. This is in contrast to the cur-
rently accepted surrogate of doubling of serum creatinine.
One cannot reach ESRD without a severe decline in GFR,
which is evidenced by an increase in serum creatinine.
At this time, ACEI and ARB are the most effective treat-

ments to reduce progression of kidney disease in individuals
with albuminuria. The use of an ACEI or an ARB decreases
progression of kidney disease by 25%–50% (1,2,30,31). The
reduction in albuminuria correlates with decreased risk (3–
5). Does this mean that the decline in albuminuria is the
reason that ACEIs or ARBs are effective? Not necessarily.
The medications could be affecting albuminuria and risk of
ESRD through different paths (Figure 1). In the RENAAL
Study, losartan decreased albuminuria on average in the
group as a whole by 28%, but the albuminuric response to
losartan was highly variable across individual participants,
with some individuals decreasing by.60% and other individ-
uals having increasing albuminuria levels (5). It may be that
reduction in albuminuria is a sign of responsiveness to RAS
blockade, but the actual mediator and mechanism of benefit
are not related to change in albuminuria. If that is the case,
other interventions that reduce albuminuria would not neces-
sarily decrease risk. This would be analogous to the statin and
LDL example above, where other interventions that decrease
LDL do not decrease cardiovascular events. Simplistically,
severity of cough correlates with the severity of pneumonia,
and cough improves with antibiotics; however, codeine would
suppress the cough and not treat the pneumonia.
Studies, including the RENAAL, the Irbesartan Diabetes

Nephropathy Trial, and the Benazapril for Advanced Renal
Disease Study, used fixed doses of an ACEI or an ARB

(1,2,32). They were not designed to test whether protein-
uria should be a target. There is one study that did aim to
test proteinuria as a target. The Renoprotection of Optimal
Antiproteinuric Doses (ROAD) Study randomized 360 in-
dividuals with proteinuria (.1 g/d) and nondiabetic kid-
ney disease to conventional doses (50 mg losartan or 10 mg
benzapril) or doses titrated to maximal proteinuria lower-
ing (10–40 mg benazepril or 50–100 mg losartan) (33). In-
dividuals who did not respond in the titration group
(reduction in albuminuria ,10%) were maintained on
50 mg losartan (7%) or 10 mg benazepril (6%). The mean dose
of benazepril was 20.8 mg, with 24% requiring .20 mg;
the mean dose of losartan was 117.7 mg, with 29% requir-
ing .100 mg. The risk of doubling of serum creatinine,
ESRD, or death was approximately one half in the titrated
RAS blockade group. This would seem to suggest that titrating
to albuminuria would be beneficial. However, it is important
to note that the doses chosen for the control conventional
group were one half of the doses used in the RENAAL Study
(100 mg losartan) (1) and the Benazapril for Advanced Renal
Disease Study (20 mg benazepril) (32). The final optimal dose
for the majority of participants in the ROAD Study was close
to the doses used in these studies. Therefore, an alternative
interpretation of the ROAD Study is that it compared sub-
optimal dosing with the previously shown effective doses.
Indeed, the findings are confounded by the dosing of the
RAS blockers.
If albuminuria was a surrogate end point that could be

used for all interventions, interventions that decrease albu-
minuria should decrease risk of ESRD, whereas interventions
that increase albuminuria should increase the risk. The for-
mer is difficult to evaluate, because with the exception of
ACEIs and ARBs, we do not have interventions that have
been shown to decrease the risk of ESRD. However, both
loop and thiazide diuretics decrease albuminuria when used
with RAS agents (34,35) but have not been shown to de-
crease progression. The Avoiding Cardiovascular Events
through Combination Therapy in Patients Living with Systolic
Hypertension Study randomized 11,506 individuals with
hypertension and increased cardiovascular risk to ben-
azepril plus hydrochlorthiazide or benazepril plus amlodi-
pine (36). The risk of doubling of serum creatinine, ESRD, or
death was lower in the benazepril plus amlodipine group
(0.73; 95% confidence interval, 0.64 to 0.84), despite greater
proteinuria lowering in the benazepril and hydrochlorthiazide
group. In contrast, in the Bardoxolone Methyl Evaluation
in Patients with CKD and Type 2 Diabetes Mellitus: The
Occurrence of Renal Events Study, bardoxolone increased
albuminuria and GFR; although there was an increase in the
risk of cardiovascular death and heart failure with bardoxolone,
there was not an increased risk of ESRD (hazard ratio, 0.82;
95% confidence interval, 0.55 to 1.24) (37). Avosentan, an
endothelin inhibitor, decreased proteinuria but led to an in-
creased risk of heart failure (38). Therefore, there is a sepa-
ration between change in proteinuria with interventions and
risk of cardiovascular events.
An advantage to surrogate end points is that they require

smaller numbers of individuals and shorter studies to de-
termine efficacy. However, smaller and shorter-term studies
may not give adequate information regarding safety (39). In
the Aliskiren in the Evaluation of Proteinuria in Diabetes
Study, 599 individuals with diabetes and proteinuria were
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treated with 100 mg losartan and randomized to aliskiren or
placebo for 6 months. Proteinuria was reduced in the aliskiren
group by 20%, and twice as many individuals halved their
proteinuria with combination therapy compared with
monotherapy (24.7% versus 12.5%) (40). There was no dif-
ference in the overall event rate in the two arms. This led
to the Aliskiren Trial in Type 2 Diabetes Using Cardiorenal
Endpoints Study, which tested the addition of aliskiren to
underlying ACEI or ARB in 21,157 individuals with diabetes
and kidney disease (41). The study was stopped early, be-
cause there was greater risk of adverse events that could not
be offset by a reduction in cardiovascular events or renal
progression (safety and futility). This is despite the greater
reduction in albuminuria with aliskiren. Similarly, in both
the Ongoing Telmisartan Alone and in Combination with
Ramipril Global Endpoint Trial and the Veterans Affairs Ne-
phropathy in Diabetes Study, there was an increased risk of
adverse events, including hyperkalemia, hospitalization, and
AKI, without a reduction in progression or cardiovascular
events; in both studies, albuminuria was decreased by com-
bination therapy (42,43). From a clinical point of view, how
could you target albuminuria after treating with appropriate
doses of an ACEI or an ARB? Combination therapy of ACEI
plus ARB is associated with a higher risk of adverse events.
Loop or thiazide diuretics have not been shown to be ben-
eficial. Mineralocorticoid receptor blockers decrease risk, but
in the work by Mehdi et al. (44), the addition of spironolac-
tone to 80 mg lisinopril in patients with diabetes and pro-
teinuria significantly decreased proteinuria but caused
hyperkalemia .6 mEq/L in 50% of individuals (44,45).
Lower BP may be beneficial in individuals with proteinuria
(46). Lowering systemic BP to below currently recommended
goals is being studied and could result in further albuminuria
reductions, but the safety of this is in question and was not
demonstrably beneficial in patients with type 2 diabetes in the
Action to Control Cardiovascular Risk Study (47). Thus, the
potential available additional therapies to reduce albuminuria
are of unproven benefit and may decrease safety.
In summary, if we are to look critically at the albumin-

uria data, we should conclude that (1) albuminuria is a
predictor of progression of kidney disease, (2) ACEIs or
ARBs, which lower albuminuria, decrease risk, but studies
were not designed to test whether albuminuria itself was
an appropriate target, and (3) we cannot assume that all
treatments that lower albuminuria will decrease the risk of
progression of kidney disease. At this time, we should con-
clude that albuminuria is, therefore, a biomarker but not a
surrogate end point or target for treatment. We may be do-
ing our patients more harm than good by targeting albumin-
uria. However, we await additional studies to prove or
disprove this hypothesis.
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