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Cardiovascular and chronic kidney disease are
epidemic throughout industrialized societies.
Diabetes leads to premature cardiovascular
disease and is regarded by many as the most
common etiological factor for chronic kidney
disease. Because most studies of blood-pressure
lowering agents in people with diabetes and
hypertension have been conducted in individuals
who already have some target organ damage, it is
unclear whether earlier intervention could prevent
or delay the onset of renal or systemic vascular
disease. In early disease there is only a low

possibility of observing cardiovascular or
renal events; thus intervention trials in this
population must rely on disease markers such as
microalbuminuria. Accordingly, the authors
review the evidence to support the use of
microalbuminuria as a disease marker in diabetic
patients based on its strong association with renal
and cardiovascular events, and discuss recent
trials that examine the impact of preventing or
delaying the onset of microalbuminuria. J Clin
Hypertens (Greenwich). 2010;12:422–430.
ª2010 Wiley Periodicals, Inc.

Diseases of the cardiovascular system can be
seen as a continuum that frequently includes

chronic kidney disease. Damage to the renal and
systemic vasculature is generally accompanied by
a rise in blood pressure and a progression
through asymptomatic and symptomatic target
organ damage to end-stage cardiovascular and
renal disease and premature death (Figure).1,2

Most clinical trials involving blood pressure-low-
ering agents have been conducted in individuals
with several associated cardiovascular risk fac-
tors, asymptomatic or symptomatic target organ
damage, or diabetes3–5 because fewer subjects are
necessary to achieve an adequate number of car-
diovascular events in high-risk populations. The
questions whether populations at lower risk for
cardiovascular or renal disease also achieve
meaningful benefits from lowering of blood pres-
sure or microalbuminuria are not fully answered
because such studies require very large sample
sizes and very long follow-up periods.
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Although regulatory agencies accept only blood
pressure, cholesterol, and glucose as cardiovascular
disease surrogates, there is a strong argument that
microalbuminuria and increased serum creatinine
are equally important indicators of future cardio-
vascular and renal diseases.6,7 The discussion of
serum creatinine as a disease surrogate is beyond
the scope of this review but utility of albuminuria
as a predictor of cardiovascular and renal events is
of particular interest.8 The aim of this paper is to
review available basic science and clinical evidence
to determine the likelihood that early treatment can
prevent microalbuminuria and cardiovascular dis-
ease in people with type 2 diabetes.

PATHOGENESIS OF MICROALBUMINURIA
There are several processes acting on the kidney
that can initiate or exacerbate albuminuria. In the
absence of glomerular or tubular diseases with spe-
cific pathogenetic mechanisms (immunological, met-
abolic, toxic, etc.), it is believed that hemodynamic
forces, neurohormones, oxidative stresses, and
inflammatory processes interact to promote micro-
and macroalbuminuria and eventually may lead to
chronic kidney disease. Microalbuminuria reflects
an abnormality in glomerular capillary permeability
to proteins and is also dependent on the tubular
capacity to reabsorb filtered albumin. Microalbu-
minuria is defined clinically as values between 20
and 199 mg albumin ⁄g creatinine in males and 30
to 299 mg albumin ⁄g creatinine in females in at

least 2 out of 3 positive spot urine samples on dif-
ferent days.9 Values above the upper limit for males
and females are considered as macroalbuminuria or
proteinuria.

Endothelial Injury and Permeability Changes
Based on animal and human experimentation, criti-
cal hemodynamic driving forces underlying albu-
minuria and progressive kidney disease are systemic
arterial and glomerular capillary blood pressure.10

Accompanying the hemodynamic abnormalities of
‘‘prediabetes’’ is increased glomerular permeability.
Glomerular structural changes typical of diabetic
nephropathy can be observed by the time microal-
buminuria becomes apparent.11 Similar lesions have
been demonstrated in conjunctival capillaries in
individuals with borderline hypertension and high
cardiac output.12 It is believed that increased oxida-
tive stress and inflammatory cytokines directly
injure the endothelium, accelerating the glomerular
albumin leakage rate. The dysfunctional endothe-
lium may further exacerbate glomerular hemody-
namic changes, further increasing intraglomerular
pressure. Concomitant injury to podocytes (epithe-
lial cells on the outside of the glomerulus) further
enhances the vicious cycle of hemodynamic changes
and endothelial injury and promotes albumin leak-
age into the urine. Maintenance of hyperglycemia
continues to increase oxidative stress through over-
production of superoxide and other reactive oxygen
species (ROS) produced by podocytes in response
to high glucose levels.13 Evidence also suggests a
direct role of angiotensin II in ROS generation as
well as in the inflammatory processes leading to
albuminuria.14,15

Microalbuminuria is a sign of systemic and renal
microvascular disease as well as progressive diabetic
nephropathy. Factors similar to those promoting
albuminuria facilitate increased vascular permeabil-
ity to albumin, a change that also affects other
organs such as large arteries, heart, and brain.16

Indeed, the endothelium lining glomerular capillar-
ies shares many properties with endothelial cells of
other organs. The endothelium is damaged early in
the pathogenesis of atherosclerotic vascular disease
in patients with diabetes, as demonstrated by evi-
dence of endothelial dysfunction with increased lev-
els of von Willebrand factor, C-reactive protein,
and tumor necrosis factor-alpha.17–19 These findings
coexist with the increased systemic albumin leakage
that appears in diabetes even before microalbumin-
uria is detected and which worsens with disease
duration.17,18 Vascular endothelial growth factor,
a key regulator of vascular permeability and

Figure. The renal and cardiovascular continuum (mod-
ified from reference 1). Three stages can be identified.
In the first, only cardiovascular risk factors are present.
In the second, the disease is asymptomatic, but clinical
work-up demonstrates signs of organ damage. In the
third stage, renal or cardiovascular events develop,
leading to organ failure and death. Efforts during the
first phase should be directed to preventive interven-
tions. During the second phase, attempts should be
made to slow the progression of existing arterial or
target organ damage. During the third phase, the
priority is to delay events. CKD indicates chronic renal
disease; ESRD, end-stage renal disease.
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angiogenesis produced in large amounts by glomer-
ular podocytes, is also implicated in the pathogene-
sis of diabetic retinal neovascularization and in the
development of albuminuria.20,21 Thus, inflamma-
tion and oxidative stress play a central role in the
pathogenesis of both microvascular and macrovas-
cular disease, with the evidence implicating the vas-
cular endothelium as a site of the initial damage.

MICROALBUMINURIA IS AN IMPORTANT
TOOL FOR THE EARLY DIAGNOSIS OF
DIABETIC NEPHROPATHY AND IS A RISK
FACTOR FOR CARDIOVASCULAR DISEASE
Microalbuminuria is most often used in the assess-
ment of diabetic patients based on 2 lines of
thought: (1) it is an important marker of diabetic
nephropathy; and (2) it is a validated risk factor for
cardiovascular disease, including microvascular and
macrovascular damage.22 Microalbuminuria is a
frequent finding in patients with diabetes, with or
without hypertension. As many as 1 in 5 of people
with newly diagnosed type 2 diabetes has microal-
buminuria,23 which eventually can progress to lev-
els of macroalbuminuria or overt proteinuria that
define the presence of diabetic nephropathy. Micro-
albuminuria predicts the development of nephropa-
thy; the greater the urinary albumin excretion, the
higher the risk of developing end-stage renal dis-
ease.23,24 On the other hand, several studies
summarized in a recent review25 have highlighted
the role of microalbuminuria as an independent
marker of cardiovascular morbidity and mortality
in patients with type 2 diabetes and hypertension.
Because of the association between albuminuria
and both renal and cardiovascular disease, interna-
tional hypertension guidelines advise regular screen-
ing for albuminuria in diabetic patients.26,27

ROLE OF RENIN-ANGIOTENSIN BLOCKING
AGENTS
A number of studies using renin-angiotensin system
(RAS) suppression have demonstrated that treat-
ment with RAS blockers is associated with reduc-
tion of preexisting micro- or macroalbuminuria and
with lower risk of cardiovascular events.28–30 Simi-
larly, suppression of the RAS has been shown to
prevent the development of macroalbuminuria in
patients with type 2 diabetes.28,31,32 The findings of
these studies underlie the current recommendations
to use a drug that suppresses the RAS (either an
angiotensin-converting enzyme inhibitor or an
angiotensin II receptor blocker) as first-line therapy
in diabetic patients.26,27 One ‘‘prevention-oriented’’
trial with angiotensin II type 1 receptor blockade is

the Trial of Preventing Hypertension (TROPHY),33

which demonstrated a slowing of the age-related
rise of blood pressure with active therapy compared
to placebo. The benefit continued for an additional
2 years when subjects were switched to placebo
after discontinuation of treatment at year 2. In
order to achieve optimal cardiovascular and renal
protection, however, strict blood pressure control
must accompany the positive effects of RAS sup-
pression. Recent guidelines26,27 raise the possibility
of early pharmacological intervention in patients
with diabetes or elevated cardiovascular disease risk
when blood pressure is at the stage of prehyperten-
sion (120–139 ⁄80–89 mm Hg). This approach is
consistent with current international blood pressure
guidelines that suggest that individuals with diabe-
tes or chronic kidney disease (stage 3 or beyond)
require blood pressure control to levels below
130 ⁄80 mm Hg.26,27 This recommendation was
based initially on the close correlation between
chronic blood pressure level and rate of decline in
glomerular filtration rate34 but more recent clinical
trials have corroborated the additive positive effect
of a simultaneous RAS suppression and strict blood
pressure control in slowing the progression of
chronic kidney disease and in preventing cardiovas-
cular events.28,35 In fact, the maintenance of blood
pressure control and RAS suppression for up to
5 years has been shown to impede progressive
increases in albuminuria.36

IS IT POSSIBLE TO PREVENT
MICROALBUMINURIA AND
CARDIOVASCULAR DISEASE IN PATIENTS
WITH DIABETES?
Most older studies have been conducted in patients
with varying degrees of albuminuria, many of
whom had advanced kidney or cardiovascular dis-
ease. More recently, attention has turned to the
possibility that early intervention may prevent not
only microalbuminuria but also the onset of subse-
quent cardiovascular disease.

The Table summarizes the characteristics, out-
comes and caveats of these studies,28,37–43 which,
in short, show that RAS suppression tends to blunt
or prevent the early increase in albuminuria in
individuals with type 2 diabetes if the blood
pressure is above optimal levels. In the Bergamo
Nephrologic Diabetes Complications Trial (BENE-
DICT), Action in Diabetes and Vascular Disease:
Preterax and Diamicron-MR Controlled Evaluation
(ADVANCE), and the Microalbuminuria, Car-
diovascular, and Renal Outcomes in the Heart
Outcomes Prevention Evaluation (MICRO-HOPE)
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substudy, blood pressure levels were above
130 ⁄80 mm Hg. In the Diabetic Retinopathy
Candesartan Trials (DIRECT), which showed no
benefit of angiotensin receptor blocker on micro-
albuminuria in patients with type 1 diabetes, the
initial blood pressures were 123 ⁄75 mm Hg and
microalbuminuria was defined on the basis of 3 of
4 rather than 2 of 3 positive urine samples. In the
Renin Angiotensin System Study (RASS), in individ-
uals with type 1 diabetes, blood pressures were
truly in the optimal range (<115 mm Hg).

THE RANDOMIZED OLMESARTAN AND
DIABETES MICROALBUMINURIA
PREVENTION STUDY
Against this background, what new insight does the
Randomized Olmesartan and Diabetes Microalbu-
minuria Prevention (ROADMAP) study offer? Early
RAS suppression and strict blood pressure control
are still believed to be pivotal to the early protection
against cardiovascular and renal disease of patients
with type 2 diabetes. However, the capacity of
blood pressure control by itself, independent of
intervention on the RAS, to prevent microalbuminu-
ria remains unproven. ROADMAP is a placebo-
controlled, multicenter, double-blind, randomized
trial to examine the effect of olmesartan medoxomil
compared with placebo.40 This trial incorporates a
number of important design features (Table)
intended to avoid the shortcomings of previous
studies. Of particular interest is the fact that 1-year
interim results from ROADMAP show excellent
blood pressure control in the overall study popula-
tion with 61% of patients achieving the target of
�130 ⁄80 mm Hg.41 Thus ROADMAP should be
able to answer the question of whether blockade
of the RAS, in patients achieving target blood
pressure, provides primary prevention against
microalbuminuria and subsequent cardiovascular
disease.
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