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To reduce the burden of cardiovascular disease (CVD), management strategies are increasingly focusing on preventive
measures following early detection of markers of atherosclerosis. This review focuses on microalbuminuria, which is gaining
recognition as a simple marker of an atherogenic milieu. Prospective and epidemiologic studies have found that microalbu-
minuria is predictive, independently of traditional risk factors, of all-cause and cardiovascular mortality and CVD events
within groups of patients with diabetes or hypertension, and in the general population. The pathophysiologic mechanism
underlying the association between albumin excretion and CVD is not fully defined. One hypothesis is that microalbuminuria
may be a marker of CVD risk because it reflects subclinical vascular damage in the kidneys and other vascular beds. It may
also signify systemic endothelial dysfunction that predisposes to future cardiovascular events. Based on this theory, periodic
screening for microalbuminuria could allow early identification of vascular disease and help stratify overall cardiovascular
risk, especially in patients with risk factors such as hypertension or diabetes. A positive test for urinary albumin excretion
could signify the need for an intensive multifactorial intervention strategy, including behavior modification and targeted
pharmacotherapy, aimed at preventing further renal deterioration and improving the overall CVD risk factor profile. Data
from intervention studies suggest that treatment with angiotensin-converting enzyme inhibitors or angiotensin II receptor
blockers, statins, and/or strict glycemic control (in diabetics) offer significant reductions in cardiovascular and/or renal
morbidity in patients with albuminuria. Use of this (old) marker may allow improved use of medications and strategies for
secondary prevention.
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S tatistics for the United States indicate that 71.3 million
people in 2003 had some form of cardiovascular disease
(CVD), that 13.2 million had coronary artery disease

(CAD), and that CVD was responsible for 37.3% (910,614) of all
deaths (1). This contribution of CVD to morbidity and mortality
has directed attention to early atherosclerosis detection coupled
with appropriate preventive intervention. Several atheroscle-
rotic risk factors have been identified and have shown utility in
predicting CVD. This review focuses on microalbuminuria,
which is gaining recognition as a marker of an atherogenic
milieu, owing to its association with several atherosclerotic risk
factors and early systemic vascular (endothelial) damage (2).

Epidemiology
Microalbuminuria is a persistent, increased urinary excretion

of albumin (Table 1 shows diagnostic thresholds) (3–5). Data
from the 1999 to 2000 National Health and Nutrition Examina-
tion Survey (NHANES) indicated that 8.8% of US adults had
microalbuminuria (6). Older age, female gender, and non-His-
panic black ethnicity were associated with a higher prevalence
(6). Population surveys also demonstrate an excess of mi-
croalbuminuria among individuals with diabetes and hyper-
tension, the prevalence increasing with disease duration (6,7).

In NHANES III (conducted 1988 to 1994), 28.8% of participants
with diabetes and 16.0% with hypertension had microalbumin-
uria versus 5.1% of the subpopulation with no risk factors (7).

Microalbuminuria and Clinical Outcomes
Recent investigations demonstrate a continuous positive

relationship between urinary albumin excretion (UAE) and
adverse clinical outcomes (Figure 1) (8). Epidemiologic and
experimental data show that microalbuminuria is associated
with an increased risk for all-cause and cardiovascular mor-
tality, cardiac abnormalities, cerebrovascular disease, and,
possibly, peripheral arterial disease (PAD) (Table 2). The
association between UAE and adverse clinical outcomes is
observed at levels below the current microalbuminuria
threshold (8 –10). For example, in a 6-yr examination of 1568
seemingly healthy individuals (without hypertension, diabe-
tes, or CVD), the risk for cardiovascular events increased
continuously with the level of UAE not only in the whole
study population but also in the subgroup of patients with
albuminuria below the threshold for a definition of mi-
croalbuminuria (10).

Mortality
The correlation between microalbuminuria and mortality

was apparent from studies that involved high-risk patients (11).
In a Heart Outcomes Prevention Evaluation (HOPE) substudy,
UAE predicted mortality in patients who were at high cardio-
vascular risk (�55 yr of age with CVD or diabetes plus at least
one other cardiovascular risk factor) (8). All-cause mortality
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was 9.4% among patients without microalbuminuria versus
18.2% among those with microalbuminuria (relative risk [RR]
2.09; 95% confidence interval [CI] 1.84 to 2.38). A linear rela-
tionship was also observed between the microalbuminuria
level and cardiovascular events, extending below the tradi-
tional microalbuminuria threshold. In a prospective study that
involved individuals who were aged 50 to 75 yr, microalbu-
minuria was associated with an increased risk for cardiovascu-
lar death after adjustment for other risk factors (RR 3.22; 95% CI
1.28 to 8.06; Figure 2) (12). The risk for all-cause mortality in
patients with microalbuminuria was also elevated (RR 1.70;
95% CI 0.86 to 3.34), especially among those with concomitant
hypertension (RR 2.87; 95% CI 1.22 to 6.33).

The presence of microalbuminuria also seems to predict all-
cause mortality in the general population (9,13–15). This was
initially shown in the Prevention of Renal and Vascular End-
stage Disease (PREVEND) study, in which inhabitants of Gro-
ningen, The Netherlands, who were aged 28 to 75 yr were sent
a questionnaire and a vial to collect an early-morning urine
sample for measurement of UAE (9). A total of 40,548 partici-
pants who were followed for 2.6 yr were included in an anal-
ysis of mortality by baseline UAE. A clear positive relationship
was observed between UAE and all-cause, cardiovascular, and
noncardiovascular death. A two-fold increase in UAE was as-
sociated with a 1.29 (95% CI 1.18 to 1.40) higher RR for cardio-
vascular death and a 1.12 (95% CI 1.04 to 1.21) higher RR for
noncardiovascular death. Importantly, the relationship was ap-
parent at levels of albuminuria that are considered normal.

Cardiac Disease
Microalbuminuria seems to correlate with various cardiac

abnormalities and diseases, including left ventricular (LV) dys-
function and hypertrophy, electrocardiographic abnormalities,
and ischemic heart disease (IHD) (16). The Strong Heart Study
demonstrated a significant association between microalbumin-
uria and echocardiographic parameters of LV systolic and di-
astolic function in a cohort of 1576 Native Americans with
diabetes (17). Furthermore, a correlation has been noted be-
tween UAE and echocardiographic measures of LV mass index,

Table 1. Classification of abnormal UAEa

24-H Urine
Albumin

(mg/24 h)

Overnight
Urine Albumin

(�g/24 h)

Spot Urine

Albumin
(mg/L)

Albumin/Creatinine Ratio

Gender mg/mmol mg/g

Normal �15 �10 �10 M �1.25 �10
F �1.75 �15

High Normal 15 to �30 10 to �20 10 to �20 M 1.25 to �2.5 10 to �20
F 1.75 to �3.5 15 to �30

Microalbuminuria 30 to �300 20 to �200 20 to �200 M 2.5 to �25 20 to �200
F 3.5 to �35 30 to �300

Macroalbuminuria �300 �200 �200 M �25 �200
F �35 �300

aUAE, urinary albumin excretion. Reprinted from reference (3), with permission.

Figure 1. Cardiovascular outcomes in the Heart Outcomes Pre-
vention Evaluation (HOPE) by degree of albuminuria. (A
through C) Major cardiovascular events (myocardial infarction,
stroke, or cardiovascular death; (A), all-cause mortality (B), and
hospitalization for congestive heart failure (C) in each albumin-
to-creatinine ratio decile for all participants, participants with
diabetes, and participants without diabetes. Deciles 1 and 2 are
combined because of very low incidence rates in these two
deciles. Decile 8 includes an albumin-to-creatinine ratio decile
of 2 mg/mmol, the microalbuminuria threshold. Reproduced
from reference (8), with permission.
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LV hypertrophy, and concentric hypertrophy in untreated hy-
pertensive patients (18). The larger Losartan Intervention For
Endpoint reduction in hypertension (LIFE) study confirmed
this finding (19).

A study that involved 64 asymptomatic patients with type 1
diabetes revealed a higher incidence of myocardial ischemia,

detected by stress echocardiography and electrocardiography,
in the presence of microalbuminuria versus normoalbuminuria
(25 versus 6.3%; OR 6.3; 95% CI 1.2 to 37.8; P � 0.03) (20).
Electrocardiographic recordings from 7579 PREVEND partici-
pants without diabetes showed an independent association
between microalbuminuria and infarct patterns (odds ratio

Table 2. Clinical studies reporting the risks associated with a positive microalbuminuria resulta

Study Population Microalbuminuria Definition Risk Associated with a Positive
Microalbuminuria Result (95% CI)

Prospective studies
HOPE (7) Subjects at high cardiovascular risk

(�55 yr with CVD or with
diabetes � �1 CVD risk factor;
n � 9043)

ACR �2 mg/mmol in a first-
morning spot urine sample

All-cause mortality: RR 2.09 (1.84 to 2.38)

PREVEND (8) Residents of Groningen, the
Netherlands, 28 to 75 yr
(n � 40,548)

UAE 20 to 200 mg/L in an early-
morning spot urine sample

Cardiovascular death: RR 1.29 (1.18 to 1.40)
Noncardiovascular death: RR 1.12 (1.04
to 1.21)

PREVEND (21) Residents of Groningen, the
Netherlands, 28 to 75 yr
(n � 7330)

UAE 30 to 300 mg in a 24-h urine
sample

All-cause mortality: HR 3.3 (1.5 to 7.1) for
patients with ST-T segment changes �
microalbuminuria versus 0.9 (0.4 to 1.9)
for ST-T segment changes alone
Cardiovascular death: HR 10.4 (2.5 to
43.6) for patients with ST-T segment
changes � microalbuminuria versus 2.7
(0.6 to 12.3) for ST-T segment changes
alone

Hoorn Study (11) Population-based: White
individuals, 50 to 75 yr (n � 631)

ACR �2 mg/mmol in a first-
morning spot urine sample

Cardiovascular death: RR 3.22 (1.28 to 8.06)
All-cause mortality: RR 1.70 (0.86 to 3.34)
All-cause mortality in patients with
hypertension: RR 2.87 (1.22 to 6.33)

HUNT (12) Nondiabetic, nonhypertensive
residents of Nord-Trøndelag,
Norway, �20 yr (n � 2089)

ACR �0.76 mg/mmol (�60th
percentile) in a first-morning spot
urine sample

All-cause mortality: RR 2.3 (1.0 to 5.4)

EPIC-Norfolk (13) Residents of Norfolk, UK, 40 to 79
yr (n � 20,911)

ACR 2.5 to 25 mg/mmol in a
random spot urine sample

All-cause mortality: HR 1.48 (1.20 to 1.79)
Cardiovascular death: HR 2.03 (1.55 to
2.67)
Fatal stroke: HR 1.58 (1.10 to 3.0)
Coronary heart disease death: HR 2.01
(1.40 to 2.90)

EPIC-Norfolk (24) Residents of Norfolk, UK, 40 to 79
yr (n � 23,630)

ACR 2.5 to 25 mg/mmol in a
random spot urine sample

Stroke: HR 1.49 (1.13 to 2.14)

Third Copenhagen
City Heart Study
(14)

Residents of Copenhagen,
Denmark, 30 to 70 yr, without
coronary heart disease

UAE �4.8 �g/min (�3rd quartile)
in a timed overnight urine
sample

All-cause mortality: RR 1.9 (1.5 to 2.4)
Coronary heart disease: RR 2.0 (1.4 to
3.0)

Danish MONICA (22) Population-based: Individuals
without ischemic heart disease,
renal disease, urinary tract
infection, or diabetes (n � 2085)

ACR �0.65 mg/mmol (�90th
percentile) in a first-morning spot
urine sample

Ischemic heart disease: RR 2.3 (1.3 to 3.9)

Shibata Study (25) Residents of Shibata, Japan, �40 yr
(n � 2651)

Positive albumin dipstick test Stroke: RR in men 2.5 (1.1 to 5.7)

Portland Study (26) Older residents of Portland, Oregon,
with previous stroke or transient
ischemic attack (n � 121)

UAE 20 to 200 mg/L in a first-
morning spot urine sample

Recurrent stroke: HR 4.9 (1.4 to 17.6)

Slowik et al. (27) Patients admitted within 24 h of a
first ischemic stroke (n � 60)

UAE 30 to 300 mg in a 24-h urine
sample

Mortality: OR 6.0 (1.3 to 27.7)

Cross-sectional studies
Zander et al. (29) Patients with type 2 diabetes

(n � 1060)
UAE 20 to 200 �g/min in a timed

overnight urine sample
PAD: OR 2.1 (1.4 to 3.2)

PREVEND (20) Nondiabetic residents of Groningen,
the Netherlands, 28 to 75 yr
(n � 7579)

UAE 30 to 300 mg in a 24-h urine
sample

Electrocardiographic abnormalities:
Infarct patterns: OR 1.61 (1.12 to 2.32)
Major ischemia: OR 1.43 (1.08 to 1.91)
Minor ischemia: OR 1.32 (1.03 to 1.68)

PREVEND (28) Nondiabetic residents of Groningen,
the Netherlands, 28 to 75 yr
(n � 6669)

UAE 30 to 300 mg in a 24-h urine
sample

PAD: OR 0.98 (0.68 to 1.41) in multivariate
analysis

Earle et al. (19) Patients with type 1 diabetes and
without CVD

UAE 20 to 200 �g/min in a timed
overnight urine sample

Silent myocardial ischemia: OR 6.3 (1.2 to
37.8)

aACR, albumin-to-creatinine ratio; CI, confidence interval; CVD, cardiovascular disease; EPIC-Norfolk, European
Prospective Investigation into Cancer in Norfolk; HOPE, Heart Outcomes Prevention Evaluation; HR, hazard ratio; HUNT,
Nord-Trøndelag Health Study; OR, odds ratio; PAD, peripheral artery disease; PREVEND, Prevention of Renal and Vascular
End Stage Disease; RR, relative risk.
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[OR] 1.61; 95% CI 1.12 to 2.32), major ischemia (OR 1.43; 95% CI
1.08 to 1.91), and minor ischemia (OR 1.32; 95% CI 1.03 to 1.68)
(21). This group subsequently reported that, in patients with
electrocardiographic ST-T segment changes, microalbuminuria
could identify those who were at increased risk for all-cause
and cardiovascular mortality (22).

Microalbuminuria was also associated with a 2.3-fold (95%
CI 1.3 to 3.9) higher RR of IHD in a population-based study of
2085 individuals without previous IHD, renal disease, or dia-
betes (23). Survival free from IHD during follow-up was 97%
among patients with normoalbuminuria versus 91% among
those with microalbuminuria (P � 0.0001). It is interesting that
the IHD risk that was associated with other conventional CVD
factors more than doubled in the presence of microalbuminuria
(23).

Elevated UAE also correlates directly with angiographic ev-
idence of CAD. A study of 308 patients who underwent elective
coronary angiography revealed that patients with angiographic
evidence of CAD had significantly higher urinary albumin
levels than disease-free individuals (28 versus 10 mg/g; P �

0.001) and that UAE increased progressively with CAD severity
(24).

Cerebrovascular Disease
Microalbuminuria is common among patients with cerebro-

vascular disease and correlates with an increased stroke risk
even after correction for confounding clinical risk factors. In the
European Prospective Investigation into Cancer in Norfolk
population, microalbuminuria was independently associated
with a 50% increased risk for stroke (hazard ratio [HR] 1.49;
95% CI 1.13 to 2.14); the association with macroalbuminuria
was even greater (HR 2.43; 95% CI 1.11 to 6.26) (25). In addition,
a 15.5-yr cohort study that examined stroke risk factors in Japan
showed that urinary albumin was an independent risk factor

for stroke in men (RR 2.5; 95% CI 1.1 to 5.7) but not in women
(26).

An association between microalbuminuria and recurrent
stroke has also been reported. Among a population of older
(median age 65 yr) Americans with previous ischemic stroke or
transient ischemic attack, microalbuminuria independently
predicted future stroke (HR 4.9; 95% CI 1.4 to 17.6; P � 0.01
versus patients with normoalbuminuria) (27).

Other reported cerebrovascular clinical correlates with mi-
croalbuminuria include cerebral ischemic lacunae, middle cerebral
artery stenosis, impaired carotid arterial blood flow and vasomo-
tor reactivity on Doppler ultrasonography, and increased carotid
artery intima-media thickness. In addition, patients who have had
an acute stroke and have microalbuminuria have a poorer out-
come than those without microalbuminuria (28).

PAD
Studies to explore the risk for PAD in patients with mi-

croalbuminuria are limited, and additional investigations are
warranted to clarify the relationship. In PREVEND, the pres-
ence of microalbuminuria increased the risk for PAD in an
unadjusted model (OR 1.51; 95% CI 1.09 to 2.10) but not in
multivariate analysis (OR 0.98; 95% CI 0.68 to 1.41) (29). A
second study reported a significant association between UAE
and PAD among patients with type 2 diabetes (OR 2.1; 95% CI
1.4 to 3.2; P � 0.01) but not those with type 1 diabetes (30).

Pathophysiology
The pathophysiologic processes that link microalbuminuria

and CVD are unclear. Microalbuminuria could be a cause or a
consequence of vascular disease. In the STENO hypothesis put
forward by Deckert et al. (31), albumin leakage into the urine is
a reflection of widespread vascular damage. In a sense, the
kidney is the window of the vasculature. In view of these
considerations, endothelial function and chronic inflammation
have been suggested as possible candidates to explain the
association between microalbuminuria and CVD (32,33). How-
ever, there are many inconsistencies in the literature. It is true
that low-grade inflammation can be both a cause and a conse-
quence of endothelial dysfunction, and some studies used
markers of inflammation such as C-reactive protein, IL-6, and
TNF-�, which indicate that low-grade inflammation is associ-
ated with the occurrence and the progression of microalbumin-
uria and with an associated increased risk for atherosclerotic
disease (34–36). However, other studies indicate that although
microalbuminuria, endothelial dysfunction, and low-grade in-
flammation are linked, they all are independently associated
with risk for cardiovascular death (37,38). The inconsistency of
these observations may reflect, in part, inadequate precision of
the measurements of endothelial function and inflammation, or
these markers may not be relevant to CVD risk in people with
microalbuminuria.

Although many cross-sectional and a few prospective studies
indicated that microalbuminuria is associated with several car-
diovascular risk factors such as aging, male gender, hyperten-
sion, diabetes, smoking, obesity, and dyslipidemia, it is clear
that these explain, at most, a very small part of the association

Figure 2. Cardiovascular survival (Kaplan-Meier) according to
microalbuminuria status in a population-based cohort aged 50
to 70 yr. Reproduced from reference (12), with permission.
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between microalbuminuria and atherosclerotic events. As with
measures of endothelial function and inflammation, it is possi-
ble that this is related to inadequate quantification of these
exposures, or there could be confounding by other risk factors
that might cause both the microalbuminuria and the associated
CVD.

Another interesting theory is that some individuals are born
with varying degrees of vascular function within a physiologic
range and, therefore, excrete a variable amount of microalbu-
min (39). This inherent variability of the vascular state as de-
termined by urine microalbumin excretion may be associated
with susceptibility to subsequent organ damage (39). This
could also explain why microalbuminuria is a predictor of not
only CVD but also new-onset hypertension and diabetes (9). If
this proves to be the case, then it may be desirable to identify
these individuals to consider early interventional strategies to
provide primary prevention. This hypothesis also raises the
question about individualizing BP, cholesterol, and glucose
goals in patients with microalbuminuria and associated in-
creased susceptibility to organ damage. In a sense, the kidney
may serve as a barometer of an appropriate BP goal; that is, the
level of BP at which normalization of UAE occurs. Similarly,
intensification of glycemic control and intensive reduction of
LDL cholesterol if associated with normalization of UAE may
represent a biomeasure of therapeutic success. Future clinical
trials will need to address these considerations given what is
known and not known about the relationship between mi-
croalbuminuria and CVD.

Reducing the Risk Associated with
Microalbuminuria
Screening

Because microalbuminuria precedes the appearance of hy-
pertension and diabetes and independently predicts CVD risk
(39), screening for UAE, a relatively simple process, should
facilitate early vascular disease detection. Traditionally, a dip-
stick test has been used to measure protein in the urine. How-
ever, it is semiquantitative and insensitive, particularly when
detecting albumin concentrations �300 mg/d. A variety of
antibody-based methods are available to measure urinary al-
bumin. These include RIA, nephelometry, immunoturbidim-
etry, and ELISA. A more modern HPLC method that is more
sensitive to detect microalbuminuria has been developed (40).
Whether this method helps to identify patients who are at
increased risk for CVD compared with the traditional antibody-
based methods is unknown. However, because there is a con-
tinuous relationship between the amount of UAE in the urine
and cardiovascular events, it is likely that more sensitive mea-
sures may assist in the earlier identification of patients who are
at risk.

Preferably, an albumin-to-creatinine ratio that uses an over-
night or first-morning void urine sample or measurement of
albumin excretion per unit of time should be used for screen-
ing. With the latter method, a timed overnight urine collection
avoids the complicating factors of a 24-h urine collection. For an
untimed sample, the albumin-to-creatinine ratio is preferred
but must be corrected for the gender difference in creatinine

production between men and women (Table 1) (3). In addition,
creatinine excretion in the urine depends not only on gender
but also on age and race (41,42).

The National Kidney Foundation guidelines recommend a
front-end UAE screen in all patients who are at risk for renal
disease, including those with diabetes, hypertension, family
history of chronic kidney disease, age �60 yr, and racial and
ethnic minorities (43). The American Diabetes Association
(ADA) recommends an annual UAE test in all patients with
type 1 diabetes of �5 yr duration and in all patients with type
2 diabetes starting at time of diagnosis as a prognostic indicator
of CVD risk (44).

Risk Stratification
UAE testing improves the accuracy of cardiovascular risk

assessment in patients with hypertension (45,46). It also may be
as reliable as an ultrasound evaluation of cardiac and carotid
structure in predicting cardiovascular risk in hypertensive pa-
tients (45) (Figure 3), and combined ultrasound and microalbu-
minuria screening can improve the accuracy of target organ
damage detection by 10-fold compared with routine investiga-
tion (46). Therefore, it seems reasonable to consider screening
all patients who present with hypertension for UAE, as is
recommended for patients with diabetes.

UAE testing may also help to stratify risk in patients who are
admitted for acute myocardial infarction and in directing acute
and chronic care of patients with CAD. The presence of micro-
albuminuria during the first week of hospitalization for acute
myocardial infarction is a strong prognostic marker for in-
hospital mortality, particularly among patients with hyperten-
sion, and of long-term recurrent coronary events or mortality
(47). Moreover, in the HOPE study, in a cohort of more than
9000 patients with substantial cardiovascular comorbidity or
risk factors, there was a continuous relationship between uri-
nary microalbumin excretion and cardiovascular events regard-
less of whether the patients had diabetes (8). This relationship
extended well below the microalbuminuria threshold, empha-
sizing the continuous relationship between microalbuminuria
and CVD events.

Treatments
Intensive and multifactorial interventions are recommended

for patients with microalbuminuria to delay progression of
CVD (Table 3). Despite the clear association of microalbumin-
uria with cardiovascular risk, limited studies have been per-
formed to evaluate strategies to reduce microalbuminuria and
evaluate the impact on cardiovascular events. The Prevention
of REnal and Vascular ENdstage Disease Intervention Trial
(PREVEND IT) is the only randomized trial to study the effect
of albuminuria lowering in microalbuminuric, otherwise
healthy individuals (48). In this clinical trial, the lowering of
albuminuria with an angiotensin-converting enzyme (ACE) in-
hibitor only tended to be cardioprotective. One problem with
this trial may have been an insufficient number of patients to be
followed for a sufficient period of time to have enough events
to evaluate the impact of treatment. A prespecified secondary
analysis of the LIFE trial (patients with hypertension and LVH)
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noted that time-varying albuminuria was associated with car-
diovascular events, suggesting that therapeutic strategies that
are associated with a reduction of albuminuria may be cardio-
protective (49).

Smaller clinical trials in patients with microalbuminuria are
illustrative of the advantage of ACE inhibition or angiotensin
receptor blockade in limiting the progression from microalbu-
minuria to clinical proteinuria in patients with either type 1 or

type 2 diabetes. However, whether limiting the progression
from micro- to macroalbuminuria will result in fewer cardio-
vascular events is unknown. In clinical trials of patients with
chronic kidney disease as a result of type 2 diabetes and
clinical proteinuria, such as Irbesartan Diabetic Nephropathy
Trial (IDNT) and Reduction of Endpoints in NIDDM with the
Angiotensin II Antagonist Losartan (RENAAL) (50 –52), it is
evident that therapeutic strategies that are associated with
reduction of proteinuria are associated with fewer cardiovas-
cular and kidney disease end points (53,54). However,
whether one can extrapolate these observations to micro-
albuminuric patients is unknown.

Strategies to reduce microalbuminuria are available in clinical
practice. Perhaps the most important is the reduction of BP. In the
Irbesartan Microalbuminuria-2 trial, normalization of microalbu-
minuria in patients with type 2 diabetes and hypertension oc-
curred in approximately 20% of patients who attained traditional
BP goals of 140/90 mmHg with medications such as diuretics, �

blockers, and vasodilators (50). An improvement of the normal-
ization rate to approximately 33% occurred when the full dosage
(300 mg) of the renin-angiotensin system blocking drug irbesartan
(an angiotensin II receptor blocker) was used as part of the BP-
lowering regimen to 140/90 mmHg. However, even lower BP
goals may be advantageous for reducing UAE, and both the ADA
and the Joint National Committee 7 recommend a lower BP goal
of �130/80 mmHg in patients with diabetes (44,55).

Higher dosage angiotensin receptor blocker or using both an
ACE inhibitor and an angiotensin receptor blocker together in
full dosage may facilitate an even greater reduction in micro-
albuminuria (56,57). Thiazide diuretics also help to reduce pro-
teinuria (58), and dietary salt restriction may also be helpful in
reducing UAE (59).

Figure 3. Cardiovascular disease (CVD) risk stratification in patients with hypertension using routine diagnostic methods alone or
coupled with either ultrasound (US) detection of left ventricular hypertrophy and/or carotid plaque or with urinary albumin
excretion (UAE).

Table 3. Summary of recommendations for patients
with microalbuminuriaa

Renoprotection with ACE inhibitors or angiotensin
receptor blockers for patients with diabetes

BP control
�140/90 mmHg for the general population
�130/80 mmHg for patients with diabetes

Glycemic control: hemoglobin A1c �7%
Consider screening in patients with diabetes
LDL cholesterol control for diabetes in the general

population
�100 mg/dl (�2.6 mmol/L) for patients with or
without diabetes
�70 mg/dl (�1.8 mmol/L) for patients with CVD

Correct disturbances in triglyceride, HDL, and non-
HDL levels

Smoking cessation
Dietary limitation of salt (�3 g/d) and saturated fat
Regular exercise and weight control
Antiplatelet therapy

aACE, angiotensin-converting enzyme.
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Strict glycemic control also delays the onset of microalbu-
minuria, the progression of microalbuminuria to clinical pro-
teinuria, and the development of nephropathy in patients with
either type 1 or type 2 diabetes (5,44,60). Glycosaminoglycans
have also been demonstrated to reduce albuminuria (61).
Whether these specific therapeutic strategies will prevent pro-
gression of CVD because they reduce microalbuminuria is un-
known. The Steno-2 trial demonstrated that intensified BP,
cholesterol, and glycemic control in patients with type 2 diabe-
tes was associated with decreased risk for cardiovascular
events (62). However, this was not correlated with reduction in
UAE.

There is some debate in the literature as to whether statins
reduce UAE (63–65). Regardless, these drugs are important
given the CVD risk. Both the National Kidney Foundation and
the ADA recommend an LDL cholesterol goal of �100 mg/dl
for patients with advanced renal disease or diabetes (5,60). For
patients with diabetes and CVD, an LDL goal of �70 mg/dl is
appropriate. Disturbances in triglyceride, HDL, and non-HDL
levels should also be addressed (5,60). Moreover, one needs to
consider strategies to improve diet by reducing saturated and
trans fats and dietary salt. In addition, efforts to assist in smok-
ing avoidance, proper exercise, and weight control should be
encouraged.

Cost-Effectiveness
Annual screening for UAE is recommended in people with

diabetes (66). In part, this recommendation is based on the
evidence that long-term cost-effectiveness is more favorable
when treatment is started earlier in preventing ESRD (67), but
there are no data when it comes to preventing CVD. The
evidence for screening the general population without diabetes
for UAE to prevent ESRD is limited. Only in the past year was
a study that evaluated the cost-effectiveness of screening for
UAE in the general population published. In this analysis,
patients with increased UAE were treated with an ACE inhib-
itor. The authors demonstrated that this approach was cost-
effective to prevent cardiovascular events (68). Although evi-
dence is accruing to indicate that individuals with hypertension
and increased cardiovascular risk should be screened for UAE,
more studies are needed to confirm that systematic screening is
cost-effective in the general population.

Conclusion
Epidemiologic and clinical evidence has established a

pathophysiologic link between microalbuminuria and CVD
in patients with diabetes and hypertension and in the general
population. This correlation is observed even at levels of
albuminuria below the conventional threshold for mi-
croalbuminuria (10). Screening for UAE can help clinicians
estimate a patient’s CVD risk and, if positive, should prompt
the early introduction of a multifactorial intervention strat-
egy that aim to improve the overall CVD risk factor profile as
well as prevent further loss of renal function.
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