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Albuminuria is an important risk marker for adverse cardio-
vascular (CV) and renal outcomes and mortality. The rela-
tionship between albuminuria and risk is continuous and
linear, like that of blood pressure and cardiovascular risk.
Evidence now supports increased risk even at levels tradi-
tionally considered within normal limits. In high-risk patients,
routine annual screening can detect changes in urine albu-
min excretion and improve the timely identification of albu-
minuria, and therefore should be considered in patients with
diabetes, hypertension, and chronic kidney disease. Pre-
ferred simple screening methods appropriate for use in the
primary care setting include microalbumin-specific dipsticks
and urinary albumin:creatinine ratio determination (from a
spot urine sample). Cornerstones of albuminuria treatment
include risk factor management, ongoing monitoring, and,

in patients with hypertension, chronic kidney disease, or
diabetes, the use of renin-angiotensin-aldosterone system
(RAAS)–blocking agents. Both angiotensin-converting
enzyme (ACE) inhibitors and angiotensin receptor blockers
(ARBs) have demonstrated utility in this regard; data from
studies of direct renin inhibition are promising. The com-
bined use of an ACE inhibitor and ARB was once consid-
ered a viable option for the treatment of albuminuria;
however, results of the Ongoing Telmisartan Alone and in
Combination With Ramipril Global Endpoint Trial (ONTAR-
GET) raised important questions regarding the benefits and
limitations of dual RAAS blockade. Ongoing studies should
provide important insight into the effects of this approach
on renal outcomes. J Clin Hypertens (Greenwich).
2011;13:438–449. �2011 Wiley Periodicals, Inc.

Albuminuria, the presence of abnormal levels of the
protein albumin in the urine, occurs in as many as
10% of representative samples of US adults.1,2 As
hypertension, diabetes, and obesity are each associated
with albuminuria, it should not be surprising that the
increased prevalence of these disorders has resulted in
a concomitant increase in the prevalence of albumin-
uria.2 Primary care clinicians (PCCs; physicians, nurse
practitioners, and physician assistants) readily recog-
nize that elevated urinary albumin excretion (UAE) is
an easily identifiable marker of kidney glomerular dis-
ease; however, it is not commonly appreciated that
elevated UAE is a strong marker for adverse cardiovas-
cular (CV) outcomes and mortality. Moreover, albu-
minuria is more common in older individuals and in
Hispanic and African American populations in gen-
eral, and the rates of end-stage kidney disease also are
higher in these groups. Currently established labora-
tory standards suggest that healthy individuals excrete
<30 mg albumin ⁄ 24 h. Even at levels below this gen-
erally accepted cutoff, adverse events are more com-
mon in persons with ‘‘high normal’’ than ‘‘low
normal’’ UAE.3 Unfortunately, PCCs do not consis-
tently screen for elevated UAE even in at-risk
patients.4,5 Equally problematic is the commonplace
uncertainty about the best management of elevated

UAE, once identified. Treatment of albuminuria has
been shown to provide salutary outcomes in reference
to reduction in albuminuria, improved renal function,
and decreased end-stage renal disease and it is even
associated with reductions in CV events.6–10

PCCs typically are the first point of contact for
patients with hypertension, diabetes, and kidney dis-
ease, those most at risk for target organ damage and
most likely to have elevated UAE. Thus, proper identi-
fication and treatment of elevated UAE in these
patients is important in the primary care setting. This
article reviews the risks associated with increased
UAE, provides a primer on the pathophysiology of
albuminuria, reviews simple methods for detection and
monitoring UAE, and includes a screening and treat-
ment algorithm that can easily be implemented by
PCCs in order to enhance care of the at-risk patient.

ALBUMINURIA, MICROALBUMINURIA,
MACROALBUMINURIA: WHAT IS THE
DIFFERENCE?
Albumin is a negatively charged, water-soluble mole-
cule produced in the liver. This approximately 69-kDa
globular protein is the most abundant plasma protein
and is involved in supporting oncotic pressure and
blood volume. In healthy persons, small amounts of
albumin (<30 mg ⁄ 24 h) are excreted into the urine
daily. Albuminuria is simply defined as an abnormal
amount of albumin in the urine, with the level of albu-
min having been loosely defined as either microalbu-
minuria or macroalbuminuria for the past 2 decades
(Table I).9 The terms micro and macro have nothing
to do with the size of the particles excreted, but rather
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to the amount of albumin excreted, as all albumin
molecules are the same size. Microalbuminuria is the
presence of persistent UAE in the range of 30 mg ⁄ 24 h
to 299 mg ⁄ 24 h, demonstrated on �2 occasions in a
first morning urine sample in the absence of certain
stressors (see Confounding Factors), or urinary
albumin:creatinine ratio (UACR) 30 lg ⁄ mg to 299
lg ⁄ mg. Macroalbuminuria is defined as UAE
�300 mg ⁄ 24 h or UACR �300 lg ⁄ mg. The National
Kidney Foundation’s (NFK’s) Kidney Disease Out-
comes Quality Initiative (K ⁄ DOQI) recommends classi-
fication based on UACR rather than UAE, as the
former corrects for variations in urine concentration
due to hydration.11 The predictive value of UACR
appears to be valid despite variability in creatinine
excretion due to age, sex, race, and body size.11

The distinction between microalbuminuria and mac-
roalbuminuria is more than academic. Whereas the
glomerulus tolerates small volumes of albumin passage
through the basement membrane with little recognized
consequence (microalbuminuria), the heavy trafficking
of these large, highly charged molecules both reflects
and induces substantial glomerular damage, ultimately
resulting in glomerular dysfunction and demise. The
end result of continued macroalbuminuria appears to
be progressive decline in renal function, eventually
leading to end-stage renal disease. When early eleva-
tion of UAE is identified (microalbuminuria), it is
often possible to stop, and even reverse, renal function
decline. However, by the time macroalbuminuria
occurs, treatment can only slow the process of declin-
ing renal function as it cannot be fully forestalled.
Hence, early identification, preferably before the
advent of macroalbuminuria, is paramount.

PCCs commonly assess urine protein by dipstick
urinalysis. The absence of protein on routine dipstick
urinalysis is not sufficient evidence that important lev-
els of elevated UAE are absent. Indeed, typical office
urinalysis dipsticks are designed to detect UAE only at
levels of �500 mg ⁄ 24 h (ie, patients who are already
experiencing macroalbuminuria). Point-of-care UAE
devices specifically designed to detect microalbuminu-
ria are inexpensively available.

The degree of elevation of UAE is associated with
different risks to end organs. Microalbuminuria is
more predictive of reaching CV end points than kidney

end points. Conversely, macroalbuminuria is more
predictive of reaching kidney end points.12 Microalbu-
minuria occurs 9 times more often than macroalbu-
minuria in stages 1 and 2 chronic kidney disease
(CKD). In stage 4 CKD, macroalbuminuria is more
common than microalbuminuria (42% vs 24% of
patients).2 Equally important is the observation that
even levels of albumin below the microalbuminuria
threshold (so-called ‘‘high normal’’) are associated
with increased risk for CV outcomes.13 This finding is
similar to our understanding of the relationship
between blood pressure (BP) and risk: albuminuria is a
continuous and linear variable with no specific cutoff.
While no literature guidance is available to suggest
optimum management of UAE levels below the tradi-
tionally established normal cutoff (<30 mg ⁄ 24 h), pru-
dence would indicate periodic follow-up of such
individuals.

ALBUMINURIA: WHY SHOULD PRIMARY
CARE PHYSICIANS BOTHER?
The presence of albumin in the urine as a strong
marker of CV and kidney risk has been understood
for some time. The Multiple Risk Factor Intervention
Trial (MRFIT), which enrolled 12,866 middle-aged
men between 1973 and 1975, established a correlation
between macroalbuminuria (as detected by office
dipstick testing) and increased risk of CV death
(Figure 1).14 Macroalbuminuria was associated with a
2- to 3-fold increased risk of death. The Heart
Outcomes Prevention Evaluation (HOPE) study, which
followed 9043 patients aged 55 years and older with a
history of CV disease or diabetes and an additional
CV risk factor, found that any level of albuminuria is
a CV risk marker, even at levels well below the
defined microalbuminuria threshold (Figure 2).15 As
depicted, the risk for CV events begins to increase

TABLE I. Definitions of Albuminuria

Normal Microalbuminuria Macroalbuminuria

Urinary albumin

excretion, mg ⁄ 24 h

<30 30–299 �300

Spot collection,

urinary

albumin-creatinine

ratio, lg ⁄ mg

<30 30–299 �300

Adapted from the American Diabetes Association.9

FIGURE 1. The relative risk of death by levels of proteinuria deter-
mined by positive urine protein dipstick (Ames Labstix, Elkhart, IN).
The relative risk was established against patients without proteinuria
and adjusted for age, cholesterol, diastolic blood pressure, smoking,
antihypertensive use, change in glomerular filtration rate, study group,
and race. With permission from Grimm and colleagues.14 CVD indi-
cates cardiovascular disease; CHD, coronary heart disease.
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FIGURE 2. The risk for cardiovascular events begins to occur even at levels of microalbuminuria well below the current cutoff definition: results
from the Heart Outcomes Prevention Evaluation (HOPE) trial. In this study, the eighth decile was considered the cutoff for microalbuminuria (urinary
albumin-creatinine ratio of approximately 17.7 lg ⁄ mg). Adapted with permission from Gerstein and colleagues.15
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linearly and continuously at levels of albuminuria well
below microalbuminuria. In the HOPE study, the
presence of baseline microalbuminuria predicted
subsequent progression to macroalbuminuria 17-fold.8

A growing body of evidence suggests that albuminuria
is an independent risk factor that has additional
prognostic value when used in concert with tradi-
tional risk-assessment tools (eg, Framingham Risk
Score).16–19

BACK TO BASICS: PHYSIOLOGY OF THE
KIDNEY
The kidney is the only organ that has a dual
capillary ⁄ filtration system, the primary system being
the glomerulus and the secondary being peritubular
(Figure 3). The glomerular filtration barrier (GFB) sep-
arates the blood (flowing in the glomerular capillaries)

from the urine (filtered into Bowman’s space) and
retains plasma macromolecules in the blood based on
size, shape, and charge, allowing the passage of small
molecules but almost completely restricting the
passage of molecules the size of albumin or larger
(Figure 4).20,21 The GFB prevents leakage of mole-
cules, including albumin, out of the blood and into
urine by 3 layers through which molecules must pass
sequentially. Each layer has characteristics that selec-
tively restrict particles based on size, configuration,
and ⁄ or chemical charge. Smaller plasma proteins can
readily pass through the GFB; however, because they
are much less abundant than albumin, the filtered load
is small. Additionally, with healthy renal function,
smaller proteins and any albumin that are able to
make it into the glomerular filtrate are then reab-
sorbed ⁄ degraded as they pass through the proximal

FIGURE 3. Normal physiology of the kidney. (a) Vertical section of right kidney showing cortex and medulla. Inset (b) diagrammatic representation
of a nephron within the cortex and medulla. (c) Diagrammatic representation of renal circulation showing dual capillary beds allowing filtration and
reabsorption.
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tubules (Figure 3).21 Given these multiple and complex
filtering mechanisms, in the absence of renal disease
(or some transient stressors) only very small amounts
of albumin (<30 mg ⁄ 24 h) are excreted into the urine.

Pathophysiology of Microalbuminuria
The pathophysiologic mechanisms resulting in persis-
tent microalbuminuria are not completely understood
and may reflect a number of mechanisms. Defects in
any of the layers of the GFB could be suspect, as well
as failure of the tubulointerstitium to perform
appropriate resorption of molecules that have slipped
through the GFB.21 Conditions that are associated
with endothelial dysfunction (eg, diabetes, hyperten-
sion, vascular disease, inflammation, and insulin
resistance) also may manifest as glomerular endothelial
dysfunction (ie, altered permeability), such that micro-
albuminuria reflects a state of impaired vascular
function, with the kidney being a window to the vas-
culature in other tissue compartments.22 Additionally,

there is a genetic predisposition (expressed on podo-
cytes) for some patients to develop albuminuria.23 In
any case, vasculopathy manifested as albuminuria
appears to reflect vasculopathy diffusely throughout
the body and is especially pertinent to the cardiac
vasculature.

TESTING FOR ALBUMINURIA

Test Methods
Urinary albumin is a more sensitive marker for CKD
due to diabetes, glomerular disease, and hypertension
than is total urinary protein excretion.24 ‘‘Standard’’
office dipstick urinalysis tools are not useful for detect-
ing microalbuminuria because they detect total protein
in the urine only at high levels (>500 mg ⁄ 24 h). Both
the NFK and the American Diabetes Association rec-
ommend using a microalbumin-sensitive dipstick or
UACR in a spot urine sample for screening adults at
risk for CKD and UACR for monitoring adult patients

FIGURE 4. Normal processing of albumin by the kidney. (a) Normal glomerulus and proximal tubule. Albumin (spheres) normally is retained within
the glomerular capillaries and does not enter Bowman’s space. Inset (b) shows the components of the glomerular filtration barrier. (c) Albumin that
is filtered by the glomerulus and enters Bowman’s space is taken up by the megalin ⁄ cubulin receptor lining of the proximal tubular brush border
cells; from there albumin fragments are either reabsorbed or secreted back into the tubular lumen. Adapted with permission from Jefferson and
colleagues.21
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with CKD.9,24 First morning urine samples are
preferred: timed or 24-hour urine samples are not nec-
essary for screening and are much more cumbersome
for patients.

There are a number of inexpensive easy-to-use
methods for testing UAE in the primary care clinic
that provide point-of-care results (Table II). The
advantage of point of care testing is early identification
of microalbuminuria, while it is still reversible, and
the ability to modify treatment based on immediately
available results. The authors believe that each of the
currently available methodologies for urinary albumin
screening provides a major step forward in promptly
identifying elevated UAE. At the time of writing this
communication, testing costs <$10 per test with the
dipstick methodologies but insurance reimbursement
has been erratic.

Confounding Factors
UAE can be elevated in certain conditions (eg, dehy-
dration, hyperglycemia, systolic heart failure, and
inflammatory states).25–27 It also is transiently
increased as a result of strenuous exercise and during
fever ⁄ infection.28 For example, 30 minutes following
maximal exercise on a stationary bicycle, UAE is
increased 20-fold from baseline in men aged 20 to
30 years and 3- to 7-fold in older men.29 UAE is
increased during the febrile period but declines
significantly 2 days postnormalization of body temper-
ature.30 Interestingly, asymptomatic urinary tract
infections are not associated with albuminuria,
whereas symptomatic urinary tract infections are
commonly associated with albuminuria.31 Conse-
quently, to confirm the diagnosis of clinically signifi-
cant microalbuminuria, clinicians should always
ascertain elevated UAE measurements by rechecking a

subsequent first morning urine sample, taking care that
no confounding factors influence the UAE levels and
obtaining at least 2 test results on separate occasions.

Ruling Out Other Disease States that Could Be
Causing Albuminuria
Clinical experience suggests that all patients with
hypertension, CKD, or diabetes should have UAE
assessed at least annually. Because albuminuria can be
caused by conditions other than hypertension, CKD,
or diabetes, consideration of other disorders, such as
immunoglobulin A nephritis is appropriate for patients
with symptoms or signs that suggest consideration of
an alternative diagnosis (Table III).32,33

Diabetes is the most common cause of albuminuria
and the leading cause of end-stage renal disease in the
United States. Diabetic nephropathy is characterized
by hypertension, progressive albuminuria, and glomer-
ulosclerosis, and can lead to a decline in glomerular
filtration and ultimately to end-stage kidney disease if
untreated. Renal biopsy is the gold standard for eval-
uating glomerular and tubular structure to establish
the etiology of albuminuria, but is usually reserved
for patients in whom a nondiabetic cause is sus-
pected. In diabetics, because vascular basement mem-
brane damage in the glomerulus usually occurs at the
same time vascular damage in the retina is evolving
(diabetic retinopathy), the absence of eye findings
should direct consideration of other etiologies for
albuminuria than simple diabetes. Findings that sug-
gest a nondiabetic etiology for persistent albuminuria
in a patient with diabetes include: (1) lack of retinop-
athy, (2) lack of autonomic neuropathy, and (3) pres-
ence of albuminuria at the time of diagnosis of
diabetes (ie, albuminuria is more commonly seen in
long-standing diabetes, rather than at the time of ini-
tial diagnosis).32

In patients with diabetes, differentiating between
diabetes and less common etiologies of albuminuria
requires a workup that can be initiated in the primary
care setting. A careful patient history and physical
examination may provide information that suggests
alternative causes: rashes (autoimmune or systemic
inflammatory disease), thrush (immunocompromised
patients), or findings of liver disease (eg, ascites,
splenomegaly) that may be associated with viral hepa-
titis. Initial laboratory testing should include a routine
urinalysis with microscopic examination. The hematu-
ria, pyuria, or casts may indicate either a glomerular
or interstitial nephritis. Complete metabolic profile is
appropriate to provide estimated glomerular filtration
rate, creatinine (for CKD), and electrolytes. Complete
blood cell count, liver function tests, and hemoglobin
A1c level assessments should also be performed. In
patients with nephrotic range albuminuria (urine
albumin to creatinine ratio >3000 mg ⁄ g) or otherwise
abnormal urinalysis, a serologic evaluation should
include human immunodeficiency virus (HIV) anti-
body test (to assess for possible HIV-associated

TABLE II. In-Office Albumin Tests

Product Name Test Description

HemoCue albumin 201

system (HemoCue,

Angelholm, Sweden)

Urine is drawn into a reagent-lined

microcuvette and read in analyzer

in 90 s; range of albuminuria

detection is 7–150 mg ⁄ L
Chemstrip Micral test strips

(Roche Diagnostics,

Indianapolis, IN)

1-Min dipstick reagent strip;

color match result

Clinitek microalbumin

reagent strips (Siemens

Medical Solutions,

Deerfield, IL)

Strips have 2 reagent areas

(albumin and creatinine) making

UACR calculation possible; used in

Clinitek analyzers; hard copy report

provided; results in 1 min

ImmunoDip test for

microalbuminuria

(Diagnostic Chemicals,

San Diego, CA)

3-Min dipstick in a patented housing

that allows for recording patient

identification; color match result

Abbreviation: UACR, urinary albumin-creatinine ratio.
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nephropathy), hepatitis B surface antigen, and hepatitis
C antibody because either viral hepatitis can cause glo-
merulonephritis. Evidence also exists that hepatitis C
is independently associated with albuminuria in older
adults.34 An autoimmune workup including serum
antinuclear antibody, antidouble strand DNA, comple-
ment 3, complement 4, and rheumatoid factor may
help establish the diagnosis of systemic lupus
erythematosus. Albuminuria is a universal finding in
lupus nephritis, which occurs in almost 25% of
patients with systemic lupus erythematosus. Other rare
causes of albuminuria ⁄ proteinuria include paraprote-
inemias such as myeloma and amyloidosis. Supranor-
mal serum total protein, especially when the serum
albumin level is low, is indicative of excessive plasma
globulin. In this setting, serum protein electrophoresis
and 24-hour urine monitoring for protein electropho-
resis and immunofixation are indicated to exclude
multiple myeloma or other serious paraproteinemic
states. Patients with abnormalities on these tests
should be considered for referral to definitive diagnosis
and treatment.

Autosomal dominant polycystic kidney disease is a
relatively common cause of CKD and can present with

hypertension and albuminuria. Family history and
ultrasound examination of the kidney that reveals mul-
tiple bilateral cysts strongly suggests the presence of
this condition.

In general, referral to a nephrologist for further
evaluation should be considered whenever the PCC
desires a second opinion on the etiology of albumin-
uria. Patients with abnormal laboratory data, as listed
above, or deviation from the typical clinical course of
diabetic nephropathy are more likely to have a nondia-
betic etiology for albuminuria.

Failure to decrease proteinuria after treatment with
an angiotensin-converting enzyme (ACE) inhibitor or an
angiotensin receptor blocker (ARB) does not distinguish
between the various proteinuric diseases but may be an
indication of progressing renal disease that requires the
involvement of a nephrologist. Patients with albumin
excretion in the range of nephrotic syndrome and
patients with stage 4 kidney disease should be referred
promptly to a nephrologist for further evaluation. These
groups may require more specialized testing and are
more likely to develop complications that require
further management considerations (eg, severe edema,
anemia, hyperparathyroidism).

TABLE III. Differential Diagnoses in the Etiology of Albuminuria in Patients With Hypertension, Diabetes, or
Evidence of Target Organ Damage

Diagnosis Concurrent Conditions Further Workup

Diabetic nephropathy Retinopathy HgbA1c

Neuropathy Ophthalmology examination

Duration of diabetes Refer to nephrologist if albuminuria worsens

or renal function declines

Hypertensive nephrosclerosis Typically <1 g ⁄ d proteinuria

No other UA abnormalities

Refer to nephrologist if albuminuria worsens of

renal function declines

Focal segmental glomerulosclerosis Viral infection (HIV, parvovirus) HIV antibody test

Bisphosphonate use

Minimal change disease (much less

likely diagnosis in adults)

Chronic urinary reflux

Obesity

Glomerulonephritis Hematuria ANA

Autoimmune disease (rash, joint pain) dsDNA

C3, C4

Hepatitis Rheumatoid factor

Vasculitis Hepatitis C antibody

IgA nephropathy (recent URI?) Serum cryoglobulins

c-ANCA, p-ANCA

Membranous glomerulopathy Hepatitis B ⁄ C Hepatitis B surface antigen

Syphilis RPR

Malignancy

Drugs (Gold ⁄ penicillamine ⁄ NSAID)

Lymphoproliferative disease

(multiple myeloma, amyloid)

Bone pain + lytic lesions Urine protein:creatinine ratio

Hypercalcemia Urine ⁄ serum protein immunoelectrophoresis

Bone marrow ⁄ fat pad biopsy

Polycystic kidney disease Family history Renal ultrasound

Hematuria

Abbreviations: ANA, antinuclear antibodies; c-ANCA, classical antineutrophil cytoplasmic antibodies; dsDNA, double-stranded DNA; HgbA1c,
hemoglobin A1c; HIV, human immunodeficiency virus; IgA, immunoglobulin A; NSAID, nonsteroidal anti-inflammatory disease; pANCA,
protoplasmic-staining antineutrophil cytoplasmic antibodies; RPR, rapid plasma reagin; UA, urinary albumin; URI, urinary infection.
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TREATMENT ALGORITHM FOR MANAGING
ALBUMINURIA
An algorithm for evaluating and managing albumin-
uria is depicted in Figure 5. Optimizing risk factor
management by minimizing other risk factors for CV
and kidney disease goes hand in hand with addressing
microalbuminuria (Figure 6). Indeed, controlling these
risk factors is the first line of microalbuminuria
management in patients with glomerular filtration
rates >60 mL ⁄ min.35

Agents that block the RAAS (specifically ACE
inhibitors and ARBs) are the cornerstone of therapy
for the hypertensive patient with CKD or diabetes.36

While other antihypertensives also can reduce microal-
buminuria, a large body of outcomes data supports
the efficacy of ACE inhibitors and ARBs in this regard.
As a result, these agents are preferentially recom-
mended by the American Diabetes Association for the
treatment of patients with type 1 or type 2 diabetes,
hypertension, and microalbuminuria or macroalbumin-
uria, given their ability to delay progression to worsen-
ing albuminuria and kidney function.9 Similarly, the

NFK considers them preferred agents based on their
ability to reduce albuminuria and slow progression of
both diabetic and nondiabetic kidney disease37 as dem-
onstrated in at-risk microalbuminuric patients in the
HOPE study.7

There are few head-to-head trials to distinguish one
ACE inhibitor or ARB from another for use in patients
with diabetes and elevated UAE. A single randomized,
double-blind, parallel-group trial compared the use of
telmisartan 80 mg with losartan 100 mg ⁄ d for a year
in 860 patients with diabetic nephropathy.38 Limited
additional antihypertensive medication could be given
to achieve the BP target <130 ⁄ 80 mm Hg. At the end
of the study, there was a significantly greater reduction
(P=.04) in geometric mean UACR (35.5%; from
1426.1 mg ⁄ g creatinine at baseline to 952.5 mg ⁄ g
creatinine; P<.0001) in the telmisartan-based regimen
than in the losartan-based regimen (27.0%; from
1390.5 mg ⁄ g creatinine to 1054.9 mg ⁄ g creatinine;
P<.0001). The results of the trial demonstrated that in
patients with diabetic nephropathy, a telmisartan-
based regimen was superior to a losartan-based

FIGURE 5. An algorithm for screening and treating albuminuria in the primary care setting. UAE indicates urinary albumin excretion; BP, blood
pressure; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CCB, nondihydropyridine calcium channel blocker (verapamil or
diltiazem).
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regimen for reducing albuminuria, given similar levels
of BP reduction at 1 year.38

Aldosterone blockers (spironolactone and eplere-
none) also reduce microalbuminuria, although there
are far fewer studies demonstrating their efficacy in
this regard than there are for ACE inhibitors
and ARBs.39 Direct renin inhibitors represent the new-
est class of RAAS inhibitors, but only one agent in
this class has been approved to date (aliskiren). The
limited data available to date regarding aliskiren effi-
cacy in microalbuminuria reduction is promising.40,41

Initiating Therapy With an ACE Inhibitor or ARB
In patients in whom BP is controlled on maximal
doses of another antihypertensive but microalbuminu-
ria is present, an ACE inhibitor or ARB should be
added to therapy. To lessen the risk for hypotension
and other potential tolerability concerns, therapy
should be initiated at a very low dose (eg, ramipril
1.25 mg daily, telmisartan 20 mg) with consideration
to tapering other antihypertensives. Doses of the ACE
inhibitor ⁄ ARB can be doubled at 2-week intervals to
the maximally tolerated dose.

In patients not receiving antihypertensive therapy, a
low dose of an ACE inhibitor or ARB also should be
employed as initial therapy, particularly in patients
with glomerular filtration rates �60 mL ⁄ min.35 Doses
should be titrated upward at 2-week intervals as

tolerated. Table IV lists doses of ACE inhibitors and
ARBs recommended by the NFK.37 No ceiling doses
have been established for the treatment of microalbu-
minuria. Since there is little difference in tolerability
throughout the dosing range of ACE inhibitors and
ARBs, and there may be additional benefit to higher
doses of either class, clinicians may consider using the
highest tolerated doses of either. Some time may be
needed for albuminuria reductions to become maximal
on a given agent;42 therefore, an adequate period is
necessary (clinical experience suggests 3 months)
before changing therapies, titrating dose, or adding on
other agents.

Either an ARB or ACE inhibitor is appropriate for
treatment of albuminuria, with no clear advantage of
one over the other. Because tolerability issues such as
cough, angioedema, or rash may limit use of ACE
inhibitors, ARBs would be preferred over ACE inhibi-
tors on that basis. However, there is a larger data base
supportive of ACE inhibitors in CV disease risk reduc-
tion than there is for ARBs, and ACE inhibitors are
currently more economical, thus individual patient cir-
cumstance may dictate which therapy is initiated.43

For albuminuria, the degree of reduction was similar
between ACE inhibitors and ARBs in a meta-analysis
comparing the two classes of agents,44 although recent
head-to-head studies of ARBs suggest some agents
may be better than others in this regard. In a 1-year

FIGURE 6. Optimization of cardiovascular and kidney risk factors in patients with microalbuminuria: hypertension and diabetes recommenda-
tions.9,36 LDL indicates low-density lipoprotein; HDL, high-density lipoprotein.
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study of 860 hypertensive patients with type 2 diabetes
and proteinuria, telmisartan 80 mg ⁄ d reduced mean
urinary albumin-creatinine ratio to a greater degree
than losartan 100 mg ⁄ d (30% vs 21%; P=.03) at com-
parable BP reductions.38 In another study, albuminuria
reductions with telmisartan were comparable with
those with valsartan.45 Thus, if considerable albumin-
uria reductions do not occur after adequate therapy, it
would be reasonable to try a different RAAS blocker
before using other pharmacologic therapies.

Monitoring Kidney Function
Early studies with RAAS inhibitors excluded patients
with advanced renal insufficiency (creatinine clearance
>3.0 mg ⁄ dL) on the basis that these agents could
further increase serum creatinine or electrolytes (ie,
potassium).46,47 However, more recent studies have
shown that RAAS inhibitors continue to confer
renoprotective benefits in patients with advanced renal
insufficiency (serum creatinine >3.0 mg ⁄ dL)48,49 and
at higher-than-usual doses,42 while infrequently
incurring hyperkalemia. Therefore, a preexisting ele-
vated serum creatinine level should not deter clinicians
from using ACE inhibitors or ARBs. An increase of up
to 30% in serum creatinine within the first few weeks
of RAAS blockade is acceptable, provided serum
potassium is <5.5 mmol ⁄ L.46,50 However, if serum
creatinine increases >30% from baseline within the
first 2 months of treatment, or if serum phosphorus or
potassium exceeds 5.6 mmol ⁄ L, the dosage of RAAS

inhibitor should be reduced by 50% or discontinued
entirely,46 as this change in serum creatinine or elec-
trolytes may indicate a reduction in kidney function
sufficient to interfere with metabolic functions of the
kidney. Further increases in serum creatinine are not
expected after the first month of ACE inhibitor or
ARB therapy with the following exceptions: concomi-
tant diuretic therapy has been initiated or increased,
nonsteroidal anti-inflammatory drug use has been
initiated, or the patient has experienced volume deple-
tion by nondiuretic causes (eg, gastroenteritis,
dehydration).46

Clinical experience suggests that BP, serum creati-
nine, and electrolytes are monitored 2 weeks after
ACE inhibitor or ARB initiation, and then 2 weeks
after each upward titration to ensure that potential
changes in kidney function or unacceptable elevations
of potassium, which usually occur promptly, are
detected. Once a patient is on a stable dose of ACE
inhibitor ⁄ ARB, 6-monthly or annual monitoring of
blood urea nitrogen, creatinine, and electrolytes should
be sufficient.

Dual RAAS Blockade
The combined use of an ACE inhibitor and ARB was
considered a viable option for the treatment of albu-
minuria, as supported by a meta-analysis of 49 trials
that included more than 6100 patients with microalbu-
minuria or macroalbuminuria in which the combina-
tion was associated with better albuminuria reductions
than either ACE inhibitor or ARB monotherapy.44 Sim-
ilarly, a few studies observed further microalbuminuria
reductions when spironolactone was added to ACE
inhibitor or ARB therapy.39 However, the results of the
recent Ongoing Telmisartan Alone and in Combination
With Ramipril Global Endpoint Trial (ONTARGET)
have made physicians apprehensive about prescribing
the combination of RAAS inhibitors. In ONTARGET,
25,620 patients at high vascular risk (atherosclerotic
vascular disease or diabetes with end-organ damage)
were randomized to receive either telmisartan, ramipril,
or the combination for more than 4 years.51 Although
combination therapy had benefits on UACR compared
with ramipril alone, it failed to lower CV and kidney
events relative to monotherapy and was associated with
greater morbidity.51,52 It is important to note that ON-
TARGET was not powered to detect differences in kid-
ney outcomes. Further, UAE was not assessed annually
and the need for dialysis was established arbitrarily,
with no predetermined protocol, and the data was eval-
uated post hoc.53 Thus, definitive conclusions cannot
be made on the basis of ONTARGET. The results of
two ongoing studies (Diabetes In Nephropathy Study
[VA NEPHRON-D] and Aliskiren Trial in Type 2 Dia-
betes Using Cardiovascular and Renal Disease End-
points [ALTITUDE]), both of which are powered to
assess the role of dual RAAS blockade on kidney out-
comes in patients with type 2 diabetes at high risk for
CV and kidney events, are eagerly awaited.

TABLE IV. Usual Dose Ranges of ACE Inhibitors and
ARBs for the Treatment of Hypertension

Agent

Usual Total Daily

Dose Range, mg

Frequency

Per Day

ACE inhibitors

Benazepril 20–40 1–2

Captopril 25–150 2–3

Enalapril 10–40 1–2

Fosinopril 20–40 1–2

Lisinopril 20–40 1

Moexipril 7.5–30 1–2

Perindopril 4–8 1–2

Quinapril 20–80 1–2

Ramipril 2.5–20 1–2

Trandolapril 2–4 1

ARBs

Candesartan 16–32 1

Eprosartan 400–800 1–2

Irbesartan 150–300 1

Losartan 50–100 1–2

Olmesartan 20–40 1

Telmisartan 40–80 1

Valsartan 80–320 1

Abbreviations: ACE, angiotensin converting enzyme; ARB, angioten-
sin receptor blocker. With permission from the National Kidney
Foundation.37
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The results of the ONTARGET trial present a diffi-
cult therapeutic conundrum: how can it be that a com-
bined ACE inhibitor ⁄ ARB was associated with an
increased incidence of renal end points but also
improved proteinuria?52 Although the full explanation
for this observation remains to be confirmed, the
authors believe that it is likely that there is a subgroup
of patients who, when an ACE inhibitor and an ARB
are combined, undergo glomerular hypoperfusion,
with subsequent decline in renal function. If indeed
this is the explanation for the increased renal end
points in ONTARGET, it should still be acceptable to
treat patients who achieve insufficient improvements
in UAE on monotherapy with dual RAAS inhibition
therapy. However, regular monitoring for signs of
decline in renal function (monthly until stable, then
twice yearly) would be essential, and if serum creati-
nine levels increase by >30%, dual RAAS inhibition
should be discontinued.

Continual Monitoring of UAE
Once patients are on a stable dose of an ACE inhibitor
or ARB for 3 months, UAE should be re-checked.
Quarterly UAE assessments work well for patients
with or at risk for diabetes because they coincide with
glycosylated hemoglobin assessments. If microalbumin-
uria reduction is stabilized but still above normal on a
consistent dose of ACE inhibitor or ARB, a second
antihypertensive can be considered. The nondihydro-
pyridine calcium antagonists verapamil and diltiazem
have been shown to significantly reduce albuminuria
even further when added to RAAS inhibitor therapy.54

However, in a recent head-to-head comparison neither
agent was superior in lowering albuminuria in a mac-
roalbuminuric cohort of patients with type 2 diabe-
tes.55 The diuretic indapamide also significantly
reduced albuminuria.56,57 When adding on a second
agent, kidney function should be monitored in a simi-
lar manner to that used when an ACE inhibitor or an
ARB is initiated, as the second agent may have effects
that can also lead to glomerular hypoperfusion and
hyperkalemia.

CONCLUSIONS
Microalbuminuria is an important risk marker for
both CV and kidney risks in patients with diabetes,
hypertension, and ⁄ or CKD. PCCs have the most fre-
quent contact with these at-risk patients and therefore
have the greatest potential to favorably affect their
health. UAE can be measured in the physician’s office
and should be part of routine annual health assess-
ments among at-risk persons. PCCs can dramatically
improve the utilization of this simple, easy-to-use, and
inexpensive tool to make a great impact on CV and
kidney outcomes. Similar to the use of targets for BP
and blood glucose levels, a UAE ‘‘goal’’ can reinforce
the status of kidney and CV function and serve as an
additional educational tool to encourage risk factor
management and medication adherence.
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