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Review Paper

Cardiovascular Implications of Albuminuria

Katherine R. Tuttle, MD

Microalbuminuria is a major independent risk
factor for cardiovascular disease (CVD) events
in persons with diabetes or hypertension, the
general population, and persons with known
CVD. Although microalbuminuria is a stronger
risk factor in men, women with increased albu-
minuria levels are also at a higher risk of CVD.
Microalbuminuria is an indicator of generalized
endothelial injury, a hallmark of systemic athero-
sclerosis. Treatments that decrease albuminuria,
particularly agents that inhibit the renin-angioten-
sin system, reduce CVD risk in various popula-
tions, including those with and without diabetes
or hypertension. Whether albuminuria should

be a treatment target for CVD is not yet proven.
Nevertheless, the measurement of albuminuria is
clinically useful to identify high-risk individuals
who should receive intensive risk factor manage-
ment based on current treatment guidelines.

(] Clin Hypertens. 2004;6(11 suppl 3):13-17)
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he interest in microalbuminuria originated

with the observation that it was a marker that
could be used to identify the subset of persons with
diabetes who had nephropathy and were at risk of
a progressive loss of renal function. Approximately
30% of persons with type 1 diabetes and 40% of
those with type 2 diabetes have microalbuminuria.
However, in patients with type 2 diabetes, micro-
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albuminuria is actually a stronger predictor of car-
diovascular disease (CVD) than of renal outcomes
(loss of glomerular filtration rate, end-stage renal
disease, or death).! The risk of CVD death has
been reported to be increased by 100%-150%,
depending on the level of increase in albuminuria.!
Microalbuminuria is also common in hyperten-
sion, occurring in about 25% of patients. Like
type 2 diabetes, albuminuria is a stronger predictor
of CVD than of renal outcomes in hypertension,
whereas in type 1 diabetes, renal outcomes pre-
dominates as a predictor of risk (Table I). In type
2 diabetes, microalbuminuria doubles the risk of
major CVD events and mortality independent of
conventional risk factors (Figure 1).?

In hypertension, most ischemic heart disease
events occur in the subset of patients who have
microalbuminuria (Figure 2).> The prevalence of
microalbuminuria is about 10% in the general
population. As for high-risk populations with
diabetes and/or hypertension, increased levels of
albuminuria also predict a marked increased risk
of CVD events and deaths in the general popula-
tion (Figure 3).%°

Microalbuminuria is associated with the met-
abolic syndrome, which includes the traits of
abdominal obesity, glucose intolerance/hyperinsu-
linemia/insulin resistance, dyslipidemia (increased
triglycerides/decreased high-density lipoprotein
cholesterol), and hypertension. With increasing
numbers of metabolic syndrome traits, the risk of
developing microalbuminuria increases steadily.®’
Accordingly, the prevalence of microalbuminuria
increases progressively across the spectrum from
normal glucose tolerance (10%) to impaired glu-
cose tolerance (25%), to overt type 2 diabe-
tes (40%). This increasing prevalence parallels
increasing rates of CVD events, including myocar-
dial infarction, left ventricular hypertrophy, stroke,
peripheral vascular disease, and death across the
metabolic syndrome spectrum. It is important to
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Table I. Prevalence and Predictive Value of vessel) coronary artery disease.® ACR values were
Microalbuminuria in Diabetes and Hypertension intermediate in patients with less severe degrees
PREVALENCE PREDICTIVE VALUE FOR OUTCOME of coronary artery disease. Similarly, the risk of
MEAN (RANGE) % CARDIOVASCULAR RENAL CVD events is increased at levels of albuminuria
Hypertension 25 (5-40) T R traditionally considered to be within the normal
9 .
Type 2 DM 40 (10-80) - . range.” Although still a matter of sFudy aqd d.eba.te,
Type 1 DM 30 (5-50) . o ACR levels >15 mg/g can be considered indicative
- X of increased CVD risk. Some studies have sug-
DM-=diabetes mellitus .
gested that the ACR cut off for increased CVD
risk may be even lower. For the first time, recent
Niskanen et al,, 1993 * recommendations from the Seventh Report of
Stehom e oy T the Joint National Committee on the Prevention,
ehouwer et al., 1990 @ X . X
Stiegler et al., 1992 —f@m—— Detection, Evaluation and Treatment of High
Patrick et al., 1990 ————@— Blood Pressure!® recognize both microalbuminuria
Subtotal — and a glomerular filtration rate of <60 mL/min as
Macleod et al, 1995 major CVD risk f.actors.. o .
The accumulating evidence indicates that micro-
Total n albuminuria appears to be a stronger risk fac-
05 1 2 5 10 20 50 100 tor in men than in women; microalbuminuria
, — , — , occurs more frequently and is more closely asso-
Figure 1. Association of microalbuminuria and cardio- ted with q 31’ I Y
vascular morbidity and mortality in type 2 diabetes. ciated with CVD and renal outcomes in men.
Odds ratios of cardiovascular morbidity and mortality in Microalbuminuria is, however, also an important
patients with type 2 diabetes with microalbuminuria vs. risk factor in women. In a large population-based
normoalbuminuria. Reprinted with permission from Arch . .S . .
Intern Med. 1997:157:1413-1418.2 Copyright 1997, study, women with albuminuria levels in the high-
American Medical Association. All Rights Reserved. est compared with the lowest quintile had a greatly
increased risk of CVD mortality over 20 years.!!
Another population-based study found that the
2 100 Normoalbuminuria risk of microalbuminuria was increased about two-
2 4 fold with the administration of exogenous estrogen
i " both in postmenopausal women (due to hormone
£ replacement therapy) and premenopausal women
ig s (due to oral contraceptive use).'> Risk was also
_:é 80 |- Microalbuminuria related to dose and duration of estrogen use in that
: study. Such information adds to the concerns about
.g 75 = p<0.003 Relative risk 4 .. . . . . .
g Do : the administration of estrogen, particularly in indi-
5 L1 1 . . .
g et —>~_—t)——1 viduals who are already at a high CVD risk.
Years
Figure 2. Survival without ischemic heart disease in MICROALBUMINURIA AS A WINDOW
hypertensive subjects by albuminuria status. Reprinted TO THE CIRCULATION:
with permission from Hypertension. 2000;35:898-903. MECHANISTIC CONSIDERATIONS
Although increases in albuminuria have long been
recognize that microalbuminuria is an independent known to reflect progressive kidney damage, this
contributor to these outcomes in the various popu- marker also appears to be an excellent indica-
lations studied. tor of the status of circulation at large. Increased
The levels of albuminuria that predict CVD are amounts of albumin are lost in the urine when
lower than those that have traditionally been used endothelial cells are damaged in the glomerulus.
to predict the risk of losing kidney function in This damage may be the result of multiple path-
diabetes (i.e., a urinary albumin-to-creatinine ratio ways to injury, including hyperglycemia, hyperten-
(ACR) >30 mg/g). Levels of albuminuria increase sion, and dyslipidemia. The glomerulus is a unique
progressively with the severity of coronary artery capillary structure that has an arteriole on both its
disease (Figure 4).% In a study of people undergoing afferent and efferent ends (Figure 5). By contrast,
elective coronary angiography, the average ACR all other capillary circulations have an arteriole in
was 10 mg/g in patients with normal arteries and the afferent position with a venule on the effer-
31 mg/g in individuals with severe (generally 3- ent side. The unique structure of the glomerulus
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Table II. Why Does Albuminuria Reflect the Status of the Circulation? Arterial and Glomerular Injury

INCREASE  ADHESION CHEMOTAXIS
CELL PROLIFERATE ~ MIGRATE PueENOTYPE CHANGE ~ GROwTH FACTORS MATRIX TuroMBOSIS
Endothelial + + + + +
Platelet + + +
Macrophages + + + +
Smooth muscle + + + + +
Mesangial + + + + +

results in a higher blood pressure than in typical
capillaries, as well as other characteristics with
similarities to vessels of the arterial circulation. At
a cellular level, damage to the glomerulus and to
arteries can be viewed as parallel biological pro-
cesses (Table II). Regardless of the inciting cause of
injury, the responses of the various cells involved
in both athero- and glomerulosclerosis are largely
shared. After the initial endothelial injury, a cas-
cade of pro-sclerotic events ensues. In particular,
the smooth muscle cells in atherosclerosis behave
much like their corresponding contractile cell in
the glomerulus, the mesangial cell. Both of these
cell types proliferate, migrate from the subendothe-
lial location to the vessel lumen, change phenotype,
and secrete growth factors and matrix proteins.
Several lines of evidence support a functional-
structural relationship between microalbuminuria
and endothelial damage. In patients with systemic
atherosclerosis, the transvascular escape rate of
albumin is directly related to the amount of albu-
min lost in the urine.'® This observation has been
interpreted to indicate generalized “leakiness” to
the macromolecules, which reflects widespread vas-
cular damage. Furthermore, persons with elevated
urinary albumin levels have impaired endothelial
function (decreased flow-associated dilation after
brachial artery occlusion), even when diabetes and
hypertension are absent.'* In summary, microalbu-
minuria is an indicator of generalized endothelial
injury, a hallmark of systemic atherosclerosis.

SHOULD MICROALBUMINURIA BE

A THERAPEUTIC TARGET?

Based on the evidence relating microalbuminuria
to CVD and renal risk and the availability of treat-
ments to reduce albuminuria, it has been argued
that the reduction of albuminuria should be a
therapeutic target. Observational data indicate
that people with type 2 diabetes who do not dem-
onstrate a progressive increase in albuminuria are
more likely to survive.!S As reviewed elsewhere
by Bakris'® in this issue of The Journal of Clinical
Hypertension, a number of studies have shown
that a reduction in albuminuria, or overt protein-
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Figure 3. Risk of cardiovascular death by albuminuria
level in the general population. Reprinted with permis-
sion from Circulation. 2002;106:1777-1782.%

50
®
z %
E 40 . 31
£ 25 ]
D
£ 30
g
=
£
? 20 13
8
g 10
E 10
=
<

0

Absent Mild Moderate Severe

Figure 4. Urinary albumin and severity of coronary
artery disease. *p=0.027 vs. Absent and Mild groups
Reprinted from Am ] Kidney Dis. 1999;34:918-925.
Copyright 1999, with permission from the National
Kidney Foundation.’

uria, correlates with improved renal survival and
predicts better renal function.

Although less data are available for CVD, similar
trends are emerging. When albuminuria is reduced
by treatment, in particular with inhibition of the
renin-angiotensin system using a regimen based on
angiotensin-converting enzyme inhibitors or angio-
tensin receptor blockers, rates of major CVD events
decrease in parallel. These observations have been
made in various populations, including those with
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