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Review

The spectrum of albuminuria as a predictor of 
cardiorenal outcomes

Hypertension is the leading cause of significant 
cardiovascular morbidity and mortality and leads 
to the progressive impairment of kidney function 
ultimately contributing to the development of 
end-stage renal disease [1]. Additionally, impair-
ment of kidney function alone (i.e., estimated 
glomerular filtration rate [GFR] <60 ml/min) 
carries increased risk for occurrence of cardio-
vascular events [2]. Hypertension is present in 
more than 75 million people in the USA alone, 
with only 64% of them being controlled as rec-
ommended by current practice guidelines [3,101]. 
The high rates of death secondary to cardio-
vascular causes as well as the increasing incidence 
of chronic kidney disease (CKD) has prompted 
the American Heart Association (AHA) to set a 
goal of improving cardiovascular health in the 
general population by 20% by 2020 [3,101,102]. 
Therefore, timely recognition of increased risk 
for cardiovascular morbidity is essential for early 
intervention and prevention. 

High albuminuria, formally known as micro-
albuminuria, was considered a sign of early kid-
ney disease in the 1990s; however, over the past 
decade it has been recognized as an important 
risk marker for cardiovascular outcomes and 
risk [4,5]. Indeed, the addition of albuminuria 
to predictive models for coronary heart disease 
improves their accuracy [6]. Albuminuria has 
been noted to significantly affect cardiovascular 
risk even at very low levels [7].

The level of albumin in urine helps define 
whether injury and inflammation is present 
at a vascular (i.e., endothelial dysfunction) 
or kidney level (i.e., podocyte membrane). 
Increased oxidant stress and related decreases 
in nitric oxide (NO) production in the vascular 
bed are associated with high albuminuria lev-
els (i.e., <200 mg/day). Higher levels indicate 
not only vascular injury and inflammation, but 
also significant podocyte damage and tubular 
protein absorption translating into the presence 
of nephropathy [8,9]. The current concept there-
fore is that albuminuria is associated with a con-
tinuum of risk, with low levels indicating high 
cardiovascular risk and higher levels indicating 
both higher cardiovascular risk and the presence 
of CKD [10].

The most common pathologic conditions 
related to the development of albuminuria are 
diabetes mellitus, hypertension, lipid abnor-
malities and obesity [11,12]. In particular, poor 
glycemic and hypertensive control correlates 
with development of and progressive increases 
in albuminuria. It is, however, important to 
note that low levels of albuminuria represent a 
disease marker and not a contributing cause of 
the disease. Therefore, assessing and determin-
ing the occurrence of albuminuria and factors 
contributing to it will enable timely detection of 
a vascular inflammatory process that is related to 
poor control of a cardiovascular risk factor that 

Albuminuria is a consequence of vascular inflammation and injury but also podocyte dysfunction and 
damage. In respect to current practice, albuminuria levels of <29 mg/g are considered normal, between 
30–299 mg/g high and >300 mg/g very high, with lower levels representing disease markers rather than 
disease cause. This concept refers to albuminuria as a continuum that reflects high cardiovascular risk at 
lower levels and high kidney disease risk at levels of >200 mg/day. Assessment of urinary albumin could 
therefore help with timely detection and improvement of vascular inflammatory process, with spot 
albumin:creatinine ratio currently being used for this purpose. The most common comorbidities related 
to albuminuria are diabetes mellitus with hyperinsulinemia, hypertension, dyslipidemia and obesity. Control 
of these risk factors is essential for patients with high levels of albuminuria. However, the therapeutic 
intervention for very high albuminuria is aimed at cardiovascular and renal risk reduction by improving 
blood pressure control to <130/80 mmHg and favors the use of renin angiotensin aldosterone system 
blockers as an initial approach.
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may not be appreciated otherwise. This would 
primarily help prevention of the disease but also 
enhance early detection.

Albuminuria
�n Definition & assessment

Under normal circumstances, urine contains pro-
tein that is composed of low-molecular-weight 
proteins (20%), Tamm–Horsfall mucoprotein 
(40%) and albumin (40%) [13]. Albumin, how-
ever, is the predominant form of protein once the 
levels increase and when the albumin:creatinine 
ratio exceeds 30 mg/g the term high albuminuria 
applies. Even though the terms proteinuria and 
albuminuria are used interchangeably, it is more 
accurate to use the latter since only albuminuria 
has been shown to be an indicator of progressive 
kidney damage and worsening cardiovascular 
outcomes. In this regard, measurement of total 
urinary protein requires additional studies to 
discern the protein type (i.e., albumin, light-
chain proteins or b2-microglobulin). Elevated 
light-chain proteins and b2-microglobulin are 
also associated with particular kidney diseases, 
but these are not addressed in this article. 

Current practice guidelines recommend uri-
nary albumin determination in the assessment 
of kidney function decline [14]. The American 
Diabetic Association (ADA) recommends at 
least two nonconsecutive morning specimens 
be obtained within 3 months. Note there is as 
much as a 25% variation in daily albuminuria in 
any given normal person, hence spot collection 
at varying times will ensure greater accuracy [15]. 
This relates to many things that affect albumin 
excretion including circadian rhythm, exercise, 
food intake, ongoing infection and pediatric 
population [10,16]. The screening should be per-
formed in all at-risk patient populations, primar-
ily patients with hypertension, diabetes mellitus 
and early CKD [12,13,17].

The gold standard for measuring urinary 
albumin excretion is a 24 h urine collection. 
This may be inaccurate, however, if proper timed 
collection is not performed. Measurement of 
total creatinine over the same period provides 
information regarding accuracy of collection. 
More acceptable and validated against a 24 h 
urine collection is a spot albumin:creatinine 
ratio obtained from the first morning urine 
specimen obtained on two to three different 
days over a week reflecting night-time albumin 
excretion [18,19].

The cutoff values differ in men and women 
since females excrete less creatinine and this 
is outlined in Table  1. This categorization is 

important since the clinical evidence implies 
that adverse cardiovascular outcomes occur 
starting at a range slightly below normal and 
increasing linearly [15,20,21]. The most current 
recommended definitions of the albuminuria 
spectrum includes normal to high normal 
(<29 mg/g), high (30–299 mg/g), very high 
(>300 mg/g) and nephrotic (≥2000 mg/g) [22].

�n Prevalence
Data derived from the National Health and 
Nutrition Survey (NHANES) 1999–2004 
estimated the prevalence of high albuminuria 
to be 8.2% and very high albuminuria to be 
1.3% through all ranges of estimated GFR [23]. 
Similar results were derived from European 
cohort studies [24]. Estimates for those with 
diabetes mellitus, hypertension or elderly are 
much higher [25]. Specifically, the rates of high 
albuminuria are higher in diabetic compared 
to nondiabetic patients with otherwise high 
cardiovascular risk burden to 32.2 and 14.7%, 
respectively [26]. Moreover, the transition from 
high to very high levels of albuminuria dramati-
cally increases in patients with uncontrolled dia-
betes mellitus to 80% and 20–40% in Type 1 
and Type 2, respectively [27].

Pathogenesis of albuminuria
In the setting of hypertension without dia-
betes, high pressure as well as increased oxi-
dant stress injures the endothelium making it 
susceptible to increased fluxes of atherogenic 
lipoproteins and inf lammatory cells with 
simultaneous initiation of various signaling 
cascades of prothrombotic and inflammatory 
potentials [28]. This results in altered perme-
ability of the vessels including the glomerular 
capillaries. In obesity-related conditions such as 
diabetes, production of reactive oxygen species 
and advanced glycation products more aggres-
sively affects functioning of the vasculature, 
which includes the most vascular organ in 
the body, the kidney [8]. This initiating pro-
cess induces the renin angiotensin aldosterone 
system (RAAS) with inflammatory cytokines 
and growth factor production. Subsequently, 
the damage ensues within glomeruli by glo-
merular basement membrane changes and 
podocyte dysfunction. This accentuates albu-
min excretion, which in turn induces inflam-
matory changes in tubular interstitium further 
advancing the disease. Moreover, the tubular 
injury resulting in impaired albumin absorp-
tion could be responsible for increased urinary 
secretion [29].
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Albuminuria & cardiovascular risk
�n Hypertension

Evaluation of 1041 individuals aged 18–45 years 
who were never treated for stage 1 hypertension 
had an 8% prevalence of high albuminuria that 
was not associated with any other cardio vascular 
risk factors. This study did not find any cor-
relation between albuminuria presence and the 
development of sustained hypertension and 
offered evidence that glomerular hyperfiltration 
is the likely cause [30]. Moreover, in the Nurses’ 
Health Study participants without diabetes mel-
litus who had normoalbuminuria in the higher 
range (between 3.68 and 24.17 mg/g) were more 
likely to develop hypertension compared with 
their counterparts with no or lower levels of 
albuminuria [31]. This suggests that microalbu-
minuria might also have a predictive value for 
the occurrence of hypertension. 

Additional clinical studies demonstrate that 
nocturnal hypertension, specifically nondipping, 
is a significant contributor to the prevalence of 
microalbuminuria in hypertensive patients. 
Ambulatory blood pressure monitoring in 63 
hypertensive individuals revealed a significant 
increase in microalbuminuria among patients 
whose night-time blood pressures fell by less 
than 10/5 mmHg over the daytime blood pres-
sure [32]. More recently, work carried out in 
patients with resistant hypertension demon-
strated that high night-time systolic blood pres-
sures were closely associated with a higher uri-
nary albumin excretion rate [33]. Data by Tsioufis 
et al. suggests that nocturnal hypertension is a 
better determinant of chronic kidney disease 
progression [34].

The level of albuminuria also correlates with 
the level of blood pressure elevation. The data 
from the MAGIC study demonstrate that higher 
diastolic and mean blood pressure readings 
were associated with higher ranges of albumin-
uria [35]. Similarly, ana lysis of data collected from 
a cohort of men and women aged 45–64 years-
old without diabetes revealed higher relative 
risk for microalbuminuria in the group that 
had a 18 mmHg higher systolic blood pressures 
c ompared with the other subjects [36].

�n Metabolic disorders
Insulin resistance is associated with hyper-
glycemia, hyperinsulinemia and low high-den-
sity lipoproteins (HDLs) and high triglycerides. 
This is commonly seen in patients with obesity 
and diabetes [37,38]. Evaluation of individuals 
diagnosed with the metabolic syndrome noted 
an increased in prevalence of microalbuminuria 

and CKD [39]. Recent assessment of individu-
als with hypertension who also have metabolic 
syndrome manifest higher urinary albumin 
creatinine ratios (20 vs 12.3 mg/g) in spite of 
similar blood pressure control [40]. In particular, 
there is evidence to suggest a reciprocal relation-
ship between the level of microalbuminuria and 
number of components of metabolic disarray [41].

Additionally, in the Multi-Ethnic Study of 
Atherosclerosis (MESA), patients with microal-
buminuria and the metabolic syndrome were at 
greater risk for negative cardiovascular outcomes 
than patients without microalbuminuria, sug-
gesting that microalbuminuria might be predic-
tive of at-risk patients. The former group also 
had a higher incidence of insulin resistance [42]. 
This is consistent with the observation that 
higher levels of insulin coexist in hypertensive, 
albuminuric patients [43,44]. The Australian 
Diabetes, Obesity and Lifestyle Study confirmed 
that worsening glycemic control, even in individ-
uals without diabetes mellitus, negatively affects 
albuminuric level [45]. Not all studies, however, 
confirm this finding. For example, the Hoorn 
study did not find any relation between micro-
albuminuria and components of the metabolic 
syndrome [46].

�n Endothelial dysfunction
Vascular injury is a multifactorial process. 
Atheromatous transformation is dependent 
on abnormal lipoprotein utilization. The lipid 
profile of hypertensive patients is oftentimes 
negatively affected and is recognized as a part 
of the definition of the metabolic syndrome. 
Microalbuminuria occurrence has been associ-
ated with increased low-density lipoproteins and 
triglyceride levels and decreased HDL levels [47]. 
In a prospective follow-up of 574 patients, devel-
opment of microalbuminuria in Type 2 diabetics 
was found to be directly correlated to total cho-
lesterol levels [48]. A prospective cohort study of 
2304 adults demonstrated that increases in triac-
ylglycerol, ApoB, ApoA-II and HDL – cholesterol 

Table 1. Definitions of albuminuria.

Definition Gender Albumin:creatinine ratio (mg/g)

Optimal Male <10

Female <15

High normal Male 10 to <20

Female 15 to <30

High Male 20 to <200

Female 30 to <300

Very high Male >200

Female >300
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levels are associated with development of micro-
albuminuria in Type 1 diabetic patients [49]. 
Similarly, adolescent diabetics with Type 1 
diabetes mellitus had higher non-HDL levels if 
they were microalbuminuric [50]. Taken together, 
available data establish a rather strong connection 
between lipid utilization patterns and microal-
buminuria. This is, in part, responsible for the 
e levated cardiovascular risk in this patient group. 

Endothelial dysfunction is reflective in vascu-
lar function throughout the body; hence, it con-
tributes to hemodynamic changes within the 
kidney and predisposes to changes associated 
with progressive increases in albuminuria as 
well as the development of atherosclerosis. The 
initiating factor leading to increased membrane 
permeability of the endothelium and vascula-
ture relates to oxidant stress and advanced gly-
cation products in diabetic states, as well as lipid 
abnormalities and impairment that results in 
the deposition of atherogenic lipoproteins that 
further promote altered molecular physiology 
of the vessel wall [51]. These factors all contrib-
ute to a reduction in NO that decreases affin-
ity for platelet aggregation and inflammatory 
cell influx leading to more progressive vascular 
damage [52]. People with these diseases also have 
an increased incidence of micro albuminuria 
[53,54]. Additionally, experimental evidence sug-
gests that high levels of angiotensin II in the 
vessel wall, frequently associated with the above 
conditions, also increase the production of reac-
tive oxygen species [55]. Hyperinsulinemia and 
hyperglycemia also have the same effect.

A potential biomarker for endothelial injury, 
von Willebrand factor, was found to be elevated 
in hypertensive patients with microalbumin-
uria when compared with patients without 
hypertension, and was one of the predictors 
of nephropathic development in microalbu-
minuric diabetic patients during the IRMA II 
trial [56,57]. In this study higher asymmetric 
dimethyl arginine levels were also noted, which 
is another potential biomarker implicated in 
decreased NO production, in patients with 
hypertension and diabetes mellitus, and corre-
lated with increased levels of microalbuminuria 
[58,59]. In addition, serum levels of the cytokine 
TNF-a and acute phase reactant C-reactive 
protein, both involved in inflammatory path-
ways of endothelial damage, correlate signifi-
cantly with the presence of microalbuminuria 
in h ypertensive and diabetic subjects [60,61].

Taken together, these observations imply that 
vascular impairment on the cellular and molecu-
lar level is closely related to the presence of high 

albuminuria. These changes translate into a high 
risk of cardiovascular disease and potentially 
impaired kidney function in those genetically 
susceptible. Moreover, it was found that patients 
with high albuminuria have increased carotid 
artery intimal thickness when compared with 
patients without protein in their urine, confirm-
ing that the damage is diffuse [56]. Albuminuria 
was also shown to be associated with increased 
arterial stiffness and left ventricular mass [62,63].

Prognostic implications
�n Cardiovascular outcomes

The presence of albumin in the urine even 
at low levels (i.e., <200 mg/day), as reviewed 
above, signifies vascular damage manifested as 
increased endothelial inflammation and perme-
ability. Even though it is not specific enough to 
distinguish between different diseases, it does 
r epresent a sensitive marker.

The pathophysiology of cardiovascular dis-
ease development correlates with the mecha-
nisms of vascular inflammation described ear-
lier. The notion that high albuminuria might 
present a new clinical marker for the prediction 
of cardiovascular risk has been evaluated exten-
sively. Levels of albuminuria, even below the 
current threshold for a diagnosis, correlate with 
increased risk of myocardial infarction, stroke, 
cardiovascular mortality and all-cause mortal-
ity [64]. Yudkin and colleagues first reported an 
association between albuminuria and a higher 
risk of coronary artery disease and peripheral 
artery disease in diabetic patient populations [65]. 
Since then numerous studies have provided evi-
dence in support of high albuminuria being a 
predictor of morbidity and mortality in different 
patient populations [36,66,67].

Hypertension and diabetes are major risk fac-
tors for cardiovascular morbidity and mortality. 
In this regard, one would expect that high albu-
minuria development in these patients would 
also be associated with an increased cardio-
vascular risk. This was corroborated by the 
assessment of 9795 low risk diabetic patients 
in the FIELD study, which found that the risk 
of cardiovascular events, cardiovascular death 
or death from all causes was inversely linearly 
related to a 5 mg/mmol urinary albumin 
increase, being 1, 3 and 3% higher over a period 
of 5 years, respectively [68]. Similarly, data 
from the LIFE study reported that the primary 
composite outcomes of cardiovascular deaths, 
MIs and strokes were increased significantly 
in hypertensive and diabetic populations over 
the different ranges of microalbuminuria and 
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even at levels lower than the currently proposed 
cutoffs for the definition of pathologic urinary 
albumin excretion [69]. Moreover, results of the 
HOPE study demonstrate that individuals with 
microalbuminuria have an increased relative 
risk of cardiovascular outcomes, with the high-
est risk being a 3.2-fold greater risk for heart 
failure development [70].

Even if diabetes mellitus is not present, high 
albuminuria in hypertensive patients alone 
seems to have a predictive value of the rate of 
cardiovascular outcome occurrence. During 
a 4.5-year follow-up of 10,881 hypertensive 
only patients, high albuminuria was an inde-
pendent prognostic factor for the primary end 
point of fatal and nonfatal MI and stroke as 
well as other related cardiovascular death. Risk 
of declining kidney function also increased [71]. 
In the Monitoring Trends and Determinants 
in Cardiovascular Disease (MONICA) study, 
urinary albumin levels were consistent with a 
four fold higher risk in a nondiabetic population 
with untreated or borderline hypertension [72].

High albuminuria alone, without risk factors 
such as hypertension or hyperglycemia, correlates 
well with the risk for cardiovascular morbidity 
as shown in several epidemiological studies. The 
European Prospective Investigation into Cancer 
in Norfolk (EPIC-Norfolk) study, which assessed 
the general population and had 23,964 partici-
pants, demonstrated that there was an indepen-
dent association with microalbuminuria and 
cardio vascular risk with an odds ratio of 1.3 
after adjustment for other risk factors [73]. Similar 
conclusions have emerged from the ana lysis of 
data provided from the Prevention of Renal and 
Vascular End Stage Disease general population 
cohort. In this population, higher albuminuria 
levels significantly increased the likelihood 
of death caused by a cardiovascular event [15]. 
Likewise, data obtained after ana lysis of a cohort 
of postmenopausal women in the general popula-
tion revealed increased cardiovascular mortality 
in women with higher urinary albumin concen-
trations [74]. In the Framingham cohort partici-
pants without diabetes mellitus, hypertension or 
cardiovascular diseases who had increasing levels 
of microalbuminuria had a threefold elevated risk 
of cardiovascular morbidity. This was noted even 
at levels of 3.9 mcg/mg, which is well below the 
current cutoff value for high albuminuria [75]. 
There is an ongoing debate regarding the need 
for the establishment of a lower threshold value 
for the diagnosis of high albuminuria [15,69]. 
While this lower level needs to be explored fur-
ther, it is clear that some prospective outcome 

trials differ relative to changes in albuminuria 
level compared with those observed in epidemio-
logical studies. Specifically, the ACCOMPLISH, 
ONTARGET and ROADMAP trials all dem-
onstrate reductions in high albuminuria develop-
ment. Unfortunately, none of these trials showed 
that a reduction in high albuminuria develop-
ment correlated with a lower c ardiovascular event 
rate [76–78].

�n Progression of CKD (outcome trials)
The kidney is a highly vascular organ and it 
is reasonable to assume that any injury to the 
endothelium manifests as a protein leak in the 
urine. Undeniably, different ranges of albumin-
uria signify different types of kidney pathol-
ogy. The definition of CKD and its relationship 
with albuminuria levels for predicting cardio-
vascular and kidney disease risk has recently 
been revised. The Kidney Disease: Improving 
Global Outcomes (KDIGO) workgroup ana-
lyzed data from 45 cohorts including 1,555,332 
people divided into the following groups: gen-
eral population and high-risk populations 
(hypertension, diabetes mellitus or cardiovascu-
lar disease and CKD) [22]. Three levels of albu-
minuria have also been integrated over all GFR 
categories for better risk assessment (Figure 1).

Despite this change it should be noted that the 
recommendation from the scientific workshop, 
sponsored by National Kidney Foundation and 
US FDA is that albuminuria change is not a 
surrogate for kidney outcomes across all stages 
of kidney disease [79]. Likewise, high albumin-
uria has been evaluated in clinical trials and the 
same is true for this early marker of endothe-
lial dysfunction and inflammation. The latest 
data from the KDIGO suggests that albumin-
uria levels signal progression of nephropathy 
when the estimated GFR is <60 and the levels 
of albuminuria are >300 mg day [80]. Only in 
the, The Appropriate Blood Pressure Control 
in Diabetes (ABCD) trial was the true progres-
sion to kidney failure in the presence of high 
albuminuria evaluated among patients with 
Type 2 diabetes [81]. There was no relationship 
found between the level of albuminuria and 
kidney outcomes since blood pressure was well-
controlled in both groups [81]. Moreover, recent 
data did not support the connection between 
microalbuminuria and progression of CKD in 
Type 1 diabetics [82,83].

In one study albuminuria levels of 
>300 mg/day were highly predictive of kidney 
disease progression [84]. This is supported by 
results from the AASK trial where patients with 
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hypertensive kidney disease and very high albu-
minuria, had a greater GFR decline [85]. More 
recent evidence, however, potentially disputes 
the necessity of microalbuminuric advancement 
to very high albuminuria as a factor in the devel-
opment of kidney failure. This study was carried 
out in Type 1 diabetics and had a 12-year follow-
up, and suggested that microalbuminuria and 
the development of advanced kidney failure are 
in fact two separate processes [86].

Therapeutic interventions
Therapeutic modalities aimed at risk reduction 
differ. Initially, it is important to consider all fac-
tors that reduce risk of nephropathy and cardio-
vascular disease since their control would prevent 
albuminuria or if one is already present, possi-
bly reverse it. These modifiable factors include a 
low salt diet (sodium <3000 mg/day), physical 
activity and reduced dietary protein intake to 
0.8 g/kg. More importantly, tight blood pressure 
control and aggressive glycemic management to 
a HgA1c level of <7 is of o utmost importance. 

Further tailoring of the therapeutic approach 
is dependant on the level of albuminuria. Blood 
pressure control is one of the most important 

targets in the therapeutic approach for reduc-
tion of adverse cardiovascular and kidney events 
in patients with very high albuminuria. The rec-
ommended target blood pressure for those with 
very high albuminuria is <130/80 mmHg and is 
not dependent on the presence of diabetes mel-
litus [87]. More recently, a systematic review of 
trials evaluating blood pressure targets in indi-
viduals with CKD with and without very high 
albuminuria emphasized that strict blood pres-
sure control to the above level offers clear benefits 
in patients with albuminuria levels of >200 mg/
day but not in patients within lower levels of 
urinary albumin excretion [88]. Moreover, the 
benefits of renoprotection were seen when 
albuminuria levels decreased by >30% within 
6 months of treatment and if the treatment 
given included angiotensin converting enzyme 
inhibitors (ACEIs), angiotensin receptor block-
ers (ARBs) or renin inhibitors. This is true not 
only for the reduction in albuminuria in rela-
tion to the target blood pressure but also for the 
additional effect of RAAS blockade [89,90]. In 
hypertensive nondiabetic patients with kidney 
impairment and very high albuminuria in the 
AASK cohort (mean urinary protein:creatinine 
ratio >0.22), this lower blood pressure target 
was associated with improved outcomes defined 
as doubling of serum c reatinine, end-stage renal 
disease or death [91]. 

There is little evidence to suggest that a com-
bination regimen including ARBs and ACEIs 
would provide patients with greater protection 
from kidney disease than either agent alone even 
with a further reduction in albuminuria levels, as 
seen in the ONTARGET trial [92]. However,  the 
ONTARGET trial did not have this as a primary 
end point and so this has not been adequately 
tested; the ongoing VA NEPHRON D study will 
fully address the relationship between further 
albuminuria reduction and CKD progression in 
patients with diabetes [93]. The study will finish 
in 2014. 

Aside from RAAS blockers, nondihydropyri-
dine calcium channel blockers (diltiazem, vera-
pamil) have a 25–30% greater reduction in very 
high albuminuria levels when combined with a 
RAAS blocker [94]. The effects of reducing high 
albuminuria on CKD progression has not been 
properly assessed in a prospective controlled 
trial. The closest attempt was the ABCD trial 
and the results of that trial do not show that 
a reduction in high albuminuria levels affects 
CKD progression independent of blood pres-
sure reduction [81]. Data from the ONTARGET 
trial was driven by results obtained from patients 

Composite ranking for 
relative risks by GFR 
and albuminuria 
(KDIGO 2009)

Albuminuria stages, 
description and range (mg/g)

A1 A2 A3

Optimal and 
high-normal

High Very high 
and nephrotic

<10 10–29 30–299 300–
1999

>2000

GFR 
stages, 
description 
and range
(ml/min per
1.73 m2)

G1

G2

G3a

G3b

G4

G5

High and 
optimal

Mild

Mild–
moderate

Moderate
–severe

Severe

Kidney
failure

>105

90–104

75–89

60–74

45–59

30–44

15–29

<15

Figure 1. Composite ranking for relative risks by glomerular filtration rate 
and albuminuria. Colors reflect the ranking of adjusted relative risk. The ranking 
assigned were averaged across all five outcomes for the 28 glomerular filtration 
rate and albuminuria categories. The categories with mean rank numbers 1–8 are 
green, mean rank numbers 9–14 are yellow, mean rank numbers 15–21 are orange 
and mean rank numbers 22–28 are red. Color for 12 additional cells in purple is 
extrapolated based on results from meta-ana lysis of chronic kidney disease cohorts. 
The highest level of albuminuria is termed ‘nephrotic’ to correspond with nephrotic 
range albuminuria and is expressed here as 2000 mg/day. 
GFR: Glomerular filtration rate. 
Reproduced with permission from [99].
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with very high albuminuria rather than high or 
normoalbuminuria. The IRMA II trial, which 
evaluated irbesartan’s impact on the progression 
of high albuminuria to very high albuminuria 
did find statistical significance in reaching its end 
point, but blood pressure control was better in 
the experimental group [95]. Therefore, in this 
clinical scenario, the best approach is improved 
control of risk factors (i.e., hypertension, diabetes 
and hyperlipidemia). 

High albuminuria has been shown to affect 
prognosis of cardiovascular outcomes. The 
Microalbuminuria, Cardiovascular and Renal 
outcomes (MICRO)-HOPE study found that 
a reduction in the albumin:creatinine ratio 
led to improved cardiovascular outcomes in 
1140 patients with high cardiovascular risk 
treated with ramipril. A 20% reduction in 
microalbuminuria levels was associated with 
a reduction in cardiovascular outcomes of 
21% [96]. Furthermore, the LIFE study assessed 
the effect of the angiotensin receptor blocker 
losartan, on cardiovascular morbidity occur-
rence, and showed similar findings with a 20% 
reduction in cardiovascular outcomes related to 
a decrease in albuminuria [97]. More recently, 
the BENEDICT-B trial demonstrated a similar 
relationship between the reduction of high albu-
minuria levels and a decreased incidence of fatal 
or nonfatal major cardiovascular events (i.e., 
myocardial infarction, cerebrovascular accident 
and arterial revascularization). However, this 
study did not find any beneficial effect when 
ramipril was combined with verapamil [98]. 
Review of the available data presented provides 
rationale for the use of ACEIs and ARBs in indi-
viduals with high cardiovascular risk in addition 
to meticulous management of blood pressure 
and diabetes. 

Conclusion
At present, the data available regarding the 
etiology, pathophysiology and significance of 
albumin uria allows us to better use this marker 
in terms of prognosis and management of many 
conditions, in particular kidney and cardio-
vascular diseases. The most important finding 
from the clinical evidence evaluating albumin-
uria and its relationship with kidney disease is 
that high albuminuria in concert with adequate 
blood pressure and glycemic control does not 
predict kidney failure unless it is progressively 
increasing to very high albuminuria levels. The 
observed association between the two cannot 
be established as causal with the available data 
and certainly can be significantly confounded by 

other variables such as obesity, hyperlipidemia, 
smoking or genotype. Thus, the presence of high 
albuminuria should be viewed as a cardiovascular 
risk marker and should be assessed in all people 
that have a propensity for this risk. Treatment 
should focus on improvement of blood pressure 
control, controlling hyperlipidemia and diabetes 
as well as considering implementation of RAAS 
blockers in the treatment plan.

Conversely, very high albuminuria is a sign 
of CKD. This marker is a target for therapeutic 
approach, however, it does not necessarily trans-
late into improved outcomes and more data are 
certainly needed for clarification. RAAS antag-
onists are preferred agents in this setting, and 
have been shown to improve outcomes beyond 
the improvement attributed to blood pressure 
control alone.

Future perspective
Considering the significance that urinary albu-
min concentration has in terms of cardiovascular 
and renal disease, this type of laboratory testing 
is likely to remain highly important. Current 
methods used for albuminuria detection are not 
standardized and are frequently being replaced 
by total urine protein measurement. Therefore, 
the use of standardized point-of-care testing 
for albuminuria is available and needed. This 
approach should be clearly defined and eas-
ily applied but also needs to provide accurate 
a ssessment of urinary albumin concentration. 

In addition, the abundance of data, as 
explored in this article demonstrates that the 
degree of albuminuria correlates and predicts 
the level of cardiovascular risk. Recently, the 
presence or absence of CKD has been added to 
cardiovascular risk predictor calculators as an 
important variable. Considering the role of albu-
minuria in the same context, it would be impor-
tant to explore its value in helping to p redict 
c ardiovascular risk.
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Executive summary

Albuminuria
 � Albuminuria is an indicator of worsening cardiovascular outcomes and progressive kidney damage.
 � The currently recommended definition of the albuminuria spectrum includes normal to high normal (<29 mg/g), high (30–299 mg/g), 

very high (>300 mg/g) and nephrotic (≥2000 mg/g).
 � Most recent data estimate the prevalence of high albuminuria (previously microalbuminuria) to be 8.2% and very high albuminuria 

(previously macroalbuminuria) to be 1.3% for the general population, with rates being higher for people with high cardiovascular risk 
burden and diabeties.

 � Patients with hypertension, diabetes mellitus and early chronic kidney disease should be screened for the presence of urinary albumin 
with at least two morning specimens obtained within 2 months since there is a significant daily variation.

 � Screening is performed with urinary albumin collection over 24 h or with a spot albumin:creatinine ratio.

Pathogenesis of albuminuria
 � High pressure and formation of reactive oxygen species injures endothelium and increases permeability of albumin through  

the glomerulus.
 � Initiation of inflammatory cascades and growth factor production damages the glomerular basement membrane and podocytes leading 

to increased albumin leak.
 � Impairment of tubular albumin reabsorption further aggravates urinary albumin loss. 

Albuminuria & cardiovascular risk
 � Uncontrolled hypertension is associated with higher levels of albuminuria, with night-time elevations correlating with occurrence of 

higher albumin excretion rate.
 � Individuals with higher ranges of albuminuria seem to be more likely to develop hypertension.
 � Metabolic derangements including hyperinsulinemia, hyperglycemia and dyslipidemia affect albuminuria development and are 

independent of hypertensive control.
 � Endothelial dysfunction predisposes to changes associated with progressive increases in albuminuria through increased oxidant stress 

and diminished nitric oxide dysfunction, ultimately leading to progressive vascular damage.
 � These changes additionally translate into a higher risk for cardiovascular disease and renal impairment, particularly in those who are 

genetically susceptible, with microalbuminuria being correlated with increased left ventricular mass and arterial stiffness.

Prognostic implications
 � High albuminuria is associated with an increased risk for cardiovascular morbidity in the general population with and without risk factors 

such as hypertension and diabetes mellitus.
 � Rate of undesirable cardiovascular outcomes increases over a different spectrum of albuminuria.
 � Most recent recommendations for risk assessment include three levels of albuminuria integrated over different ranges of glomerular 

filtration rate.
 � Albuminuria change is not a surrogate for kidney outcomes across all stages of kidney disease as presented by the FDA.
 � High levels of albuminuria (<200 mg/day) do not signify the progression of chronic kidney disease; however, very high levels of a 

albuminuria (>200 mg/day) represent renal injury and progression of nephropathy when glomerular filtration rate is <60.
 � Strict hypertensive control to goals of <130/80 mmHg is imperative for patients with very high albuminuria levels and is associated with 

improved kidney outcomes.

Therapeutic interventions
 � Control of risk factors that contribute to development of nephropathy and cardiovascular risk is beneficial for the reduction of risk. 
 � Blood pressure control represents a cornerstone for therapeutic approach and should be targeted to <130/80 mmHg in individuals with 

albuminuria levels of >200 mg/day regardless of glycemic status.
 � Renin–angiotensin–aldosterone system (RAAS) blockers offer improved renoprotection in albuminuria treatment in addition to targeting 

blood pressure; however, data does not suggest improved outcomes when angiotensin-converting enzyme inhibitors and angiotensin 
receptor blockers are combined.

 � RAAS antagonists when paired with nondihydropyridine calcium channel blockers further reduce albuminuria by an additional 25–30% 
in patients with very high albuminuria.

 � There is no evidence that treatment of high albuminuria translates into decreased kidney disease progression and in this scenario risk 
factor control remains the most important factor.

 � Cardiovascular outcomes decrease with reduction of high albuminuria levels, and RAAS blockade in patients with high cardiovascular 
burden is effective.
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