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Abstract Accurate assessment of cardiovascular (CV)
risk is a prerequisite for devising effective therapeutic
strategies in patients with type 2 diabetes (T2DM) as it
allows to refine prognosis and treatment targets as well as
the cost-benefit ratio for specific pharmacological interventions. The presence of subclinical vascular organ
damage plays a well known role in determining overall risk
and a wider use of low cost, easy to perform diagnostic
tools to stratify CV risk is very much needed. Besides their
well known prognostic value for progression to end stage
renal disease (ESRD), subclinical renal abnormalities such
as microalbuminuria and/or a slight reduction in estimation
of glomerular filtration rate (eGFR), have been shown to be
powerful, independent predictors of CV diseases in patients
with T2DM. Through the combined evaluation of these two
biomarkers of chronic kidney disease (CKD), clinicians
can usefully and reliably get a perspective on global and
CV outcome of their diabetic patients.
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1 Introduction
Accurate assessment of CV risk is a prerequisite for
devising effective therapeutic strategies in patients with
T2DM as it allows to refine prognosis and treatment targets
as well as the cost-benefit ratio for specific pharmacological interventions. Thus, for example, according to almost
all international guidelines, each patient’s individual burden of risk may dictate blood pressure values for starting
antihypertensive treatment or the preferred type of drug as
well as the opportunity to start antiplatelet agents or lipid
profile correction [1].
Besides previous history and risk factors that are traditionally associated with diabetes, such as hypertension and
lipid abnormalities, the presence of subclinical vascular
organ damage plays a well known role in determining
global risk and therefore in tailoring therapeutic choices to
the individual patient [2]. However, in the context of the
ongoing epidemic of T2DM and because of population
aging, both of which place a growing logistic and economic burden on public health systems, a broader use of
low cost, easy to perform diagnostic tools to stratify CV
risk is very much welcome.
CKD has traditionally been acknowledged as a devastating microvascular complication of long standing diabetes and a multiplier of vascular risk [3]. As a matter of fact,
although the natural history of diabetic kidney disease is
often characterized by progression toward ESRD, diabetic
kidney disease patients are more likely to die prematurely
due to CV events than to survive long enough to require
renal replacement treatment [4].
More recently, the unfavorable predictive power of even
mild, renal function abnormalities such as increased urine
albumin excretion and/or a slight reduction in eGFR rate
has been clearly demonstrated in patients with diabetes as

F. Viazzi et al.

well as in several other high and low risk subgroups [5, 6].
Following the recent publication of a series of landmark
papers on this topic, a wider body of clinicians has been
reminded that the kidney is a sensor of future CV events
and may represent a useful diagnostic tool for low cost risk
evaluation [7].
Another clinically useful lesson that we have learned in
recent years is the substantial heterogeneity of diabetic
kidney disease phenotypes [8]. While increased albuminuria, alone or in combination with GFR reduction is the
most commonly found renal abnormality, up to 10–15 % of
patients with T2DM actually show renal function impairment despite normal urine albumin excretion (Fig. 1) [9,
10].
The two components of kidney damage have been
shown to bear independent prognostic value [11], thus, in
any single patient the finding of albuminuria entails a
worse outcome for any given level of eGFR reduction and
vice versa [12]. Besides the obvious inference that the
concomitance of reduced eGFR and an increase in albuminuria entail the worst renal and CV risk, albuminuria
retains stronger prognostic power when compared to
abnormal eGFR [6].
This narrative review will focus on available evidence
that makes the two components of CKD, i.e. albuminuria
and eGFR invaluable diagnostic and prognostic tools for
clinicians wishing to assess CV risk in diabetic patients.

urine dipstick for protein, the evidence linking microalbuminuria to increased CV and renal risk has been steadily
accumulating in the literature [14]. Microalbuminuria was
traditionally believed to reflect a generalized increase in
vascular permeability possibly due to multiple pathogenetic mechanisms including abnormal hemodynamic load
as well as endothelial changes which may foster the
development of the atherosclerotic process. It is now
considered an undisputed marker of subclinical vascular
damage and a forerunner of cardiovascular as well as renal
complications [1]. In fact, abnormal urine albumin excretion has been shown to cluster with several unfavorable
risk factors such as metabolic syndrome and hyperuricemia
[15], as well as left ventricular hypertrophy and extracardiac atherosclerosis [16]. Over the years, several large
prospective studies have confirmed that microalbuminuria
is a strong independent predictor of cerebrovascular and
cardiac events and that it signals the presence of incipient
nephropathy [17]. Most, although not all, patients with
T2DM and microalbuminuria do show a tendency to progress toward ESRD over a period of time which ranges
from 5–15 years [18]. Given the dual nature of albuminuria
as a CV and renal risk factor, most of these patients have a
greater chance of dying prematurely because of vascular
events than of surviving on enough to reach ESRD [4].
Furthermore, the relationship between albuminuria and CV
morbidity has been reported to hold even for values well
within normal range, making this test even more useful in
the context of overall risk assessment (Fig. 2) [19].

2 Albuminuria, from Risk Predictor to Treatment
Target
Since the first report [13], more than 30 years ago showing
that increased urine albumin excretion could be found in a
significant percentage of patients with diabetes and normal

Fig. 1 Prevalence of albuminuria or low eGFR in patients with type
2 diabetes. AlbU Albuminuria, eGFR estimated glomerular filtration
rate. Modified from References [9] and [10]

Fig. 2 Albumin predicts cardiovascular risk among normoalbuminuric patients with type 2 diabetes. The reference value (HR = 1) is set
at UAE = 1 lg/min. The HRs are adjusted for age, sex, duration of
diabetes, history of cardiovascular events, smoking habit, body mass
index, mean BP, logarithms of HbA1c, LDL to- HDL cholesterol
ratio, triglyceride and serum creatinine levels, and whether the patient
was allocated to ACEI therapy. HR Hazard ratio, CI confidence
intervals 95 %. Modified from Reference [19]
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More recently, on the basis of retrospective analysis of
some large trials [20, 21] the interesting possibility that
changes in albuminuria overtime may parallel similar variations in vascular risk has been raised. Reducing microalbuminuria may thus become an intermediate target for
treatment in patients with diabetes and or hypertension [22].

3 Impaired Kidney Function, a Useful Tool for Risk
Assessment
Up to 20 % of diabetic patients with renal involvement
show a reduction in eGFR in the absence of albuminuria or,
looking at it from a different angle, up to half of the
patients with low eGFR are normoalbuminuric [3]. This
condition, also referred to as ‘‘non albuminuric renal
impairment’’ has recently been shown to entail an
increased risk of CV morbidity and mortality [9, 23],
although probably to a lesser extent as compared to albuminuric renal involvement. Isolated reduction of eGFR has
been related to a specific risk phenotype which might
suggest underlying pathogenetic mechanisms at least in
part different from the albuminuric phenotype. Thus, for
example, in the Italian Association of Clinical Diabetologists (AMD) and in the Renal Insufficiency and Cardiovascular Events (RIACE) cohorts nonalbuminuric renal
impairment was not associated with HbA1c and correlated
less strongly with retinopathy and hypertension than did
albuminuria [9, 23]. However, this very same subgroup of
diabetic patients showed a prevalence of CV disease
greater than those with albuminuria alone, but lower than
what was observed in the presence of albuminuric renal
impairment. More studies are certainly needed to clarify
whether different phenotypes of diabetic renal involvement
relate to specific pathogenetic mechanisms which might
account for different outcome. Regardless of the above
mentioned points, systematic evaluation of eGFR together
with albuminuria, allows to reclassify a significant number
of patients [24] and may be regarded as a useful, costeffective tool for risk assessment in clinical practice.

4 Conclusions
While the coexistence of microalbuminuria and a reduction
in eGFR is known to entail a worse outcome, each of these
two renal biomarkers retains independent prognostic value
[11, 17], that is, each test adds information to what is
conveyed by the other. Thus, they should be evaluated
together to maximize the sensitivity and cost-effectiveness
of the diagnostic process. Furthermore, both of these
diagnostic biomarkers are particularly suitable in clinical
practice because they are easily available and inexpensive.

Nonetheless, a recent European survey carried out among
general practitioners and specialists, suggests that only
30–50 % of high risk patients are routinely screened for
albuminuria and that the clinician’s awareness of the CV
prognostic power of this abnormality is disappointingly
low [25, 26]. Incorporating CKD markers such as eGFR
and albuminuria into risk equations might provide better
CV disease risk identification. Future studies should
develop CV disease risk equations that account for the
comorbidities particularly associated with CKD in addition
to the traditional CV disease risk factors. Better identification of high risk subgroups through a more widespread
use of renal biomarkers might lead to addressing more
aggressive therapeutic measures to those who need them
the most and might improve the currently disappointing
rate of diabetic patients who fail to reach the recommended
therapeutic targets.
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