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OBJECTIVEdAlthough a reduced estimated glomerular filtration rate (eGFR) was shown to
be a powerful independent predictor of cardiovascular disease (CVD), other studies suggested
that it confers a much lower risk than albuminuria alone, whereas the combination of the two
abnormalities is associated with multiplicative risk. This study aimed at assessing the indepen-
dent association of previous CVD events, either total or by vascular bed, with eGFR and albu-
minuria and chronic kidney disease (CKD) phenotypes.

RESEARCH DESIGN AND METHODSdThis cross-sectional study evaluated 15,773
patients with type 2 diabetes from the Renal InsufficiencyAndCardiovascular Events (RIACE) Italian
Multicenter Study in19outpatient diabetes clinics in years 2007–2008. Albuminuriawas assessedby
immunonephelometry or immunoturbidimetry. GFR was estimated by the simplified Modification
of Diet in Renal Disease Study and the Chronic Kidney Disease-Epidemiology Collaboration equa-
tion. CKD was defined as an eGFR ,60 mL/min/1.73 m2 or micro- or macroalbuminuria. Major
acute CVD events were adjudicated based on hospital discharge records or specialist visits.

RESULTSdCVD risk increased linearly with eGFR decline and albuminuria and became significant
for values,78mL/min/1.73m2 and$10.5mg/24 h, respectively. Beyond traditional CVD risk factors,
total CVD showed an independent association with albuminuria alone (odds ratio 1.20 [95%CI 1.08–
1.33]), reduced eGFR alone (1.52 [1.34–1.73]), and both abnormalities (1.90 [1.66–2.19]). However,
coronary eventswere associated predominantlywith reduced eGFR alone,whereas cerebrovascular and
peripheral events showed a stronger correlation with the albuminuric CKD phenotypes.

CONCLUSIONSdThese data, although cross-sectional, show that reduced eGFR, irrespec-
tive of albuminuria, is associated with significant CVD, particularly in the coronary district.
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A large body of evidence suggests that
individuals with chronic kidney dis-
ease (CKD) are more likely to die,

particularly from cardiovascular disease
(CVD), than to progress to end-stage renal
disease (ESRD) (1), although recent find-
ings seem to favor progression (2). In fact,
although CVD risk is particularly increased
in patients with ESRD, where CVDmortal-
ity accounts for the vast majority of deaths
(3), even mild-to-moderate renal impair-
ment is associated with CVD, as shown in
the general population (4) and in subjects
with type 2 diabetes (5).

For clinical and epidemiologic pur-
poses, CKD is currently classified into five
stages, according to the National Kidney
Foundation (NKF) Kidney Disease Out-
comes Quality Initiative (KDOQI). Classi-
fication is based on the presence or absence
of kidney damage, as manifested by path-
ologic abnormalities or by disease markers
such as micro- or macroalbuminuria, and
glomerular filtration rate (GFR), as calcu-
lated by the use of estimating equations
from serum creatinine measurements.
Although stages 1–2 CKD are identified
by evidence of kidney damage, stages 3–5
CKD are defined solely on the basis of
estimated GFR (eGFR), irrespective of al-
buminuria (6). Because staging systems
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for disease classification should assign peo-
ple with worse prognoses to more ad-
vanced stages, based on that introduced
by the NKF KDOQI, subjects with an
eGFR ,60 mL/min/1.73 m2 (i.e., stage
$3 CKD) without albuminuria would
carry the same CVD and renal risk as those
with albuminuria but a lower risk than in-
dividuals with albuminuria and normal or
subnormal eGFR, who are assigned to
stages 1–2 CKD.

In the Third National Health and
Nutrition Examination Survey (NHANES
III) cohort, increased albuminuria and re-
duced eGFR were both associated with
increased risk of CVD and all-cause mor-
tality overall and within every eGFR and
albuminuria category, respectively (7).
A recentmeta-analysis confirmed that albu-
minuria, with no threshold, and an eGFR
,60 mL/min/1.73 m2 are both indepen-
dent predictors of death and indicated
that these two abnormalities aremultiplica-
tively associated with risk of death without
evidence of interaction (8). However, in
other samples of the general population,
the eGFR cutoff point for optimal discrim-
ination of CVD risk was higher (9,10),
whereas more recent reports showed that
individuals with reduced eGFR without al-
buminuria are at much lower CVD risk
than subjects with albuminuria without re-
duced eGFR (11–13). Studies in patients
with type 2 diabetes showed that albumin-
uria and reduced eGFR are associated to the
same extent with total CVD events (14,15),
whereas albuminuria predicts death from
CVD better than reduced eGFR (8,16).

Thus, although the independent con-
tribution of albuminuria appears to be
relevant, it is unclear whether subnormal
eGFR levels (i.e., 60–89 mL/min/1.73 m2)
and, particularly, reduced eGFR levels (i.e.,
,60 mL/min/1.73 m2) in the absence of
albuminuria are associated with significant
CVD risk. This issue is particularly relevant
in patients with type 2 diabetes, because
reduced eGFR is more common than pre-
viously recognized in these individuals (17),
and more importantly, it occurs in the ab-
sence of albuminuria in most of them
(14,18,19).

This study assessed the independent
association of previous CVD events, either
total or by vascular bed, with eGFR and al-
buminuria as well as with nonalbuminuric
CKD, as defined by an eGFR ,60 mL/m/
1.73 m2 without albuminuria, compared
with albuminuric CKD with either re-
duced (stage $3 CKD) or nonreduced
(stages 1–2 CKD) eGFR, in a large Italian
cohort of patients with type 2 diabetes.

RESEARCH DESIGN AND
METHODS

Study population
We used the data collected at the baseline
visit for the Renal Insufficiency And Cardio-
vascular Events (RIACE) Italian Multicenter
Study (registered with ClinicalTrials.gov,
NCT00715481; http://clinicaltrials.gov/ct2/
show/NCT00715481), an observational,
prospective cohort study on the effect of
eGFR on CVD morbidity and mortality in
type 2 diabetes.

The RIACE population consisted of
15,933 Caucasian patients with type 2
diabetes (defined by the American Diabetes
Association criteria) attending consecu-
tively 19 hospital-based diabetes clinics of
the National Health Service throughout
Italy (see Supplementary Data) between
2007 and 2008. Exclusion criteria were di-
alysis or renal transplantation. The study
protocol was approved by the locally ap-
pointed ethics committees.

The quality and completeness of data
were controlled, and 160 patients were
excluded due to missing or implausible
values. Data from the remaining 15,773
patients were subsequently analyzed.

Clinical determinations
All patients underwent a structured inter-
view to collect the following information:
age, smoking status, and known diabetes
duration; current glucose-, blood pressure
(BP), and lipid-lowering therapy, with in-
dication of the class of drug; and previously
documented major acute CVD events, in-
cluding myocardial infarction, stroke, foot
ulcer, gangrene or amputation; coronary,
carotid, and lower limb revascularization;
and surgery for aortic aneurysm. CVD
events were adjudicated based on hospital
discharge records or specialist visits by an
ad hoc committee in each center.

At physical examination, weight and
height were assessed, with calculation of
BMI. BP was measured with a sphygmo-
manometer after a 5-min rest. The presence
of retinopathy was assessed by an expert
ophthalmologist by ophthalmoscopy or re-
tinography and classified as absent, non-
advanced, or advanced, the latter comprising
maculopathy, preproliferative and prolif-
erative retinopathy or history of previous
photocoagulation, and blindness (if less
than 1/10 normal vision or 20/200 on the
Snellen test).

Analytical determinations
Glycatedhemoglobin (HbA1c)wasmeasured
byhigh-performance liquid chromatography

using Diabetes Control and Complications
Trial–aligned methods; fasting levels of tri-
glycerides and total and HDL cholesterol
were determined by standard analytical
methods; and LDL cholesterol was calcu-
lated by the Friedewald formula.

Albumin excretion rate (AER) was ob-
tained from timed (24-h) urine collections
or calculated from the albumin-to-creatinine
ratio in early-morning, first-voided urine
samples, in the absence of symptoms and
signs of urinary tract infection or other in-
terfering clinical conditions. A conversion
formula developed in type 1 diabetes (20)
and preliminarily validated in a subgroup
from the RIACE cohort was used for AER
calculation from the albumin-to-creatinine
ratio. Albuminuria was measured in fresh
urine samples by immunonephelometry
or immunoturbidimetry (21). As recom-
mended, the analytical coefficient of varia-
tion (CV) of both methods was largely
,15% (i.e., 2.1–5.2% for immunonephel-
ometry vs. 3.4–8.1% for immunoturbidim-
etry), with a detection limit of 1.7 and
3.0 mg/L, respectively.

To ensure an external quality control of
urinary albumin assays, 50 samples from
each center were reanalyzed at the refer-
ence laboratory of the coordinating center.
Results showed that the CVs between the
peripheral and central values were lower
than 15% in 94% of samples included in
the 15–500 mg/L interval. One to three
measurements for each patient were ob-
tained, and in case of multiple measure-
ments, the geometric mean was used for
analysis. In subjects with multiple meas-
urements (4,062 with at least two and
2,310 with three values), concordance
rate between the first value and the geomet-
ric mean of multiple measurements was
.90% for all classes of albuminuria (21).
Patients were then assigned to one of the
following classes of albuminuria (mg/24 h):
normoalbuminuria (AER,30), microal-
buminuria (AER 30–299), or macroal-
buminuria (AER $300). In addition,
normoalbuminuric subjects were further
classified as having normal (AER,10) or
low albuminuria (AER 10–29), according
to the recent definition of the NKF (22).

Serum (and urine) creatinine was mea-
sured by themodified Jaffemethod.One to
threemeasurementswere obtained for each
patient, and eGFR was calculated by the
four-variable Modification of Diet in Renal
Disease (MDRD) study equation (23) using
the mean serum creatinine value in case
of multiple measures. As recommended
(24), one of two versions of this equation
was used, depending on whether serum
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creatinine methods had been calibrated to
be traceable to an isotope dilution mass
spectrometry (IDMS) reference method.
GFR was also estimated using the recently
developed Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) equa-
tion, which was found to be more accurate
and to provide lower estimates of CKD
prevalence than the MDRD study equation
(25). To this end, non-IDMS serum creat-
inine values were standardized using the
following equation: 20.166 + 1.10 3
(measured serum creatinine [mg/dL]). To
derive this equation, 201 frozen samples
previously analyzed using a non-IDMS
method were reassayed by an IDMS refer-
ence method. Patients were then assigned
to one of the following classes of eGFR
(mL/min/1.73 m2): 1 ($90), 2 (60–89),
3 (30–59), 4 (15–29), or 5 (,15).

Finally, subjects were classified as hav-
ing no CKD (eGFR $60 mL/min/1.73 m2

without micro- or macroalbuminuria) or
stages 1–5 CKD, based on the presence or
absence of micro- or macroalbuminuria
and the value of eGFR according to the
NKF KDOQI (5). Patients assigned to
CKD stages (and GFR classes) 4 and 5
were pooled together.

Statistical analysis
Data are expressed asmedian andmean6
SD or number of cases and percentages.
The Kolmogorov-Smirnov normality test,
followed byMann-Whitney test for contin-
uous variables or Pearson x2 test for cate-
gorical variables, were applied.

Logistic regression analyses with step-
wise variable selection were performed to
identify factors independently associated
with major acute CVD events, either total
or by vascular bed; that is, coronary events,
includingmyocardial infarction and/or cor-
onary revascularization; cerebrovascular,
including stroke and/or carotid revascular-
ization; and peripheral, including ulcer/
gangrene/amputation and/or lower limb
revascularization. Separated analyses for
events (myocardial infarction, stroke, and
ulcer/gangrene/amputation) and revascu-
larization procedures were also performed.
Covariates were individual values, deciles,
or categories of eGFR and albuminuria or
CKD phenotypes, such as reduced eGFR
(stage$3 CKD), with or without albumin-
uria (micro or macro), and albuminuria
with nonreduced eGFR (stages 1–2 CKD),
together with age, male sex, and smoking
status, known diabetes duration, HbA1c,
hypertension, triglycerides, HDL and LDL
cholesterol, lipid-lowering treatment, BMI,
nonadvanced and advanced retinopathy,

and when applicable, previous CVD event
(s) in other vascular beds. Hypertension
was defined by systolic BP $140 and/or
diastolic BP$90 mmHg and/or antihyper-
tensive treatment. Dyslipidemia was de-
fined as high LDL cholesterol and/or
lipid-lowering treatment, whereas high tri-
glycerides and low HDL cholesterol were
considered separately. Results of these
analyses were expressed as odd ratios
(ORs) with their 95% CI.

All P values were two-sided, and a P
value of,0.05 was considered statistically
significant. Statistical analyses were per-
formed using SPSS 13.0 software (SPSS
Inc., Chicago, IL).

RESULTSdOne or more major acute
CVD events were adjudicated in 3,654
patients. Clinical characteristics of subjects
with or without prior CVD event(s) are re-
ported in Table 1. Compared with subjects
without CVD, patients with prior event(s)
were older, with a higher prevalence of
men, a longer diabetes duration, and worse
metabolic control; moreover, a signifi-
cantly higher percentage was receiving
insulin treatment. Concerning the other
CVD risk factors, these patients had
higher triglycerides and lower HDL cho-
lesterol, but also lower LDL cholesterol
and diastolic (but not systolic) BP levels.
However, the percentage of patients trea-
ted for dyslipidemia and/or hypertension
was higher among those with prior CVD
event(s), who also showed a higher preva-
lence of retinal involvement. Finally, with
regard to renal function, patients with prior
CVD event(s) had higher serum creatinine
and albuminuria levels and lower eGFRd
whether by MDRD or CKD-EPIdthan pa-
tients without. Correspondingly, the two
groups differed for eGFR and albuminuria
class and CKD stage distribution.

Multiple logistic regression indicated
that age,male sex, diabetes duration, smok-
ing status, and presence of dyslipidemia
and hypertensionwere positively associated
with total CVD, whereas HDL cholesterol
levels were inversely correlated (Supple-
mentary Table 1 and Table 2). Independent
of these factors, pharmacologic treatment of
diabetes and presence of retinal involve-
ment were graded risk indicators (Supple-
mentary Table 1 and Table 2). Compared
with normal eGFR and albuminuria catego-
ries, subnormal eGFR and low albuminuria
were nonsignificantly associated with total
CVD,with the association becoming signif-
icant for eGFR ,60 mL/min/1.73 m2 (a
65% risk increase, which was only margin-
ally greater for eGFR,30mL/min/1.73m2)

andmicro- or macroalbuminuria (Supple-
mentary Table 1). After accounting also
for the use of angiotensin-converting en-
zyme inhibitors (ACEIs) and/or angioten-
sin receptor blockers (ARBs), association
with CVD events remained significant at
the same threshold values of eGFR and
albuminuria (data not shown). Results
were virtually identical when separate
analyses were conducted for CVD events
alone (with or without revascularization),
whereas a significant association of revas-
cularization procedures alone was found
for eGFR but not albuminuria categories
(data not shown).

When eGFR and albuminuria values
were included as continuous variables, the
age- and sex-adjusted risk for a CVD event
increased by 6.8% for every 5mL/min/1.73
m2 eGFR decrease (OR 1.068 [95% CI
1.058–1.078]; P , 0.0001) and by 0.4%
for every 10 mg/24 h albumin increase
(1.004 [1.003–1.005]; P , 0.0001). The
risk associated with albuminuria (1.006
[1.004–1.007]) and reduced eGFR (1.074
[1.064–1.085]) increased further if the
other variable was excluded from the
model.Whendeciles of eGFRandalbumin-
uria were considered, age- and sex-adjusted
risk for a CVD event increased linearly
by 12% (1.12 [1.10–1.14]) for each de-
creasing decile of eGFR and by 9% (1.09
[1.08–1.10]) for each increasing decile
of albuminuria. Excess risk was sig-
nificant for eGFR values ,78 mL/min/
1.73 m2 and albuminuria values $10.5
mg/24 h (Fig. 1); the eGFR cutoff became
84 mL/min/1.73 m2, whereas that of
albuminuria did not change when the
two variables were included simulta-
neously.

When CKD phenotypes were intro-
duced as covariates in the model, reduced
eGFR without albuminuria was more
strongly associated with events than nor-
mal eGFR with micro- or macroalbuminu-
ria; however, the combination of reduced
eGFR and albuminuria marked an in-
creased risk of CVD events in an additive
manner (Table 2).

Whenanalysiswas carriedout separately
for coronary events (Table 3), albuminuria
alone was no longer an independent pre-
dictor, even after accounting for the use of
ACEIs and/or ARBs (data not shown), and
the association was stronger with nonalbu-
minuric than with albuminuric renal im-
pairment. No association was observed
between coronary events and retinopathy,
whereas, as expected, the coexistence of a
cerebrovascular or peripheral event carried
additional quotas of risk. In contrast, the
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analysis of the relationship between
cerebrovascular or peripheral events and
CKD phenotypes (Table 3) showed that
the association with nonalbuminuric CKD
was somewhat weaker than that with the
albuminuric forms. Again, a previous
event in another vascular bed was an ad-
ditional risk determinant, whereas the
presence of retinopathy was an indepen-
dent risk factor for peripheral events. A
strong association of reduced eGFR with
coronary events and a weak relation to ce-
rebrovascular and peripheral disease also
emerged when eGFR and albumin catego-
ries were introduced as covariates (Sup-
plementary Tables 2–4).

CONCLUSIONSdData from this large
multicenter Italian cohort extends previous
reports on the association of major acute
CVD events with increased albuminuria
and/or reduced eGFR in subjects with type
2 diabetes (14–16). Both markers of renal
dysfunction, independent of each other
and of the cluster of traditional CVD risk
factors, were associated with CVD in a
graded manner. Although total CVD was
nonsignificantly associated with subnor-
mal eGFR (i.e., 60–89 mL/min/1.73 m2)
and also with low albuminuria values (i.e.,
10–29 mg/24 h), the analysis by deciles of
eGFR and albuminuria showed “thresh-
olds” within these ranges, consistent
with the observation that an albuminuria
cutoff of ;10 mg/24 h predicts all-cause
and CVD mortality in the general popula-
tion (8). Interestingly, in the presence of
albuminuria, the eGFR cutoff for CVD risk
almost reached the lower limit of the nor-
mal range, whereas that of albuminuria
was not influenced by eGFR levels.

The weaker association of total CVD
with albuminuria alone, compared with
reduced eGFR alone, supports the assign-
ment of subjects with increased albumin-
uria and normal or subnormal eGFR to
earlier CKD stages than patients with re-
duced eGFR, irrespective of albuminuria.
However, the significantly higher CVD
burden associated with the combination
of increased albuminuria and reduced
eGFR suggests that subjects presenting
with albuminuric stage $3 CKD should
be considered at higher CVD risk than
those with the nonalbuminuric phenotype
of renal impairment, in keepingwith recent
reports from general population (7,8) and
type 2 diabetes (14,15) cohorts. This
would also imply that all stages of CKD
should be stratified by the presence or ab-
sence of albuminuria, as recently sugges-
ted (26), for better prediction of both CVD

Table 1dClinical characteristics of subjects with or without prior CVD event(s)

Prior CVD event

Variable No Yes P*

Patients 12.119 (76.8) 3.654 (23.2)
Age, years 65.1 6 10.4 69.1 6 9.3 ,0.0001
Male sex 6,496 (53.6) 2,470 (67.6) ,0.0001
Smoking status ,0.0001
Never 7,174 (59.2) 1,754 (48.0)
Former 3,042 (25.1) 1,389 (38.0)
Current 1,903 (15.7) 511 (14.0)

Diabetes duration, years 12.2 6 9.8 16.4 6 10.6 ,0.0001
HbA1c, % 7.5 6 1.5 7.7 6 1.6 ,0.0001
Glucose-lowering treatment ,0.0001
Diet 1,830 (15.1) 295 (8.1)
OHA 7,635 (63.0) 2,053 (56.2)
Insulin + OHA 1,115 (9.2) 409 (11.2)
Insulin 1,539 (12.7) 897 (24.5)

Triglycerides, mmol/L 1.56 6 0.99 1.62 6 1.02 0.001
Cholesterol, mmol/L
Total 4.87 6 0.98 4.53 6 0.98 ,0.0001
HDL 1.30 6 0.36 1.22 6 0.24 ,0.0001
LDL 2.85 6 0.83 2.59 6 0.83 ,0.0001
Non-HDL 3.55 6 0.96 3.32 6 0.93 ,0.0001

Lipid-lowering treatment 4,860 (40.1) 2,430 (66.5) ,0.0001
BP, mmHg
Systolic 138 6 18 138 6 19 0.89
Diastolic 79 6 9 77 6 10 ,0.0001

BP-lowering treatment 7,974 (65.8) 3,186 (87.2) ,0.0001
BMI, kg/m2 29.0 6 5.2 28.8 6 4.8 0.57
Retinopathy 0.57
Absent 9,780 (80.7) 2,492 (68.2)
Nonadvanced 1,345 (11.1) 629 (17.2)
Advanced 994 (8.2) 533 (14.6)

AER, mg/24 h 57 6 239 124 6 490 ,0.0001
AER categories ,0.0001
Normal 4,945 (40.8) 1,074 (29.4)
Low 4,302 (35.5) 1,210 (33.1)
Micro 2,424 (20.0) 1,074 (29.4)
Macro 448 (3.7) 296 (8.1)

Serum creatinine, mmol/L 81.3 6 30.9 95.5 6 41.5 ,0.0001
eGFR (MDRD), mL/min/1.73 m2 81.5 6 23.1 72.5 6 24.3 ,0.0001
eGFR (MDRD) categories ,0.0001
$90 mL/min/1.73 m2 3,890 (32.1) 771 (21.1)
60–89 mL/min/1.73 m2 6,375 (52.6) 1,777 (48.7)
30–59 mL/min/1.73 m2 1,721 (14.2) 986 (26.9)
,30 mL/min/1.73 m2 133 (1.1) 120 (3.3)

eGFR (CKD-EPI), mL/min/1.73 m2 82.9 6 20.2 72.6 6 22.2 ,0.0001
eGFR (CKD-EPI) categories ,0.0001
$90 mL/min/1.73 m2 5,029 (41.5) 906 (24.8)
60–89 mL/min/1.73 m2 5,441 (44.9) 1,688 (46.2)
30–59 mL/min/1.73 m2 1,491 (12.3) 914 (25.0)
,30 mL/min/1.73 m2 158 (1.3) 146 (4.0)

CKD phenotypes ,0.0001
No CKD 8,108 (66.9) 1,757 (48.1)
Stages 1–2 CKD 2,155 (17.8) 794 (21.7)
Nonalbuminuric stage $3 CKD 1,145 (9.4) 528 (14.4)
Albuminuric stage $3 CKD 710 (5.9) 576 (15.8)

Categorical variables are presented as n (%) and continuous variables asmean6 SD.OHA, oral hypoglycemic
agent. *For continuous variables, the Mann-Whitney test was applied because the Kolmogorov-Smirnov
normality test yielded highly significant P values (,0.0001) for all the variables investigated.
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and renal outcome.More importantly, our
data suggest that the relation of CVD with
renal dysfunction is more complex and var-
ieswith the vascular bed affected, although a
history of an event in one vascular bed is
associated with a two- to threefold risk of
event in another.

At variance with previous reports
(15,27), albuminuria wasweakly associated
with coronary events. This might be only
partly explained by a survivor or inclusion
bias, due to the higher risk of CVD death
and progression toward CKD associated
with albuminuria than with reduced eGFR
in subjects with type 2 diabetes (16). How-
ever, in the Action in Diabetes and Vascular
disease: preterAx and diamicroN-MR Con-
trolled Evaluation (ADVANCE) study, al-
though the multivariable-adjusted hazard
ratio (HR) for total CVD events was 2.48
for every 10-fold increase in baseline albu-
minuria and 2.20 for every halving of
baseline eGFR, the HRs associated with
microalbuminuria alone, macroalbuminu-
ria alone, and reduced eGFR alone were
1.48, 1.18, and 1.33, respectively (14).
On the other hand, the strong association
of coronary events with reduced eGFR is in
keeping with the finding that a moderate-
to-severe reduction in eGFR is related to

the number of narrowed coronary arteries
in subjects undergoing coronary angiogra-
phy for suspected coronary artery disease
(CAD) (28).

A possible explanation of our finding
is that patients with coronary events were
treated more aggressively than subjects
with cerebrovascular or peripheral events,
with a higher use rate of drugs known to
reduce albuminuria, such as ACEIs/ARBs
(71.8% vs. 65.1%; P, 0.0001) and statins
(71.2% vs. 48.1%; P , 0.0001). In this
view, regression ofmicro- ormacroalbumi-
nuria to AER values within the normal
range due to intensive treatment might
have occurred in a percentage of subjects
with a previous coronary event, although
lack of association with albuminuria re-
mained after accounting for ACEI/ARB
use.Moreover, in a cross-sectional analysis,
this powerful association between CAD
and impaired eGFR might likely reflect

the unique bidirectional nature of heart–
kidney interactions in the context of the
cardiorenal syndrome (29), with chronic
cardiac dysfunction resulting from CAD
causing progressive eGFR impairment or
renal dysfunction favoring coronary ath-
erosclerosis. The latter scenario is consis-
tent with the role of renal dysfunction in
promoting vascular calcification, the extent
ofwhichwas inversely related to eGFR (30)
and predicted CAD and death (31).

Finally, the stronger association of
coronary events with reduced eGFR than
with albuminuria may also reflect differ-
ences in renal pathology underlying the
albuminuric and nonalbuminuric CKD
phenotypes. In fact, microalbuminuria is
considered a reliable biomarker of renal
microvascular disease (32), although itmay
occur in the absence of significant kidney
damage (33), whereas eGFR was inversely
related with indexes of intrarenal as well as
systemic atherosclerosis (34), although this
association occurred independent of albu-
minuria (35). Thus, nonalbuminuric renal
impairment, as a manifestation of prevail-
ing renal macrovascular involvement,
would be more frequently associated with
coronary atherosclerosis than the albumin-
uric forms, which might conversely indi-
cate the presence of microangiopathy.
This interpretation is supported by the
lack of association of coronary events
with retinopathy.

At variance with reports from other
large datasets of subjects with type 2 di-
abetes (14,15), our study also includes a
separate analysis of cerebrovascular and pe-
ripheral events. Data showed that involve-
ment of both vascular beds was associated
more strongly with albuminuria than cor-
onary events, with a weaker relation to
nonalbuminuric CKD. This is consistent
with reports that albuminuria, but not
eGFR, is associatedwithmaladaptive carotid
artery remodeling (36) and that reduced
eGFR is a risk factor for hemorrhagic but
not ischemic stroke (37). This also in keep-
ing with data from the NHANES III cohort
showing a higher relation of peripheral ar-
tery disease with albuminuria than with
reduced eGFR (38), although this was
not the case in diabetic subjects (39).
However, this might argue against the
concept that the albuminuric phenotypes
underlie predominantly microangiopathic
lesions within the kidney and, therefore,
should be less frequently associated with
atherosclerosis. Indeed, events in non-
coronary vascular beds, at variance with
coronary events, were significantly related
with retinopathy, even if no relation was

Table 2dLogistic regression analysis of
all CVD events (N = 3,654) with CKD
phenotypes as covariates

Variable OR 95% CI

Age (1 year) 1.030 1.025–1.035
Male sex 1.84 1.68–2.01
Smoking status
Never 1.0 d
Former 1.55 1.42–1.70
Current 1.15 1.02–1.30

Diabetes duration
(1 year) 1.017 1.012–1.021

Glucose-lowering
treatment

Diet 1.0 d
OHA 1.35 1.17–1.65
OHA + insulin 1.62 1.34–1.94
Insulin 2.46 2.09–2.90

Triglycerides
(10 mg/dL) 0.995 0.989–1.000

HDL cholesterol
(5 mg/dL) 0.925 0.909–0.941

Dyslipidemia 2.23 2.04–2.44
Hypertension 2.32 2.00–2.69
Retinopathy
Absent 1.0 d
Nonadvanced 1.33 1.18–1.49
Advanced 1.39 1.22–1.58

CKD phenotype
No CKD 1.0 d
Stages 1–2 CKD 1.20 1.08–1.33
Nonalbuminuric
stage $3 CKD 1.52 1.34–1.73

Albuminuric
stage $3 CKD 1.90 1.66–2.19

Variables excluded: HbA1c, BMI. OHA, oral hypo-
glycemic agent.

Figure 1dAge- and sex-adjusted risk of major
acute CVD events (OR [95% CI]) according
to eGFR deciles (mL/min/1.73 m2) (A) and
albuminuria deciles (mg/24 h) (B). □, event;
-, reference category (RC).
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found between cerebrovascular disease and
advanced retinopathy.

The main limitation of this study is
the cross-sectional design, which does not
allow us to derive any cause–effect rela-
tionship, although data clearly indicate an
association of reduced eGFR and/or albu-
minuria with CVD,with unique differences
by vascular bed. Moreover, variability in
laboratorymeasurementsmight have influ-
enced the results. However, data did not
change when analyzed separately by the
method for measuring albuminuria (im-
munonephelometry vs. immunoturbidim-
etry) or serum creatinine (IDMS-traceable
vs. non–IDMS-traceable).

In conclusion, this large-cohort study
indicates that in subjects with type 2 di-
abetes, 1) CVD is linearly associated with
eGFR reduction and albuminuria; 2) this

association becomes significant for an
eGFR ,78 mL/min/1.73 m2 and an albu-
minuria$10.5mg/24h; and 3) the relation
with reduced eGFR, independent of albu-
minuria, is stronger for coronary than for
cerebrovascular or peripheral events, thus
suggesting that nonalbuminuric renal im-
pairment carries significant risk for CAD
and vice versa. These observations also
highlight the usefulness of CKD screening
by GFR estimation, which was claimed to
be effective in high-risk populations, such
as subjects with type 2 diabetes, thoughnot
advisable in the general population (40).
Even considering the above-reported limi-
tations, our survey describes the relation-
ship of CVD with renal dysfunction in the
largest cohort of type 2 diabetic patients
referring to outpatient diabetes clinics in
Europe.

AcknowledgmentsdThis work was sup-
ported by the Research Foundation of the
Italian Society of Diabetology (Fo.Ri.SID)
and the Diabetes, Endocrinology and Metabo-
lism (DEM) Foundation, and by unconditional
grants from Eli Lilly Italia, Takeda, Chiesi,
and Boehringer Ingelheim. No other potential
conflicts of interest relevant to this article were
reported.
A.S. researched data and wrote the manu-

script. G.Pe. and E.B. researched data and re-
viewed and edited the manuscript. C.F., E.O.,
M.A., R.T., M.V., M.C., and F.A. researched
data and contributed to the discussion. A.N.
researched data and reviewed and edited the
manuscript. G.Pu. researched data and wrote
the manuscript. A.S. is the guarantor of the
article.
The study was published in abstract form in

the Proceedings of the 71st Scientific Sessions
of the American Diabetes Association, San
Diego, California, 24–28 June 2011.
The authors thank the RIACE Study Inves-

tigators for participating in this study (see the
complete list in the Supplementary Data).

References
1. Schiffrin EL, Lipman ML, Mann JFE.

Chronic kidney disease: effects on the
cardiovascular system. Circulation 2007;
116:85–97

2. Astor BC, Matsushita K, Gansevoort RT,
et al.; Chronic Kidney Disease Prognosis
Consortium. Lower estimated glomerular
filtration rate and higher albuminuria are
associated with mortality and end-stage
renal disease. A collaborative meta-analysis
of kidney disease population cohorts.
Kidney Int 2011;79:1331–1340

3. The US Renal Data System. USRDS 2010
Annual Data Report: Atlas of Chronic Kid-
ney Disease and End-Stage Renal Disease in
the U.S. Bethesda, MD, National Institutes
of Health, National Institute of Diabetes
and Digestive and Kidney Diseases, 2010

4. Tonelli M, Wiebe N, Culleton B, et al.
Chronic kidney disease and mortality risk:
a systematic review. J Am Soc Nephrol
2006;17:2034–2047

5. Adler AI, Stevens RJ, Manley SE, Bilous
RW, Cull CA, Holman RR; UKPDS
GROUP. Development and progression
of nephropathy in type 2 diabetes: the
United Kingdom Prospective Diabetes
Study (UKPDS 64). Kidney Int 2003;63:
225–232

6. National Kidney Foundation. K/DOQI
clinical practice guidelines for chronic
kidney disease: evaluation, classification,
and stratification. Am J Kidney Dis 2002;
39(Suppl. 1):S1–S266

7. Astor BC, Hallan SI, Miller ER 3rd, Yeung
E, Coresh J. Glomerular filtration rate, al-
buminuria, and risk of cardiovascular and
all-cause mortality in the US population.
Am J Epidemiol 2008;167:1226–1234

Table 3dLogistic regression analysis of coronary (N = 2,405), cerebrovascular
(N = 1,298), or peripheral (N = 894) events with CKD phenotypes as covariates

Variable
Coronary
events

Cerebrovascular
events

Peripheral
events

Age (1 year) 1.020 (1.014–1.026) 1.030 (1.022–1.038) 1.013 (1.004–1.021)
Male sex 2.129 (1.906–2.379) 1.16 (1.02–1.33) 1.23 (1.04–1.45)
Smoking status
Never 1.0 d 1.0
Former 1.508 (1.355–1.678) d 1.33 (1.13–1.57)
Current 1.065 (0.921–1.233) d 1.38 (1.12–1.71)

Diabetes duration
(1 year) 1.009 (1.004–1.014) 1.024 (1.017–1.030) 1.025 (1.017–1.033)

Glucose-lowering
treatment

Diet 1.0 1.0 1.0
OHA 1.268 (1.075–1.495) 1.20 (0.96–1.51) 1.38 (1.01–1.89)
OHA + insulin 1.743 (1.409–2.155) 0.86 (0.63–1.16) 1.52 (1.05–2.20)
Insulin 2.027 (1.674–2.455) 1.48 (1.15–1.91) 2.12 (1.52–2.86)

Triglycerides
(10 mg/dL) 0.992 (0.986–0.998) d d

HDL cholesterol
(5 mg/dL) 0.934 (0.916–0.954) 0.958 (0.936–0.982) 0.933 (0.905–0.961)

Dyslipidemia 2.730 (2.440–3.055) 1.52 (1.33–1.75) d
Hypertension 3.050 (2.505–3.715) 1.42 (1.13–1.77) d
Retinopathy
Absent d 1.0 1.0
Nonadvanced d 1.37 (1.17–1.62) 1.71 (1.41–2.06)
Advanced d 0.88 (0.72–1.08) 2.52 (2.07–3.07)

CKD phenotype
No CKD 1.0 1.0 1.0
Stages 1–2 CKD 0.901 (0.794–1.022) 1.41 (1.20–1.65) 1.51 (1.25–1.82)
Nonalbuminuric
stage $3 CKD 1.514 (1.304–1.757) 1.22 (1.01–1.48) 1.40 (1.11–1.76)

Albuminuric stage
$3 CKD 1.270 (1.083–1.490) 1.69 (1.40–2.00) 1.88 (1.52–2.34)

Cerebrovascular events 2.472 (2.156–2.834) 2.51 (2.19–2.87) 2.77 (2.37–3.23)
Peripheral events 2.702 (2.306–3.167) 3.75 (3.17–4.44) 3.81 (3.21–4.51)
Results are presented as OR (95% CI). Variables excluded: HbA1c, BMI. OHA, oral hypoglycemic agent.

148 DIABETES CARE, VOLUME 35, JANUARY 2012 care.diabetesjournals.org

CVD in diabetic nephropathy



8. Matsushita K, van der Velde M, Astor BC,
et al.; Chronic Kidney Disease Prognosis
Consortium. Association of estimated glo-
merular filtration rate and albuminuria
with all-cause and cardiovascular mortal-
ity in general population cohorts: a col-
laborative meta-analysis. Lancet 2010;
375:2073–2081

9. Van Biesen W, De Bacquer D, Verbeke F,
Delanghe J, Lameire N, Vanholder R. The
glomerular filtration rate in an apparently
healthy population and its relation with
cardiovascular mortality during 10 years.
Eur Heart J 2007;28:478–483

10. Vanholder R, Massy Z, Argiles A,
Spasovski G, Verbeke F, Lameire N;
European Uremic Toxin Work Group.
Chronic kidney disease as cause of car-
diovascular morbidity and mortality.
Nephrol Dial Transplant 2005;20:1048–
1056

11. Brantsma AH, Bakker SJ, Hillege HL, de
Zeeuw D, de Jong PE, Gansevoort RT;
PREVEND Study Group. Cardiovascular
and renal outcome in subjects with K/
DOQI stage 1-3 chronic kidney disease:
the importance of urinary albumin ex-
cretion. Nephrol Dial Transplant 2008;
23:3851–3858

12. Hemmelgarn BR, Manns BJ, Lloyd A,
et al.; Alberta Kidney Disease Network.
Relation between kidney function, pro-
teinuria, and adverse outcomes. JAMA
2010;303:423–429

13. Di Angelantonio E, Chowdhury R, Sarwar
N, Aspelund T, Danesh J, Gudnason V.
Chronic kidney disease and risk of major
cardiovascular disease and non-vascular
mortality: prospective population based
cohort study. BMJ 2010;341:c4986

14. Ninomiya T, Perkovic V, de Galan BE,
et al.; ADVANCE Collaborative Group.
Albuminuria and kidney function in-
dependently predict cardiovascular and
renal outcomes in diabetes. J Am Soc
Nephrol 2009;20:1813–1821

15. Drury PL, Ting R, Zannino D, et al. Esti-
mated glomerular filtration rate and al-
buminuria are independent predictors of
cardiovascular events and death in type 2
diabetes mellitus: the Fenofibrate In-
tervention and Event Lowering in Di-
abetes (FIELD) study. Diabetologia 2011;
54:32–43

16. Bruno G, Merletti F, Bargero G, et al. Es-
timated glomerular filtration rate, albu-
minuria and mortality in type 2 diabetes:
the Casale Monferrato study. Diabetologia
2007;50:941–948

17. Thomas MC, Weekes AJ, Broadley OJ,
Cooper ME, Mathew TH. The burden of
chronic kidney disease in Australian pa-
tients with type 2 diabetes (the NEFRON
study). Med J Aust 2006;185:140–144

18. Thomas MC, MacIsaac RJ, Jerums G, et al.
Nonalbuminuric renal impairment in type
2 diabetic patients and in the general
population (National Evaluation of the
Frequencyof Renal Impairment cO-existing
with NIDDM [NEFRON] 11). Diabetes
Care 2009;32:1497–1502

19. Retnakaran R, Cull CA, Thorne KI, Adler
AI, Holman RR; UKPDS Study Group.
Risk factors for renal dysfunction in type 2
diabetes: U.K. Prospective Diabetes Study
74. Diabetes 2006;55:1832–1839

20. Mangili R, Deferrari G, Di Mario U, et al.
Prevalence of hypertension and micro-
albuminuria in adult type 1 (insulin-
dependent) diabetic patients without renal
failure in Italy. 1. Validation of screening
techniques to detect microalbuminuria.
Acta Diabetol 1992;29:156–166

21. Pugliese G, Solini A, Fondelli C, et al.
Reproducibility of albuminuria in type 2
diabetic subjects. Findings from the Renal
Insufficiency And Cardiovascular Events
(RIACE) Study. Nephrol Dial Transpl
2011; 25 March 2011 [Epub ahead of
print] DOI: 10.1093/ndt/gfr140

22. Levey AS, Cattran D, Friedman A, et al.
Proteinuria as a surrogate outcome in CKD:
report of a scientific workshop sponsored
by theNational Kidney Foundation and the
US Food and Drug Administration. Am J
Kidney Dis 2009;54:205–226

23. Levey AS, Bosch JP, Lewis JB, Greene T,
Rogers N, Roth D; Modification of Diet in
Renal Disease Study Group. A more ac-
curate method to estimate glomerular fil-
tration rate from serum creatinine: a new
prediction equation. Ann Intern Med
1999;130:461–470

24. Myers GL, Miller WG, Coresh J, et al.; Na-
tional Kidney Disease Education Program
Laboratory Working Group. Recommen-
dations for improving serum creatinine
measurement: a report from the laboratory
working group of the National Kidney
Disease Education Program. Clin Chem
2006;52:5–18

25. Levey AS, Stevens LA, Schmid CH, et al.;
CKD-EPI (Chronic Kidney Disease Epi-
demiology Collaboration). A new equa-
tion to estimate glomerular filtration rate.
Ann Intern Med 2009;150:604–612

26. Levey AS, Tangri N, Stevens LA. Classifi-
cation of chronic kidney disease: a step
forward. Ann Intern Med 2011;154:65–67

27. Rein P, Vonbank A, Saely CH, et al. Re-
lation of albuminuria to angiographically
determined coronary arterial narrowing in
patients with and without type 2 diabetes
mellitus and stable or suspected coronary
artery disease. Am J Cardiol 2011;107:
1144–1148

28. Khalique O, Aronow WS, Ahn C, et al.
Relation of moderate or severe reduction

in glomerular filtration rate to number of
coronary arteries narrowed .50% in pa-
tients undergoing coronary angiography
for suspected coronary artery disease. Am
J Cardiol 2007;100:415–416

29. Ronco C, Haapio M, House AA, Anavekar
N, Bellomo R. Cardiorenal syndrome. J Am
Coll Cardiol 2008;52:1527–1539

30. Kramer H, Toto R, Peshock R, Cooper R,
Victor R. Association between chronic
kidney disease and coronary artery calci-
fication: the Dallas Heart Study. J Am Soc
Nephrol 2005;16:507–513

31. Keelan PC, Bielak LF, Ashai K, et al. Long-
term prognostic value of coronary calcifi-
cation detected by electron-beam computed
tomography in patients undergoing coro-
nary angiography. Circulation 2001;104:
412–417

32. Futrakul N, Sridama V, Futrakul P.
Microalbuminuriada biomarker of renal
microvascular disease. Ren Fail 2009;31:
140–143

33. Fioretto P, Mauer M, Brocco E, et al. Pat-
terns of renal injury in NIDDM patients
withmicroalbuminuria.Diabetologia 1996;
39:1569–1576

34. Taniwaki H, Nishizawa Y, Kawagishi T,
et al. Decrease in glomerular filtration rate
in Japanese patients with type 2 diabetes is
linked to atherosclerosis. Diabetes Care
1998;21:1848–1855

35. MacIsaac RJ, Panagiotopoulos S, McNeil
KJ, et al. Is nonalbuminuric renal in-
sufficiency in type 2 diabetes related to an
increase in intrarenal vascular disease?
Diabetes Care 2006;29:1560–1566

36. Hermans MM, Henry RM, Dekker JM,
Nijpels G, Heine RJ, Stehouwer CD. Al-
buminuria, but not estimated glomerular
filtration rate, is associated with mal-
adaptive arterial remodeling: the Hoorn
Study. J Hypertens 2008;26:791–797

37. Bos MJ, Koudstaal PJ, Hofman A, Breteler
MM. Decreased glomerular filtration rate
is a risk factor for hemorrhagic but not for
ischemic stroke: the Rotterdam Study.
Stroke 2007;38:3127–3132

38. Baber U, Mann D, Shimbo D, Woodward
M, Olin JW,Muntner P. Combined role of
reduced estimated glomerular filtration
rate and microalbuminuria on the preva-
lence of peripheral arterial disease. Am
J Cardiol 2009;104:1446–1451

39. Wu CK, Yang CY, Tsai CT, et al. Associ-
ation of low glomerular filtration rate and
albuminuria with peripheral arterial dis-
ease: the National Health and Nutrition
Examination Survey, 1999-2004. Ath-
erosclerosis 2010;209:230–234

40. Glassock RJ, Winearls C. Screening for
CKD with eGFR: doubts and dangers.
Clin J Am Soc Nephrol 2008;3:1563–
1568

care.diabetesjournals.org DIABETES CARE, VOLUME 35, JANUARY 2012 149

Solini and Associates


