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a  b  s  t  r  a  c  t

Objective:  The  chronic  kidney  disease  (CKD)-Epidemiology  Collaboration  (EPI)  equation  was  shown  to
be  more  accurate  than  the  Modification  of  Diet  in  Renal  Disease  (MDRD)  Study  formula  for  estimating
glomerular  filtration  rate  (GFR)  in  the general  population.  This  study  was  aimed  at  assessing  cardiovascu-
lar  disease  (CVD)  burden  associated  with  CKD  in  type  2 diabetes,  using  these  two  GFR  estimating  formulas
for CKD  definition.
Methods:  This  cohort  study  examined  15,773  Caucasian  patients  with  type  2 diabetes  participating  in  the
Renal  Insufficiency  And  Cardiovascular  Events  Italian  Multicenter  Study  (NCT00715481)  and  attending
the baseline  visit  in  19  diabetes  clinics  in  years  2007–2008.  Serum  creatinine  was  assessed  by  the  modified
Jaffe  method.  Albuminuria  was  measured  by  immunonephelometry  or immunoturbidimetry.  CKD  was
defined as  an  estimated  GFR  (eGFR)  <60  mL/min/1.73  m2 and/or  micro/macroalbuminuria.
ype 2 diabetes Results:  Prevalence  of impaired  eGFR  and  CKD  decreased  from  18.7%  to  17.2%  (P =  0.0012)  and  from  37.5%
to 36.3%  (P  =  0.077),  respectively,  with  the  CKD-EPI,  as compared  with  the  MDRD  Study  equation.  Subjects
with  impaired  eGFR  or CKD  with  the  MDRD  Study  equation  only  showed  lower  CVD  prevalence  rates  and

coronary  heart  disease  risk  scores,  mainly  driven  by  prevailing  female  sex,  younger  age  and  shorter
diabetes  duration,  as  compared  with  those  with  both  formulas,  whereas  opposite  figures  were  observed
in patients  falling  into  these  categories  with  the  CKD-EPI  equation  only.

© 2011 Elsevier Ireland Ltd. All rights reserved.

Abbreviations: CKD, chronic kidney disease; ESRD, end-stage renal disease; CVD, cardiovascular disease; NKF, National Kidney Foundation; KDOQI, Kidney Disease
utcomes Quality Initiative; GFR, glomerular filtration rate; MDRD, Modification of Diet in Renal Disease; CKD-EPI, CKD epidemiology collaboration; eGFR, estimated GFR;
2DM,  type 2 diabetes; RIACE, Renal Insufficiency And Cardiovascular Events; IDMS, isotope-dilution mass spectrometry; AER, albumin excretion rate; BP, blood pressure;
bA1c, glycated hemoglobin; UKPDS, UK Prospective Diabetes Study; CHD, coronary heart disease.
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Estimating  GFR  in patients  with  type  2  diabetes  using  the  CKD-EPI  equation  provides  a  better  definition  of
CVD  burden  associated  with  CKD  not  only  in  individuals  reclassified  upward,  but  also  in those  reclassified
downward.
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. Introduction

Chronic kidney disease (CKD) is recognized as a major public
ealth concern worldwide, due to the increased risk of progres-
ion to end-stage renal disease (ESRD) requiring dialysis or kidney
ransplant as well as of cardiovascular disease (CVD) morbidity and

ortality, since its earliest stages [1].  For clinical and epidemiolog-
cal purposes, CKD is currently classified into 5 stages, according to
he National Kidney Foundation (NKF)’s Kidney Disease Outcomes
uality Initiative (KDOQI), based on the presence or absence of
idney damage, as manifested by either pathological abnormali-
ies or disease markers such as micro or macroalbuminuria, and
lomerular filtration rate (GFR), as calculated by the use of esti-
ating equations from serum creatinine measurements [2].  The

our-variable Modification of Diet in Renal Disease (MDRD) Study
ormula [3,4] is the most widely used equation for reporting results
f serum creatinine measurements by clinical laboratories as well
s for estimating CKD prevalence in epidemiological surveys.

However, this equation was derived from subjects with CKD and,
hen applied to the general population, it was  shown to system-

tically underestimate GFR in individuals with measured values
60 mL/min/1.73 m2, thus resulting in overdiagnosis of CKD and
verestimation of its prevalence [5]. To provide more accurate GFR
stimates, a new equation using the same four variables as the
DRD Study equation was recently developed and validated in

ooled populations with diverse clinical characteristics [6].  This
ormula, the CKD Epidemiology Collaboration (CKD-EPI) equation,
as shown to be more accurate, especially for higher GFR values

7], and also to provide lower estimates of CKD prevalence and to
ategorize more appropriately individuals with respect to renal and
VD risk, as compared with the MDRD Study equation. In partic-
lar, a variable proportion of subjects with estimated GFR (eGFR)
60 mL/min/1.73 m2 were reclassified upward, thus reducing the
revalence of CKD in the general population from approximately
3% to 11% [6,8]. Moreover, reclassified individuals were more fre-
uently younger, female and at lower risk than those who were
ot reclassified, though age- and sex-adjusted risks for all-cause
ortality, ESRD and CVD events were greatly attenuated [8,9].
owever, the CKD-EPI formula may  not perform equally in different
opulations and in subjects with various clinical conditions, such
s type 2 diabetes mellitus (T2DM).

This study was aimed at assessing CVD burden associated with
KD in a large cohort of Italian type 2 diabetic subjects, using the
wo GFR estimating formulas for CKD definition.

. Subjects and methods

.1. Study population

We  used the anamnestic, clinical and laboratory data obtained
t the baseline visit for the Renal Insufficiency And Cardiovas-
ular Events (RIACE) Italian Multicenter Study, an observational,
rospective cohort study on eGFR as independent predic-
or of CVD morbidity and mortality in T2DM (registered
ith ClinicalTrials.gov, NCT00715481; URL http://clinicaltrials.
ov/ct2/show/NCT00715481). The study protocol was  approved
y the locally appointed ethics committees. The RIACE population
onsists of 15,773 Caucasian patients with T2DM (America Dia-
etes Association criteria) visiting consecutively 19 hospital-based
© 2011 Elsevier Ireland Ltd. All rights reserved.

Diabetes Clinics of the National Health Service throughout Italy
(see on-line appendix) in years 2007–2008. Exclusion criteria were
dialysis or renal transplantation.

2.2. eGFR and albuminuria

GFR was  estimated using both the four-variable MDRD Study
[3] and the CKD-EPI [6] equations. Serum (and urine) creatinine
was  measured by the modified Jaffe method. One-to-three mea-
surements were obtained and the mean value was  used in case
of multiple measures, which were performed in a 3-to-6-month
period. As recommended [4],  one of two versions of MDRD Study
equation were used, depending on whether or not serum crea-
tinine methods had been calibrated to be isotope-dilution mass
spectrometry (IDMS)-traceable. For GFR estimation with the CKD-
EPI formula, non-IDMS serum creatinine values were standardized
using the following equation: −0.166 + 1.10x (measured serum
creatinine [mg/dL]). To derive this equation, 201 frozen samples
previously analyzed using a non-IDMS method were re-assayed by
an IDMS reference method [8].  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); and 5 (<15). Patients assigned to classes 4 and
5 were pooled together for cross-classification by eGFR or CKD.

Albumin excretion rate (AER) was  obtained from timed (24 h)
urine collections or calculated from albumin/creatinine ratio
in early-morning, first-voided urine samples using a conver-
sion formula developed in type 1 diabetes [10] and preliminary
validated in a subgroup of subjects from the RIACE cohort. Albu-
min  concentration was measured in fresh urine samples by
immunonephelometry or immunoturbidimetry, in the absence of
symptoms and signs of urinary tract infection or other interfering
clinical conditions. As recommended [11], the analytical coefficient
of variation (CV) of both methods was largely <15%, i.e. 2.1–5.2%
and 3.4–8.1%, with a detection limit of 1.7 mg/L and 3.0 mg/L, for
immunonephelometry and immunoturbidimetry, respectively. As
an external quality control, 50 samples from each centre were re-
analyzed at the reference laboratory to verify that the CVs between
the peripheral and the central values were <15% at least in the
relevant clinical range of 15–500 mg/L. Higher CVs were observed
almost exclusively for very low albumin concentrations, with no
impact on patient classification into classes of albuminuria. One
to three measurements for each patient were obtained; in case
of multiple measurements, which were performed in a 3-to-6-
month interval, the geometric mean of 2-to-3 values was  used
for analysis. Patients were then assigned to one of the following
classes of albuminuria (mg/24 h): normoalbuminuria (AER <30),
microalbuminuria (AER 30-299), or macroalbuminuria (AER ≥300).
In addition, normoalbuminuric subjects were further classified as
having normal (AER <10) or low albuminuria (AER 10-29), accord-
ing to the recent NKF definition [12].

Based on eGFR and AER values, patients were finally classified
has having no CKD or CKD stages 1–5, according to the NFK’s KDOQI
classification [2].

2.3. Other parameters
The following information was collected by a structured inter-
view: age, family history of diabetes, hypertension, dyslipidemia,
and premature CVD in a first degree relative, smoking status, known

http://clinicaltrials.gov/ct2/show/NCT00715481
http://clinicaltrials.gov/ct2/show/NCT00715481
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iabetes duration, current treatments, and previous documented
ajor acute CVD events, including myocardial infarction, stroke,

lcer or gangrene, amputation, coronary, carotid, and lower limb
evascularization, and surgery for aortic aneurysm. CVD events
ere adjudicated based on hospital discharge records or specialist

isits by an ad hoc committee in each center.
Body mass index was calculated from the weight and height

easured during the physical examination. Blood pressure (BP)
as then measured after the patient had been seated for at least

 min.
Glycated hemoglobin (HbA1c) was measured by high per-

ormance liquid chromatography using DCCT-aligned methods,
hereas triglycerides, HDL and total cholesterol were assessed by

tandard methods and LDL cholesterol was calculated using the
riedwald formula.

Retinopathy was assessed by an expert ophthalmologist with
phtalmoscopy or high-quality stereoscopic photographs.

.4. Statistical analysis

The distribution of eGFR classes and CKD stages in the RIACE
ohort was compared for GFR estimated using the MDRD Study
nd CKD-EPI equations in all patients. Distribution of eGFR cate-
ories was also stratified by AER and sex, whereas prevalence of
KD stages was examined for men  and women separately as well
s for the following age classes: <55, 55–64, 65–74, and ≥75 years.

Participants were then classified into 4 mutually exclusive
roups depending on the presence of eGFR <60 mL/min/1.73 m2 or
KD according to the MDRD Study or CKD-EPI equation only, to both
quations or to neither one. Values of CVD risk factors were calcu-
ated for these groups and global CVD risk was estimated in patients

ithout a previous CVD event using the UK Prospective Diabetes
tudy (UKPDS) 10-year coronary heart disease (CHD) risk score
13]. Clinical characteristics of subjects in these groups were com-
ared using the Mann–Whitney U-test or �2 test, for continuous
nd variables, respectively. Prevalence rates with the two formulas
ere compared using the paired preferences test.

Data are expressed as median [interquartile range] or number of
ases and percentage, as appropriate. All statistical analyses were
erformed using SPSS 10.0 statistical software.

. Results

The main clinical characteristics of patients from the RIACE
opulation were: age 67 [59–73] years; male/female ratio 57/43;
iabetes duration 11 [5–20] years; HbA1c 7.30 [6.51–8.28] %; sub-

ects on diet alone 13.5%, oral hypoglycemic agents 61.4%, insulin
5.5%, and combined therapy 9.6%; subjects on anti-hypertensive
reatment 70.7% (58.1% on blockers of the renin-angiotensin sys-
em); subjects on lipid-lowering treatment 46.2% (42.5% on statins).

The number of subjects reclassified upward for eGFR was higher
ith the CKD-EPI than with the MDRD Study equation, i.e. 9.9%

1,563) vs. 1.8% (291) from class 2 to class 1, and 2.0% (311) vs. 0.4%
67) from class 3 to class 2. This was not the case with the per-
entage of patients passing from class 4 to class 3 (all to class 3b,
.e. 30–44 mL/min/1.73 m2), that was higher with the MDRD Study
48, 0.3%) than with the CKE-EPI (2, <0.1%) equation. As a result, the
umber of subjects with impaired eGFR (i.e. <60 mL/min/1.73 m2),
ecreased (8.2% reduction) from 18.7% (2959) to 17.2% (2715)
sing the CKD-EPI instead of the MDRD Study formula (P = 0.0012)
Table 1). When stratified by AER, no significant trend was  observed

Supplemental Table 1).

As a consequence of eGFR reclassification, the number of sub-
ects reclassified upward for CKD was higher with the CKD-EPI than

ith the MDRD Study equation, i.e. 1.5% (234) vs. 0.3% (44) from
sis 218 (2011) 194– 199

stage 3 to no CKD, 1.8% (283) vs. 0.5% (75) from stage 2 to stage 1,
and 0.5% (77) vs. 0.1% (23) from stage 3 to stage 2. Conversely, the
number of patients with stage 4 CKD passing to stage 3 was higher
with the MDRD Study (48, 0.3%) than with the CKD-EPI (2, <0.1%)
equation. As a result, the number of subjects with CKD decreased
(3.2% reduction) from 37.5% (5,908) to 36.3% (5,718) using the CKD-
EPI instead of the MDRD Study formula (P = 0.077) (Table 2). This
decrease in CKD prevalence was almost exclusive of female sex
(3.0% vs. 0.2% reduction in males), whereas the percentage of CKD
subjects was higher with the MDRD Study formula than with the
CKD-EPI equation in the age classes <55, 55–64 and 65–74 years,
but not among the oldest patients (≥75 years) (Supplemental Table
2).

Subjects showing impaired eGFR or CKD with the MDRD Study
equation only were younger and predominantly female and had
shorter diabetes duration and lower UKPDS 10-year CHD risk score,
as compared subjects with impaired eGFR or CKD according to both
equation. They were also less frequently on insulin or combined
treatment, and had a lower prevalence of albuminuria, hyperten-
sion, and dyslipidemia (not for CKD subjects), CVD and diabetic
retinopathy. Most of these features were similar to those of sub-
jects without reduced eGFR or CKD, despite lower eGFR values
(Tables 3 and 4).

An opposite picture was observed in patients showing impaired
eGFR or CKD with the CKD-EPI equation only, i.e. almost exclu-
sively male sex and older age, longer diabetes duration, and higher
insulin use (only for impaired eGFR), prevalence of albuminuria
and CVD (but not of hypertension, dyslipidemia, and retinopathy),
and UKPDS 10-year CHD risk scores, as compared with patients
with impaired eGFR or CKD with the MDRD Study equation only
and with those without impaired eGFR or CKD. More importantly,
prevalence of CVD (for impaired eGFR only) and the UKPDS 10-year
CHD risk scores were significantly higher than those of patients
with impaired eGFR or CKD with both equations, despite better
preservation of renal function and lower prevalence of hyperten-
sion (for impaired eGFR only), dyslipidemia, and retinopathy (for
CKD only) (Tables 3 and 4).

Finally, the 48 patients reclassified downward from class 3 to
class 4 eGFR (and from stage 3 to stage 4 CKD) with the CKD-EPI
equation, as compared with those showing an eGFR <30 with both
formulas, were older (78 [72–84] vs. 74 [68–80] years), more fre-
quently male (60.4% vs. 47.7%) and with higher CVD prevalence
(56.3% vs. 46.1%), particularly CHD (45.8% vs. 25.8%) and peripheral
artery disease (20.8% vs. 13.7%), and 10-year CHD risk score (0.48
[0.31–0.63] vs. 0.37 [0.24–0.63]).

4. Discussion

Prevalence of impaired eGFR and CKD decreased with the CKD-
EPI, as compared with the MDRD Study equation. Subjects with
impaired eGFR or CKD with the MDRD Study equation only showed
lower CVD prevalence rates and CHD risk scores, mainly driven by
prevailing female sex, younger age and shorter diabetes duration,
as compared with those with both formulas, whereas opposite fig-
ures were observed in patients falling into these categories with
the CKD-EPI equation only.

Monitoring eGFR decrease from normal to mild-to-moderate
reduction is particularly important in subjects with increased risk
of development and progression of CKD, such as patients with
T2DM, especially in view of the increasing evidence that impaired
eGFR is associated with increased CVD risk [14,15] and, in the

majority of these individuals, occurs in the absence of albuminuria
[15–17]. In fact, the NKF has recently acknowledged that identify-
ing subjects with impaired renal function based on the presence
of an eGFR <60 mL/min/1.73 m2, without concomitant evidence of
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Table 1
Comparison of eGFR categories using the CKD-EPI and MDRD Study equations in the RIACE cohort. Subjects reclassified upward and downward with the CKD-EPI equation
are  indicated in light and dark grey, respectively.

CKD-EPI eGFR (mL/min/1.73 m2) MDRD Study eGFR (mL/min/1.73 m2) Total

≥90 60–89 30–59 <30

≥90 4371 (27.7%) 1563 (9.9%) 0 (0%) 0 (0%) 5934 (37.6%)
60–89  291 (1.8%) 6522 (41.3%) 311 (2.0%) 0 (0%) 7124 (45.2%)
30–59  0 (0%) 67 (0.4%) 2,342 (14.8%) 2 (0.1%) 2411 (15.3%)
<30 0  (0%) 0 (0%) 48 (0.3%) 256 (1.6%) 304 (1.9%)

Total  4662 (29.6%) 8152 (51.7%) 2701 (17.1%) 258 (1.6%) 15,773 (100.0%)

Table 2
Comparison of CKD stages using the CKD-EPI and MDRD Study equations in the RIACE cohort. Subjects reclassified upward and downward with the CKD-EPI equation are
indicated in light and dark grey, respectively.

CKD-EPI CKD Stage MDRD Study CKD stage Total

No CKD 1 2 3 4-5

No CKD 9821 (62.3%) 0 (0%) 0 (0%) 234 (1.5%) 0 (0%) 10,055 (63.8%)
1  0 (0%) 977 (6.2%) 283 (1.8%) 0 (0%) 0 (0%) 1260 (8.0%)
2  0 (0%) 75 (0.5%) 1,591 (10.1%) 77 (0.5%) 0 (0%) 1743 (11.1%)
3  44 (0.3%) 0 (0%) 23 (0.1%) 2342 (14.8%) 2 (0.1%) 2411 (15.3%)
4–5  0 (0%) 0 (0%) 0 (0%) 48 (0.3%) 256 (1.6%) 304 (1.9%)

Total 9865 (62.5%) 1052 (6.7%) 1897 (12.0%) 2701 (17.1%) 258 (1.7%) 15,773 (100.0%)

Table 3
Clinical characteristics of patients with eGFR <60 mL/min/1.73 m2 according to the MDRD Study (Group 1) or CKD-EPI (Group 2) equation only, to both equations (Group 3),
and  to neither one (Group 4).

G1 G2 G3 G4 Pa G1 vs. Pa G2 vs.

n 311 67 2648 12,747 NA NA
Male  sex (%) 17.7 94.0 48.9 59.2 G3 <0.001 G3 <0.001

G4 <0.001 G4 <0.001
Age  (years) 67 [62–71] 81 [78–85] 74 [68–79] 65 [58–72] G3 <0.001 G3 <0.001

G4 0.009 G4 <0.001
Diab.  duration (years) 11 [5–20] 21 [9–30] 16 [8–26] 10 [4–19] G3 <0.001 G3 0.06

G4 0.04 G4 <0.001
Insulin  ± OHA (%) 29.9 43.5 38.5 22.2 G3 0.002 G3 0.49

G4 0.001 G4 0.02
HbA1c (%) 7.4 [6.6–8.7] 7.5 [6.5–8.2] 7.5 [6.7–8.5] 7.3 [6.5–8.2] G3 0.86 G3 0.36

G4 0.03 G4 0.73
Alb  (%) 24.8 34.3 45.7 23.0 G3 <0.001 G3 0.07

G4 0.46 G4 0.03
HT  (%) 80.4 71.6 88.4 66.8 G3 <0.001 G3 <0.001

G4 <0.001 G4 0.40
DL  (%) 51.1 35.8 54.9 44.3 G3 0.21 G3 0.002

G4 0.02 G4 0.16
CVD  (%) 23.2 41.8 39.0 19.8 G3 <0.001 G3 0.64

G4 0.14 G4 <0.001
DR  (%) 24.4 20.9 32.3 20.0 G3 0.02 G3 0.14

G4 0.13 G4 0.79
eGFR  MDRD (mL/min/1.73 m2) 58.7 [57.9–59.3] 61.2 [60.6–61.7] 48.8 [39.9–54.0] 83.6 [73.1–97.1] NA NA
eGFR  CKD-EPI (mL/min/1.73 m2) 62.2 [60.9–63.5] 58.9 [58.1–59.6] 48.5 [38.8–54.6] 88.7 [77.5–97.7] NA NA
Serum creat. (mg/dL) 1.0 [0.97–1.04] 1.20 [1.15–1.21] 1.32 [1.14–1.57] 0.85 [0.72–0.97] G3 <0.001 G3 <0.001

G4 <0.001 G4 <0.001
UKPDS  10-year riskb 0.17 [0.11–0.27] 0.58 [0.45–0.72] 0.31 [0.19–0.49] 0.19 [0.11–0.31] G3 <0.001 G3 <0.001

G4 0.005 G4 <0.001

O ia; D

a
n
a

T
M
h
6
t
s
p

HA, oral hypoglycemic agents; Alb, albuminuria; HT, hypertension; DL, dyslipidem
a Mann–Whitney U-test or �2 test.
b Estimated in patients without a previous CVD event.

lbuminuria or reference to age, might lead to inappropriate diag-
osis of CKD, due to inaccuracy of GFR estimates, which do not
ccount properly for the effect of aging [18].

In the RIACE cohort, a higher proportion of subjects with
2DM were reclassified upward with the CKD-EPI than with the
DRD Study equation, thus confirming that the former provides

igher GFR estimates than the latter for values around or above

0 mL/min/1.73 m2, as previously shown for the general popula-
ion [6,8]. However, due to the lack of direct GFR measures, our
tudy was not designed to verify whether the CKD-EPI equation
erforms better than the MDRD Study formula in estimating GFR
R, diabetic retinopathy.

in T2DM subjects and that the systematic bias introduced by the
use of demographics in these equations when applied to such an
old population is lower with the newer formula. A recent small
survey using GFR measurements by the 51Cr-EDTA single-injection
method showed that both equations performed less well in patients
with T2DM than in normal individuals and that bias was similar
with the two formulas, though only subjects with normal renal

function were examined and bias was  significantly higher for the
highest GFR values [19]. Thus, further investigation is required to
assess accuracy and precision of the CKD-EPI equation in T2DM
individuals over the full GFR range.
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Table  4
Clinical characteristics of patients with CKD according to presence or absence of albuminuria and GFR estimation by the MDRD Study (Group 1) or CKD-EPI (Group 2) equation
only,  to both equations (Group 3), and to neither one (Group 4).

G1 G2 G3 G4 Pa G1 vs. Pa G2 vs.

n 234 44 5,677 9,818 NA NA
Male  sex (%) 11.1 97.7 60.0 55.8 G3 <0.001 G3 <0.001

G4 <0.001 G4 <0.001
Age  (years) 67 [63–71] 81 [77–84] 70 [63–76] 65 [58–71] G3 <0.001 G3 <0.001

G4 <0.001 G4 <0.001
Diab.  duration (years) 11 [5–20] 21 [8.3–29.5] 14 [6–23] 9 [4–18] G3 0.001 G3 0.04

G4 0.04 G4 <0.001
Insulin  ± OHA (%) 24.4 25.0 34.0 20.1 G3 0.002 G3 0.21

G4 0.11 G4 0.41
HbA1c (%) 7.3 [6.4–8.5] 7.3 [6.4–8.1] 7.5 [6.7–8.6] 7.2 [6.5–8.1] G3 0.008 G3 0.08

G4 0.28 G4 0.9
HT  (%) 88.9 84.1 91.5 79.0 G3 0.16 G3 0.08

G4 <0.001 G4 0.41
DL  (%) 72.2 50.0 65.0 59.2 G3 0.02 G3 0.04

G4 <0.001 G4 0.22
CVD  (%) 20.5 36.4 32.6 17.7 G3 <0.001 G3 0.60

G4 0.27 G4 0.001
DR  (%) 20.5 13.6 31.1 17.1 G3 0.002 G3 0.04

G4 0.24 G4 0.71
eGFR  MDRD (mL/min/1.73 m2) 58.6 [57.9–59.3] 61.3 [60.6–61.8] 62.2 [49.7–83.5] 83.9 [73.4–97.0] NA NA
eGFR  CKD-EPI (mL/min/1.73 m2) 62.2 [60.9–63.6] 58.9 [58.2–59.7] 63.1 [49.4–88.0] 89.1 [78.1–97.9] NA NA
Serum creat. (mg/dL) 1.0 [0.97–1.02] 1.20 [1.16–1.22] 1.06 [0.87–1.30] 0.84 [0.71–0.95] G3 0.002 G3 0.002

G4 <0.001 G4 <0.001
UKPDS  10-year riskb 0.16 [0.11-0.25] 0.56 [0.42-0.72] 0.27 [0.17-0.44] 0.18 [0.10-0.29] G3 <0.001 G3 <0.001

G4 0.29 G4 <0.001
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HA, oral hypoglycemic agents; HT, hypertension; DL, dyslipidemia; DR, diabetic re
a Mann–Whitney U-test or �2 test.
b Estimated in patients without a previous CVD event.

T2DM subjects reclassified both upward and downward with
he CKD-EPI equation showed CVD prevalence rates and CHD risk
cores which were higher and lower, respectively, than those of
KD individuals who were not reclassified. These data indicate that
he CKD-EPI equation provides a better definition of global CVD bur-
en associated with CKD in these individuals, as compared with
he MDRD Study formula, though it remains unresolved whether
his is attributable to a higher accuracy of the newer equation.
nterestingly, most of the clinical characteristics of the individuals
eclassified upward with the CKD-EPI equation (i.e. those hav-
ng impaired GFR or CKD with the MDRD Study formula only)

ere similar to those of subjects without impaired GFR or CKD
ith both formulas, despite lower GFR values. Conversely, subjects

eclassified downward with the CKD-EPI formula (i.e. those having
mpaired GFR or CKD with the CKD-EPI equation only) had higher
VD prevalence rates and CHD risk scores than those of patients
ith impaired eGFR or CKD with both equations, despite clinical

eatures were not worse (or were even better) and renal function
as better preserved. The different CVD risk carried by individuals

eclassified in both directions appeared to be predominantly driven
y differences in sex and age, since subjects reclassified upward
ere mainly females and had a younger age, as previously shown

n the general population [8,9], whereas those reclassified down-
ard were almost exclusively males and had a much older age.

n addition, differences in terms of severity of diabetes burden, as
dentified by disease duration and partly by insulin usage (but not
y HbA1c levels at the time of the visit), might have contributed
o the decreased and increased CVD risk, respectively. This is also
n keeping with a previous report showing that clinical variables
etween reclassified subjects and those with or without CKD with
oth formulas disappeared after adjustment for age and sex, except
or burden of diabetes and fasting plasma glucose and HbA1c levels
8]. Presence or absence of albuminuria in reclassified subjects did

ot impact significantly on these differences, though prospective
urveys have clearly shown the role of albuminuria in predicting
enal and CVD outcomes in the general population [20] and diabetic
ndividuals [21].
athy.

In addition, this study indicates for the first time that, for eGFR
values around or below 30 mL/min/1.73 m2, application of the
CKD-EPI equation results in lower GFR estimates than the MDRD
Study equation, with reclassification downward from class 3 to
class 4 eGFR of 48 vs. 2 individuals. Previous studies in the gen-
eral population showed a better performance of the CKD-EPI than
the MDRD Study equation when estimates were compared with
measured GFR using urinary or plasma clearance of exogenous
filtration markers. However, this was the case for higher GFR val-
ues, whereas bias was  similar with the two  formulas for levels
<30 mL/min/1.73 m2 [6].  Thus, it would be particularly important to
compare performance of the two  formulas versus direct GFR mea-
surements in patients with T2DM within this low eGFR range, in
order to verify whether lower GFR estimates provided by the CKD-
EPI equation predict GFR more reliably in these individuals. Correct
reclassification of these subjects would improve the ability of clin-
icians to adjust drug dosages and identify individuals who  may  be
at increased risk of side effects of medications or diagnostic proce-
dures. Our data indicate that, also in these patients, reclassification
with the CKD-EPI equation predicts more reliably the CVD burden
associated with CKD, with increased risk driven predominantly by
sex and age.

Main limitations of this study include the cross-sectional design
and the lack of centralized measurements. Though the analysis of
the follow-up data of this survey will provide more reliable infor-
mation about the performance of the two equations in predicting
the long-term renal and CVD outcomes, cross-sectional data from
the RIACE cohort clearly indicate that the CKD-EPI equation pro-
vides a better definition of CVD burden associated with CKD than
the MDRD Study formula in patients with T2DM. Variations due to
the different assay methods may  have also influenced the results,
though findings were similar with IDMS- and non-IDMS-traceable
methods for measuring serum creatinine as well as with the two

techniques for assessing albuminuria. Moreover, though albumin-
uria was  assessed using a single specimen in 74.2% of subjects,
concordance rate between the first value and the geometric mean
of multiple measurements was >90% [22].
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In conclusion, these data show that estimating GFR in patients
ith T2DM using the CKD-EPI equation, as compared with the
DRD Study formula, in addition to resulting in reduced CKD

revalence, provides a better definition of global CVD burden, in
erms of CVD prevalence and CHD risk score, which applies not
nly to subjects reclassified upward, but also to those reclassi-
ed downward with the newer equation, and appears to be driven
ainly or exclusively by sex, age, and diabetes duration. Whether

his is due to a more accurate GFR estimation with the CKD-EPI
quation remains to be elucidated by comparison with direct GFR
easurements.

onflict of interest

The authors declare no potential conflict of interest.

cknowledgments

The Authors are grateful to the RIACE Study participants (see
n-line appendix for complete list). This work was supported
y the Research Foundation of the Italian Society of Diabetology
Fo.Ri.SID) and the Diabetes, Endocrinology and Metabolism
DEM) Foundation, and by unconditional grants from Eli-Lilly
talia, Takeda, Chiesi and Boehringer. The sponsors had no role
n design and conduct of the study; collection, management, and
nterpretation of the data; or preparation, review, and approval of
he manuscript.

ppendix A. Supplementary data

Supplementary data associated with this article can be found, in
he online version, at doi:10.1016/j.atherosclerosis.2011.04.035.

eferences

[1] Schiffrin EL, Lipman ML,  Mann JF. Chronic kidney disease: effects on the car-
diovascular system. Circulation 2007;116:85–97.

[2] National Kidney Foundation. KDOQI clinical practice guidelines for chronic
kidney disease: evaluation, classification, and stratification. Am J Kidney Dis
2002;39(2 Suppl 1):S1–266.

[3] Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate
method to estimate glomerular filtration rate from serum creatinine: a new
prediction equation. Modification of Diet in Renal Disease Study Group. Ann
Intern Med  1999;130:461–70.

[4] Myers GL, Miller WG,  Coresh J, et al. Recommendations 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.

[5] Stevens LA, Coresh J, Feldman HI, et al. Evaluation of the Modification of Diet in
Renal Disease Study equation in a large diverse population. J Am Soc Nephrol
2007;18:2749–57.

[

sis 218 (2011) 194– 199 199

[6] Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular
filtration rate. Ann Intern Med  2009;150:604–12.

[7] Stevens LA, Schmid CH, Greene T, et al. Comparative performance of the
CKD Epidemiology Collaboration (CKD-EPI) and the Modification of Diet
in  Renal Disease (MDRD) Study equations for estimating GFR levels above
60 mL/min/1.73 m2. Am J Kid Dis 2010;56:486–95.

[8] White SL, Polkinghorne KR, Atkins RC, Chadban SJ. Comparison of the preva-
lence and mortality risk of CKD in Australia using the CKD Epidemiology
Collaboration (CKD-EPI) and Modification of Diet in Renal Disease (MDRD)
Study GFR estimating equations: the AusDiab (Australian Diabetes, Obesity and
Lifestyle) Study. Am J Kidney Dis 2010;55:660–70.

[9] Matsushita K, Selvin E, Bash LD, Astor BC, Coresh J. Risk implications of the new
CKD Epidemiology Collaboration (CKD-EPI) equation compared with the MDRD
Study equation for estimated GFR: the Atherosclerosis Risk in Communities
(ARIC) Study. Am J Kidney Dis 2010;55:648–59.

10] Mangili R, Deferrari G, Di Mario U, et al. Prevalence of hypertension and microal-
buminuria in adult type 1 (insulin-dependent) diabetic patients without renal
failure in Italy. 1. Validation of screening techniques to detect microalbumin-
uria. Acta Diabetol 1992;29:156–66.

11] Sacks DB, Bruns DE, Goldstein DE, Maclaren NK, McDonald JM,  Parrott M.
Guidelines and recommendations for laboratory analysis in the diagnosis and
management of diabetes mellitus. Clin Chem 2002;48:436–72.

12] Levey AS, Cattran D, Friedman A, et al. Proteinuria as a surrogate outcome
in CKD: report of a scientific workshop sponsored by the National Kidney
Foundation and the US Food and Drug Administration. Am J Kidney Dis
2009;54:205–26.

13] Stevens RJ, Kothari V, Adler AI, Stratton IM,  United Kingdom Prospective
Diabetes Study UKPDS Group. The UKPDS risk engine: a model for the risk
of  coronary heart disease in Type II diabetes (UKPDS 56). Clin Sci (Lond)
2001;101:671–9.

14] Nag S, Bilous R, Kelly W,  Jones S, Roper N, Connolly V. All-cause and cardiovascu-
lar mortality in diabetic subjects increases significantly with reduced estimated
glomerular filtration rate (eGFR): 10 years’ data from the South Tees Diabetes
Mortality study. Diabet Med  2007;24(1):10–7.

15] Ninomiya T, Perkovic V, de Galan BE, et al. Albuminuria and kidney function
independently predict cardiovascular and renal outcomes in diabetes. J Am Soc
Nephrol 2009;20:1813–21.

16] 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 frequency of renal impairment co-existing with NIDDM [NEFRON] 11).
Diab Care 2009;32:1497–502.

17] 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;55:1832–9.

18] Vassalotti JA, Stevens LA, Levey AS. Special announcement: testing for chronic
kidney disease: a position statement from the National Kidney Foundation. Am
J  Kidney Dis 2007;50:169–80.

19] Camargo EG, Soares AA, Detanico AB, et al. The Chronic Kidney Disease Epi-
demiology Collaboration (CKD-EPI) equation is less accurate in patients with
Type 2 diabetes when compared with healthy individuals. Diabet Med 2011;28:
90–5.

20] Brantsma AH, Bakker SJL, Hillege HL, et al. Cardiovascular and renal out-
come in subjects with K/DOQI stage 1-3 chronic kidney disease: the
importance of urinary albumin excretion. Nephrol Dial Transplant 2008;23:
3851–8.

21] Bruno G, Merletti F, Bargero G, et al. Estimated glomerular filtration rate,

albuminuria and mortality in type 2 diabetes: the Casale Monferrato study.
Diabetologia 2007;50:941–8.

22] 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; in press.

http://dx.doi.org/10.1016/j.atherosclerosis.2011.04.035

	The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation provides a better definition of cardiovascular bu...
	1 Introduction
	2 Subjects and methods
	2.1 Study population
	2.2 eGFR and albuminuria
	2.3 Other parameters
	2.4 Statistical analysis

	3 Results
	4 Discussion
	Conflict of interest
	Acknowledgments
	Appendix A Supplementary data
	Appendix A Supplementary data


