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Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) Equation
Pronouncedly Underestimates
Glomerular Filtration Rate in Type 2
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OBJECTIVE —To evaluate the performance of the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation to estimate glomerular filtration rate (GFR) in type 2 diabetic
patients with GFR >60 ml/min/1.73 m?.

RESEARCH DESIGN AND METHODS —This was a cross-sectional study including 105
type 2 diabetic patients. GFR was measured by °'Cr-EDTA method and estimated by the MDRD
and CKD-EPI equations. Serum creatinine was measured by the traceable Jaffe method. Bland-
Altman plots were used. Bias, accuracy (P30), and precision were evaluated.

RESULTS —The mean age of patients was 57 = 8 years; 53 (50%) were men and 90 (86%) were
white. Forty-six (44%) patients had microalbuminuria, and 14 (13%) had macroalbuminuria.
S1Cr-EDTA GFR was 103 * 23, CKD-EPI GFR was 83 * 15, and MDRD-GFR was 78 * 17
mL/min/1.73 m? (P < 0.001). Accuracy (95% CI) was 67% (58-74) for CKD-EPI and 64% (56-75)
for MDRD. Precision was 21 and 22, respectively.

CONCLUSIONS —The CKD-EPI and MDRD equations pronouncedly underestimated GFR

in type 2 diabetic patients.

he importance of estimating glo-
Tmerular filtration rate (GFR) in ad-

dition to measuring urinary albumin
excretion (UAE) has been recently recog-
nized in individuals with or without di-
abetes because these two parameters are
independent predictors of cardiovascular
and renal outcomes and require specific
approaches (1-3). However, the accuracy
of creatinine-based equations to estimate
GFR, including the new Chronic Kidney
Disease Epidemiology Collaboration (CKD-
EPD) equation, has been questioned for
patients with diabetes (4,5). Recently,
Rognant et al. (5) demonstrated that CKD-
EPI presented a poor performance in di-
abetic patients with a wide range of renal
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function, working even worse than MDRD
equation. The current study evaluated the
performance of the CKD-EPI equation to
estimate GFR in individuals with type 2
diabetes and GFR >60 ml/min/1.73 m?.

RESEARCH DESIGN AND

METHODS —This study was approved
by the Ethics Committee of Hospital de
Clinicas de Porto Alegre, Rio Grande do
Sul, Brazil. Inclusion criteria were plasma
glucose <200 mg/dL and GFR >60 mL/
min/1.73 m*. GFR was measured by the
>ICr-EDTA single-injection method after
a single intravenous dose of 150 wCi. Se-
rum creatinine was measured by a Jaffe
reaction (Modular P; Roche Diagnostics,
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Mannheim, Germany) traceable to isotope
dilution mass spectrometry. The CKD-EPI
equation was calculated as GFR (mL/min/
1.73m?) = 141 X min (serum creatinine/k,
1)® X max (serum creatinine/k, 1)~ 129 X
0.993%8° X 1.018 (if female) X 1.159 (if
black), where k is 0.7 for females and 0.9
for males, o is —0.329 for females and
—0.411 for males, min indicates mini-
mum serum creatinine/k or 1, and max
indicates maximum serum creatinine/k
or 1 (6). The MDRD equation was calcu-
lated as GFR (mL/min/1.73 m?) = 175 X
(serum creatinine) ' X (age)fo'zo3 X
0.742 (if female) X 1.210 Gf black). A1C
and UAE were measured by immunotur-
bidimetry.

Statistical analysis

Bias was calculated as the mean difference
between measured and estimated GFR.
Accuracy was calculated as the percentage
of estimates within 30% (P30) of mea-
sured GFR. Precision was measured as
1 SD of bias. The agreement between
measured GFR and equations was eval-
uated using Bland-Altman plots, with the
calculation of agreement limits (bias *
2 SD) and CI (7). According to Bland-
Altman, 100 individuals are enough to
estimate bias and limits of agreement
with a 95% CI of about 34% of SD (8).

RESULTS —This cross-sectional study
included 105 individuals with type 2 di-
abetes. Their mean age was 57 * 8 years
(42-86); 53 (50%) were men, and 90
(86%) were white. Forty-six (44%) had
microalbuminuria, and 14 (13%) had
macroalbuminuria. Plasma glucose was
148 = 28 mg/dL, and A1C was 8.3 =
0.3%.

*!Cr-EDTA GFR was 103 = 23, CKD-
EPI GFR was 83 = 15, and MDRD GFR
was 78 = 17 mL/min/1.73 m* (P < 0.001).
According to the Kidney Disease: Improv-
ing Global Outcomes GFR classification,
75% of the patients in our study were stage
1 (GFR >90 mL/min), and 25% were
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CKD-EPI equation in type 2 diabetes
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Figure 1—Plots of average estimated and measured GFR vs. difference between them in the 105 patients with type 2 diabetes for MDRD (A) and
CKD-EPI (B) equations (P < 0.001 for all comparisons). Limits of agreement, calculated as bias = 2 SD (CI) as follows: CKD-EPI —21 (—28to —14)

to 61 (54-68) mL/min/1.73 m*, and MDRD —18 (—26 to —11) to 67 (60-74) mL/min/1.73 m>.

stage 2 (GFR = 60-89 ml/min) as mea-
sured by *'Cr-EDTA GFR. Misclassifica-
tion to stage 3a (GFR = 45-59 mL/min)
occurred in 7.6 and 9.5% of the cases us-
ing the CKD-EPI and MDRD equations,
respectively.

Figure 1 shows the plots of measured
and estimated GFR values. The CKD-EPI
and MDRD equations systematically un-
derestimated measured GFR. Bias was 20
and 24 mL/min/1.73 m? for CKD-EPI and
MDRD, respectively (P = 0.26). Bias was
significantly greater in subjects with GFR
above versus below the median value (30
vs. 9 for CKD-EPI and 34 vs. 14 mL/min/
1.73m? for MDRD [P < 0.001 for each pair
of comparisons]). Accuracy P30 (95% CI)
was 67% (58-74) for CKD-EPI and 64%
(56-75) for MDRD. Precision was 21 and
22, respectively.

CONCLUSIONS —The CKD-EPI and
MDRD equations significantly underesti-
mated measured GFR in individuals with
type 2 diabetes, especially at higher GFR
values.

The Kidney Disease: Improving Global
Outcomes, a global nonprofit foundation,
has recently proposed a new chronic
kidney disease staging system (2). This
was based on the findings of a remarkable
meta-analysis that included 45 cohorts
and a total of 1,555,332 participants that
confirmed that both GFR and UAE are in-
dependent predictors of cardiovascular
and renal outcomes (1). Therefore, a reli-
able estimation of GFR and UAE is the
cornerstone to predict patients’ prognosis.

The American Diabetes Association
and the National Kidney Foundation re-
commend annual UAE measurement and
GFR estimation using equations that in-
clude serum creatinine, such as MDRD
and CKD-EPI. However, according to re-
cent studies, these equations have a poor
performance for patients with diabetes
and markedly underestimate GFR (4,5).
This disappointing performance seems
to be associated with specific characteris-
tics of the patients with diabetes, such as
hyperglycemia, glomerular hyperfiltra-
tion, and obesity, which probably high-
light the limitations of creatinine itself as
a GFR marker. Hyperglycemia may inter-
fere in two ways. First, it has long been
known that glucose levels above 300
mg/dL may affect the performance of the
Jaffe reaction to measure creatinine (9).
Indeed, in a previous study we have
found that patients with type 2 diabetes
presented higher serum creatinine than
healthy individuals, despite similar GFR
values (4). Another possible explanation
could be the hyperglycemia-induced glo-
merular hyperfiltration and the inability
of creatinine to detect this typical phenom-
enon of diabetes (10). This was clearly
shown in our hyperfiltering patients, for
whom the CKD-EPI and MDRD equa-
tions unacceptably underestimated GFR.
The poor performance of the formulas in
our study was further expressed in the
chronic kidney disease misclassification
of patients in 8 and 10% of the cases
when using the CKD-EPI and MDRD
equations, respectively. A recent French

study that included a similar number of
patients with GFRs >60 mlL/min/1.73 m*
also observed a bad performance of CKD-
EPI equation, which also applied for GFRs
<60 mL/min/1.73 m® (5). These data
stress the need of developing alternative,
more precise tools to estimate GFR in in-
dividuals with diabetes.

The strengths of our study were the
use of a GFR reference method, which
ensured a more precise interpretation of
the equation results, and a sample size
tailored for the specific Bland-Altman sta-
tistical analysis. One limitation was that
our results were deliberately suited for
patients with GFRs >60 mL/min/1.73 m”.

In conclusion, both CKD-EPI and
MDRD equations present a poor perfor-
mance to estimate GFR in individuals
with diabetes, especially for high-normal
GFRs, with a pronounced underestimation.
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