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Abstract: Objective: Hyperfiltration confers an increased risk of diabetic nephropathy. Early detection can ensure
timely intervention and improved treatment outcomes. Because GFR is known to be affected by hyperglycemia,
the aim of this study was to compare the influence of hyperglycemia on GFR estimations calculated by the CKD-
EPI equation, the CG equation, and the MDRD equations in estimating hyperfiltration in Chinese diabetic patients.
Materials and methods: The performance of the equations, compared with the measured *°mTc-DTPA glomerular
filtration rate was analyzed in 3492 diabetic patients. Bias, precision, and accuracies were compared with respect
to HbA,  status. The Bland-Altman method was used to evaluate the agreement among the equations with respect
to the mGFR, and the receiver-operating characteristic curve method was used to evaluate diagnostic value of the
three equations with respect to the detection of moderate renal failure and hyperfiltration. Results: The mean ab-
solute bias was the smallest for the CKD-EPI equation in the HbA < 7.2% cohort, and the highest accuracy within
+ 15% and + 30% was also reached with the CKD-EPI equation in both cohorts. For the detection of hyperfiltration,
the CKD-EPI equation exhibited the best performance with the greatest combination of sensitivity and specificity.
The biases of the three equations were significantly higher in the HbA, > 10.5% subgroup compared with the HbA
< 7.2% cohort. Conclusion: The CKD-EPI equation can be used as a screening tool for hyperfiltration and appears to
be a more generalizable and accurate equation for estimating GFR in Chinese diabetic patients.

Keywords: Diabetic nephropathy, Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation,
hyperfiltration

Introduction

Diabetic nephropathy affects 25-40% of
patients with diabetes [1], which is the single
most common causes of end-stage renal fail-
ure worldwide. Hyperfiltration, the early stage
of diabetic nephropathy (DN), has been regard-
ed as a putative risk factor in the pathogenesis
of clinical nephropathy [2]. A Finnish study of
4201 people with type 1 diabetes also report-
ed an increased risk of mortality at lower and
higher eGFR values, with the lowest predicted
mortality when eGFR was 70-80 mL/min per
1.73 m [2, 3] and attributed the excess risk to
incipient microalbuminuria [4], which is also
associated with adverse events [5]. Other stud-

ies have linked higher levels of eGFR to an
increased risk of microalbuminuria or progres-
sive loss of kidney function in people with type
2 diabetes [6, 7], although not all reports have
confirmed these findings [8]. Data from nondia-
betic populations are more limited. A large
meta-analysis of seven previous studies with
more than 1.1 million participants reported a
similar increase in the relative risk of all-cause
and cardiovascular death at higher eGFR,
although absolute risks and the risks of indi-
vidual cardiovascular or renal events were not
reported [9]. Therefore, early detection can
ensure timely intervention and improvement of
treatment outcomes. Thus, reliable monitoring
of kidney function over time is of major impor-
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tance for the treatment and prevention of dia-
betic nephropathy.

Several equations have been developed for
daily clinical practice. Among them, the
Cockcroft-Gault (CG) equation [10] and the sim-
plified Modification of Diet in Renal Disease
(MDRD)equation [11] are the most frequently
used in adults. However, the performance of
the MDRD equation in diabetic patients has
been challenged by several studies [12, 13].
More recently, the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation
[14] was developed to reduce bias compared
with the MDRD equation, especially among
patients with an estimated GFR (eGFR) > 60
mL/min per 1.73 m?2 Indeed, the CKD-EPI
equation performed better than the MDRD
equation when validated in a multi-center sam-
ple representing different clinical characteris-
tics in 3896 subjects [14, 15]. However, recent
reports have not confirmed better performance
of the CKD-EPI over the CG and MDRD equa-
tions in estimating GFR in diabetic patients [16-
18]. There are also limited data regarding the
best method to estimate GFR in a Chinese
cohort.

Because the GFR is known to be affected by
hyperglycemia [19] and because diabetes is
often poorly controlled in many patients, the
aim of this study is to compare the influence of
hyperglycemia to the ability of the GFR estima-
tions of the CG, MDRD and CKD-EPI equations
to predict hyperfiltration in Chinese diabetic
patients.

Materials and methods
Patients and design

All subjects provided written informed consent,
and the study was approved by the ethics com-
mittee of Shanghai Jiao Tong University
Affiliated Sixth People’s Hospital and complied
with the Declaration of Helsinki.

In this cross-sectional study, we used data from
diabetic patients who underwent a GFR mea-
surement with °**mTc-DTPA for clinical reasons
between June 22, 2005, and May 28, 2012, at
the Department of Endocrinology and
Metabolism, Shanghai lJiao Tong University
Affiliated Sixth People’s Hospital, in Shanghai,
China. Patients who had diabetes without a his-
tory of non-diabetic renal disease and who had
at least one isotopic GFR measurement (mea-
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sured GFR, mGFR) were eligible for inclusion.
Patients with acute kidney function deteriora-
tion, edema, skeletal muscle atrophy, pleural
effusion or ascites, malnutrition, amputation,
heart failure, or ketoacidosis were excluded.
Patients who were taking cimetidine or trime-
thoprim or who were on any type of renal
replacement therapy were also excluded.

The collected data included gender, age, body
height, body weight, and mGFR. Fasting blood
was taken from selected patients to analyze
creatinine, urea nitrogen, fasting plasma glu-
cose and HbA, levels. We also measured the
2-hour postprandial plasma glucose during the
same visit.

Definition of hyperfiltration and CKD stages

CKD was diagnosed and classified according to
the K/DOQI clinical practice guidelines [20].
Normal values of °**mTc-DTPA were established
in 45 healthy individuals 29-80 years of age
matched to the study group by age, sex, and
BMI. The values of **mTc-DTPA GFR in the con-
trol group ranged from 49.02 to 138.80 mL/
min per 1.73 m2, with a mean + SD of 92.31 +
18.33 mL/min per 1.73 m2. The GFR values
exhibited a Gaussian distribution; thus, the
upper limit of normal was defined as 128.97
mL/min per 1.73 m2 (mean + 2SD), and the
threshold for hyperfiltration was defined as a
GFR of > 128.97 mL/min per 1.73 m2. This
method has been described in previous studies
[21-23].

GFR measurement

The glomerular filtration rate was measured by
the °°mTc-DTPA renal dynamic imaging method
using a Siemens e.cam single gamma camera
with HDR detector technology, standardized by
body surface area.

Other analyses

Serum creatinine levels were measured on a
Hitachi 7600 analyzer using Jaffe’s kinetic
method, which is described elsewhere [24].
HbA,  was determined by high-performance lig-
uid chromatography using the BioRad Vatiant Il
analyzer.

Estimations of renal function

Renal function was estimated from serum cre-
atinine by three methods: the CG equation,
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Table 1. Description of the patient population

Characteristic Control group Hyperfiltration 90 < GFR < 128.97 60 < GFR <90 GFR < 60

N (F/M) 45 (23/22) 340 (229/111) 1617 (749/868) 1214 (496/718) 321 (111/210)
Age (yr) 55.84+11.49 50.13+12.87° 55.43+11.93° 63.00+11.211ab¢ 68.80+11.212bcd
BMI (kg/m?) 24.16+2.68 22.72+3.16° 24.55+3.34° 25.39+3.40%b¢ 26.05+3.743bcd
SBP 130.27+18.03 130.08+£16.19 131.51+17.09 131.15+16.83 134.63+18.73%Pcd
DBP 81.71+£10.84 79.61+8.80 79.65+9.37 79.80+9.69 80.25+10.55
Duration of diabetes 0 8.06+6.57 8.18+6.71 8.47+6.87 9.2748.10
Proportion of patients with hypertension (%) 28.89 48.822 47.43¢ 47452 47.35°2
Proportion of patients taking ARB or ACEI (%) 0 15.73 18.41 34.23b¢ 46.15°¢d
Plasma creatinine (umol/I) 70.78+12.52 52.49+12.40° 62.57+13.93%P 73.53+£18.940¢ 117.76+83.172Pcd
Plasma urea nitrogen (umol/l) 4.62+1.30 5.031£1.45 5.38+2.36%° 5.82+1.7720¢ 8.18+4.092bcd
FPG (mmol/I) 5.02+0.35 9.12+3.08° 8.51+£2.802 7.98+2.76%0¢ 7.78+2.81aP¢
2HPG (mmol/I) 6.16+1.05 14.71+5.042 13.89+4.712" 13.79+4.87%° 13.31+5.132b¢
HbA, . (%) 5.35+0.24 9.72+2.407 9.09+2.25%P 8.93+2.402° 8.84+2.423b
Microalbuminuria (mg/24 h) 7.69 (1.17,4.95) 10.13 (6.50, 19.99)* 9.74 (6.06, 2 3.32)? 11.64 (6.44, 31.08)>>¢ 40.07 (9.27, 375.85)*P4d
MGFR/1.73 m? 92.31+18.33 140.67+10.19 105.83+10.59 76.3948.29 48.41+9.29
CG/1.73 m? 90.08+18.76 124.47+32.25" 107.63+29.89" 86.93+26.52"" 59.43+24.60™
MDRD/1.73 m? 97.93+19.82 143.97+38.37 113.19427.13" 92.69+23.93™ 63.76+25.64™"
CKD-EPI/1.73 m? 103.22+17.89"" 147.00+44.59" 112.22+27.29™ 92.92+21.23" 68.50+23.17"

aP < 0.05 versus control group; °P < 0.05 versus hyperfiltration; °P < 0.05 versus 90 < GFR < 128.97; 9P < 0.05 versus 60 < GFR < 90; "P < 0.05 versus mGFR per 1.73 m?; “*P <
0.01 versus mGFR per 1.73 m2. Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; 2HPG, 2-hpostprandial plasma glucose; mGFR, measured glomerular filtration

rate; CG, the Cockcroft-Gault equation; MDRD, the Modification of Diet in Renal Disease simplified equation; CKD-EPI, the Chronic Kidney Disease Epidemiology Collaboration (CKD-

EPI) equation.
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GFR,, = [140- age (years)] x 0.85 (if patient is
female) x 0.84 x weight (kg)/[Scr (mg/dL) x 72]
[10]; the abbreviated four-variable MDRD equa-
tion, GFR .- = 186 x [Scr (mg/dL)]™** x [age
(years)] 929 x 0.742 (if female) x 0.180 (if
patient is black); [25] the CKD-EPI equation,
GFR,,, = 141 x (Scr/k)* x (0.993)%° x 1.018 (if
patient is female) x 1.159 (if patient is black)

[14].

a. k = 0.7 (female) or 0.9 (male); b. a = -0.329
(female and Scr < 0.7 mg/dL), o = -1.209
(female and Scr > 0.7 mg/dL); c. o = -0.411
(male and Scr < 0.9 mg/dL), o = -1.209 (male
and Scr > 0.9 mg/dL).

Statistical analysis

Demographic data are presented as median
(interquartile range, IQR) or mean * standard
deviation (SD), depending on whether data
were skewed or not. Relationships between
MmGFR and eGFR were tested using linear
regression and Spearman correlation. To com-
pare the performance of the equations, we cal-
culated bias, precision, and accuracy as recom-
mended. Bias was defined as the mean abso-
lute difference between estimated and mea-
sured kidney function, whereas precision was
expressed as the SD of this difference. Accuracy
measures were used to define the best equa-
tion because this parameter is a combination
of bias and precision. Accuracy was calculated
as the percentage of patients who exhibited an
estimated kidney function within 15%, 30%, or
50% limits of the measured GFR. Differences in
bias and accuracy among the equations were
tested with the paired t-test or Chi-square test,
respectively.

Bias, precision, and accuracies were compared
before and after categorizing the patients
according to HbA,  squared [HbA < 7.2% (55
mmol/mol), HbA = 7.2%-8.7% (55-70 mmol/
mol), HbA,  8.7-10.5 (72-90 mmol/mol), HbA >
10.5% (91 mmol/mol)]. Furthermore, agree-
ment of the equations with mGFR was evaluat-
ed with the Bland-Altman method. The diagnos-
tic value of the three equations for the detec-
tion of CKD (IMGFR < 60 mL/min per 1.73 m?)
and hyperfiltration (InGFR > 128.97 mL/min
per 1.73 m?) was compared using the receiver-
operating characteristic (ROC) curve method.

Statistical analysis was performed using SPSS
statistical software (version 17.0, SPSS, Chi-
cago IL, USA) and MedCalc for Windows (ver-
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sion 4.3, MedCalc Software, Mariakerke, Bel-
gium).

Results
Description of the patient population

There were 3492 patients identified with both a
®*mTc-DTPA renal clearance result and serum
creatinine available. The characteristics of the
study population and control group are summa-
rized in Table 1. The population consisted of
four major groups divided by the glomerular fil-
tration rate: hyperfiltration (n = 340), 90 < GFR
< 128.97 mL/min per 1.73 m? (n = 1617), 60 <
GFR < 90 mL/min per 1.73 m? (n = 1214), and
GFR < 60 mL/min per 1.73 m? (n = 321).
Significant differences were observed among
the GFR groups with respect to age, body mass
index (BMI), and serum creatinine and serum
urea nitrogen. SBP was significantly higher in
the GFR < 60 group compared with the other
four groups. However, DBP and the duration of
diabetes did not vary significantly among the
groups. The proportion of patients taking ARB
or ACEI in the GFR < 90 group was significantly
higher than in the GFR > 90 group. Significant
differences were observed among the control
group, hyperfiltration group, 90 < GFR < 128.97
group and the 60 < GFR <90 group with respect
to fasting plasma glucose and 2-h postprandial
plasma glucose. HbA , the proportion of
patients with hypertension and the proportion
of patients with microalbuminuria were signifi-
cantly lower in the control group than in the
other four groups; the HbA in the GFR <
128.97 group was significantly higher than in
the hyperfiltration group. Significant differenc-
es were observed among the 90 < GFR <
128.97 group, the 60 < GFR < 90 group and
the GFR < 60 group with respect to microalbu-
minuria. GFR was significantly lower than the
MGFR when estimated by the CG equation in
the hyperfiltration group but was significantly
higher than the mGFR when the GFR was <
128.97. The eGFR calculated by MDRD equa-
tion significantly over estimated mGFR when
GFR was < 128.97. The eGFR calculated by the
CKD-EPI equation significantly over estimated
mMGFR in all categories.

Performance of the CG, MDRD, and CKD-EPI
equations in estimating GFR among all sub-
jects

Table 2 lists the bias, precision, accuracy, cor-
relation coefficient, regression coefficient, in-
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Table 2. Performance of the CG, MDRD, and CKD-EPI equations in estimating GFR in all subjects

Parameter CG equation MDRD equation CKD-EPI equation
Absolute Bias 21.77 20.83¢ 20.402¢
Precision 19.34 19.53 20.382
Accuracy within 15% (%) 0.363 0.3722 0.4902°
Accuracy within 30% (%) 0.643 0.659° 0.725%>
Accuracy within 50% (%) 0.861 0.855? 0.868

R 0.562 0.629° 0.649°

r 0.547 0.633 0.623

Intercept (95% Cl)
Slope (95% ClI)

31.74 (28.28, 35.21)
0.70 (0.67, 0.74)

27.43 (24.18, 30.68)
0.82(0.79, 0.86)

29.64 (26.38, 32.89)
0.80 (0.77, 0.84)

3P < 0.01 versus CG equation, °P < 0.01 versus MDRD equation, °P < 0.05 versus CG equation, P < 0.05 versus MDRD equa-
tion, P = 0.053 versus MDRD equation. Abbreviations: R, correlation coefficient; r, regression coefficient; CG, the Cockcroft-
Gault equation; MDRD, the Modification of Diet in Renal Disease simplified equation; CKD-EPI, the Chronic Kidney Disease

Epidemiology Collaboration (CKD-EPI) equation.
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Figure 1. Bland-Altman plot depicting disagreement between estimated GFR and mGFR. The red line indicates the
regression line of differences versus averages; A. CG equation; B. MDRD equation; C. CKD-EPI equation. Abbrevia-
tions: CG, the Cockcroft-Gault equation; MDRD, the Modification of Diet in Renal Disease simplified equation; CKD-
EPI, the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.

tercept and slope of the regression models of
each equation. The bias was the smallest for
the CKD-EPI equation (P < 0.01 compared with
CG, P =0.053 compared with MDRD), although
it exhibited the worst precision versus both
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other equations (P < 0.01 compared with CG, P
< 0.05 compared with MDRD). The accuracy
within £15% or £30% of the CKD-EPI equation
was significantly higher than that of the CG or
MDRD equation, but the accuracy within £50%

Int J Clin Exp Med 2015;8(12):22084-22097
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Figure 2. ROC curves in the overall population. Diagnosis of moderate renal failure (GFR < 60 mL/min per 1.73 m?
(A) and hyperfiltration (B). ?P < 0.01 versus both equations. Abbreviations: CG, the Cockcroft-Gault equation; MDRD,
the Modification of Diet in Renal Disease simplified equation; CKD-EPI, the Chronic Kidney Disease Epidemiology

Collaboration (CKD-EPI) equation.

of the CKD-EPI equation did not differ signifi-
cantly from the other two equations. All of the
equations were strongly correlated with mGFR,
and the correlation coefficient of CKD-EPI was
the highest (r = 0.649, P < 0.01 compared with
CQG).

The Bland-Altman plots for the agreement of
eGFR and mGFR against the combined mean
values are depicted in Figure 1. The limits of
agreement for the CG, MDRD, and CKD-EPI
equations were -60.5 to 52.6, -62.6 to 41.0,
and -63.3 to 41.0 mL/min per 1.73 m?, respec-
tively. The regression line of differences versus
averages demonstrates that the CKD-EPI equa-
tion was closer to the identical line than were
the other equations. For the detection of hyper-
filtration, the CDK-EPI equation exhibited the
best performance with the greatest combina-
tion of sensitivity and specificity (AUC = 0.859,
P < 0.01 versus both other equations), but the
three equations did not differ from each other
with respect to the diagnosis of moderate renal
failure (GFR < 60 mL/min per 1.73 m?) (Figure
2).
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Performance of the equations according to the
HbA, level

Because GFR is known to be affected by hyper-
glycemia, we analyzed the results according to
HbA, _levels. First, we compared the applicabil-
ity of the three equations at the same HbA,
levels. Table 3 lists the eGFR, bias, precision,
accuracy, correlation coefficient, regression
coefficient, intercept and slope of the regres-
sion models of each equation at different HbA
levels. The mean “°mTc-DTPA GFR in the HbA
< 7.2% (55 mmol/mol) cohort was 90.16+
24.84, and the mean mGFR was 96.40+27.72
in the HbA, > 10.5% cohort (91 mmol/mol). In
the HbA, < 7.2% (55 mmol/mol) cohort, the
eGFR of the MDRD and the CKD-EPI equations
significantly overestimated the mGFR. However,
the three equations all significantly overesti-
mated the mGFR in the HbA, > 10.5% cohort
(91 mmol/mol). The bias of the CKD-EPI study
equation obtained in the HbA, < 7.2% (55
mmol/mol) cohort was significantly lower than
that obtained by the other two equations (P <
0.05), even though there were no significant
differences among the three equations with

Int J Clin Exp Med 2015;8(12):22084-22097
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Table 3. Comparison of the classification of patients stratified by of HbA, _using various estimated GFR equations

HbA
Parameter (95% CI) <7.2% >10.5%

CG MDRD CKD-EPI CG MDRD CKD-EPI
eGFR 91.17+29.60 97.42+29.81 99.65+29.52 103.84+38.15 113.11+39.86 111.76+40.66
Absolute Bias 20.53 19.00¢ 18.97¢4 24.50 25.37 24.31
Precision 17.77 18.03 18.20 22.56 23.92 25.69¢
R 0.514 0.588° 0.635° 0.569 0.634° 0.6472
r 0.514 0.59 0.61 0.553 0.643 0.624
Intercept 35.90 (29.35, 42.46) 33.71(27.48, 39.93) 34.82(28.75, 40.89) 30.49 (22.97, 38.01) 24.02 (16.80, 31.24) 23.52 (16.00, 31.03)
slope 0.61 (0.54, 0.68) 0.71(0.64, 0.77) 0.72 (0.65, 0.78) 0.76 (0.69, 0.84) 0.92 (0.85, 1.00) 0.92 (0.84, 0.99)
Accuracy within 15% 0.393 0.407° 0.4843° 0.337 0.3172 0.4742°
Accuracy within 30% 0.685 0.683° 0.730°4 0.570 0.598? 0.769%°
Accuracy within 50% 0.888 0.887 0.887 0.814 0.790° 0.9302°

3P < 0.01 versus CG, "P < 0.01 versus MDRD, °P < 0.05 versus CG, P < 0.05 versus MDRD. Abbreviations: R, correlation coefficient; r, regression coefficient; CG, the Cockcroft-Gault
equation; MDRD, the Modification of Diet in Renal Disease simplified equation; CKD-EPI, the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.
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Figure 3. ROC curves in the HbA, < 7.2% cohort. Diagnosis of moderate renal failure (GFR < 60 mL/min per 1.73
m?2, (A) and hyperfiltration (B). 2P < 0.01 versus both other equations. Abbreviations: CG, the Cockcroft-Gault equa-
tion; MDRD, the Modification of Diet in Renal Disease simplified equation; CKD-EPI, the Chronic Kidney Disease

Epidemiology Collaboration (CKD-EPI) equation.

respect to precision. In the HbA > 10.5%
cohort (91 mmol/mol), there were no significant
differences among the equations with respect
to bias. The precision of the CKD-EPI equation
was significantly higher than that of the MDRD
equation (P < 0.05). In both of the cohorts, the
correlation coefficient of mGFR and eGFR was
significantly better for the CKD-EPI equation
than for the CG equations, but there was no sig-
nificant difference between the CKD-EPI and
MDRD equations. In both cohorts, the accuracy
within 15% or 30% was significantly better for
the CKD-EPI equation than for the other two
equations. In the HbA, > 10.5% cohort, the
CKD-EPI equation also exhibited improved
accuracy within 50% compared with the CG and
MDRD equations.

The ability of the three equations to diagnose
moderate renal failure and hyperfiltration at dif-
ferent HbA,  levels is presented in Figures 3
and 4. The CKD-EPI equation is significantly
better for the detection of hyperfiltration at
both HbA levels. In the HbA, > 10.5% sub-
group, the MDRD equation exhibited superior
performance in diagnosing moderate renal fail-
ure compared with the CKD-EPI equation.
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Figure 5 graphically represents agreement
between each equation and the Bland-Altman
method in the HbA < 7.2% cohort. The low
limit and upper limit were, respectively, -54.21
and 52.19 for CG, -56.59 and 42.07 for MDRD,
and -57.55 and 38.57 for CKD-EPI. The regres-
sion line of the CKD-EPI equation was much
closer to the line of equality than were those of
the other equations. By contrast, for the popu-
lation with HbA, > 10.5% (Figure 6), the lower
limit and upper limit were -71.09 to 56.22,
-76.70 to 43.27, and -77.82 to 47.09, respec-
tively, and the regression line of the CG equa-
tion was much closer to the identical line.

Furthermore, we compared the performance of
the same equation at different HbA, levels.
Figure 7 demonstrates that all of the estima-
tions are influenced by the HbA level, espe-
cially the MDRD equation. The biases of the
three equations were significantly higher in the
HbA, = 10.5% (91 mmol/mol) subgroup com-
pared with the HbA, < 7.2% (55 mmol/mol)
cohort (P < 0.01). The Bland-Altman method at
various HbA levels demonstrated that the
limit and regression line of the three equations
was much better in the HbA, <7.2% (55 mmol/

Int J Clin Exp Med 2015;8(12):22084-22097
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Figure 4. ROC curves in the HbA, > 10.5% cohort. Diagnosis of moderate renal failure (GFR < 60 mL/min per 1.73
m?2, (A) and hyperfiltration (B). 2P < 0.05 versus both other equations, °P = 0.04 versus MDRD. Abbreviations: CG,
the Cockcroft-Gault equation; MDRD, the Modification of Diet in Renal Disease simplified equation; CKD-EPI, the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.

mol) cohort compared with the HbA, > 10.5%
(91 mmol/mol) cohort.

Discussion

This is the first study to indicate that the CDK-
EPI equation exhibits the best performance in
detecting hyperfiltration in diabetic patients,
although there were no differences among the
three equations in identifying patients with
moderate renal failure. The highest accuracy
within +15%, and +30% was also reached with
the CKD-EPI equation in both cohorts. However,
all of the equations exhibited greater absolute
bias in the HbA, > 10.5% (91 mmol/mol) cohort
than in the cohort with HbA, < 7.2% (55 mmol/
mol), especially the MDRD equation.

Our study demonstrated significant advantages
in the diagnosis of hyperfiltration and the iden-
tification of early renal impairment by CKD-EPI
in a large cohort of diabetic patients, which has
been reported in previous studies only infre-
quently [12]. Hyperfiltration is thought to be a
maladaptive response to glomerular hemody-
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namic disturbances that eventually leads to the
development of diabetic nephropathy [26, 27],
which is also a well-characterized phenomenon
in the early phase of renal involvement in dia-
betic nephropathy.

Although the exact incidence of hyperfiltration
has not previously been reported, it has been
regarded as a putative risk factor in the patho-
genesis of clinical nephropathy [2]. The recent
study by Magee et al. reported that individuals
with type 1 diabetes who exhibit glomerular
hyperfiltration or elevated GFR subsequently
develop an increased risk of diabetic nephropa-
thy [28]. Hyperfiltration in type 2 diabetes has
been associated with a greater rate of decline
in GFR over a 6-year period than in normofilter-
ing and non-diabetic control subjects [6]. As
the first stage of diabetic nephropathy, hyperfil-
tration can last as long as 10 years after diag-
nosis. Therefore, attention should be paid to
the early detection and treatment of hyperfiltra-
tion. Our study demonstrated that the CKD-EPI
equation might be a superior surrogate marker
of GFR in patients with hyperfiltration and could
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Figure 5. Bland-Altman plot demonstrating the disagreement between estimated GFR and mGFR in the HbA, <
7.2% cohort. The red line indicates the regression line of differences versus averages; A. CG equation; B. MDRD
equation; C. CKD-EPI equation. Abbreviations: CG, the Cockcroft-Gault equation; MDRD, the Modification of Diet
in Renal Disease simplified equation; CKD-EPI, the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)

equation.

be used as a screening tool for early renal
impairment in diabetes.

Our data demonstrated that the CKD-EPI equa-
tion performance was superior to that of the
MDRD equation in our population of diabetic
patients. The mean absolute bias was the
smallest for CKD-EPI equation in the HbA, <
7.2% (55 mmol/mol) cohort, and the highest
accuracy within +15%, and +*30% was also
reached with the CKD-EPI equation in both
cohorts. This result was consistent with most of
the previous studies in the general population
and in diabetic patients [12, 13, 29]. However,
several authors have reported that the CKD-EPI
exhibits worse performance compared with the
MDRD or CG equations [16-18]. This discrep-
ancy could be attributed to (1) differences
between Caucasian and Asian populations,
including the constitution of CKD [30] and the
proportions of diabetic patients and type 1 dia-
betic patients; (2) the influence of the age, BMI,
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and mGFR of the cohort [29]; (3) the methods
of measuring serum creatinine; (4) the influ-
ences of gender, muscle mass and analytical
interference on serum creatinine; and (5) the
distinction between stable patients and pro-
gressors in clinical trials [31].

Additionally, in our study, we found that glyce-
mic status could be another factor interfering
with the applicability of the equation. In the
HbA, = 10.5% (91 mmol/mol) cohort, the three
equations demonstrated more absolute bias
than in the HbA, < 7.2% cohort (55 mmaol/mol).
In the HDA, < 7.2% (55 mmol/mol) cohort, the
MDRD and CKD-EPI equations significantly
overestimated the GFR. However, the three
equations all significantly overestimated the
GFR in the HbA, > 10.5% cohort (91 mmol/
mol). This was consistent with previous find-
ings. A study in 2012 from Korea on 210 type 2
diabetic patients found that all of the creati-
nine-based equations were affected by the
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Figure 7. Bias of the CG, MDRD, and CKD-EPI equations in estimating
GFR in the control group, HbA, < 7.2% cohort, and HbA, = 10.5% cohort.
2P < 0.05 versus control and HbA, < 7.2% cohort. Abbreviations: CG, the
Cockceroft-Gault equation; MDRD, the Modification of Diet in Renal Dis-
ease simplified equation; CKD-EPI, the Chronic Kidney Disease Epidemiol-

ogy Collaboration (CKD-EPI) equation.

hyperglycemia [32]. All methods for estimating
GFR underestimated mGFR in the HbA >
10.8% subgroup. Silveiro SP et al. found that
the CKD-EPI and MDRD equations exhibited
poor performance in estimating the GFR in indi-
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B HbA.210.5%

viduals with diabetes, especially
for high-normal GFRs, with a pro-
nounced underestimation [18].
With respect to the estimation of
GFR through predictive equa-
tions, this disappointing perfor-
mance seems to be associated
with specific characteristics of
the patients with diabetes, such
as hyperglycemia, glomerular
hyperfiltration, and obesity, whi-
ch most likely highlights the limi-
tations of creatinine itself as a
GFR marker. Hyperglycemia may
interfere in GFR calculations in
two ways. First, it has long been
known that glucose levels above
300 mg/dL may affect the ability
of the Jaffe reaction to measure creatinine
[33]. Indeed, a previous study has reported
that patients with type 2 diabetes exhibit high-
er serum creatinine levels than healthy individ-
uals, despite similar GFR values [34]. Another
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possible explanation could be the hyperglyce-
mia-induced glomerular hyperfiltration and the
inability of creatinine to mark this typical phe-
nomenon of diabetes [23].

Although all three equations were inaccurate,
the applicability of the improved abbreviated
MDRD equation was worse when glucose con-
trol was poor. This finding is consistent with the
study of Oh SJ et al. [32], who reported that the
performance of the MDRD equation was worse
than that of the CKD-EPI equation, with higher
bias, especially for normal GFR. The main rea-
son for this difference may be that the original
MDRD cohort did not contain any individuals
with diabetic kidney disease, and only few were
of nonwhite race or were older than 70 years of
age; these differences limit the generalizability
of the equation particularly because all three
parameters are important risk factors for CKD.
Furthermore, the mGFR of our population was
higher compared with individuals with CKD, in
whom the MDRD equation was developed [29].
Despite the fact that the MDRD equation is rea-
sonably accurate for patients with CKD stage 3
and above, there are some recognized limita-
tions to its use. Most notably, the MDRD equa-
tion is not as accurate for higher levels of GFR
and tends to overestimate the prevalence of
CKD stage 3 in the general population. This
underestimation of GFR might affect the per-
formance of MDRD equation in diabetes.

There are several limitations in this study. First,
the mGFR measurement method is different
from that used by the MDRD Study and the
CKD-EPI equation derivation populations. Our
study used the °*mTc-DTPA renal dynamic imag-
ing method as a reference method for GFR.
Moreover, the mGFR in the MDRD Study and
CKD-EPI equation were obtained by renal clear-
ance of '?%|-iothalamate. Systemic differences
in the eGFR equations derived from the statisti-
cal regression model cannot be avoided
because two distinct methods were used to
obtain the mGFR. Second, due to limited condi-
tions, serum creatinine could not be measured
by isotope dilution mass spectrometry.

In conclusion, this study demonstrated that the
CKD-EPI equation could be used as a screening
tool for hyperfiltration. Furthermore, the CKD-
EPI equation exhibited acceptable performance
compared with the CG and MDRD equations in
Chinese diabetes patients. Therefore, the CKD-
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EPI equation is more suitable for diabetic
patients and exhibited a significant advantage
in the diagnosis of early renal impairment in
diabetes. However, this study demonstrated
that the CG, MDRD and CKD-EPI equation were
all influenced by hyperglycemia, especially for
the MDRD equation. Although it was the least
affected, the original CKD-EPI equation did not
include variables for Asian and diabetic
patients, so the equation exhibits a large bias
in Chinese patients, Therefore, a new term for
Chinese diabetic patients should be included in
the equation to improve accuracy.
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