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Comparison of Chronic Kidney Disease Prevalence Examined by
the Chronic Kidney Disease Epidemiology Collaboration

Equation With That by the Modification of Diet in Renal Disease
Equation in Korean Adult Population
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Background: The new estimated glomerular
filtration (eGFR) equation, Chronic Kidney
Disease Epidemiology Collaboration (CKD-
EPI) equation, was recently introduced. We
compared the prevalence of CKD exam-
ined by the CKD-EPI equation with that by
the Modification of Diet in Renal Disease
(MDRD) equation. Methods: We analyzed
the data from a total of 14,605 Korean adults
(age ≥20 years), who were enrolled in the
Korean National Health and Nutrition Ex-
amination Survey in 2007, 2009, and 2010.
CKD stages 1 and 2 were defined as eGFR
≥60 mL/min/1.73 m2 with proteinuria mea-
sured by dipstick. CKD stages 3–5 were
defined as eGFR <60 mL/min/1.73 m2.
Results: The eGFRs calculated by the CKD-
EPI equation were higher than those calcu-
lated by the MDRD equation (P < 0.001),

especially in women and young people. The
prevalence of CKD stages 3–5 calculated
by the MDRD equation was 6.8%, 3.0%,
and 3.0% in 2007, 2009, and 2010, respec-
tively. The prevalence of CKD stages 3–5
calculated by CKD-EPI equation was 7.7%,
2.7%, and 2.6% in 2007, 2009, and 2010,
respectively. When defining the CKD us-
ing the CKD-EPI equation, 55 (32.7%) of
350 cases were reclassified into more ad-
vanced stages and 295 cases (67.3%) were
reclassified into less-advanced stages.
Conclusion: The CKD-EPI equation caused
an overall low prevalence of CKD compared
to the MDRD. Therefore, CKD-EPI equation
might be helpful to prevent an overestima-
tion of CKD. J. Clin. Lab. Anal. 28:320–327,
2014. C© 2014 Wiley Periodicals, Inc.
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INTRODUCTION

Chronic kidney disease (CKD) is a global health prob-
lem owing to its relative high prevalence and adverse com-
plications (1). The prevalence of CKD is widely increasing
around the world. In the United States, the prevalence of
CKD stage 3 increased from 5.4 to 7.7% over a period of
5 years (2). In Japan, the prevalence of CKD stage 3–5 in-
creased from 4.8 to 15.7% in men, and from 5.8 to 11.7% in
women over three decades (3). Moreover, the risk factors
of CKD such as obesity, hypertension (HTN), and dia-
betes mellitus (DM) have also increased worldwide (4, 5).
Therefore, investigation of the trends of CKD prevalence
and early detection of CKD patients are important in the
establishment of strategies for CKD management.

The glomerular filtration rate (GFR), evidence kidney
damage (albuminuria, proteinuria, and hematuria), and

duration (≥3 months) are used to define and classify
the CKD (6). In general, GFRs are calculated using an
equation, most commonly the MDRD (Modification of
Diet in Renal Disease) equation. It is well known that the
major limitation of the MDRD equation is underestima-
tion of estimated GFR (eGFR) in young people and low
accuracy in measured GFR >60 mL/min/1.73 m2. In
order to overcome these problems, a new equation (CKD
epidemiology collaboration, CKD-EPI) was recently
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introduced and the US National Kidney Foundation
recommended the use of CKD-EPI instead of the MDRD
equation (7). Comparison studies of the two equations
are being conducted in many countries. However, there
has been no study comparing CKD-EPI to the MDRD
equation in the calculation of GFR among the general
healthy population of Korea until now. We compared
CKD-EPI and the MDRD equation using the data from
the Korean National Health and Nutrition Examination
Survey (KNHANES). We also investigated the trends of
CKD prevalence.

MATERIALS AND METHODS

Study Population and Data Selection

KNHANES is a cross-sectional and nationwide survey
on health and nutrition status. We analyzed the data from
the first and third year of fourth KNHANES (2007, 2009),
and from the first year of the fifth KNHANES (2010).
We excluded the data from the second year of the fourth
KNHANES (2008) due to heterogeneity of creatinine
assay methods and control materials resulting from the
change of laboratories. After excluding the cases of miss-
ing data on laboratory findings or clinical information, a
total of 14,605 cases were enrolled in this study (Table 1).

Methods of Health Examination

The characteristics analyzed were as follows: age, sex,
medical history (HTN, DM, hypercholesterolemia, cere-
brovascular accident (CVA), and acute coronary syn-
drome (ACS), smoking history, height, waist circumfer-
ence, and obesity (body mass index, BMI, ≥25 kg/m2).
The percent of medication was defined as the percent of
patients taking medicines among patients with DM or
HTN.

Urine protein was semiquantitatively measured by urine
dipstick. We defined proteinuria as ≥1+. Serum creatinine
was measured by the Jaffe method. In 2007, serum creati-
nine was measured by ADVIA 1650 (Siemens, Deerfield,
IL) that was traceable to the HPLC (high-performance liq-
uid chromatography) method. In 2009 and 2010, serum
creatinine was measured by a Hitachi Automatic Ana-
lyzer (Hitachi, Tokyo, Japan) using Roche reagent, CREA
(Roche, Basel, Switzerland) that was traceable to the
ID-MS (isotope dilution mass spectrometry) reference
method. Serum low-density lipoprotein (LDL) cholesterol
was calculated by the equation, LDL cholesterol = total
cholesterol – high-density lipoprotein (HDL) cholesterol
– (triglyceride/5). Blood pressure (BP) was measured by a
sphygmomanometer with standard protocols. The mean
of the second and third results was used as the final dias-
tolic and systolic BP.

eGFR and CKD Staging

The four-variable MDRD equation is eGFR = 186 ×
serum creatinine−1.154 × age−0.203 × 1.212 (if black) ×
0.742 (if female), where serum creatinine is expressed
in milligrams per deciliters. The CKD-EPI equation is
eGFR = 141 × min(Scr/κ, 1)α × max(Scr/κ, 1)−1.209

× 0.993Age × 1.018 (if female) − 1.159 (if black), where
Scr is serum creatinine, κ is 0.7 for females and 0.9 for
males, α is −0.329 for females and −0.411 for males,
min indicates the minimum of Scr/κ or 1, and max
indicates the maximum of Scr/κ or 1 (7). The eGFR
is expressed as milliliters (mL) per minute per 1.73 m2.
When calculating using the MDRD equation with
creatinine values measured by ID-MS calibrated assay,
final eGFR was obtained by multiplying by 175/186 (8).

We classified the CKD stage according to the Kidney
Diseases Outcomes Quality Initiative (KDOQI) guide-
lines (6). The CKD stages were defined as follows:
no CKD, eGFR ≥60 mL/min/1.73 m2 without pro-
teinuria; stage 1, eGFR ≥90 mL/min/1.73 m2 with
proteinuria; stage 2, 60 mL/min/1.73 m2 ≤ eGFR
< 90 mL/min/1.73 m2 with proteinuria; stage 3,
30 mL/min/1.73 m2 ≤ eGFR < 60 mL/min/1.73 m2;
stage 4, 15 mL/min/1.73 m2 ≤ eGFR < 30 mL/min/
1.73 m2; and stage 5, eGFR <15 mL/min/1.73 m2.

Statistics

Continuous data of the three groups were compared
using the Kruskal–Wallis test or one-way analysis of
variance. Categorical data were compared using the chi-
square test or Fisher’s exact test. The linear-by-linear as-
sociation was used to evaluate the trends of CKD preva-
lence according to age and survey year. A kappa value
was used to evaluate the degree of agreement. A P-value
<0.05 was considered statistically significant. Statistical
analysis was performed by PASW Statistics 20.0 (IBM,
Armonk, NY).

RESULTS

A total of 14,605 participants were enrolled in this study.
The proportion of males to females and age groups were
similar between survey years (P = 0.1). The prevalence
of DM patients was 7.6, 8.0, and 8.4% in 2007, 2008,
and 2010, respectively (P = 0.5). The prevalence of HTN
patients was 19.2, 21.5, and 22.9% in 2007, 2008, and
2010, respectively (P = 0.001). The prevalence of hyperc-
holesterolemia was 6.1, 8.6, and 10.9% in 2007, 2008, and
2010, respectively (P < 0.001). However, the prevalence
of CVA patients decreased (2.6, 2.0, and 1.8% in 2007,
2008, and 2010, respectively). The serum creatinine levels
significantly decreased, and the levels were 0.97 ± 0.26,
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TABLE 1. Characteristics of KNHANES Participants

2007 2009 2010 P-value

n 2,692 6,627 5,286
Age group (%)

20–39 years 30.8 31.0 30.2 0.6
40–59 years 36.8 38.3 39.5 0.06
≥60 years 32.4 30.7 30.4 0.2

Male (%) 43.5 45.9 45.4 0.1

Medical history
ACS history (%) 3.1 2.0 3.0 0.001
CVA history (%) 2.6 2.0 1.8 0.04
DM history (%) 7.6 8.0 8.4 0.5
DM medicationa (%) 90.4 95.0 94.5 0.06
Hypercholesterolemia history (%) 6.1 8.6 10.9 <0.001
HTN history (%) 19.2 21.5 22.9 0.001
HTN medicationb (%) 99.2 99.0 97.2 0.001

Systolic BP (mmHg, mean ± SD) 118.1 ± 17.5 121.0 ± 17.6 121.5 ± 17.7 <0.001
Diastolic BP (mmHg, mean ± SD) 75.9 ± 10.0 78.4 ± 10.6 77.6 ± 10.6 <0.001
Fasting glucose (mg/dL, mean ± SD) 96.3 ± 22.5 98.2 ± 24.3 97.5 ± 21.3 0.002
Serum urea nitrogen (mg/dL, mean ± SD) 15.0 ± 4.8 14.6 ± 4.4 14.1 ± 4.4 <0.001
Serum creatinine (mg/dL, mean ± SD) 0.97 ± 0.26 0.83 ± 0.23 0.82 ± 0.20 <0.001
Total cholesterol (mg/dL, mean ± SD) 189.1 ± 36.1 187.6 ± 35.6 189.4 ± 36.7 0.02
Triglycerides (mg/dL, mean ± SD) 132.3 ± 78.2 136.6 ± 110.2 133.7 ± 109.0 0.1
LDL cholesterol (mg/dL, mean ± SD) 115.0 ± 32.2 112.8 ± 33.6 114.4 ± 33.8 0.003
HDL cholesterol (mg/dL, mean ± SD) 47.6 ± 10.0 47.5 ± 10.8 48.3 ± 11.0 0.001
Proteinuria (≥1+, %) 9.0 7.0 7.9 0.005
Present smoking (%) 21.1 23.4 21.8 0.02
Height (cm, mean ± SD) 161.0 ± 9.4 162.3 ± 9.4 162.5 ± 9.2 <0.001
Weight (kg, mean ± SD) 61.7 ± 11.1 62.7 ± 11.6 62.5 ± 11.5 <0.001
BMI (kg/m2, mean ± SD) 23.7 ± 3.2 23.7 ± 3.3 23.7 ± 3.3 0.4
Waist circumference (cm, mean ± SD) 82.5 ± 9.6 81.4 ± 9.9 81.2 ± 9.9 <0.001
Obesity (BMI ≥25 kg/m2, %) 32.3 32.7 32.1 0.8
CKD stage 3 ≤ MDRD (%) 6.8 3.0 3.0 <0.001
CKD stage 3 ≤ CKD-EPI (%) 7.7 2.7 2.6 <0.001
eGFR (mL/min/1.73 m2, MDRD (mean ± SD)) 77.2 ± 12.5 89.6 ± 17.1 89.6 ± 17.1 <0.001
eGFR (mL/min/1.73 m2, CKD-EPI (mean ± SD)) 80.3 ± 14.7 96.0 ± 17.0 95.9 ± 16.7 <0.001

aPatients with medication/present DM patients.
bPatients with medication/present HTN patients. The data are presented as n and percentage, or mean ± SD (standard deviation).

0.83 ± 0.23, and 0.82 ± 0.20 mg/dL in 2007, 2009, and
2010, respectively (P < 0.001). The prevalence of protein-
uria was 9.0, 7.0, and 7.9% in 2007, 2009, and 2010, re-
spectively (P = 0.005). The characteristics of participants
are summarized in Table 1.

The eGFRs calculated by the MDRD equation were
77.2 ± 12.5, 89.6 ± 17.1, and 89.6 ± 17.1 mL/min/1.73 m2

in 2007, 2009, and 2010, respectively (P < 0.001). The
eGFRs calculated by the CKD-EPI equation were 80.3
± 14.7, 96.0 ± 17.0, and 95.9 ± 16.7 mL/min/1.73 m2

in 2007, 2009, and 2010, respectively (P < 0.001). The
eGFRs calculated by the CKD-EPI equation were higher
than those calculated by the MDRD equation espe-
cially in younger patients (Fig. 1). However, in the old
population (men ≥70 years, women ≥80 years), eGFRs
calculated by the MDRD equation were higher than
those calculated by the CKD-EPI equation. The Bland–
Altman plots of difference between eGFRs calculated

by the MDRD and CKD-EPI equations are shown in
Figure 2.

The prevalence of CKD stages 3–5 (calculated by the
MDRD equation) was 6.8, 3.0, and 3.0% in 2007, 2009,
and 2010, respectively (P < 0.001, Table 2). The prevalence
of CKD stages 3–5 (calculated by CKD-EPI equation)
was 7.7, 2.7, and 2.6% in 2007, 2009, and 2010, respectively
(P < 0.001). The prevalence of CKD stages 3–5 increased
with age (P < 0.001).

When defining the CKD using the CKD-EPI equation,
350 cases (24.0%) were reclassified compared to the results
by the MDRD equation (Table 3). Fifty-five cases (32.7%,
up-stage group) of three hundred fifty cases were reclas-
sified into more advanced stages and 295 cases (67.3%,
down-stage group) were reclassified into less-advanced
stages. Thirty-seven cases of fifty-five cases (67.3%)
were reclassified from no-CKD stage to CKD stage 3.
Two hundred twenty-six cases (76.6%) of two hundred
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Fig. 1. Box and whisker plot of the difference of eGFR (mL/min/1.73 m2) calculated by the MDRD and CKD-EPI equations in male (A) and
female (B). Boxes show interquartile ranges and median values. The difference of eGFR decreased with age (P-value for linear by linear association
was <0.001).

ninety-five cases were reclassified from CKD stage 2 to
CKD stage 1. Fifty-nine cases of two hundred ninety-five
cases (16.9%) were reclassified from CKD 3 and 4 to
no-CKD. The proportion of the old-age (≥60 years)
population was higher in the up-stage group than that
in the down-stage group (100 vs. 20%, Table 4). The
proportion of patients with HTN history was significantly
higher in the up-stage group than in the down-stage
group (40.0 vs. 25.1%). The proportions of DM, CVA,
and ACS history were also higher in the up-stage group
than in the down-stage group.

DISCUSSION

The MDRD equation was made based on the data of
patients with mildly decreased renal function with a mean

measured GFR of 40 mL/1.73 m2 (9). Therefore, MDRD
has a limitation of underestimating GFR in individuals
with GFR >60 mL/min/1.73 m2. This limitation results
in an overestimation of CKD prevalence. To overcome
this limitation, the CKD-EPI equation was developed
based on the data of individuals with normal or
mildly decreased renal function (measured mean GFR of
68 mL/min/1.73 m2) (7). In comparison with the MDRD
equation, the CKD-EPI equation shows less bias (median
difference between measured and estimated GFR of
2.5 vs. 5.5 mL/min/1.73 m2, respectively), improved
precision (interquartile range of the differences of 16.6 vs.
18.3 mL/min/1.73 m2), and improved accuracy (percent
of the difference of GFR within 30% of measured GFR of
84.1 vs. 80.6% respectively) especially in cases with higher
GFR (≥60 mL/min/1.73 m2) (7). Several studies have

Fig. 2. Bland–Altman plots of eGFR (mL/min/1.73 m2) calculated by the MDRD and CKD-EPI equations in male (A) and female (B).
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TABLE 2. Trends of CKD Prevalence in Korea Over 4 Years (2007–2010)

CKD stage 3–5

MDRD CKD-EPI

Year Age Male (%) Female (%) Total (%) P-value Male (%) Female (%) Total (%) P-value

2007 20–39 1/368 (0.3) 2/461 (0.4) 3/829 (0.4) <0.001a <0.001b 0/368 (0) 0/461(0) 0/829(0) <0.001a <0.001b

40–59 7/430 (1.6) 20/560 (3.6) 27/990 (2.7) 5/430 (1.2) 14/560 (2.5) 19/990 (1.9)
≥60 44/374 (11.8) 108/499 (21.6) 152/873 (17.4) 67/374 (17.9) 122/499 (24.4) 189/873 (21.6)
Total 52/1,172 (4.4) 130/1,520 (8.6) 182/2,692 (6.8) 72/1,172 (6.1) 136/1,520 (8.9) 208/2,692 (7.7)

2009 20–39 1/1,003 (0) 0/1,050 (0) 1/2,053 (0) <0.001b 1/1,003 (0) 0/1,050 (0) 1/2,053 (0) <0.001b

40–59 25/1,145 (2.2) 8/1,392 (0.6) 33/2,537 (1.3) 12/1,145 (1.0) 5/1,392 (0.4) 17/2,053 (0.8)
≥60 82/896 (9.2) 85/1,141 (7.4) 167/2,037 (8.2) 79/896 (8.8) 79/1,141 (6.9) 158/2,037 (7.8)
Total 108/3,044 (3.5) 93/3,583 (2.6) 201/6,627 (3.0) 92/3,044 (3.0) 84/3,583 (2.3) 176/6,627 (2.7)

2010 20–39 0/715 (0) 0/879 (0) 0/1,594 (0) <0.001b 0/715 (0) 0/879 (0) 0/1,594 (0) <0.001b

40–59 19/942 (2.0) 12/1,144 (1.0) 31/2,086 (1.5) 12/942 (1.3) 2/1,144 (0.2) 14/2,086 (0.7)
≥60 66/742 (8.9) 64/864 (7.4) 130/1,606 (8.1) 64/742 (8.6) 57/864 (6.6) 121/1,606 (7.5)
Total 85/2,399 (3.5) 76/2,887 (2.6) 161/5,286 (3.0) 76/2,399 (3.2) 59/2,887 (2.0) 135/5,286 (2.6)

aP-value for linear-by-linear association of CKD prevalence between survey years.
bP-value for linear-by-linear association of CKD prevalence between age groups.

shown the effect of changing the equation from MDRD
to CKD-EPI. A comparison study using a Caucasian
population showed that younger people were more often
classified to a higher GFR and older people, especially
males, to a lower GFR (10). An AusDiab (Australian
diabetes, obesity and lifestyle) study showed that 266 pa-
tients with CKD according to the MDRD equation were
reclassified into no-CKD stage by the CKD-EPI equation
(11). All of the reclassified 266 cases corresponded to
CKD stage 3 (30–59 mL/min/1.73 m2) according to the
MDRD equation. Two hundred and five of two hundred

sixty-six were female. The atherosclerosis risk in commu-
nities (ARIC) study showed that participants with eGFR
30–89 mL/min/1.73 m2 by the MDRD equation tended
to be reclassified into upward eGFR by the CKD-EPI
equation (12). Participants who were reclassified upward
showed lower mortality, had coronary heart diseases and
stroke compared with those who were not reclassified.
Korhonen et al. (13) also reported that 44.8% of CKD
stage 3 cases according to the MDRD equation were
reclassified as "no CKD," and most of them were women
(87.7%).

TABLE 3. Comparison of CKD Stages Calculated by the CKD-EPI Equation with Those by the MDRD Equation

CKD-EPI
Reclassification

(MDRD → CKD-EPI)

Male

MDRD No CKD 1 2 3 4 5 Total Up stage Down stage

No CKD 5,750 0 0 19 0 0 5,769 19 0
1 0 202 4 0 0 0 206 4 0
2 0 143 246 6 0 0 395 6 143
3 25 0 5 200 0 0 230 0 30
4 0 0 0 0 9 0 9 0 0
5 0 0 0 0 0 6 6 0 0

5,775 345 255 255 9 6 6,615 29 173

Female

No CKD 7,257 0 0 18 0 0 7,275 18 0
1 0 182 8 0 0 0 190 8 0
2 0 83 143 0 0 0 226 0 83
3 0 0 4 249 0 0 287 0 4
4 34 0 0 1 8 0 9 0 35
5 0 0 0 0 0 3 3 0 0

7,291 265 155 268 8 3 7,990 26 122
Total 13,066 610 410 523 17 9 14,605 55 295

The CKD stages were defined as follows: no CKD, eGFR ≥60 mL/min/1.73 m2 without proteinuria; stage 1, eGFR ≥90 mL/min/1.73 m2

with proteinuria; stage 2, 60 mL/min/1.73 m2 ≤ eGFR < 90 mL/min/1.73 m2 with proteinuria; stage 3, 30 mL/min/1.73 m2 ≤ eGFR <

60 mL/min/1.73 m2; stage 4, 15 mL/min/1.73 m2 ≤ eGFR < 30 mL/min/1.73 m2; stage 5, eGFR <15 mL/min/1.73 m2.
Kappa value for agreement between MDRD and CKD-EPI was 0.879 (P < 0.001).
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TABLE 4. Characteristics of the Subgroups Divided by the Reclassification Status

Not reclassified Up stage Down stage P-value

n 14,255 55 295
Age group (%)

20–39 years 30.6 0 39.7 <0.001
40–59 years 38.5 0 40.3 <0.001
≥60 years 30.9 100 20.0 <0.001

Male (%) 45.0 52.7 58.6 <0.001
HTN history (%) 21.4 40.0 25.1 <0.001
DM history (%) 7.9 20.0 12.5 <0.001
Hypercholesterolemia history (%) 8.9 5.5 13.2 0.02
CVA history (%) 2.0 7.3 2.0 0.02
ACS history (%) 2.5 9.0 3.4 0.006
Present smoking (%) 35.1 36.3 43.7 0.009
Obesity (%, BMI ≥25kg/m2) 32.2 40.0 42.0 0.001
Serum creatinine (mg/dl, mean ± SD) 0.85 ± 0.23 1.01 ± 0.22 0.96 ± 0.17 <0.001
eGFR (mL/min/1.73 m2, mean ± SD, MDRD) 88 ± 17 69 ± 14 79 ± 12 <0.001
eGFR (mL/min/1.73 m2, mean ± SD, CKD-EPI) 93 ± 17 64 ± 12 87 ± 15 <0.001

The reclassification of stages by changing CKD-EPI equation to MDRD equation was categorized as "not reclassified," "up stage," and "down
stage."
Data are presented as n and percentage, or mean ± SD (standard deviation).

In our study, the CKD-EPI equation also yielded higher
eGFR compared to the MDRD equation, especially in
women and young people. As a result, the CKD-EPI
equation caused an overall low prevalence of CKD com-
pared to the MDRD. The patients with DM, HTN,
CVA, and ACS tended to be reclassified into CKD of
more advanced stages. Cases of CKD stage 2 and 3 (30–
89 mL/min/1.73 m2) by MDRD were most commonly
reclassified after applying the CKD-EPI equation. These
results are consistent with other previous studies (11–13).
Previous comparison studies and our results indicate that
the CKD-EPI equation might be more useful in the diag-
nosis and classification of CKD than the MDRD equa-
tion due to less false-positive results and accurate clas-
sification of CKD according to the risk factors of CKD
(11–14).

Lee et al. (3) reported that the prevalence of CKD stages
3–5 in Korea was 7.2% in 2007. Lee et al. (3) used the data
from KNHANES and calculated CKD by the MDRD
equation. Chin et al. (15) also reported that the preva-
lence of CKD stages 3–5 was 6.24% in 2005, 7.99% in
2006, and 6.45% in 2008. Chin et al. (15) used the data
from subjects who had undergone routine health check-
ups and defined CKD by the MDRD equation. In the
present study, CKD prevalence in 2007 (of CKD stages
3–5 was 6.8% by the MDRD equation) was slightly less
(0.4%) than that of Lee et al.’s study (3). This difference
may be due to the different total number of enrolled cases
(2,692 in our study vs. 2,960 in Lee et al.’s study (3)).
We excluded the cases with missing values. In our study,
the prevalence of CKD in 2009 and 2010 (3.0 and 3.0%
by the MDRD equation, 2.7 and 2.6% by the CKD-EPI
equation) was significantly lower than that in 2007 (P =

0.001). The age distribution and male/female ratio were
not different among the survey years (Table 1). Although
the number of individuals with DM and HTN history
increased over the survey periods and the BPs were also
higher in 2009 and 2010 than those in 2007, the serum
creatinine level was significantly lower in 2009 and 2010
(0.83 ± 0.23 and 0.82 ± 0.20 mg/dL, respectively) com-
pared to that in 2007 (0.97 ± 0.26 mg/dL). The major
difference among KNHANES 2007, 2009, and 2010 was
the assay instrument used to measure the serum creatinine
level. In 2007, serum creatinine was measured by ADVIA
1650 that was traceable to HPLC, while in 2009 and 2010,
serum creatinine was measured by an Automatic Analyzer
using CREA reagent that was traceable to ID-MS. Con-
sidering the unchanged or increased risk factors of CKD
from 2007 to 2010 (Table 1), the cause of decreased CKD
prevalence from 2007 to 2009 and 2010 might be interlab-
oratory variations of serum creatinine measurement.

Standardization of serum creatinine measurement is
an ongoing problem. Jaffe methods have fundamental
limitations related to calibration and noncreatinine
chromogens. To overcome these two analytical problems,
calibrations traceable to the ID-MS reference method
and correction factors for noncreatinine chromogens
were recommended. The original MDRD equation was
developed using a Jaffe method on a Beckman Astra CX3
analyzer (Beckman Coulter, Fullerton, CA) that was
not traceable to the ID-MS reference method (9). Later,
repressed four-variable MDRD equation standardiza-
tion with ID-MS was introduced (8). The repressed
MDRD equation is as follows: eGFR = 175 × serum
creatinine−1.154 × age−0.203 × 1.212 (if black) × 0.742
(if female); serum creatinine standardized with ID-MS
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is expressed in milligrams per deciliters. The creatinine
calibration to be traceable to the ID-MS and repressed
MDRD equation showed improved performance (16,17).
To overcome the bias effect of noncreatinine chromogens,
subtraction of the constant correction factor is used.
Unfortunately, this "compensated Jaffe method" has
limitations. Subtraction of the constant correction
factor for noncreatinine chromogens could cause both
overestimation and underestimation of serum creatinine
according to the different levels of noncreatinine chro-
mogens among patients (18, 19). Moreover, the effect of
calibration and correction for noncreatinine chromogens
on eGFR is great in eGFR of near 60 mL/min/1.73 m2

(16, 20–22). Therefore, despite the effort for standardiza-
tion, inter- and intralaboratory variations still remain.
For example, Miller et al. (23) reported that the mean
bias for 50 instrument-method peer groups varied from
−0.06 to 0.31 mg/dL at a concentration of 0.902 mg/dL
measured by ID-MS, and 63% of Jaffe method peer
groups showed significant bias compared to ID-MS
methods. According to the analysis of variance, they
concluded that the bias was primarily associated with the
difference of instrument manufacturer (P < 0.001) rather
than the difference of method type (P = 0.02). Moreover,
the Roche peer group showed negative bias compared
to ID-MS. To accurately investigate CKD prevalence
and clinical usefulness, studies involving long-term
follow-ups and standardization of measurement may be
needed.

Our study has several limitations. First, a single
measurement of serum creatinine was used to calculate
the eGFR. Also, the instrument for measuring serum
creatinine was changed during the survey. It is well
known that a single measurement of serum creatinine
is less appropriate than repeated measurements in the
evaluation of renal function. In general, repeated mea-
surements are difficult in studies with a large population
such as nationwide survey. Second, serum creatinine
measurements were not recalibrated to standardized
creatinine measurements obtained at the Cleveland Clinic
Research Laboratory. Third, causality of CKD and risk
factors were limited in use, due to the cross-sectional
nature of this study. Moreover, history of CKD risk
factors was obtained exclusively through a questionnaire.
This is a common limitation, which can be observed
in other similar studies using data from nationwide
surveys.

In conclusion, the CKD-EPI equation yields higher
GFR than the MDRD equation, especially in women and
young people. CKD prevalence was lowered by the CKD-
EPI equation compared to that by the MDRD equation.
Therefore, CKD-EPI equation might be helpful to pre-
vent an overestimation of CKD, which is the limitation of
MDRD equation.
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