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Background: The National Kidney Foundation has recommended that the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation replace the Modification of Diet in Renal Disease (MDRD)
Study equation. Before implementing this change in the Kidney Early Evaluation Program (KEEP), we
compared characteristics of reclassified individuals and mortality risk predictions using the new equation.

Methods: Of 123,704 eligible KEEP participants, 116,321 with data available for this analysis were included.
Glomerular filtration rate (GFR) was estimated using the MDRD Study (eGFRMDRD) and CKD-EPI (eGFRCKD-EPI)
equations with creatinine level calibrated to standardized methods. Participants were characterized by eGFR
category: �120, 90-119, 60-89, 45-59, 30-44, and �30 mL/min/1.73 m2. Clinical characteristics ascertained
included age, race, sex, diabetes, hypertension, coronary artery disease, congestive heart failure, cerebrovascular
disease, peripheral vascular disease, and anemia. Mortality was determined over a median of 3.7 years of
follow-up.

Results: The prevalence of eGFRCKD-EPI �60 mL/min/1.73 m2 was 14.3% compared with 16.8% using
eGFRMDRD. Using eGFRCKD-EPI, 20,355 participants (17.5%) were reclassified to higher eGFR categories, and
3,107 (2.7%), to lower categories. Participants reclassified upward were younger and less likely to have chronic
conditions, with a lower risk of mortality. A total of 3,601 deaths (3.1%) were reported. Compared with
participants classified to eGFR of 45-59 mL/min/1.73 m2 using both equations, those with eGFRCKD-EPI of
60-89 mL/min/1.73 m2 had a lower mortality incidence rate (6.4 [95% CI, 5.1-7.7] vs 18.5 [95% CI, 17.1-19.9]).
Results were similar for all eGFR categories. Net reclassification improvement was 0.159 (P � 0.001).

Conclusions: The CKD-EPI equation reclassifies people at lower risk of CKD and death into higher eGFR
categories, suggesting more accurate categorization. The CKD-EPI equation will be used to report eGFR in
KEEP.
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G lomerular filtration rate (GFR) is the best over-
all index of kidney function. Decreased GFR is

associated with increased risk of complications re-
lated to kidney disease, including uremic manifesta-
tions of kidney disease, acute kidney injury, kidney
failure, and cardiovascular disease. GFR also is impor-
tant for making many clinical decisions, including
listing for kidney transplant, medication dose adjust-
ment, and avoidance of toxic medications. GFR most
often is assessed using estimating equations derived
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from serum levels of endogenous filtration markers,
the most common being creatinine.

The most commonly used estimating equation is
the Modification of Diet in Renal Disease (MDRD)
Study equation, developed from 1,628 people with
chronic kidney disease (CKD) with a mean measured
GFR of 40 mL/min/1.73 m2.1 It has been shown to be
valid in similar populations, but to underestimate
measured GFR at the higher range,2 around 60 mL/
min/1.73 m2, leading to misclassification to a lower
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category and thus overdiagnosis of CKD. The CKD
Epidemiology Collaboration (CKD-EPI) equation was
developed in 8,254 people and validated in a separate
data set of 3,896.3 Both the development and valida-
tion data sets included people with and without kidney
disease and a wide range of GFRs, with mean mea-
sured GFR of 68 mL/min/1.73 m2. The CKD-EPI
equation has been shown to be a better estimate of
measured GFR than the MDRD Study equation, par-
ticularly at higher levels.

Approximately 80% of clinical laboratories cur-
rently report estimated GFR (eGFR) when serum
creatinine is measured.4 Most laboratories now use
the MDRD Study equation.5 The National Kidney
Foundation (NKF) has recommended that the CKD-
EPI equation replace the MDRD Study equation in
calculating eGFRs reported by clinical laboratories
and in clinical practice, analogous to a software up-
grade.3,6 The basis for this recommendation is that the
new equation provides a more accurate estimate of
GFR, especially at higher levels, and results in a
decreased false-positive rate for the identification of
CKD. In addition, because the CKD-EPI equation
uses the same 4 variables as the MDRD Study equa-
tion, its use does not require that additional variables
be collected by clinical laboratories.

The Kidney Early Evaluation Program (KEEP) is a
free community-based health screening program that
targets populations 18 years and older at high risk of
kidney disease, defined as a history of diabetes or
hypertension or first-order relative with diabetes, hy-
pertension, or kidney disease.7 The goal of KEEP is to
screen for CKD in people at high risk of it. Thus, GFR
estimates that are accurate in the higher range are
particularly important for detecting incipient CKD in
this population. As part of the NKF strategy to imple-
ment the CKD-EPI equation, a decision was made to
use it to report eGFR in the KEEP population. Before
implementing this change in KEEP, we sought to
evaluate the impact of the new equation in the KEEP
data set. In this study, we compare the 2 equations
regarding the characteristics of patients identified with
CKD and patients who died in this large cohort of
people at high risk of CKD. We hypothesized that
people with CKD classified using the CKD-EPI equa-
tion would be more likely to have risk factors for
CKD and a higher risk of mortality.

METHODS

StudyParticipants

We included 123,704 eligible KEEP participants, August 2000
through December 31, 2009, from 48 NKF affiliates and 2,634
screening programs in 50 states and the District of Columbia. We
excluded participants with missing CKD data, leaving a study

population of 116,321.
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GFREstimation

GFR was estimated using the 4-variable MDRD Study equa-
tion8 (eGFRMDRD) and the CKD-EPI equation3 (eGFRCKD-EPI):

GFR � 141 � min(SCr/�, 1)� � max(SCr/�, 1)�1.209 � 0.993Age

� 1.018 [if female] � 1.159 [if African American],

where SCr is serum creatinine, � is 0.7 for women and 0.9 for men,
� is �0.329 for women and �0.411 for men, min indicates the
minimum of SCr/� or 1, and max indicates the maximum of SCr/�
or 1. Participants of race other than African American were
considered as not African American for calculation of eGFR.
Serum creatinine values were calibrated to standardized serum
creatinine levels at the Cleveland Clinic Research Laboratory.5,9

GFR was categorized as �120, 90-119, 60-89, 45-59, 30-44, and
�30 mL/min/1.73 m2. The categories are based on NKF Kidney
Disease Outcomes Quality Initiative (KDOQI) CKD stages, but
modified to allow for a category �120 mL/min/1.73 m2 because of
a recognized J-shaped relationship between eGFR using the MDRD
Study equation and risk, splitting the category 30-59 mL/min/1.73
m2 into 2 categories, as recently suggested,10,11 and combining
CKD stages 4 and 5 given the small number of people in these
categories.

Definitions of CKDRisk Factors andComorbidConditions

Diabetes, hypertension, and older age are the primary risk
factors for CKD identified in KEEP. Diabetes was defined as
history of diabetes (self-report or retinopathy) or use of medica-
tions to treat diabetes. Hypertension was defined as history of
hypertension (self-report) or use of medications to treat hyperten-
sion.12 Coronary artery disease, congestive heart failure, stroke,
and peripheral vascular disease were ascertained using self-report.
Hemoglobin was measured for all participants, and anemia was
defined using the World Health Organization definition; hemoglo-
bin �13 g/dL for men and �12 g/dL for women.13

Ascertainment ofMortality

KEEP obtains informed consent from individual KEEP partici-
pants to use Social Security Number, first name, last name, and birth
date in potential linkages for future research studies. All-cause mortal-
ity data in this study were ascertained by linking the KEEP study
cohort to the first-quarter 2010 Social Security Administration Death
Master File. All KEEP study participants were followed up through
December 31, 2009, a median of 3.7 years of follow-up.

Statistical Analysis

Classification into eGFR categories was determined using both
the MDRD Study and CKD-EPI equations for the overall study
population and by CKD risk factors. Most analyses were descrip-
tive, and �2 tests were used to compare CKD prevalence by risk
factors by CKD status. Clinical characteristics of KEEP partici-
pants from 2000-2009 by eGFR categories according to the CKD-
EPI equation are reported using frequencies and percentages.
Prevalence of disease is reported by eGFR categories according to
both the MDRD Study and CKD-EPI equations. Mortality ex-
pressed as deaths per 1,000 patient-years and confidence intervals
(CIs) was calculated using eGFR categories. In calculating mortal-
ity, KEEP participants were followed up from the screening date to
December 31, 2009, and censored at date of death. The standard
error for CIs was calculated as the square root of number of deaths
divided by total follow-up time in each category and expressed per
1,000 patient-years. To determine changes in participant character-
istics and mortality within eGFR categories from one equation to
the other, clinical characteristics and mortality were evaluated

according to eGFR classification using each equation. For mortal-
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ity, the net reclassification index was calculated14 as the sum of the
proportion of participants reclassified downward to a lower eGFR
category for people who died and the proportion of participants
reclassified upward to a higher eGFR category for people who did
not die minus the sum of the proportion of participants reclassified
upward for people who died and the proportion of participants
reclassified downward for people who did not die.

RESULTS

The median value for eGFRCKD-EPI was higher
than for eGFRMDRD (85.5 [interquartile range, 31] vs
79.2 [interquartile range, 43] mL/min/1.73 m2). Par-
ticipants in lower eGFR categories determined us-
ing eGFRCKD-EPI were more likely to be older,
male, and white and have higher blood pressure
than participants in higher categories (Table 1).
They also were more likely to be anemic and have
chronic conditions, such as diabetes, hypertension,
coronary artery disease, congestive heart failure,
and vascular disease. Similar results were observed
for eGFRMDRD (Table S1, provided as online supple-
mentary material).

Table 1. Clinical Characteristics of KEEP Participants, 2000

No. of
Participants >120

No. (row percent) 116,321 6,827 (5.9) 42,4

Age
18-30 y 8,263 3,214 (47.1) 3,8
31-45 y 23,165 2,656 (38.9) 13,6
46-60 y 40,633 935 (13.7) 17,9
61-75 y 33,156 20 (0.3) 6,6
�75 y 11,104 2 (0.0) 2

Sex
Men 37,160 1,446 (21.2) 13,1
Women 79,161 5,381 (78.8) 29,3

Race
White 57,355 1,323 (19.4) 17,6
African American 38,521 4,080 (59.8) 14,8
Other 20,445 1,424 (20.9) 9,9

Self-reported conditionsa

Diabetes 34,283 1,151 (17.0) 11,0
Hypertension 65,340 1,937 (28.6) 19,1
Coronary artery disease 10,104 155 (2.3) 2,0
Congestive heart failure 2455 60 (1.6) 5
Cerebrovascular disease 5,643 125 (1.9) 1,2
Peripheral vascular disease 4,644 185 (2.7) 1,3

WHO anemiab 13,839 1,245 (18.6) 4,1

Note: Values are number (column percent) unless otherwise in
m2, �0.01667.

Abbreviations: CKD-EPI, Chronic Kidney Disease Epidemiolo
Kidney Early Evaluation Program; WHO, World Health Organizat

aDiabetes includes self-reported diabetes and using medic
medication; coronary artery disease includes history of heart at
disease; congestive heart failure data available starting 2005;
disease includes peripheral vascular disease for 2000-2004 and
bDefined as hemoglobin level �13 g/dL for men and �12 g/dL for w
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Using eGFRCKD-EPI, the overall prevalence of eGFR
�60 mL/min/1.73 m2 was 14.3% compared with
16.8% using eGFRMDRD. Using eGFRCKD-EPI, 23,462
participants (20.1%) were reclassified to a different
eGFR category; 20,355 (17.5%) were reclassified to
higher, and 3,107 (2.7%), to lower categories. Of
14,075 participants with eGFRMDRD of 45-59 mL/min/
1.73 m2, 3,438 (24.4%) were reclassified to 60-89
mL/min/1.73 m2 and would not have been defined as
having CKD in the absence of a concomitant marker
of kidney damage (ie, albuminuria).

Overall, participants reclassified to higher eGFR
categories were more likely to be younger, female,
and African American than participants not reclassi-
fied (Table S2, provided as online supplementary
material). Figure 1 shows changes in distributions of
eGFR categories overall and by age. Participants who
were reclassified upward also were less likely to have
chronic conditions (Table 2). For example, compared
with participants classified as eGFR of 45-59 mL/min/

, by eGFR Categories Defined Using the CKD-EPI Equation

CKD-EPI eGFR (mL/min/1.73 m2)

9 60-89 45-59 30-44 <30

6.5) 50,412 (43.3) 11,261 (9.7) 4,234 (3.6) 1,118 (1.0)

.2) 1,077 (2.1) 47 (0.4) 15 (0.4) 13 (1.2)
2.2) 6,343 (12.6) 390 (3.5) 63 (1.5) 53 (4.7)
2.2) 18,751 (37.2) 2,308 (20.5) 522 (12.3) 172 (15.4)
5.7) 18,920 (37.5) 5,282 (46.9) 1,837 (43.4) 419 (37.5)
.7) 5,321 (10.6) 3,234 (28.7) 1,797 (42.4) 461 (41.2)

0.9) 17,290 (34.3) 3,592 (31.9) 1,283 (30.3) 424 (37.9)
9.1) 33,122 (65.7) 7,669 (68.1) 2,951 (69.7) 694 (62.1)

1.6) 27,813 (55.2) 7,130 (63.3) 2,770 (65.4) 642 (57.4)
5.1) 15,378 (30.5) 2,878 (25.6) 999 (23.6) 300 (26.8)
3.3) 7,221 (14.3) 1,253 (11.1) 465 (11.0) 176 (15.7)

6.1) 15,187 (30.3) 4,341 (38.7) 2,015 (47.7) 572 (51.4)
5.6) 30,699 (61.3) 8,773 (78.4) 3,719 (88.3) 1,025 (92.1)
.9) 4,766 (9.5) 1,855 (16.5) 972 (23.0) 281 (25.1)
.3) 1,088 (3.5) 396 (5.8) 245 (9.6) 95 (14.9)
.2) 2,655 (5.6) 903 (8.5) 500 (12.6) 166 (15.7)
.3) 2,005 (4.0) 629 (5.6) 318 (7.5) 118 (10.6)

.9) 4,620 (9.3) 1,820 (16.4) 1,350 (32.4) 651 (59.5)

ted. Conversion factor for eGFR in mL/min/1.73 m2 to mL/s/1.73

ollaboration; eGFR, estimated glomerular filtration rate; KEEP,

; hypertension includes self-reported hypertension and using
coronary artery bypass graft, angioplasty, and coronary artery
brovascular disease is defined as stroke; peripheral vascular
mputation for 2005-2009.
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1.73 m2 using both equations, those reclassified as
eGFRCKD-EPI of 60-89 mL/min/1.73 m2 were less
likely to have diabetes (38.7% vs 29.3%), hyperten-
sion (78.3% vs 60.3%), coronary artery disease (16.5%
vs 8.0%), congestive heart failure (5.7% vs 4.4%),
cerebrovascular disease (8.4% vs 5.1%), peripheral
vascular disease (5.5% vs 5.3%), and anemia (15.7%
vs 8.1%). In contrast, participants reclassified as
eGFRCKD-EPI of 30-44 mL/min/1.73 m2 were more
likely to have diabetes (38.7% vs 43.2%), hyperten-
sion (78.3% vs 87.4%), coronary artery disease (16.5%
vs 16.8%), congestive heart failure (5.7% vs 6.2%),
cerebrovascular disease (8.4% vs 12.9%), peripheral
vascular disease (5.5% vs 7.9%), and anemia (15.7%
vs 35.8%). The pattern was similar for all comorbid
conditions for other eGFR categories, including �120
mL/min/1.73 m2. The pattern for anemia was similar
for eGFR category of 60-89 mL/min/1.73 m2, but for
the category 90-119 mL/min/1.73 m2, the prevalence
of anemia increased for participants reclassified using
eGFRCKD-EPI to �120 mL/min/1.73 m2 (16.7% vs
10.5%).

Participants reclassified to higher eGFR categories
had the lowest incidence rate for mortality compared
with those reclassified to lower categories or not
reclassified (3.1 [95% CI, 2.7-5.3] vs 23.2 [95% CI,
20.3-26.6] vs 8.96 [95% CI, 8.6-11.1]). Table 3 lists
incidence rates for mortality for each eGFR category
for both equations. The incidence rate for all-cause
mortality for participants classified as eGFR of 45-59
mL/min/1.73 m2 using both equations was 18.5 (95%
CI, 17.1-19.9). The mortality incidence rate was lower
at 6.4 (95% CI, 5.1-7.7) for participants with
eGFRCKD-EPI of 60-89 mL/min/1.73 m2 and higher at
47.6 (95% CI, 34.2-60.9) for participants with
eGFRCKD-EPI of 30-44 mL/min/1.73 m2.

The net reclassification index for improvement in
risk of mortality was calculated (Table 4). Of 3,601
participants who died, 242 (6.7%) were incorrectly
reclassified to a higher GFR category using eGFRCKD-EPI.
In contrast, of 112,720 participants who did not die,

20,113 (17.8%) were correctly reclassified to a

S12
higher eGFR category, for an overall net reclassifi-
cation index of 0.159 (P � 0.001). The index varied
by subgroup; for all subgroups except age, net reclas-
sification index values ranged from 0.101-0.188 (P for
all � 0.001). The net reclassification index was �0.010
(P � 0.05) for participants younger than 45 years,
0.049 (P � �0.003) for those aged 45-60 years, and
0.078 (P � 0.001) for those older than 60 years.

DISCUSSION

GFR is used in many clinical settings. In KEEP, it is
used to identify people with CKD and assess CKD
severity. In this study, we show that compared with
the MDRD Study equation, use of the CKD-EPI
equation resulted in a lower prevalence of eGFR �60
mL/min/1.73 m2 and more participants classified to
higher eGFR categories. Participants who were reclassi-
fied to higher categories using eGFRCKD-EPI were less
likely to have CKD risk factors or comorbid conditions
and were at lower risk of death compared with those
who were classified to similar categories using both
equations or reclassified to lower categories.

The 2 primary changes in the formulation of the
CKD-EPI equation are use of a spline for serum
creatinine level, which enables better identification of
the differing relationships between creatinine level
and GFR throughout the range of measured GFRs,
and use of a linear instead of a logarithmic term for
age.3 The linear term for age leads to a steeper
decrease in eGFR with age, such that people older
than 70 years have a lower eGFRCKD-EPI than
eGFRMDRD. These differences result in higher eGFRs
for a given creatinine level compared with the MDRD
Study equation for most people younger than �75
years. The selective reclassification of people with
CKD risk factors and comorbid conditions does not
directly result from the formulation of the equation
because these variables are not specifically included
in the equation and likely reflects the association of
age with these factors.

Recent studies in the general population compared

Figure 1. Distribution of esti-
mated glomerular filtration rate cat-
egories determined using the
Modification of Diet in Renal Dis-
ease (MDRD) Study and Chronic
Kidney Disease Epidemiology Col-
laboration (CKD-EPI) equations by
age category.
the 2 equations with respect to CKD prevalence and
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Table 2. Characteristics of KEEP Participants by eGFR Categories Defined Using the MDRD Study and CKD-EPI Equations

MDRD Study
eGFR (mL/min/

1.73 m2)

No. of
Participants

(N � 116,321)

CKD-EPI eGFR (mL/min/1.73 m2)

>120
(n � 6,827)

90-119
(n � 42,469)

60-89
(n � 50,412)

45-59
(n � 11,261)

30-44
(n � 4,234)

<30
(n � 1,118)

No. % No. % No. % No. % No. % No. % No. %

�120
No. 5,392 3,897 1,489 6
DMa 1,329 24.9 752 19.5 574 39.0 3 50.0
HTNa 1,926 36.1 1,124 29.1 798 54.2 4 66.7
CAD 175 3.3 89 2.3 86 5.8 0 0.0
CHFa 63 2.2 35 1.7 28 3.5 0 0.0
CVDa 155 3.0 89 2.4 66 4.7 0 0.0
PVD 199 3.7 120 3.1 79 5.3 0 0.0
Anemiab 944 17.8 766 19.9 178 12.2 0 0.0

90-119
No. 31,080 2,930 27,464 686
DMa 8,118 26.3 399 13.7 7,455 27.3 264 38.8
HTNa 14,078 45.7 813 27.8 12,787 47.0 478 69.9
CAD 1,593 5.1 66 2.3 1,403 5.1 124 18.1
CHFa 418 2.3 25 1.5 370 2.3 23 4.9
CVDa 950 3.2 36 1.3 856 3.3 58 9.0
PVD 1,055 3.4 65 2.2 968 3.5 22 3.2
Anemiab 3,392 11.1 479 16.7 2,844 10.5 69 10.2

60-89
No. 60,303 . 13,516 46,282 505
DMa 17,093 28.5 2,988 22.2 13,919 30.2 186 37.0
HTNa 34,174 57.1 5,602 41.8 28,156 61.3 416 83.0
CAD 5,042 8.4 586 4.3 4,366 9.4 90 17.8
CHFa 1,170 3.2 173 2.1 982 3.5 15 5.6
CVDa 2,858 5.0 372 2.9 2,430 5.5 56 11.8
PVD 2,182 3.6 342 2.5 1,802 3.9 38 7.5
Anemiab 5,539 9.3 1,131 8.5 4,275 9.4 133 26.6

45-59
No. 14,075 3,438 10,333 304
DMa 5,110 36.5 1,001 29.3 3,978 38.7 131 43.2
HTNa 10,367 74.1 2,061 60.3 8,042 78.3 264 87.4
CAD 2,030 14.4 276 8.0 1,703 16.5 51 16.8
CHFa 454 5.4 83 4.4 360 5.7 11 6.2
CVDa 1,018 7.7 167 5.1 814 8.4 37 12.9
PVD 776 5.5 181 5.3 571 5.5 24 7.9
Anemiab 1,984 14.3 276 8.1 1,602 15.7 106 35.8

30-44
No. 4,422 423 3,882 117
DMa 2,093 47.5 177 42.6 1,862 48.1 54 46.2
HTNa 3,836 87.2 315 75.2 3,415 88.5 106 90.6
CAD 1,009 22.8 62 14.7 914 23.5 33 28.2
CHFa 263 9.8 21 8.3 231 9.8 11 15.7
CVDa 506 12.3 33 8.3 457 12.6 16 14.8
PVD 316 7.2 20 4.7 289 7.4 7 6.0
Anemiab 1,370 31.5 85 20.5 1,222 32.0 63 54.3

�30
No. 1,049 48 1,001
DMa 540 51.7 22 45.8 518 520
HTNa 959 91.9 40 83.3 919 92.3
CAD 255 24.3 7 14.6 248 24.8
CHFa 87 14.6 3 10.0 84 14.8
CVDa 156 15.6 6 13.0 150 15.7
PVD 116 11.1 5 10.4 111 11.1
Anemiab 610 59.5 22 45.8 588 60.1

Note: All numbers are total; values are missing in each category. Conversion factor for eGFR in mL/min/1.73 m2 to mL/s/1.73 m2,
�0.01667.

Abbreviations: CAD, coronary artery disease; CHF, congestive heart failure; CKD-EPI, Chronic Kidney Disease Epidemiology
Collaboration; CVD, cerebrovascular disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HTN, hypertension;
KEEP, Kidney Early Evaluation Program; MDRD, Modification of Diet in Renal Disease; PVD, peripheral vascular disease.

aDM includes self-reported DM and using medication; HTN includes self-reported HTN and using medication; CAD includes history of
heart attack, coronary artery bypass graft, angioplasty, and CAD; CHF data available starting 2005; CVD is defined as stroke; PVD
includes PVD for 2000-2004 and limb amputation for 2005-2009.
bDefined as hemoglobin level �13 g/dL for men and �12 g/dL for women.
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mortality risk.3,15,16 The CKD-EPI equation leads to a
lower estimated prevalence of CKD in the National
Health and Nutrition Examination Survey (NHANES),
11.1% compared with 13.2% using the MDRD Study
equation. In particular, people at lower risk of the
development and progression of CKD, such as women,
younger people, and whites, were more likely to be
reclassified to higher GFR categories.3 Analyses from
the AusDiab16 (Australian Diabetes, Obesity and Life-
style) Study showed that people reclassified to higher
eGFR categories had lower cardiovascular disease

Table 3. Cross-tabulation of Mortality Incidence Rates Accor
CKD-EP

MDRD Study eGFR
(mL/min/1.73 m2) Total >120 9

�120
No. 5,392 3,897 1
Death 81 32
Death/1,000 patient-years 3.6 1.9
95% CI 2.6-4.6 1.2-2.6 5.

90-119
No. 31,080 2,930 2
Death 470 15
Death/1,000 patient-years 3.9 1.3
95% CI 1.3-6.5 0.7-1.9 3

60-89
No. 60,303 0 1
Death 1,517
Death/1,000 patient-years 6.9
95% CI 3.5-10.3 2

45-59
No. 14,075 0
Death 823
Death/1,000 patient-years 15.9
95% CI 10.6-21.3

30-44
No. 4,422 0
Death 488
Death/1,000 patient-years 32.3
95% CI 19.1-45.5

�30
No. 1,049 0
Death 222
Death/1,000 patient-years 62.7
95% CI 45.2-80.2

Total
No. 116,321 6,827 4
Death 3,601 47
Death/1,000 patient-years 8.3 1.6
95% CI 1.7-14.9 1.0-2.2 2

Note: Values expressed as crude incidence rate per 1,000 per
mL/s/1.73 m2, �0.01667.

Abbreviations: CI, confidence interval; CKD-EPI, Chronic Kidn
filtration rate; MDRD, Modification of Diet in Renal Disease.
risk profiles and lower risk of the development of
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cardiovascular disease. A study of participants in
the Atherosclerosis Risk in Communities (ARIC)
Study showed that the CKD-EPI equation led to
reclassification of �45% of participants to higher
GFR categories.15 For those reclassified, risk was
lower for mortality, end-stage renal disease, coro-
nary heart disease, and stroke in eGFR categories
�120 mL/min/1.73 m2. Our results extend the
findings to a population at high risk of the develop-
ment and progression of CKD and show that in this
population, the CKD-EPI equation better catego-

o Classification to eGFR Categories by the MDRD Study and
uations

CKD-EPI eGFR (mL/min/1.73 m2)

60-89 45-59 30-44 <30

6 0 0 0
0

5

686 0 0 0
55

25.6
18.8-32.4

46,282 505 0 0
1,320 78
7.8 42.4

7.4-8.2 33.0-51.8

3,438 10,333 304 0
88 686 49
6.4 18.5 47.6

5.1-7.7 17.1-19.9 34.2-60.9

0 423 3,882 117
15 441 32
9.8 33.3 90.9

4.8-14.8 30.2-36.4 59.4-122.4

0 0 48 1,001
5 217

30.1 64.3
3.7-56.5 55.8-72.8

50,412 11,261 4,234 1,118
1,463 779 495 249
7.9 19.3 34.3 66.8

5.8-10.0 14.0-24.6 20.0-48.6 46.8-86.8

ears (95% CI). Conversion factor for eGFR in mL/min/1.73 m2 to

sease Epidemiology Collaboration; eGFR, estimated glomerular
ding t
I Eq

0-119

,489
49
8.2

9-10.

7,464
400
3.8

.4-4.2

3,516
119
2.4

.0-2.8

0

0

0

2,469
568
3.5

.5-4.5

son-y

ey Di
rizes people by eGFR consistent with their pre-
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dicted risk of comorbid conditions commonly asso-
ciated with CKD and of mortality.

In KEEP, people reclassified as eGFRCKD-EPI of
90-119 mL/min/1.73 m2 had higher rates of CKD risk
factors and comorbid conditions and lower risk of
death compared with people classified as �120 mL/
min/1.73 m2 using both equations. This is in contrast
to studies that have shown that creatinine-based equa-
tions result in a J-shaped curve in the relationship
between GFR and adverse outcomes,17,18 such that
people classified as �120 mL/min/1.73 m2 have a
higher risk of death than people classified as 90-119
mL/min/1.73 m2. Consistent with these observations,
in theARIC analyses, people reclassified as eGFRCKD-EPI

of 90-119 from �120 mL/min/1.73 m2 had a lower
rate of adverse events.15 The likely explanation for
the difference between the KEEP population and prior
analyses relates to differences in characteristics of the
populations. Possibly, people with eGFR �120 mL/
min/1.73 m2 who are at high risk of adverse outcomes
are too frail to participate in detection programs.

These findings have implications for KEEP, and
similar implications would be expected for the gen-
eral clinical population. Using the CKD-EPI equation,
the prevalence of eGFR �60 mL/min/1.73 m2 de-
creased by 20%. A major criticism of the CKD para-
digm and use of the MDRD Study equation is that the
underestimate of measured GFR using the MDRD
Study equation leads to false-positive diagnoses, with

Table 4. Net R

MDRD Study eGFR
(mL/min/1.73 m2)

CKD-EP

>120 90-119 6

People Who

�120 32 49

90-119 15 400

60-89 119 1

45-59

30-44

�30

People Who Did

�120 3,865 1,440

90-119 2915 27,064

60-89 0 13,397 44

45-59 0 0

30-44 0 0

�30 0 0

Note: Net reclassification improvement was calculated as
reclassified upward who did not die: (200,113/112,720) � prop
clinically incorrect reclassification [proportion of participants recl
classified downward who did not die (2,844/112,720)]. Conversio

Abbreviations: CKD-EPI, Chronic Kidney Disease Epidemiolo
Modification of Diet in Renal Disease.
subsequent anxiety imposed on people and excessive

Am J Kidney Dis. 2011;57(3)(suppl 2):S9-S16
testing with consequent cost to the health care sys-
tem.19 These concerns are highly relevant for a detec-
tion program such as KEEP. KEEP sends letters to
participants’ physicians to verify positive results; thus,
eGFR �60 mL/min/1.73 m2 would result in further
potentially unnecessary testing. In addition, the KEEP
laboratory tests for abnormalities of mineral metabo-
lism and other CKD complications only in people
with eGFR �60 mL/min/1.73 m2. Thus, identification
of fewer people will lead directly to cost savings for
the program. Similar decisions and behaviors would
occur for physicians caring for individual patients.
The selective reclassification of high- versus low-risk
groups suggests that GFR estimates using the CKD-
EPI equation will enable better prognostication of
patients’ clinical courses.

Despite these improvements, the CKD-EPI equa-
tion is still based on serum creatinine level, allowing
only a small improvement in precision compared with
the MDRD Study equation. Additional markers may
be required to further improve the precision of GFR
estimates. At present, for patients at the extremes of
muscle mass and diet or for whom highly accurate
values are required for clinical decision making, con-
firmatory tests using clearance of exogenous markers
or measured creatinine clearance are necessary.20

The strength of this analysis is the large well-
characterized cohort of people at risk of CKD. Limita-
tions include use of only 1 serum creatinine measure-

sification Index

R (mL/min/1.73 m2)

Total No.45-59 30-44 <30

(n � 3,601)

81

470

78 1,517

686 49 823

15 441 32 488

5 217 222

ie (n � 112,720)

0 0 0 5,311

0 0 0 30,610

427 0 0 58,786

9,647 255 0 13,252

408 3,441 85 3934

0 43 784 827

s: clinically correct reclassification [proportion of participants
n of participants classified downward who died (263/3601)] �
ed upward who died: (1,242/3,601) � proportion of participants
tor for eGFR in mL/min/1.73 m2 to mL/s/1.73 m2, �0.01667.
ollaboration; eGFR, estimated glomerular filtration rate; MDRD,
eclas
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However, KEEP bases its recommendations on 1 test,
and this does not detract from the comparison of the
equations. Second, comorbid conditions are defined us-
ing only self-report, leading to possible error in assign-
ment of these conditions. Third, we were unable to
evaluate complications of CKD other than anemia, such
as hyperphosphatemia or hyperparathyroidism, because
these were measured for only participants with eGFRMDRD

�60 mL/min/1.73 m2 and therefore were not ascertained
uniformly for all participants.

In conclusion, the CKD-EPI equation resulted in
reclassification to higher eGFR categories; partici-
pants reclassified to higher categories were less likely
to have CKD risk factors or comorbid conditions and
had a lower rate of death. More accurate identification
of CKD is a major goal of a detection program and
KEEP therefore will begin reporting eGFR using the
CKD-EPI equation.
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