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Comparison of CKD Awareness in a Screening Population Using
the Modification of Diet in Renal Disease (MDRD) Study and CKD

Epidemiology Collaboration (CKD-EPI) Equations
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Background: Low awareness of chronic kidney disease (CKD) may reflect uncertainty about the accuracy
or significance of a CKD diagnosis in individuals otherwise perceived to be low risk. Whether reclassification of
CKD severity using the CKD Epidemiology Collaboration (CKD-EPI) equation to estimate glomerular filtration
rate (GFR) modifies estimates of CKD awareness is unknown.

Methods: In this cross-sectional study, we used data collected from 2000-2009 for 26,213 participants in the
Kidney Early Evaluation Program (KEEP), a community-based screening program, with CKD based on GFR
estimated using the 4-variable Modification of Diet in Renal Disease (MDRD) Study equation and measure-
ment of albuminuria. We assessed CKD awareness after CKD stage was reclassified using the CKD-EPI
equation.

Results: Of 26,213 participants with CKD based on GFR estimated using the MRDR equation (eGFRMDRD),
23,572 (90%) also were classified with CKD based on eGFRCKD-EPI. Based on eGFRMDRD, 9.5% of participants
overall were aware of CKD, as were 4.9%, 6.3%, 9.2%, 41.9%, and 59.2% with stages 1-5, respectively. Based
on eGFRCKD-EPI, 10.0% of participants overall were aware of CKD, as were 5.1%, 6.6%, 10.0%, 39.3%, and
59.4% with stages 1-5, respectively. Reclassification to a less advanced CKD stage using eGFRCKD-EPI was
associated with lower odds for awareness (OR, 0.58; 95% CI, 0.50-0.67); reclassification to a more advanced
stage was associated with higher odds for awareness (OR, 1.50; 95% CI, 1.05-2.13) after adjustment for
confounding factors. Of participants unaware of CKD, 10.6% were reclassified as not having CKD using
eGFRCKD-EPI.

Conclusions: Using eGFRCKD-EPI led to a modest increase in overall awareness rates, primarily due to
reclassification of low-risk unaware participants.
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Chronic kidney disease (CKD) is common in US
adults, and it contributes to increased risks of

death, end-stage renal disease, and cardiovascular
events.1,2 Although awareness of CKD has improved
modestly over time, it remains low. For example, in
the 2000-2004 National Health and Nutrition Exami-
nation Survey (NHANES), 6% of individuals with
CKD were aware of the condition.3 In those with
stage 4 CKD, less than half were aware, and in those
with stage 3 CKD, less than 15% were aware.3 Early
detection and treatment of CKD may slow progres-
sion, prevent complications, and increase prepared-
ness for end-stage renal disease. Thus, improving
CKD awareness in patients and providers is a key step
toward improving CKD care.

Low CKD awareness may reflect poor provider
recognition and communication of CKD and uncer-
tainty about the accuracy of a CKD diagnosis in
certain individuals. The 4-variable Modification of
Diet in Renal Disease (MDRD) Study equation used
to estimate glomerular filtration rate (GFR) has gained
broad acceptance in clinical care, yet controversy

remains about the implications of its widespread use.
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In particular, because the MDRD Study equation
systematically underestimates GFR, especially in indi-
viduals with GFR �60 mL/min/1.73 m2, it may lead
to false-positive diagnoses of CKD.4 The prognostic
significance of mild decreases in estimated GFR
(eGFR) in the absence of other CKD risk factors in
older individuals also has been questioned.5,6 Con-
cerns about these issues may lead providers to under-
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report CKD diagnoses to patients they consider at low
risk of progression or other complications.

The newly developed CKD Epidemiology Collabo-
ration (CKD-EPI) equation is reported to have greater
precision and less bias for estimating GFR.7,8 Its
application has led to a downwardly revised estimated
US prevalence of CKD, attributable primarily to a
lower prevalence of stage 3 CKD (eGFR, 30-59
mL/min/1.73 m2).7 Preliminary reports suggest that
the CKD-EPI equation also may be more accurate for
mortality risk prediction than the MDRD Study equa-
tion.9,10 We used data collected as part of the Kidney
Early Evaluation Program (KEEP), a community-
based convenience health screening sample, to com-
pare estimates of CKD awareness using the CKD-EPI
and MDRD Study equations. We hypothesized that
the high prevalence of CKD unawareness would be
attenuated by reclassification of CKD severity using
CKD-EPI estimates of GFR.

Table 1. Characteristics of KEEP Participants Classified as H
Using the C

Characteristics

MDRD Study

CKD Stages 1-2 CKD S

No. 8,134 1

eGFR (mL/min/1.73 m2) 87.3 � 22.4 48.

Age category
18-30 y 580 (7.1) 13
31-45 y 1,630 (20.0) 99
46-60 y 2,867 (35.3) 4,21
61-75 y 2,305 (28.3) 8,02
�75 y 752 (9.3) 4,71

Men 2,650 (32.6) 5,43

Race
White 3,297 (40.5) 11,78
African American 3,108 (38.2) 3,97
Other 1,729 (21.3) 2,32

Hispanic 1,024 (12.6) 1,20

High school graduate 6,658 (81.8) 14,87

Insured 6,226 (76.5) 16,10

Access to physician 5,498 (86.8) 13,01

Diabetes 3,701 (45.5) 7,37

Hypertension 7,031 (86.4) 16,42

Cardiovascular disease 2,194 (27.0) 6,33

Current tobacco use 1,087 (13.9) 1,21

Family history of kidney disease 1,580 (20.5) 3,10

Note: Unless otherwise indicated, values shown are mean � st
follows: stage 1, eGFR �90 mL/min/1.73 m2 with ACR �30 mg/g
3, eGFR of 30-59 mL/min/1.73 m2; and stages 4-5, eGFR �30 m

Abbreviations: ACR, albumin-creatinine ratio; CKD, chronic
Collaboration; eGFR, estimated glomerular filtration rate; KEEP

Renal Disease.
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METHODS

StudyPopulation

KEEP is a free community-based voluntary screening program
launched in August 2000, designed to identify individuals at
increased risk of kidney disease and encourage follow-up care.11

KEEP screenings are conducted in urban and rural locations
throughout the United States through each state’s National Kidney
Foundation affiliate. In this study, we included eligible KEEP
participants screened from August 2000 through December 2009
(n � 123,704) aged at least 18 years with a diagnosis of CKD
based on National Kidney Foundation guidelines using the MDRD
Study equation to estimate GFR (n � 28,109). From this sample,
we excluded individuals receiving maintenance dialysis or with a
previous kidney transplant, leaving 27,987 individuals in the
analytic cohort. We further excluded individuals with missing
values for CKD awareness and other covariates, resulting in a final
sample size of 26,213.

KEEPScreeningProcedures

During KEEP screening, participants complete a questionnaire
to assess demographic characteristics, personal and family medical
history, and health behaviors. Blood pressure, height, and weight

g CKD Using the MDRD Study Equation and Reclassification
PI Equation

GFR Estimating Equation

CKD-EPI

s 3-5 No CKD CKD Stages 1-2 CKD Stages 3-5

2,641 8,421 15,151

.7 62.8 � 2.1 89.8 � 18.8 47 � 10.2

) 49 (1.9) 589 (7.0) 74 (0.5)
) 444 (16.8) 1,694 (20.1) 484 (3.2)
.3) 1,218 (46.1) 3,029 (36.0) 2,831 (18.7)
.4) 915 (34.6) 2,409 (28.6) 7,010 (46.3)
.1) 15 (0.6) 700 (8.3) 4,752 (31.4)

.1) 588 (22.3) 2,705 (32.1) 4,793 (31.6)

.2) 1,910 (72.3) 3,466 (41.2) 9,707 (64.1)
.0) 302 (11.4) 3,133 (37.2) 3,643 (24.0)
.8) 429 (16.2) 1,822 (21.6) 1,801 (11.9)

7) 256 (9.7) 1,074 (12.8) 900 (5.9)

.3) 2,361 (89.4) 6,911 (82.1) 12,257 (80.9)

.1) 2,198 (83.2) 6,427 (76.3) 13,705 (90.5)

.3) 1,810 (89.5) 5,684 (86.7) 11,016 (95.3)

.8) 750 (28.4) 3,841 (45.6) 6,489 (42.8)

.9) 2,124 (80.4) 7,275 (86.4) 14,056 (92.8)

.0) 618 (23.4) 2,262 (26.9) 5,645 (37.3)

0) 272 (10.8) 1,131 (14.0) 894 (6.2)

.4) 520 (20.8) 1,659 (20.8) 2,505 (17.7)

rd deviation or number (percentage). CKD stages are defined as
e 2, eGFR of 60-89 mL/min/1.73 m2 with ACR �30 mg/g; stage
/1.73 m2.

ey disease; CKD-EPI, Chronic Kidney Disease Epidemiology
ney Early Evaluation Program; MDRD, Modification of Diet in
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are recorded, and blood and urine specimens are collected for
determination of serum creatinine level, fasting glucose level, and
urine albumin-creatinine ratio (ACR). KEEP laboratory proce-
dures have been described in detail previously.12

Definitions

CKD was categorized into stages13 as follows using eGFR
calculated using both the isotope-dilution mass spectrometry–
traceable MDRD Study equation (eGFRMDRD) and the CKD-EPI
equation (eGFRCKD-EPI): stage 1, eGFR �90 mL/min/1.73 m2

with ACR �30 mg/g; stage 2, eGFR of 60-89 mL/min/1.73 m2

with ACR �30 mg/g; stage 3, eGFR of 30-59 mL/min/1.73
m2; and stages 4-5, eGFR �30 mL/min/1.73 m2. CKD awareness
was defined as an affirmative answer to the question, “Have you
ever been told by a doctor or health care professional you have
kidney disease (do not include kidney stones, bladder infections, or
incontinence)?” Age was categorized as 18-30, 31-45, 46-60,
61-75, and �75 years. Education was categorized as high school
graduate versus not. Diabetes was defined as self-report, use of
medications for diabetes, fasting glucose values �126 mg/dL, or
nonfasting glucose values �200 mg/dL. Hypertension was defined
as self-report, use of medications for hypertension, systolic blood
pressure �130 mm Hg, or diastolic blood pressure �80 mm Hg.
Cardiovascular disease was defined as self-report of heart angio-
plasty, heart bypass surgery, heart attack, heart failure, abnormal
heart rhythm, stroke, or peripheral vascular disease (peripheral
vascular disease information was collected until only May 2005).

Statistical Analysis

Participant baseline characteristics and CKD awareness are
described by CKD stage and eGFR equation using proportions. We
used logistic regression, expressed as odds ratio (OR) and 95%
confidence interval (CI), to describe the association of CKD stage
and other clinical characteristics with CKD awareness. Separate
models were constructed using eGFRMDRD and eGFRCKD-EPI to
categorize CKD stage. Adjusted models accounted for age, sex,
race, education, and diabetes plus all other variables significant at
the P � 0.1 level in unadjusted analyses. To determine the relation
between reclassification of CKD severity using eGFRCKD-EPI and
CKD awareness, we first determined the reclassification rate in

Figure 1. Prevalence of chronic kidney disease (CKD) aw
estimated glomerular filtration rate (eGFR; n � 26,213) and CKD
Bars indicate 95% confidence intervals. CKD stages are defin

creatinine ratio (ACR) �30 mg/g; stage 2, eGFR of 60-89 mL/min/1.7
m2; and stages 4-5, eGFR �30 mL/min/1.73 m2.
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unaware and aware participants. Next, we classified participants
into 3 categories as follows: unchanged CKD stage using eGFRCKD-EPI

versus eGFRMDRD, less advanced CKD stage using eGFRCKD-EPI

versus eGFRMDRD, and more advanced CKD stage using
eGFRCKD-EPI versus eGFRMDRD. These categories were used to
determine the unadjusted and multivariable-adjusted associations
between CKD reclassification and awareness. We further stratified
analyses by CKD stage to assess whether findings were consistent.
Analyses were conducted using SAS, version 9.2 (www.sas.com).

RESULTS

Using eGFRMDRD, 26,213 participants were classi-
fied with CKD: 8,134 (31%) with stages 1-2 and
18,079 (69%) with stages 3-5 (Table 1). Using
eGFRCKD-EPI, 23,572 participants were classified with
CKD: 8,421 (32%) with stages 1-2 and 15,151 (58%)
with stages 3-5. Thus, 2,641 participants (10%) were
classified with CKD using eGFRMDRD, but not
eGFRCKD-EPI. Of participants with CKD using
eGFRMDRD, 9.5% were aware of CKD; 4.9%, 6.3%,
9.2%, 41.9%, and 59.2% with stages 1-5, respectively,
were aware (Fig 1). Of participants with CKD using
eGFRCKD-EPI, 10.0% were aware of CKD; 5.1%,
6.6%, 10.0%, 39.3%, and 59.4% with stages 1-5,
respectively, were aware. An association between
more advanced CKD stages and higher odds for
awareness remained after adjustment for clinical char-
acteristics (Table 2). Odds for awareness were slightly
higher for CKD stages based on eGFRCKD-EPI than for
CKD stages based on eGFRMDRD. The association
between other clinical characteristics and awareness
was not changed substantially when eGFRCKD-EPI

was substituted for eGFRMDRD. In participants with
eGFRCKD-EPI �60 mL/min/1.73 m2, albuminuria (ACR
�30 mg/g) was associated with higher odds for aware-

ess by Modification of Diet in Renal Disease (MDRD) Study
demiology Collaboration (CKD-EPI) eGFR (n � 23,572) stages.
s follows: stage 1, eGFR �90 mL/min/1.73 m2 with albumin-

2

aren
Epi

ed a

3 m with ACR �30 mg/g; stage 3, eGFR of 30-59 mL/min/1.73
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ness (OR, 1.85; 95% CI, 1.64-2.08) after adjustment
for eGFR and other confounders.

Although prevalence estimates of awareness
changed only modestly, CKD severity classification
changed considerably, especially in CKD-unaware
participants (Table 3). Of 23,733 unaware participants
with CKD using eGFRMDRD, 2,863 (12.1%) were
reclassified to a less advanced CKD stage using
eGFRCKD-EPI, including 2,509 (10.6%) who were
reclassified to no CKD, and 158 (�1%) who were
reclassified to a more advanced CKD stage. Mean age
of unaware participants who were reclassified to no
CKD was 55 years, and mean eGFRCKD-EPI was 62

Table 2. Association of CKD Stage and Othe

Characteristics Unadjusted OR (95% CI)

MDRD Study CKD stage
1 1.00 (reference)
2 1.31 (1.07-1.60)
3 1.99 (1.67-2.37)
4 14.12 (11.40-17.50)
5 28.43 (19.31-41.87)

CKD-EPI CKD stage
None 0.98 (0.78-1.23)
1 1.00 (reference)
2 1.32 (1.10-1.59)
3 2.07 (1.78-2.42)
4 12.07 (9.93-14.67)
5 27.31 (18.89-39.47)

Age (/decade) 1.05 (1.02-1.08)

Men (vs women) 1.33 (1.22-1.45)

White race (vs other) 1.30 (1.19-1.41)

High school graduate (vs less) 0.87 (0.79-0.97)

Insured (vs uninsured) 0.73 (0.66-0.81)

Access to physician 0.89 (0.75-1.06)

Diabetes 1.22 (1.12-1.33)

Hypertension 1.89 (1.60-2.24)

Cardiovascular disease 1.74 (1.60-1.89)

Current smoking 0.97 (0.84-1.13)

Family history of kidney
disease

1.72 (1.56-1.90)

Screening year
2000-2002 1.00 (reference)
2003 1.26 (0.97-1.62)
2004 1.10 (0.86-1.40)
2005 1.66 (1.33-2.07)
2006 2.15 (1.73-2.67)
2007 2.57 (2.07-3.19)
2008 2.55 (2.06-3.16)
2009 2.87 (2.33-3.54)

Note: CKD stages are defined as follows: stage 1, eGFR �

mL/min/1.73 m2 with ACR �30 mg/g; stage 3, eGFR of 30-59 mL
Abbreviations: ACR, albumin-creatinine ratio; CI, confidence

Disease Epidemiology Collaboration; eGFR, estimated glomeru
odds ratio.

aAdjusted models include all covariates listed.
mL/min/1.73 m2. All had eGFRMDRD �45 mL/min/
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1.73 m2; 77% were women, 72% did not have diabe-
tes, and 80% had hypertension. Of 2,480 aware partici-
pants with CKD using eGFRMDRD, 35 (1.4%) were
reclassified to a more advanced stage, and 188 (7.5%),
to a less advanced stage.

Relative to unchanging CKD stage using eGFRMDRD

and eGFRCKD-EPI, reclassification to a less advanced
stage using eGFRCKD-EPI was associated with 40%
lower odds for CKD awareness (OR, 0.58; 95% CI,
0.50-0.67), and reclassification to a more advanced
stage, with 50% higher odds for CKD awareness (OR,
1.50; 95% CI, 1.05-2.13; Table 4). These findings
persisted after adjustment for age, sex, race, educa-

ticipant Characteristics With CKD Awareness

justed Model 1a OR (95% CI) Adjusted Model 2a OR (95% CI)

1.00 (reference) —
1.32 (1.07-1.63) —
2.29 (1.89-2.78) —

17.32 (13.61-22.04) —
32.78 (21.64-49.66) —

— 1.11 (0.87-1.41)
— 1.00 (reference)
— 1.53 (1.25-1.87)
— 2.90 (2.41-3.47)
— 18.58 (14.76-23.40)
— 38.40 (25.69-57.41)

0.91 (0.87-0.94) 0.83 (0.80-0.87)

1.29 (1.18-1.42) 1.24 (1.12-1.36)

1.21 (1.09-1.33) 1.29 (1.17-1.43)

0.86 (0.77-0.97) 0.88 (0.78-0.99)

0.67 (0.59-0.77) 0.67 (0.59-0.76)

— —

1.03 (0.94-1.14) 1.02 (0.93-1.12)

1.59 (1.33-1.91) 1.55 (1.29-1.86)

1.48 (1.35-1.63) 1.48 (1.34-1.63)

— —

1.86 (1.67-2.06) 1.87 (1.68-2.07)

1.00 (reference) 1.00 (reference)
1.45 (1.10-1.91) 1.52 (1.15-2.00)
1.31 (1.01-1.70) 1.37 (1.05-1.77)
2.00 (1.58-2.53) 2.09 (1.65-2.65)
2.79 (2.20-3.53) 2.89 (2.28-3.66)
3.13 (2.48-3.96) 3.24 (2.56-4.09)
3.23 (2.56-4.08) 3.42 (2.71-4.32)
3.70 (2.94-4.65) 3.86 (3.07-4.86)

L/min/1.73 m2 with ACR �30 mg/g; stage 2, eGFR of 60-89
1.73 m2; and stages 4-5, eGFR �30 mL/min/1.73 m2.
rval; CKD, chronic kidney disease; CKD-EPI, Chronic Kidney
tration rate; MDRD, Modification of Diet in Renal Disease; OR,
r Par
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consistent across all CKD stages, although most pro-
nounced for stages 3-5 using eGFRMDRD (Table 4).

DISCUSSION

We found that classification of CKD severity using
eGFRCKD-EPI aligned more closely with CKD aware-
ness than classification of severity using eGFRMDRD.
Application of eGFRCKD-EPI to KEEP data led to a
modest increase in overall awareness rates, primarily

Table 3. Reclassification of Participants Unaware and A

CKD by MDRD Study Equation

CKD-EPI E

No CKD Stage 1-2 Sta

Unaware (n � 23,733)
CKD stages 1-2 0 7,601 6
CKD stage 3 2,509 322 12,
CKD stage 4 0 0 3
CKD stage 5 0 0
Total no. reclassified

Aware (n � 2,480)
CKD stages 1-2 0 463
CKD stage 3 132 35 1,3
CKD stage 4 0 0 1
CKD stage 5 0 0
Total no. reclassified

Note: CKD stages are defined as follows: stage 1, eGFR �

mL/min/1.73 m2 with ACR �30 mg/g; stage 3, eGFR of 30-59 mL
Abbreviations: ACR, albumin-creatinine ratio; CKD, chronic

Collaboration; eGFR, estimated glomerular filtration rate; MDRD

Table 4. ORs for CKD Awareness in KEEP Partici

CKD Stage Reclassification From MDRD Study
to CKD-EPI eGFR

Full analytic cohort (n � 23,572)
Reclassified as less advanced
Unchanged
Reclassified as more advanced

MDRD Study stages 1-2 CKD (n � 8,134)
Reclassified as less advanced
Unchanged
Reclassified as more advanced

MDRD Study stage 3 CKD (n � 14,456)
Reclassified as less advanced
Unchanged
Reclassified as more advanced

MDRD Study stages 4-5 CKD (n � 982)
Reclassified as less advanced
Unchanged
Reclassified as more advanced

Note: CKD stages are defined as follows: stage 1, eGFR �

mL/min/1.73 m2 with ACR �30 mg/g; stage 3, eGFR of 30-59 mL
Abbreviations: ACR, albumin-creatinine ratio; CI, confidence

Disease Epidemiology Collaboration; eGFR, estimated glomeru
Modification of Diet in Renal Disease; OR, odds ratio.
aAdjusted for age, sex, race, education, insurance, diabetes, hypert

Am J Kidney Dis. 2011;57(3)(suppl 2):S17-S23
due to reclassification of low-risk unaware partici-
pants as not having CKD. These findings suggest that
eGFRCKD-EPI is a better indicator of the perceived
accuracy and prognostic importance of a CKD diagno-
sis than eGFRMDRD.

Awareness of CKD in the United States is low,
especially compared with awareness of chronic condi-
tions associated with CKD, such as hypertension or
diabetes, for which awareness rates are �70%.14,15

of CKD Using the CKD-EPI and MDRD Study Equations

ion No. Reclassified

Stage 4 Stage 5 More Advanced Less Advanced

0 0 65 0
88 0 88 2,831
460 5 5 30

2 51 — 2
158 2,863

0 0 5 0
21 0 21 167
331 9 9 17

4 73 — 4
35 188

L/min/1.73 m2 with ACR �30 mg/g; stage 2, eGFR of 60-89
1.73 m2; and stages 4-5, eGFR �30 mL/min/1.73 m2.
ey disease; CKD-EPI, Chronic Kidney Disease Epidemiology
ification of Diet in Renal Disease.

With Reclassified Versus Unchanged CKD Stage

adjusted OR (95% CI) Adjusted OR (95% CI)a

0.58 (0.51-0.66) 0.58 (0.50-0.67)
1.00 (reference) 1.00 (reference)
1.48 (1.05-2.10) 1.50 (1.05-2.13)

0.99 (0.74-1.33) 0.92 (0.68-1.23)
1.00 (reference) 1.00 (reference)
0.96 (0.47-1.96) 1.13 (0.54-2.38)

0.54 (0.45-0.63) 0.45 (0.38-0.54)
1.00 (reference) 1.00 (reference)
2.16 (1.34-3.49) 2.56 (1.56-4.19)

0.83 (0.47-1.46) 0.56 (0.30-1.04)
1.00 (reference) 1.00 (reference)
2.28 (0.76-6.85) 3.38 (1.05-10.83)

L/min/1.73 m2 with ACR �30 mg/g; stage 2, eGFR of 60-89
1.73 m2; and stages 4-5, eGFR �30 mL/min/1.73 m2.
rval; CKD, chronic kidney disease; CKD-EPI, Chronic Kidney
ltration rate; KEEP, Kidney Early Evaluation Program; MDRD,
ware
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As for other chronic conditions, awareness of CKD is
dependent on several patient and provider factors.
Patients must have access to health care services to be
tested for CKD. Providers must identify at-risk indi-
viduals, decide to evaluate kidney function, and inter-
pret these results. KEEP screenings, promotion of
CKD clinical practice guidelines, and automated eGFR
reporting by laboratories aim to facilitate several of
these factors. Increased CKD awareness over time in
KEEP and nationally and a recent increase in nephrol-
ogy referrals suggest that these efforts may be having
some impact.3,16,17

Providers also must consider the accuracy and
prognostic significance of test results and communi-
cate the findings to patients. Concern about provoking
anxiety with a potentially inaccurate or inconsequen-
tial CKD diagnosis may deter provider communica-
tion.4,18 Our findings are consistent with this hypoth-
esis. In KEEP, CKD awareness decreased dramatically
below stage 4, rather than decreasing stepwise. Further-
more, 10.6% of participants labeled as CKD unaware were
reclassified as not having CKD using eGFRCKD-EPI. These
participants all had eGFRMDRD of 45-59 mL/min/1.73
m2 and no albuminuria; most did not have diabetes.
Recent findings would suggest that they are a group at
lower risk of adverse outcomes.5,6,19 In addition, the
cost-effectiveness of early CKD diagnosis has been
challenged, primarily due to the potential decrease in
quality of life caused by a false-positive diagno-
sis.20,21 Although the potential effects of a true-
positive or false-positive diagnosis cannot be inferred
from our findings, they suggest that providers are
relying on additional markers of risk beyond eGFR,
such as albuminuria or family history, to communi-
cate diagnostic and prognostic information about CKD.

These controversies should not obscure disappoint-
ingly low rates of CKD awareness in individuals with
eGFR �30 mL/min/1.73 m2, a group for whom CKD
awareness is universally considered important for
preventing CKD-related complications and prompt-
ing preparation for renal replacement therapy. In KEEP,
only 39.3% and 59.4% of individuals with eGFRCKD-EPI

of 15-30 and �15 mL/min/1.73 m2 were aware of
CKD, respectively. Correlates of CKD awareness in
KEEP were similar to NHANES results; younger
patients, men, whites, and patients with hypertension
were more likely to be aware of CKD.3 Curiously,
high school education, health insurance, and access to
a physician were associated with lower rather than
higher odds for awareness, suggesting that poor health
literacy and lack of access to care are not major
factors preventing awareness. Additional studies are
needed to understand the barriers to detection and

communication of CKD in this high-risk group.
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By showing its relation to CKD awareness, our
study also provides indirect evidence of the validity of
estimating GFR using the CKD-EPI equation. After
the initial validation study, subsequent reports have
confirmed that the CKD-EPI equation reduces bias
across patient subgroups thought to be at low risk of
CKD complications and in those with eGFR �60
mL/min/1.73 m2 compared with the MDRD Study
equation.8 Two large cohort studies have noted that
eGFRCKD-EPI performs better than eGFRMDRD in pre-
dicting risk of death, cardiovascular events, and end-
stage renal disease.9,10 Future studies may be able to
determine whether improved accuracy and risk prog-
nostication using eGFRCKD-EPI encourage providers
to communicate a diagnosis of CKD more often.

Our study has several limitations common to large
studies that use creatinine-based estimating equations
for renal filtration function. First, CKD awareness (or
lack of) may influence participation in a KEEP screen-
ing. Compared with the general US population, KEEP
is enriched with individuals at higher risk of CKD-
related morbidity.22,23 Second, because we did not
have repeated assessments of eGFR, some individuals
with acute changes in kidney function may have been
misclassified. Finally, the questionnaire item we used
to assess awareness may have been misinterpreted by
participants, possibly causing underestimates of over-
all awareness rates. For example, participants may
have been told they had “low kidney function” rather
than “kidney disease.”

In summary, eGFRCKD-EPI more strongly corre-
lated with CKD awareness than eGFRMDRD, and its
application to KEEP data led to a modest increase in
CKD awareness due to upward reclassification of
unaware participants with mild decrements in eGFR.
Improvements in GFR estimation, such as with the
creatinine-based CKD-EPI equation or other biomark-
ers of kidney damage, may help increase CKD aware-
ness by reducing provider uncertainty about the accu-
racy and prognostic significance of a CKD diagnosis.
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