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CHRONIC KIDNEY DISEASE (CKD)
is currently defined as a cre-
atinine-based estimated glo-
merular filtration rate (GFR)

of less than 60 mL/min/1.73 m2 or a urine
albumin-to-creatinine ratio (ACR) of 30
mg/g or higher.1 Clinical laboratories are
routinely reporting estimated GFR, and
electronic medical records often alert cli-
nicians to the presence of CKD on this
basis alone.2 Because routine assess-
ment of the ACR is only recommended
for persons with diabetes,3 initial CKD
detection in routine practice is primar-
ily limited to serum creatinine testing.

Chronic kidney disease is associated
with increased risk of adverse outcomes,
including death, cardiovascular events,
and the development of end-stage re-
nal disease.4,5 Serum creatinine levels are
affected by muscle mass, age, and race,6

and estimated GFRs are less reliable for
assessing renal function when GFR is
more than 60 mL/min2.7 Therefore, cur-

Context A triple-marker approach for chronic kidney disease (CKD) evaluation has
not been well studied.

Objective To evaluate whether combining creatinine, cystatin C, and urine albumin-
to-creatinine ratio (ACR) would improve identification of risks associated with CKD
compared with creatinine alone.

Design,Setting,andParticipants Prospectivecohort study involving26643USadults
enrolled in the Reasons for Geographic and Racial Differences in Stroke (REGARDS) study
from January 2003 to June 2010. Participants were categorized into 8 groups defined by
estimated glomerular filtration rate (GFR) determined by creatinine and by cystatin C of
either �60 or �60 mL/min/1.73 m2 and ACR of either �30 or �30 mg/g.

Main Outcome Measures All-cause mortality and incident end-stage renal dis-
ease with median follow-up of 4.6 years.

Results Participantshadameanageof65years, 40%wereblack, and54%werewom-
en.Of26 643participants, 1940diedand177developedend-stage renaldisease.Among
participants without CKD defined by creatinine, 24% did not have CKD by either ACR or
cystatin C. Compared with those with CKD defined by creatinine alone, the hazard ratio
for death in multivariable-adjusted models was 3.3 (95% confidence interval [CI], 2.0-
5.6) for participants with CKD defined by creatinine and ACR; 3.2 (95% CI, 2.2-4.7) for
those with CKD defined by creatinine and cystatin C, and 5.6 (95% CI, 3.9-8.2) for those
with CKD defined by all biomarkers. Among participants without CKD defined by cre-
atinine, 3863 (16%) had CKD detected by ACR or cystatin C. Compared with participants
who did not have CKD by any measure, the HRs for mortality were 1.7 (95% CI, 1.4-1.9)
for participants with CKD defined by ACR alone, 2.2 (95% CI, 1.9-2.7) for participants
with CKD defined by cystatin C alone, and 3.0 (95% CI, 2.4-3.7) for participants with
CKDdefinedbybothmeasures.Riskof incidentend-stage renaldiseasewashigheramong
those with CKD defined by all markers (34.1 per 1000 person-years; 95% CI, 28.7-40.5
vs 0.33 per 1000 person-years; 95% CI, 0.05-2.3) for those with CKD defined by cre-
atinine alone. The second highest end-stage renal disease rate was among persons missed
by thecreatininemeasurebutdetectedbybothACRandcystatinC (rateper1000person-
years, 6.4; 95% CI, 3.6-11.3). Net reclassification improvement for death was 13.3%
(P� .001) and for end-stage renal disease was 6.4% (P� .001) after adding estimated
GFR cystatin C in fully adjusted models with estimated GFR creatinine and ACR.

Conclusion Adding cystatin C to the combination of creatinine and ACR measures
improved the predictive accuracy for all-cause mortality and end-stage renal disease.
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rent practice and staging systems based
primarily on serum creatinine may mis-
classify individuals when assessing these
risks.8 Alternative methods have been
suggested to improve detection and clas-
sification of CKD, including improved
estimated GFR equations9 and the com-
bination of categories of ACR and cre-
atinine-based estimated GFR.10,11 These
approaches have not yet been adopted
in international guidelines.12 Another
available tool to detect kidney disease is
serum cystatin C, an alternative bio-
marker of kidney function that is a bet-
ter predictor of death and cardiovascu-
lar events than creatinine and is also less
affected by age, race, or muscle mass.13,14

Although testing for cystatin C is avail-
able in the United States, it is not rou-
tinely used in clinical practice.

Despite these advances in kidney dis-
ease evaluation, a triple-marker ap-
proach for the detection and classifi-
cation of CKD using creatinine, cystatin
C, and ACR has not been well evalu-
ated. This is an important and timely
research question because guidelines for
the evaluation and staging of CKD are
currently being revised with the ex-
plicit objective of developing staging
systems that accurately reflect progno-
sis for CKD complications.15-18 We de-
signed this study to evaluate the yield
of adding CKD definitions based on
ACR and cystatin C to forecast risk
compared with a CKD definition using
creatinine-based estimates alone. We
hypothesized that cystatin C and albu-
minuria would add complementary risk
information among persons with and
without CKD, as defined by creatinine-
based estimated GFR (GFRcreatinine).

METHODS
Subjects

The Reasons for Geographic and Ra-
cial Differences in Stroke (REGARDS)
study is a large, population-based co-
hort study originally designed to iden-
tify factors that contribute to the ex-
cess stroke mortality in the stroke belt
of the United States and to the excess
stroke risk of black Americans.19

REGARDS recruited black and white
participants who were 45 years or older,

beginning January 2003. Participants
were randomly sampled and were re-
cruited by mail and then by tele-
phone, followed by an in-home visit.
Participants who were free of cancer
and, at the time of the initial tele-
phone call were able to answer the ques-
tions and were not living in an as-
sisted living home, were included in the
study. By design, approximately 50% of
the sample was recruited in North Caro-
lina, South Carolina, Georgia, Tennes-
see, Mississippi, Alabama, Louisiana,
and Arkansas (the stroke belt states).
The other 50% were recruited from the
remaining 40 continental states.

Kidney function was assessed in
30 239 participants.20 For these analy-
ses, we excluded 1247 participants who
were missing baseline data for serum
creatinine, 350 for serum cystatin C,
and 1061 for urine albumin and cre-
atinine. We also excluded 692 partici-
pants without follow-up data and 246
who were receiving dialysis or had re-
ceived a renal transplant at study en-
try, for a total sample size of 26 643.
Consent was obtained verbally by a
trained interviewer and later in writ-
ing. All appropriate institutional re-
view boards approved this study.

Primary Predictors

Our predictors of interest were esti-
mates of GFR by creatinine and cys-
tatin C (GFRcystatin C) and albuminuria ex-
pressedasACR.Bloodwascollected from
participants during an in-home exami-
nation after a 12-hour fast. Serum cre-
atinine was measured and calibrated to
isotope dilution mass spectrometry-
traceable methods.21 Cystatin C was mea-
sured by particle-enhanced immu-
nonephelometry (N Latex Cystatin C on
the BNII, Formerly, Dade Behring, Now
Siemens AG, Munich, Germany).13 Urine
albumin was measured by nephelom-
etry using the BNII ProSpec nephelom-
eter (Now Siemens AG), and urine cre-
atinine by the Jaffe method using the
Modular-P chemistry analyzer (Roche/
Hitachi, Basel, Switzerland).

We defined stage 3 or higher CKD
as an estimated GFR of less than
60 mL/min/1.73 m2 using the CKD Epi-

demiology Collaboration (CKD-Epi)
equation for creatinine22:

Estimated GFRcreatinine=141�minimum
(serum creatinine/k, 1) a � maximum
(serum creatinine/k, 1) −1.209�0.993
age�1.018[if female]�1.159[ifblack]

and the CKD-Epi cystatin C equation:

estimated GFRcystatin C=76.7
�cystatin C −1.19

ThecystatinCformulawasdeveloped
from the pooling of several cohorts with
GFR measured by iothalamate.23

We defined albuminuria as a spot
urine ACR of 30 mg/g or higher.1

Ascertainment of Outcomes

The outcomes of interest were all-
cause mortality and incident end-
stage renal disease. All participants
engaged in a telephone follow-up in-
terview at 6-month intervals. Partici-
pants’ proxies reported deaths via tele-
phone or mail. Death reports were
confirmed by review of death certifi-
cates or by linkage to the social secu-
rity death index to verify the date of
death.24 Deaths reported until June 30,
2010, were included. Incident end-
stage renal disease was ascertained by
linkage to the US Renal Data System
(http://www.usrds.org), which ob-
tains data on persons who initiate di-
alysis or receive a kidney transplant.
End-stage renal disease cases were iden-
tified through August 31, 2009.

Covariates of Interest

Baseline participant information was
first collected via a telephone inter-
view. A trained technician then con-
ducted an in-home examination for the
anthropometric and clinical examina-
tion, electrocardiogram, specimen col-
lection, and inventory of medications.
Age, race, sex, smoking history, in-
come, and educational attainment were
determined by self-report during the
telephone interview. Prevalent cardio-
vascular disease was defined by any one
of the following: electrocardiographic
evidence of a myocardial infarction, self-
report of a cardiac procedure (coro-
nary artery bypass graft surgery or an-
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gioplasty), self-reported myocardial
infarction, or self-reported stroke. Hy-
pertension was defined by self-
reported use of antihypertensive medi-
cations or an average of the second and
third seated blood pressure measures:
systolic 140 mm Hg or higher or dia-
stolic 90 mm Hg or higher. Diabetes was
defined as self-reported use of insulin
or oral hypoglycemic agents, fasting
blood glucose level of 126 mg/dL or
higher, or a nonfasting blood glucose
concentration of 200 mg/dL or higher.
Blood and urine were collected, pro-
cessed locally, and sent to a central labo-
ratory for measurements. (To convert
glucose from mg/dL to mmol/L, mul-
tiply by 0.0555.)

Statistical Analyses

The purpose of this study was to evalu-
ate a simpleandclinically applicable tool
to detect and risk stratify CKD in prac-
tice with 3 available markers. In a first
step,wecalculated the frequencyofCKD
defined by all possible combinations of

estimated GFR using serum creatinine,
cystatin C, and ACR into 8 mutually
exclusive groups. We evaluated charac-
teristics of participants by CKD group at
baseline. Participants were categorized
into these 8 groups by estimated
GFRcreatinine less than 60 and 60 mL/min/
1.73m2 or higher, estimated GFRcystatin C

less than 60 and 60 mL/min/1.73m2 or
higher,andACRless than30and30mg/g
or higher (FIGURE 1). We specifically
chose these cut points because they
reflect the current clinical definition of
CKD and because they have been iden-
tified as important risk thresholds for
CKD complications.25 The use of mutu-
ally exclusive categories of creatinine,
cystatin C, and ACR also removes the
possibility of colinearity because the fil-
tration marker and ACR concentra-
tions do not enter the statistical mod-
els. We then evaluated associations of
these CKD categories with risks of death
and end-stage renal disease. Because
CKD is clinically defined by estimated
GFRcreatinine of less than 60 mL/min/

1.73 m2 in most general clinical set-
tings, we stratified analyses first by pres-
ence or absence of CKD by creatinine.
To evaluate the utility of cystatin C and
ACR in confirming a CKD diagnosis,
we categorized persons with CKD
defined by creatinine into the follow-
ing 4 groups: (1) CKD defined by
creatinine alone: estimated GFRcystatin C

of 60 mL/min/1.73 m2 or higher
and ACR less than 30 mg/g; (2) CKD
defined by creatinine plus ACR: esti-
mated GFRcystat in C of 60 mL/min/
1.73 m2 or higher and ACR of 30
mg/g or higher; (3) CKD defined by
creatinine plus cystatin C: estimated
GFRcystatin C of less than 60 mL/min/
1.73 m2 and ACR less than 30 mg/g; and
(4) CKD defined by all biomarkers: esti-
mated GFRcystatin C of less than 60
mL/min/1.73 m2 and ACR of 30 mg/g
or higher. Second, to determine the abil-
ity of cystatin C or ACR to detect CKD
missed by creatinine, we repeated this
categorization among persons with esti-
mated GFRcreatinine of 60 mL/min/1.73 m2

Figure 1. Chronic Kidney Disease Definitions Using a Triple-Marker Approach of Creatinine, Cystatin C, and Albumin-to-Creatinine Ratio

19 876 Participants

26 643 Included in the study

22 361 Participants 1378 Participants 2055 Participants849 Participants

ACR
<30 mg/g

ACR
<30 mg/g

ACR
<30 mg/g

ACR
<30 mg/g

ACR
≥30 mg/g

ACR
≥30 mg/g

ACR
≥30 mg/g

ACR
≥30 mg/g

No chronic kidney
disease by any

biomarkers

Chronic kidney disease as defined by biomarker cut points

ACR alone Cystatin C
alone

ACR and Cystatin C Creatinine alone Creatinine and ACR Creatinine and
Cystatin C

All biomarkers

2485 Participants 963 Participants 1172 Participants 883 Participants701 Participants 148 Participants415 Participants

3596 Excluded
2658 Had missing data at baseline

692 Had missing follow-up data
246 Were receiving dialysis or received

renal transplant at study entry

1247 Serum creatinine
350 Serum cystatin C

1061 Urine albumin and creatinine

23 739 Participants 2904 Participants
Cystatin C ≥60

Creatinine ≥60 Creatinine <60

Cystatin C <60 Cystatin C ≥60 Cystatin C <60

30 239 Participants assessed for eligibility

The blue lines indicate normal results. Creatinine and cystatin C−based data refer to creatinine-based and cystatin C–based estimated glomerular filtration rate,
mL/min/1.73 m2, respectively. ACR indicates albumin-to-creatinine ratio.
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or higher at baseline: (1) no CKD
defined by any biomarker: estimated
GFRcystatin C of 60 mL/min/1.73 m2 or
higher and ACR of less than 30 mg/g,
(2) CKD defined by ACR alone: esti-
mated GFRcystatin C of 60 mL/min/1.73 m2

or higher and ACR of 30 mg/g or higher,
(3) CKD defined by cystatin C alone:
estimated GFRcystatin C less than 60
mL/min/1.73 m2 and ACR less than 30
mg/g, and (4) CKD defined by ACR plus
cystatin C: estimated GFRcystatin C less
than 60 mL/min/1.73 m2 and ACR of
30 mg/g or higher. Across each of these
8 groups, we calculated all-cause mor-
tality and end-stage renal disease rates
per 1000 person-years and 95% confi-
dence intervals (CIs). We then com-
pared adjusted risks using multivari-
ate Cox proportional hazard models,
separately for persons with and with-
out CKD based on creatinine.

In a second set of analyses, we evalu-
ated the effect on prognosis of diagnos-
ing CKD stage 3 or higher by each bio-
marker. Specifically, we compared the
risks of death and end-stage renal dis-
ease associated with defining CKD stage
3 by estimated GFRcreatinine or estimated
GFRcystatin C concentrations. We deter-
mined mortality and end-stage renal dis-
ease rates per 1000 person-years for each
of the above 4 groups and constructed
multivariable adjusted models, includ-
ing adjustment for ACR level.

For all analyses, the follow-up inter-
val was defined for each participant as
the elapsed time between the phle-
botomy date at the in-home visit to the
date of the last confirmed follow-up
telephone call, the confirmed date of
death, or date of end-stage renal dis-
ease ascertainment.

Finally, we evaluated whether add-
ing estimated GFRcystatin C to models with
estimated GFRcreatinine and ACR would
improveriskclassification.Weused2dif-
ferent methods to evaluate the improve-
ment in the prediction of end-stage renal
disease or death (separately) when add-
ing estimated GFRcystatin C to the models:
the net reclassification improvement
and relative integrated discrimination
improvement.26,27 The net reclassifica-
tion improvement without categories

quantifies the accuracy of risk predic-
tion for persons moving into higher- or
lower-risk groups based on the addition
of estimated GFRcystatin C. First, we com-
pared CKD definitions using 4 groups vs
8 groups. We determined the propor-
tions of the cohort who were classified
as higher or lower risk with the addition
of cystatin C and determined the event
rates for each group. In addition to the
net reclassification improvement model,
we used relative integrated discrimina-
tion improvement to evaluate whether
the added predictive value of cystatin C
would remain significant when esti-
matedGFRcreatinine, estimatedGFRcystatin C,
and log ACR were included as linear pre-
dictors. We conducted these analyses
because we were specifically interested
in whether adding estimated GFRcystatin C

to the models resulted in improved pre-
diction, even when the markers are
modeled as continuous variables. The
relative integrated discrimination
improvement specifically calculates the
relative improvements in sensitivity and
specificity for multivariable models with
and without the addition of estimated
GFRcystatin C. For both of the discrimina-
tion indices, empirical95%CIsandPval-
ues were calculated using a bootstrap
approachwith1000 iterations.All analy-
ses were conducted using SAS 9.1 (SAS
Institute Inc, Cary, North Carolina). A
P value of �.05 was considered statisti-
cally significant.

RESULTS
Cohort Characteristics

The 26 643 study participants had a
mean (SD) age of 65 (9) years. Over-
all, 40% self-identified as black, 54%
were women, 21% had diabetes, and
59% had hypertension (eTable 1 avail-
able at http://www.jama.com). The
3596 excluded individuals had simi-
lar baseline characteristics for esti-
mated GFR, age, prevalence of diabe-
tes, lipid levels, body mass index, and
fasting glucose levels; however, those
excluded were more likely to be black
(53% vs 40%) and to have an educa-
tional attainment of less than high
school (17% vs 12%). Characteristics
of included participants by all 8 CKD

groups are presented in TABLE 1. Par-
ticipants with no CKD by all markers
were the youngest and had the lowest
prevalence of diabetes, hypertension,
and cardiovascular disease.

Over median follow-up periods of 4.6
years (maximum, 7.28 years) for death
and 4.6 years (maximum, 6.57 years)
for end-stage renal disease, 1940 par-
ticipants died and 177 developed inci-
dent end-stage renal disease.

Risks of Death and End-Stage
Renal Disease

Overall, 2904 participants (11%) were
classified as having CKD based on es-
timated GFRcreatinine. Among them, 701
participants (24%) had CKD defined by
estimated GFRcreatinine alone and 148 par-
ticipants (5%) had CKD defined by es-
timated GFRcreatinine and ACR, whereas
CKD was defined by creatinine and cys-
tatin C for 1172 participants (40%) and
by all biomarkers for 883 participants
(30%). Among 23 739 participants with
no CKD defined by creatinine, 3863
(16%) had CKD detected by ACR, cys-
tatin C, or both (Figure 1).

Among individuals classified as hav-
ing CKD defined by creatinine, both
cystatin C and ACR identified individu-
als at higher risk of death and end-
stage renal disease (FIGURE 2). The
mortality rates of participants with CKD
defined by creatinine and ACR and
CKD defined by creatinine and cys-
tatin C were 4.4 times higher and those
with CKD defined by all biomarkers
were 7.8 times higher than the mortal-
ity rates of those with CKD defined by
creatinine alone. Furthermore, partici-
pants with CKD defined by creatinine
alone had mortality risks similar to
those who did not have CKD by any of
the 3 markers (rates per 1000 person-
years were 9.9 and 9.6, respectively).
Participants with CKD defined by all
biomarkers had rates of end-stage re-
nal disease that were 103-fold higher
than those with CKD defined by cre-
atinine alone (Figure 2). Among per-
sons with CKD by all 3 markers, the risk
of death is twice that for end-stage re-
nal disease. In contrast, for all other
groups, the risk of death is more than
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10-fold higher than that of end-stage re-
nal disease.

Estimated GFRcystatin C and albumin-
uria were also independently associ-
ated with higher risk of death and end-
stage renal disease among persons with
no CKD defined by creatinine at base-
line than those whose CKD was. Among
participants with no CKD creatinine at
baseline, those with no CKD by all 3
biomarkers had the lowest rate of death
and end-stage renal disease of all the
groups. Compared with participants
with no CKD, those with CKD de-
fined by ACR alone had a 2.3-fold
higher rate of death, those with CKD
defined by cystatin C had a 4.2-fold
higher rate of death, and those with
CKD defined by ACR plus cystatin C
had a 6.6-fold higher rate of death. A
similar pattern was observed for end-
stage renal disease. The second high-
est risk group for end-stage renal dis-

ease were participants with CKD
defined by ACR and cystatin C but for
whom CKD was otherwise not de-
tected by creatinine (Figure 2).

In multivariate analyses, having
either CKD defined by ACR or cys-
tatin C was associated with increased
risk of death among persons with or
without a CKD determination at base-
line (TABLE 2). Compared with per-
sons with CKD defined by creatinine
alone, the adjusted hazard ratios
(HRs) were 3.3 (95% confidence inter-
val [CI], 2.0-5.6) for those with CKD
defined by creatinine plus ACR, 3.2
(95% CI, 2.2-4.7) for those with CKD
defined by creatinine plus cystatin C,
and 5.6 (95% CI, 3.9-8.2) for those
with CKD defined by all biomarkers.
Among persons initially classified as
not having CKD defined by creatinine,
those with CKD defined by ACR plus
cystatin C had the largest multivari-

able adjusted HR of death, followed by
those with CKD defined by cystatin C
alone and by ACR alone (Table 2).

CKD Stage 3 Comparisons

Eight percent of participants had an es-
timated GFR of less than 60 mL/min/
1.73 m2 by both markers: 5% by cys-
tatin C alone, and 3% by creatinine
alone. The prevalence of albuminuria
was 17% for those with CKD defined
by estimated GFRcreatinine alone, 30% for
those with CKD defined by estimated
GFRcystatin C alone, and 43% with CKD
defined by both markers. Participants
with estimated GFR less than 60 mL/
min/1.73 m2 by creatinine alone had no
significant increase in mortality or end-
stage renal disease risk in adjusted mod-
els, whereas those with an estimated
GFR less than 60 mL/min/1.73 m2 by
cystatin C had higher mortality and
end-stage renal disease risk despite their

Table 1. Baseline Characteristics of Participants by Chronic Kidney Disease Group Using Creatinine, Cystatin C, and Albumin-to-Creatinine Ratio

No. (%) of Participants

No
Chronic
Kidney
Disease

(n = 19 876)

Chronic Kidney Disease Defined by Biomarker Measure

ACR
Alone

(n = 2485)

Cystatin
C Alone
(n = 963)

ACR �
Cystatin C
(n = 415)

Creatinine
Alone

(n = 701)

Creatinine �
ACR

(n = 148)

Creatinine �
Cystatin C
(n = 1172)

All
Measures
(n = 883)

Estimated GFR, normal:
�60 ml/min/1.73m2

Creatinine Normal Normal Normal Normal Abnormal Abnormal Abnormal Abnormal

Cystatin C Normal Normal Abnormal Abnormal Normal Normal Abnormal Abnormal

ACR, normal: �30 mg/g Normal Abnormal Normal Abnormal Normal Abnormal Normal Abnormal

Age, mean (SD), y 63 (9) 65 (9) 70 (9) 69 (10) 71 (8) 73 (10) 74 (9) 71 (9)

Women 10 935 (55) 1286 (52) 478 (50) 177 (43) 433 (62) 79 (53) 666 (57) 404 (46)

Black 7629 (38) 1296 (52) 325 (34) 189 (46) 272 (39) 82 (55) 401 (34) 438 (50)

Educational attainment � high school 1996 (10) 416 (17) 174 (19) 78 (19) 93 (13) 33 (22) 220 (19) 188 (21)

Income �20 000, US $ 2966 (15) 587 (24) 236 (25) 116 (28) 128 (18) 36 (24) 288 (25) 251 (28)

Diabetes 3112 (16) 953 (38) 249 (26) 204 (49) 137 (20) 47 (32) 357 (31) 445 (50)

Hypertension 10 442 (52) 1815 (73) 700 (73) 339 (82) 496 (71) 121 (82) 967 (83) 766 (87)

Prevalent CVD 3384 (17) 668 (27) 323 (33) 181 (44) 188 (27) 48 (32) 482 (41) 409 (47)

Cholesterol, mean (SD), mg/dL
Total 193 (39) 193 (41) 185 (41) 181 (44) 192 (44) 189 (44) 183 (39) 183 (44)

LDL 115 (34) 114 (36) 109 (35) 104 (34) 112 (38) 109 (36) 105 (33) 106 (36)

HDL 53 (17) 51 (17) 46 (14) 45 (14) 54 (16) 52 (18) 48 (16) 46 (16)

Fasting glucose, mean (SD), mg/dL 99 (27) 117 (51) 101 (28) 117 (50) 101 (28) 105 (32) 102 (29) 114 (53)

BMI, mean (SD) 29 (6) 30 (7) 31 (7) 32 (8) 28 (6) 29 (6) 30 (7) 30 (7)

Estimated GFR, median (IQR),
mL/min/1.73 m2

Cystatin C 92 (27) 87 (29) 55 (7) 54 (9) 70 (14) 67.7 (9) 48 (14) 41 (18)

Creatinine 91 (20) 91 (23) 71 (15) 71 (16) 55 (7) 55 (7) 49 (14) 43 (19)
Abbreviations: ACR, albumin-to-creatinine ratio; BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; CVD, cardiovascular disease; GFR, glo-

merular filtration rate; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein.
SI conversion factors: To convert total cholesterol, LDL, and HDL from mg/dL to mmol/L, multiply by 0.0259; glucose from mg/dL to mmol/L, multiply by 0.0555.
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estimated GFRcreatinine being less than 60
mL/min/1.73 m2 (TABLE 3).

Discrimination and Reclassification
Improvement

Adding estimated GFRcystatin C as a mea-
sure for CKD resulted in 5.2% of the
cohort being reclassified to a higher risk
group, whereas 3.2% were reclassified
to a lower risk group. Participants who
were reclassified to a higher risk group
by adding estimated GFRcystatin C to the
model had a 3-fold higher mortality risk
(10% during follow-up) than those who
were reclassified to a lower risk group

(3% mortality risk). Similarly, the risk
of end-stage renal disease was almost
4-fold higher (0.62%) for those reclas-
sified upward than those whose risk
was lowered by adding the estimated
GFRcystatin C measure (0.15%). The net
reclassification improvement for death
was 13.3% (95% CI, 12.3%-13.7%;
P� .001) and the net reclassification
improvement for end-stage renal dis-
ease was 6.4% (95% CI, 5.5%-6.7%,
P� .001). Adding estimated GFRcystatin

C as a continuous variable to the fully
adjusted model resulted in a signifi-
cant relative integrated discrimina-

tion improvement for death (9.5%; 95%
CI, 2.7%-20.6%) but not for end-stage
renal disease (0.04%; −21.7% to 27.1%).

COMMENT
We evaluated a triple-marker approach
for the assessment of kidney disease in a
large cohort of black and white adults
across theUnitedStates.Usingserumcre-
atinine, cystatin C, and albuminuria
resulted in an increased ability to dis-
criminate risk of death and end-stage
renal disease. Cystatin C and albumin-
uria were both strongly and indepen-
dently associated with all-cause mortal-
ity among persons with or without CKD
defined by creatinine-based estimated
GFR. The risk of future end-stage renal
diseasewasconcentratedwithin thesub-
set of participants who had CKD defined
by all 3 markers. The second highest risk
group for end-stage renal disease was
missed by creatinine but was detected by
cystatin C and ACR.

Implications of Findings
for CKD Confirmation

Our findings confirm prior reports that
albuminuria quantification and cys-
tatin C can improve risk stratification
among those with CKD detected by cre-
atinine.8,11,24,28 The current results ex-
tend prior findings to highlight that
measurements of both cystatin C and
albuminuria are complementary to
identify individuals with CKD who have
an increased risk of mortality and in-
cident end-stage renal disease. Several
groups are currently advocating new in-
ternational guidelines that more accu-
rately reflect prognosis of CKD15-18 and
have proposed adding ACR to staging
of CKD.28 Our results suggest that a
triple-marker approach using both ACR
and cystatin C to confirm CKD more
accurately discriminates prognosis for
death and progression to end-stage re-
nal disease than creatinine and ACR
alone. These findings have important
clinical relevance. According to data
from the third and fourth National
Hea l th and Nutr i t ion Surveys
(NHANES), more than 9.9 million per-
sons in the United States have CKD
stage 3 with an estimated GFR be-

Figure 2. Association of Chronic Kidney Disease Definitions With All-Cause Mortality and
End-Stage Renal Disease
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Error bars indicate 95% confidence intervals; ACR, albumin-to-creatinine ratio.
aNo chronic kidney disease (CKD) from all biomarker measures: 0.08 (95% CI 0.04-0.17) per 1000 person-years.
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tween 45 and 60 mL/min/1.73 m2.
Among those, 2.4 million would be
identified as being at higher risk with
ACR, and cystatin C would identify an-
other 2.9 million at elevated risk.29

These data, taken together, support the
observation that the clinical presenta-
tion of low GFR in the absence of al-
buminuria is common.30,31 Moreover,
25% of participants in the REGARDS
study were labeled as having CKD de-
fined by creatinine but who had no
CKD defined by ACR or cystatin C were
not at an increased risk of death or end-
stage renal disease. The NHANES data
suggest that among the 9.9 million per-
sons with CKD and estimated GFR be-
tween 45 and 60 mL/min/1.73 m2, 2.6
to 4.6 million would have no CKD by
ACR or cystatin C, and thus are likely
at low risk. The use of a triple-marker
renal panel that improves prognostic
ability could both reduce unwar-
ranted referrals and unnecessary work-
ups for low-risk individuals and would
prioritize specialty care and interven-
tions to individuals at highest risk.
Using cystatin C to confirm CKD, par-
ticularly among persons with esti-
mated GFRs between 45 and 60 mL/
min/1.73 m2, would optimize risk
stratification of CKD.

Implications of Findings
for CKD Detection

In addition, cystatin C and albumin-
uria can detect CKD in persons who are
missed by estimated GFRcreatinine but have
elevated risk of death and end-stage re-
nal disease. In our sample, 1 in 6 per-
sons had CKD undetected by creati-
nine. In the REGARDS study, more
CKD was detected by cystatin C and
ACR than by creatinine (14% vs 11%).

Our findings illustrate the potential
implications of universal screening for
CKD using a triple-marker approach. It
remains unclear whether early detec-
tion of CKD would be cost-effective.32

Current guidelines suggest regular
screening with quantification with ACR
alone among individuals with diabetes.
The role of cystatin C in screening is not
yet known. In our cohort, 4% of per-
sons were detected as having CKD by

cystatin C alone. These persons were at
significantly higher risk of death com-
pared with persons with no CKD. Be-
cause universal screening may not be
practical, future studies should identify
risk factors associated with occult CKD
in order to develop targeted ap-
proaches that would maximize the yield
of novel CKD screening strategies.

Our study is limited by the lack of
direct GFR measurements. However, re-
cent studies have suggested that even

iothalamate measures can have daily
variations of up to 8%,33 and these are
cumbersome, costly, and rarely avail-
able in large epidemiological studies. No
general population study has evalu-
ated prognosis using a gold standard
GFR estimate with an exogenous fil-
tration marker. However, our findings
with end-stage renal disease end points
suggest that a triple-marker approach
can also detect persons at highest risk
of CKD progression. In addition, we re-

Table 3. Risk of Death and End-Stage Renal Disease Associated With Chronic Kidney Disease
Stage 3 by Estimated Glomerular Filtration Rate Using Creatinine and Cystatin Ca

Biomarker Measures,
Estimated GFR
mL/min/1.73 m2

No. of
Participants

No of
Events

Rates per 1000
Person-Years

HR (95% CI)

Adjusted
Model 1b

Adjusted
Model 2c

All-Cause Mortality Over 4.6 y
Creatinine � Cystatin C,

�60
22 361 1104 10.9 (10.9-11.0) 1 [Reference] 1 [Reference]

Creatinine alone, �60 849 59 15.4 (14.9-15.9) 1.0 (0.7,1.2) 0.9 (0.7-1.1)
Cystatin C alone, �60 1378 278 47.0 (45.8-48.2) 2.6 (2.2-2.9) 2.1 (1.9-2.5)
Creatinine � Cystatin C,

�60
2055 799 57.8 (56.6-59.1) 2.8 (2.5-3.1) 2.1 (1.9-2.4)

End-Stage Renal Disease Over 4.6 y
Creatinine � Cystatin C,

�60
22 361 17 0.2 (0.1-0.3) 1 [Reference] 1 [Reference]

Creatinine alone, �60 849 2 0.5 (0.1-2.2) 3.9 (0.9-16.9) 2.5 (0.6-10.9)
Cystatin C, �60 1378 14 2.2 (1.3-3.8) 12.6 (6.2-25.9) 5.8 (2.8-12.1)
Creatinine � Cystatin C,

�60
2055 144 15.8 (13.5-18.6) 90.5 (53.2-153.9) 26.1 (14.9-45.7)

Abbreviation: CI, confidence; HR, hazard ratio.
aStage 3 chronic kidney disease is defined as estimated glomerular filtration rate of less than 60 mL/min/1.73 m2.
bMortality model adjusts for age, race, sex, income, educational attainment, hypertension, and diabetes. End-stage renal

disease model adjusts for age, race, sex, hypertension, and diabetes.
cMortality model adjusts for the above plus hypertension, diabetes, prevalent cardiovascular disease, smoking status, body

mass index, waist circumference, and log albumin-to-creatinine ratio. End-stage renal disease model adjusts for the above
plus log albumin-to-creatinine ratio.

Table 2. Mortality Associated With Cystatin C, Estimated Glomerular Filtration Rate, and
Albuminuria

No. of
Patients

Total No.
of Deaths

HR (95% CI)

Adjusted
Model 1a

Adjusted
Model 2b

Estimated GFR Creatinine �60 mL/min/1.73 m2

No CKD all 19 876 863 1 [Reference] 1 [Reference]
CKD defined by biomarker measuresc

ACR alone 2485 241 1.9 (1.6-2.2) 1.7 (1.4-1.9)
Cystatin C alone 963 173 2.5 (2.1-3.0) 2.2 (1.9-2.7)
ACR � Cystatin C 415 105 3.9 (3.1-4.7) 3.0 (2.4-3.7)

Estimated GFR Creatinine �60 mL/min/1.73 m2

CKD defined by biomarker measuresc

Creatinine alone 701 32 1 [Reference] 1 [Reference]
Creatine � ACR 148 27 3.7 (2.2-6.2) 3.3 (2.0-5.6)
Creatinine � Cystatin C 1172 223 3.5 (2.4-5.1) 3.2 (2.2-4.7)
All biomarkers 883 276 6.6 (4.6-9.6) 5.6 (3.9-8.2)

Abbreviation: ACR, albumin-to-creatinine ratio; CI, confidence; CKD, chronic kidney disease; GFR, glomerular filtration rate;
HR, hazard ratio.

aModel 1 adjusts for age, race, sex, income, and educational attainment.
bModel 2 adjusts for the above plus hypertension, diabetes, prevalent cardiovascular disease, smoking status, and body

mass index.
cSee “Methods” section for definitions of biomarker measures.

CHRONIC KIDNEY DISEASE AND END-STAGE RENAL DISEASE

©2011 American Medical Association. All rights reserved. JAMA, April 20, 2011—Vol 305, No. 15 1551

Downloaded From: https://jamanetwork.com/ on 05/22/2023



lied on a 1-time measure of biomark-
ers including albuminuria, which is
known to be variable, particularly at
lower ranges. Moreover, because end-
stage renal disease is an outcome that
develops over decades, our event rate
for end-stage renal disease limits our
statistical power.

Inconclusion,ourfindingssuggestthat
addingcystatinCtocreatinineandalbu-
minuria for risk prediction can more ac-
curatelyreclassifypersonsandcandistin-
guish important prognostic differences,
namely a 3-fold risk of death and 4-fold
risk of end-stage renal disease. Future
studiesareneededusingthetriple-marker
approachtoevaluateclinicalstrategiesthat
may reduce these risks.
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