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ABSTRACT

Background. Glomerular filtration rate (GFR) estimating
equations using the combination of creatinine and cystatin C
(eGFRcr-cys) are more accurate than equations using either
alone (eGFRcr or eGFRcys). New guidelines suggest measuring
cystatin C as a confirmatory test when eGFRcr may be inaccur-
ate, but do not specify demographic or clinical conditions in
which eGFRcys or eGFRcr-cys are more accurate than eGFRcr
nor which estimate to use in such circumstances.
Methods. We compared the performance of the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equa-
tions in 1119 subjects in the CKD-EPI cystatin C external val-
idation dataset. Subgroups were defined by eGFRcr, age, sex,
diabetes status and body mass index (BMI). The reference test
was GFR measured using urinary or plasma clearance of ex-
ogenous filtration markers. Cystatin C and creatinine assays
were traceable to primary reference materials. Accuracy was
defined as the absolute difference in eGFR compared with
mGFR.
Results. The mean mGFR was 70 ± 41 (SD) mL/min/1.73 m2.
eGFRcys was more accurate than eGFRcr at lower BMI and
less accurate at higher BMI, especially at higher levels of
eGFRcr. There were small differences in accuracy in people
according to the diabetes status. eGFRcr-cys was as accurate or
more accurate than eGFRcr or eGFRcys in these and all other
subgroups.
Conclusions. eGFRcr-cys, but not eGFRcys, is more accurate
than eGFRcr in most subgroups we studied, suggesting prefer-
ential use of eGFRcr-cys when serum cystatin C is measured
as a confirmatory test to obtain more accurate eGFR. Further
studies are necessary to evaluate diagnostic strategies for using
eGFRcys and eGFRcr-cys.

Keywords: CKD-EPI, cystatin C, diagnostic test accuracy,
estimated GFR

INTRODUCTION

Glomerular filtration rate (GFR) estimates are used routinely in
medical practice. In the USA, estimated GFR is reported mil-
lions of times per year using equations based on age, sex, race
and serum creatinine, but their accuracy is limited by impreci-
sion. One important cause of imprecision in GFR estimates
based on serum creatinine (eGFRcr) is individual variation in
non-GFR determinants of serum creatinine, such as muscle
mass or diet, leading to bias in subgroups of the population.

Cystatin C is an alternative filtration marker that is less af-
fected by muscle mass and diet, and GFR estimates based on
serum cystatin C (eGFRcys) may have less bias than eGFRcr in
some subgroups. However, serum cystatin C is also affected by
non-GFR determinants. Recent studies have shown that
eGFRcys is not more precise than eGFRcr, whereas estimated
GFR based on both markers (eGFRcr-cys) is more precise
than eGFR based on either marker alone, but these studies did
not report differences in the performance of equations in sub-
groups defined by demographic and clinical characteristics
across a wide range of GFRs [1–5].

Kidney Disease Improving Global Outcomes (KDIGO) has
just released updated clinical practice guidelines for evaluation
and management of chronic kidney disease (CKD) [6]. The
guidelines recommend initial use of eGFRcr followed by a con-
firmatory test using cystatin C for evaluation of GFR when
eGFRcr is thought to be inaccurate. However, the guidelines
do not specify clinical conditions in which eGFRcys or
eGFRcr-cys is more accurate than eGFRcr nor whether to use
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eGFRcys or eGFRcr-cys in such circumstances. Our goal in
these analyses was to develop strategies for use of eGFRcys or
eGFRcr-cys as confirmatory tests for eGFRcr based on easily
measured clinical and demographic variables. Here, we
compare eGFRcys and eGFRcr-cys with eGFRcr among sub-
groups with different demographic and clinical characteristics
across a wide range of eGFRcr. Our results may assist clini-
cians in choosing when to order cystatin C and whether to use
eGFRcys or eGFRcr-cys.

MATERIALS AND METHODS

We performed a cross-sectional analysis of diagnostic test ac-
curacy, using mGFR as the reference test and eGFR computed
from the CKD-Epidemiology Collaboration (CKD-EPI) 2009
creatinine equation, and the CKD-EPI 2012 cystatin C and
creatinine–cystatin C equations as the index tests [1, 7]. All
equations estimate GFR indexed for 1.73 m2 body surface area
(BSA).

Data sources

We used the CKD-EPI cystatin C and creatinine–cystatin C
external validation dataset. As previously described, collabora-
tors provided data from research studies and clinical popula-
tions (hereafter referred to as ‘studies’) [7]. We excluded
studies without measurements of cystatin C and studies of
transplant patients because of large variations among such
studies in the relationship of serum cystatin C to measured
GFR in our preliminary analyses. GFR was measured using
urinary or plasma clearance of exogenous filtration markers.
In total, we included five studies with 1119 participants.
Details of the studies and their measurement procedures have
been previously published [1].

Laboratory methods

We used standardized serum creatinine and cystatin C for
computing eGFR. Methods for calibration of serum creatinine
and cystatin C have been described previously [1]. Briefly, we
either calibrated serum creatinine assays or measured serum cre-
atinine by the Roche enzymatic method, traceable to the Nation-
al Institute Standardized Technology creatinine standard
reference material 967 [8]. We calibrated serum cystatin C
assays or measured serum cystatin C on the Siemens Dade
Behring Nephelometer, with assays traceable to the Internation-
al Federation for Clinical Chemists Working Group for the
Standardization of Serum Cystatin C and the Institute for Refer-
ence Materials and Measurements certified reference materials
[9–11].

Statistical analysis

All measures of performance of estimating equations are
computed from differences between mGFR and eGFR
(mGFR− eGFR). We anticipated that clinicians would make
decisions on whether to order cystatin C based on the magni-
tude, rather than the direction, of the differences between
mGFR and eGFR computed using cystatin C versus creatin-
ine. Hence, our primary measure of equation performance is

the mean absolute value of the difference between mGFR and
eGFR (mean absolute difference), rather than the mean value
(bias) for each equation. Similarly, our primary measure for
the comparison of equations is the difference between the ab-
solute differences, rather than the difference between the
biases. Other advantages of using the absolute difference
rather than the bias are as follows: (i) it is a measure of accur-
acy (it includes information about bias and precision); (ii) it
can be adjusted for eGFR in multivariable analysis; (iii) differ-
ences between absolute bias retain comparisons to mGFR. A
larger value for absolute difference indicates a less accurate
equation. Positive and negative values for the difference in ab-
solute difference between the two equations indicate lesser or
greater accuracy, respectively, of the first equation compared
with the second equation. As additional measures of accuracy,
we also report the proportion of participants with estimated
GFR within 20 and 30% of measured GFR (P20 and P30, re-
spectively). Finally, for descriptive purposes, we also report
the bias, with a positive value for the bias indicating an under-
estimation of measured GFR and a negative value indicating
an overestimation.

Subgroups for analyses were defined by clinical characteris-
tics and eGFRcr. Subgroups of clinical characteristics were
stratified by age (<40, 40–65 and >65 years), sex, diabetes (yes
or no) and body mass index (BMI <20, 20–24, 25–30 and >30
kg/m2). We did not stratify by race because there were only 30
(2.7%) black individuals in the dataset. Since eGFRcr is the
primary method used to estimate GFR in clinical practice, we
used eGFRcr to categorize subgroups based on the level of
GFR. The level of eGFRcr was categorized as <30, 30–59, 60–
89 and ≥90 mL/min/1.73 m2. In a sensitivity analysis, we used
mGFR and eGFRcys to categorize eGFR.

Ninety-five percent confidence intervals (95% CIs) around
the bias, mean absolute difference, difference between mean
absolute difference, P20 and P30 were calculated using boot-
strap methods (1000 bootstraps). For difference between mean
absolute difference, 95% CIs which do not include zero were
considered significant. For comparison of P20 and P30, 95%
CIs which do not overlap were considered significant. A com-
parison of absolute difference in subgroups was performed
using linear regression model, with the difference in the abso-
lute difference as the outcome and the subgroups as dependent
variables. Smooth estimates of the mean values for bias and
difference in the absolute difference in graphical presentations
of the data were created using the lowess function. All analyses
were performed using R (version 2.15.1; Free Software Foun-
dation Inc, www.r-project.org).

The institutional review boards of all participating institu-
tions approved the study.

RESULTS

Table 1 shows the demographic and clinical characteristics of
the participants overall and stratified by level of eGFRcr. The
mean (SD) measured GFR was 69.8 (41.0) mL/min/1.73 m2;
20.7% were >65 years, 40.8% were women, 53.1% had diabetes
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and 7.2% had BMI <20 kg/m2. Participants with higher levels
of eGFRcr were younger, and had a higher proportion with
diabetes.

Table 2 compares the bias and absolute difference of
eGFRcr, eGFRcys and eGFRcr-cys overall and stratified by the
level of eGFRcr. Overall, bias was similar for the three equations.
For all the three equations, bias was higher at higher levels of
eGFRcr, and differences among subgroups appeared to be
greater at higher eGFRcr. eGFRcr underestimated mGFR more
for younger versus older people and in people with versus
without diabetes (Figure 1). eGFRcr underestimated mGFR
more for people with higher BMI and overestimated mGFR for
people with BMI <20 kg/m2. In contrast, eGFRcys underesti-
mated mGFR more for older versus younger people and in
people with higher BMI (Figure 2). For eGFRcr-cys, differences
among subgroups in bias were intermediate between those ob-
served for eGFRcr and eGFRcys (Figure 3).

The mean absolute difference was smaller for eGFRcr-cys
than for eGFRcr and eGFRcys at all levels of eGFRcr (Table 2).
Table 3 (Column 1) compares the difference in absolute differ-
ence of eGFRcys with eGFRcr in the overall dataset and in

subgroups; comparisons between subgroups stratified by eGFRcr
are shown in Supplementary Table S1 and Figure S1. Overall,
eGFRcr and eGFRcys had a similar absolute difference [differ-
ence of 0.2 (−0.4, 0.8) mL/min/1.73 m2]; however, there were dif-
ferences among some subgroups. eGFRcys had a smaller
absolute difference than eGFRcr in people with diabetes [differ-
ence of 1.7 (0.9, 2.5)] and a larger absolute difference than
eGFRcr in people without diabetes [difference of −1.4 (−2.3,
−0.5) mL/min/1.73 m2] (P < 0.001). Across BMI groups, there
was a non-significant trend (P = 0.08) toward a smaller absolute
difference for eGFRcys than eGFRcr at lower BMI and a larger
absolute difference for eGFRcys than eGFRcr at higher BMI. The
interaction of BMI with eGFRcr was significant (P = 0.03), so
that among people with eGFRcr >90 mL/min/1.73 m2, eGFRcys
had a smaller absolute difference than eGFRcr for the subgroup
with BMI <20 kg/m2 [n = 14, difference of 11.1 (0.4, 21.8) mL/
min/1.73 m2] but larger absolute difference than eGFRcr for the
subgroup with BMI >30 kg/m2 [n = 34, difference of −4.9 (−9.8,
−0.1) mL/min/1.73 m2] (Supplementary Table S1).

Table 3 (Column 2), Supplementary Table S2 and Figure S2
compare the difference in absolute difference of eGFRcr-cys

Table 1. Clinical characteristics of the CKD-EPI external validation dataset

Total eGFRcr categories (mL/min/1.73 m2) P-value

<30 30–59 60–89 ≥90

No. of participants 1119 229 344 225 321
Age (years) 50 ± 17 61 ± 15 55 ± 15 50 ± 15 36 ± 11 <0.001
<40 357 (31.9) 19 (8.3) 69 (20.1) 60 (26.7) 209 (65.1) <0.001
40–65 530 (47.4) 113 (49.3) 180 (52.3) 129 (57.3) 108 (33.6)
>65 232 (20.7) 97 (42.4) 95 (27.6) 36 (16.0) 4 (1.2)

Sex 0.01
Female 456 (40.8) 85 (37.1) 124 (36.0) 110 (48.9) 137 (42.7)
Male 663 (59.2) 144 (62.9) 220 (64.0) 115 (51.1) 184 (57.3)

Race 0.03
Black 30 (2.7) 10 (4.4) 13 (3.8) 1 (0.4) 6 (1.9)
White 1089 (97.3) 219 (95.6) 331 (96.2) 224 (99.6) 315 (98.1)

Diabetes <0.001
Yes 594 (53.1) 82 (35.8) 144 (41.9) 111 (49.3) 257 (80.1)
No 525 (46.9) 147 (64.2) 200 (58.1) 114 (50.7) 64 (19.9)

BMI (kg/m2) 25 ± 4 26 ± 4 26 ± 5 24 ± 4 25 ± 4 0.01
<20 81 (7.2) 16 (7.0) 25 (7.3) 26 (11.6) 14 (4.4) 0.003
20–24 503 (45.0) 92 (40.2) 139 (40.4) 111 (49.3) 161 (50.2)
25–30 386 (34.5) 83 (36.2) 127 (36.9) 64 (28.4) 112 (34.9)
>30 149 (13.3) 38 (16.6) 53 (15.4) 24 (10.7) 34 (10.6)

Weight (kg) 74 ± 15 73 ± 16 75 ± 16 72 ± 15 75 ± 14 0.02
<60 184 (16.4) 45 (19.7) 51 (14.8) 48 (21.3) 40 (12.5) 0.05
60–90 793 (70.9) 156 (68.1) 241 (70.1) 153 (68.0) 243 (75.7)
>90 142 (12.7) 28 (12.2) 52 (15.1) 24 (10.7) 38 (11.8)

BSA (m2) 1.85 ± 0.21 1.82 ± 0.22 1.87 ± 0.21 1.83 ± 0.21 1.88 ± 0.20 0.004
Scr (mg/dL) 1.61 ± 1.10 3.33 ± 1.23 1.64 ± 0.34 1.03 ± 0.18 0.78 ± 0.14 <0.001
Scys (mg/dL) 1.49 ± 0.79 2.67 ± 0.73 1.59 ± 0.40 1.06 ± 0.21 0.84 ± 0.18 <0.001
Measured GFR (mL/min/1.73 m2) 69.8 ± 41.0 21.8 ± 8.5 47.1 ± 14.7 82.1 ± 18.4 119.9 ± 23.1 <0.001
≥120 172 (15.4) 0 (0) 0 (0) 4 (1.8) 168 (52.3)
90–119 199 (17.8) 0 (0) 2 (0.58) 71 (31.6) 126 (39.3)
60–89 215 (19.2) 0 (0) 66 (19.2) 124 (55.1) 25 (7.8)
30–59 316 (28.2) 47 (20.5) 241 (70.1) 26 (11.6) 2 (0.6)
15–29 166 (14.8) 131 (57.2) 35 (10.2) 0 (0) 0 (0)
<15 51 (4.6) 51 (22.3) 0 (0) 0 (0) 0 (0)

Date are presented as mean ± SD and number (%). GFR is categorized by eGFR based on creatinine.
CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFRcr, estimated glomerular filtration rate based on serum creatinine; BMI, body mass index;
BSA, body surface area; Scr, serum creatinine; Scys, serum cystatin C.
To convert GFR from mL/min/1.73 m2 to mL/s/1.73 m2, multiply by 0.0167. To convert Scr from mg/dL to μmol/L, multiply by 88.4.
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Table 2. Bias and absolute difference of the CKD-EPI eGFRcr, eGFRcys and eGFRcr-cys equations by eGFRcr

eGFRcr (mL/
min/1.73 m2)

N eGFRcr eGFRcys eGFRcr-cys

Bias (95%
CI)

Mean absolute difference
(95% CI)

Bias (95% CI) Mean absolute difference
(95% CI)

Bias (95% CI) Mean absolute difference
(95% CI)

Overall 1119 5.3 (4.5, 6.1) 11.0 (10.4, 11.7) 5.2 (4.4, 6.0) 10.8 (10.2, 11.4) 5.4 (4.8, 6.1) 9.4 (8.9, 9.9)
≥90 229 9.1 (7.0, 11.5) 17.6 (16.0, 19.1) 14.3 (12.4, 16.2) 17.5 (16.2, 18.9) 10.8 (9.0, 12.4) 15.4 (14.2, 16.6)
60–89 344 6.8 (4.8, 8.7) 13.2 (11.8, 14.6) 5.2 (3.5, 7.2) 11.5 (10.4, 12.9) 6.3 (4.7, 7.8) 10.4 (9.4, 11.5)
30–59 225 2.7 (1.6, 3.9) 8.0 (7.3, 8.8) 0.8 (−0.4, 2.1) 8.4 (7.6, 9.3) 2.5 (1.7, 3.5) 7.0 (6.4, 7.6)
<30 321 2.3 (1.6, 2.9) 4.3 (3.8, 4.8) −1.0 (−1.7, −0.3) 4.3 (3.9, 4.8) 1.4 (0.8, 2.0) 3.6 (3.2, 4.0)

Bias is calculated as the mean value of (mGFR – eGFR). Absolute difference is calculated as |mGFR – eGFR|. GFR is categorized by eGFR based on creatinine.
CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; mGFR, measured GFR; eGFRcr, estimated GFR based on serum creatinine;
eGFRcys, estimated GFR based on serum cystatin C; eGFRcr-cys, estimated GFR based on serum creatinine and cystatin C.

F IGURE 1 : Bias of eGFRcr by demographic and clinical characteristics of subgroups. Bias is calculated as the mean value of (mGFR− eGFRcr).
eGFRcr, estimated glomerular filtration rate based on serum creatinine; mGFR, measured glomerular filtration rate.
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with eGFRcr. eGFRcr-cys had smaller absolute difference than
eGFRcr overall [difference of 1.6 (1.3, 2.0) mL/min/1.73 m2],
and in all subgroups defined by eGFRcr, age, sex, diabetes
status or BMI (except >30 kg/m2). By comparing the differ-
ence in absolute difference between eGFRcr minus eGFRcr-cys
(column 2) versus eGFRcr minus eGFRcys (Column 1), as well
as in Supplementary Tables S2 versus S1, we found that
eGFRcr-cys had smaller absolute difference than eGFRcr in
the subgroups in which eGFRcys had smaller absolute differ-
ence than eGFRcr (people with diabetes and people with
eGFRcr > 90 mL/min/1.73 m2 and BMI < 20 kg/m2)

Table 3 (Column 3), Supplementary Table S3 and Figure S3
show that eGFRcr-cys had a smaller absolute difference than
eGFRcys in the overall dataset [difference of 1.4 (1.1, 1.8) mL/
min/1.73 m2], and in all subgroups defined by eGFRcr

categories, age, sex or BMI and in people without diabetes.
eGFRcr-cys and eGFRcys were similar in people with diabetes.
By comparing the difference in absolute difference between
eGFRcys minus eGFRcr-cys (column 3) versus eGFRcr minus
eGFRcys (column 1) and Supplementary Tables S3 versus S1,
we found that eGFRcr-cys had a smaller absolute difference
than eGFRcys in the subgroups in which eGFRcys had a
larger absolute difference than eGFRcr (people without dia-
betes and people with eGFR > 90 mL/min/1.73 m2 and BMI >
30 kg/m2).

Analyses using P20 and P30 as measures of accuracy re-
vealed similar results (Supplementary Tables S4 and S5). Sen-
sitivity analyses using mGFR (Supplementary Tables S6–S9)
and eGFRcys rather than eGFRcr to categorize eGFR did not
reveal substantially different results.

F IGURE 2 : Bias of eGFRcys by demographic and clinical characteristics of subgroups. Bias is calculated as the mean value of (mGFR−
eGFRcys). eGFRcys, estimated glomerular filtration rate based on serum cystatin C; eGFRcr, estimated glomerular filtration rate based on serum
creatinine; mGFR, measured glomerular filtration rate.
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DISCUSSION

Accurate eGFR is important for detection and staging of CKD,
drug dosing and decisions on administration of intravenous
contrast. The recent KIDGO guidelines on CKD recom-
mended using eGFRcr for the initial evaluation and then
measuring cystatin C and using eGFRcys or eGFRcr-cys for
confirmation in the clinical settings in which eGFRcr is less ac-
curate. The difficulty in implementing this recommendation is
that without the gold standard mGFR, physicians do not know
when eGFRcr is inaccurate. Our analyses seek to provide clini-
cians with tools to know when to measure cystatin C based on
the readily available clinical and demographic information
and whether to report eGFRcys or eGFRcr-cys. Our results

showed that eGFRcr and eGFRcys had similar accuracy in the
total population, but differed across subgroups according to
diabetes status and BMI at higher eGFRcr. However, eGFRcr-
cys was as accurate or more accurate than eGFRcr and
eGFRcys in most subgroups, including the subgroups in which
eGFRcys was more accurate than eGFRcr. These results have
important implications for future studies on endogenous fil-
tration markers and use of GFR estimating equations in clinic-
al practice.

GFR estimating equations use the serum level of the en-
dogenous filtration markers, combined with demographic
variables, such as age, sex and race, to account for unmeasured
non-GFR determinants of the filtration markers that affect
their serum levels (generation, tubular secretion or reabsorp-
tion, and extra-renal elimination). In principle, differences in

F IGURE 3 : Bias of eGFRcr-cys by demographic and clinical characteristics of subgroups. Bias is calculated as the mean value of (mGFR−
eGFRcr-cys). eGFRcr-cys, estimated glomerular filtration rate based on serum creatinine and cystatin C; eGFRcr, estimated glomerular filtration
rate based on serum creatinine; mGFR, measured glomerular filtration rate.
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bias between eGFRcr and eGFRcys may reflect differences in
the non-GFR determinants of each marker that are not ac-
counted for by the demographic variables in the estimating
equations, and therefore, the improved accuracy of eGFRcr-cys
over eGFRcr and eGFRcys reflects the smaller effects of the
non-GFR determinants of each marker when they are used in
combination [2–5]. Neither BMI nor diabetes is included as a
variable in the CKD-EPI estimating equations, so it is not un-
expected that eGFRcr or eGFRcys may have differential bias
across subgroups defined by these variables. Some of our find-
ings can be accounted for by known non-GFR determinants in
serum creatinine which are affected by these variables. The
non-GFR determinants of serum cystatin C have not been
carefully evaluated; more study will be required to determine
how factors associated with the non-GFR determinants may
affect our results.

Higher BMI is associated with higher muscle and fat mass.
Muscle is the primary determinant of creatinine generation,
and variation in muscle mass can affect serum creatinine con-
centration independently of GFR, leading to bias in eGFRcr
compared with mGFR (overestimation at low BMI and under-
estimation at high BMI), as observed (Figure 1). Some studies
suggest that fat mass may be a primary determinant of cystatin
C generation, and if so, then variation in fat mass among indi-
viduals could affect serum cystatin C concentration independ-
ently of GFR, leading to bias in eGFRcys compared with
mGFR [12–16]. We observed differences in bias in both
eGFRcr and eGFRcys across BMI groups (Figures 1 and 2), but
a trend toward greater accuracy for eGFRcys than eGFRcr at

low BMI and a lesser accuracy for eGFRcys than eGFRcr at
higher BMI (Table 3), which was significant at higher eGFRcr
(Supplementary Table S1). However, this finding must be in-
terpreted with caution because of the small number of people
in these subgroups.

Diabetes is not known to be directly associated with the
non-GFR determinants of serum creatinine. In this study, we
observed small differences in the bias of eGFRcr between
people according to the diabetes status, but not for eGFRcys
(Figures 1 and 2 and Table 3). Prior studies by CKD-EPI and
others have suggested some differences according to the dia-
betes status in the relationships of serum creatinine and cysta-
tin C concentrations to mGFR, even after adjustment for age,
sex and race, but efforts to incorporate diabetes as a variable in
GFR estimating equations using either creatinine or cystatin C
have not led to improved equation performance [1, 7, 14, 17,
18]. Possibly, these differences reflect confounding by other
variables. Possibly, differentiation of Type 1 from Type 2 dia-
betes may provide some insight.

These findings lead to specific suggestions for implementa-
tion of the KDIGO recommendations in practice. First, our
findings indicate that eGFRcr-cys, but not eGFRcys, was more
accurate than eGFRcr in most subgroups defined by age, sex,
diabetes status, BMI or eGFRcr. They suggest that clinicians
could measure cystatin C in most patients when more accurate
eGFR is required, that clinical laboratories should report both
eGFRcys and eGFRcr-cys when cystatin C is measured, and
that clinicians should generally use eGFRcr-cys, rather than
eGFRcys alone, for clinical decision making. Second, the

Table 3. Comparison of the performance of eGFRcr, eGFRcys and eGFRcr-cys equations

No. eGFRcr− eGFRcys
(Column 1)

eGFRcr− eGFRcr-cys
(Column 2)

eGFRcys− eGFRcr-cys
(Column 3)

ΔAbs difference P-value ΔAbs difference P-value ΔAbs difference P-value

Overall 1119 0.2 (−0.4, 0.8) 1.6 (1.3, 2.0) 1.4 (1.1, 1.8)
eGFRcr 0.1 0.001 0.04
<30 229 −0.0 (−0.6, 0.6) 0.7 (0.4, 1.0) 0.8 (0.4, 1.2)
30–59 344 −0.3 (−1.3, 0.7) 1.0 (0.5, 1.6) 1.4 (0.8, 2.0)
60–89 225 1.6 (−0.0. 3.3) 2.7 (1.8, 3.7) 1.1 (0.2, 2.0)
≥90 321 0.0 (−1.4, 1.4) 2.2 (1.2, 3.1) 2.1 (1.4, 2.9)

Age (years) 0.3 0.1 0.1
<40 357 0.7 (−0.5, 1.9) 2.1 (1.3, 2.9) 1.4 (0.7, 2.1)
40–65 530 0.3 (−0.6, 1.2) 1.7 (1.1, 2.2) 1.4 (0.8, 1.9)
>65 232 −0.7 (−1.7, 0.4) 0.9 (0.2, 1.6) 1.6 (1.0, 2.2)

Sex 0.2 0.3 0.2
Female 456 −0.3 (−1.3, 0.7) 1.4 (0.8, 2.0) 1.7 (1.1, 2.3)
Male 663 0.6 (−0.2, 1.4) 1.8 (1.3, 2.3) 1.2 (0.0, 1.6)

Diabetes <0.001 0.02 0.02
Yes 594 1.7 (0.9, 2.5) 2.1 (1.6, 2.6) 0.4 (−0.1, 0.8)
No 525 −1.4 (−2.3, −0.5) 1.2 (0.6, 1.8) 2.6 (2.1, 3.1)

BMI (kg/m2) 0.08 0.002 0.1
<20 81 2.3 (−0.5, 5.0) 4.0 (1.7, 6.3) 1.7 (0.3, 3.1)
20–25 503 0.1 (−0.8, 0.9) 1.7 (1.2, 2.3) 1.7 (1.2, 2.1)
25–30 386 0.6 (−0.6, 1.7) 1.4 (0.8, 2.0) 0.8 (0.2, 1.5)
>30 149 −1.3 (−3.0, 0.4) 0.6 (−0.4, 1.6) 1.9 (1.0, 2.8)

eGFRcr is better eGFRcys is better eGFRcr-cys is better no difference.
Data are presented as mean (95% CI). Abs difference is calculated as the mean of the absolute value of the difference (mGFR − eGFR). ΔAbs difference is the difference in absolute
difference between eGFRs. A positive value indicates a larger absolute difference for the first equation than the second equation. P-value indicates the comparison among subgroups. The
unit of GFR is mL/min/1.73 m2. The unit for conversion for GFR in mL/min/1.73 m2 to mL/s/m2, ×0.0167.
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findings suggest that cystatin C should be measured in patients
with low BMI (<20 kg/m2), especially if eGFRcr is high (>90
mL/min/1.73 m2). eGFRcr may be substantially less accurate
than eGFRcys in this subgroup and eGFRcys was as accurate
as eGFRcr-cys. In clinical practice, this may be applicable to
patients with low muscle mass (anorexia nervosa, malnutri-
tion, neuromuscular disorders, limb amputation), although
the accuracy of eGFRcys and eGFRcr-cys has not been estab-
lished in these patients [19]. eGFRcr may also be less accurate
than eGFRcys in patients with diabetes, and eGFRcys was as
accurate as eGFRcr-cys in this subgroup, but we are uncertain
of the mechanism or the clinical relevance of these findings.

The findings of our study must be interpreted in light of its
strengths and limitations. Strengths include the large study
population, measurements of creatinine and cystatin C using
standardized assays, and rigorous statistical analysis including
point estimates and 95% CIs for subgroups defined by demo-
graphic and clinical characteristics and eGFRcr. However, there
are also several limitations. We pooled studies of different popu-
lations which may have differed by characteristic or methods
for measuring GFR, and we cannot rule out that some of the
findings may reflect the characteristics of a particular study. In
our previous work [1, 7], we did not find that differences
among studies affected our results. The study population did
not include transplant recipients, a substantial number of blacks
or patients with extremes of factors associated with non-GFR
determinants of creatinine. We did not have data on a large
number of variables and did not apply multivariable analysis to
characterize factors that affect non-GFR determinants of cre-
atinine versus cystatin C. We did not have data of albuminuria,
a marker of kidney damage, but our prior work has not shown
differences in equation performance by level of proteinuria [7].
We could not differentiate Type 1 from Type 2 diabetes. Other
studies with a more diverse study population and with data on
more variables may be better suited for identification of likely
factors most closely associated with non-GFR determinants of
cystatin C. Indexing of mGFR and eGFR by BSA has been ques-
tioned in low- and high-BMI groups. In principle, differences
between mGFR and eGFR may differ between indexed and
non-indexed measures if the BSA is associated with non-GFR
determinants of the endogenous filtration marker. Finally,
measurement error in mGFR may contribute to imprecision in
eGFR, but should have a smaller effect on differences between
mGFR and eGFR based on different filtration markers.

In conclusion, we have demonstrated that eGFRcr-cys, but
not eGFRcys, is more accurate than eGFRcr in most subgroups
that we studied, suggesting preferential use of eGFRcr-cys
when serum cystatin C is measured to obtain more accurate
eGFR than can be obtained from eGFRcr alone. eGFRcys may
be as accurate as eGFRcr-cys in patients with low BMI.
Further studies are necessary to evaluate diagnostic strategies
for using eGFRcys and eGFRcr-cys.

SUPPLEMENTARY DATA

Supplementary data are available online at http://ndt.
oxfordjournals.org.
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ABSTRACT

Background. Tuberous sclerosis complex (TSC) is character-
ized by benign tumours in multiple organs, including the
brain, kidneys, skin, lungs and heart. Our objective was to
evaluate everolimus, an mTOR inhibitor, in the treatment of
angiomyolipoma in patients with subependymal giant cell as-
trocytoma (SEGA) associated with TSC.
Methods. EXamining everolimus In a Study of Tuberous
Sclerosis Complex-1 (NCT00789828), a prospective, double-

blind, randomized, placebo-controlled, Phase 3 study, exam-
ined everolimus in treating SEGA associated with TSC. Pa-
tients with serial SEGA growth from pre-baseline to baseline
scans were randomly assigned (2:1) to receive 4.5 mg/m2/day
everolimus (target blood trough: 5–15 ng/mL; n = 78) or
placebo (n = 39). Angiomyolipoma response rates were ana-
lysed in patients (n = 44) with target baseline angiomyolipoma
lesions (≥1 angiomyolipoma; longest diameter ≥1.0 cm). An
angiomyolipoma response rate, defined as the proportion of
patients with confirmed angiomyolipoma response, was
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