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Abstract
The determination of renal function is crucial in patients with
type 2 diabetes (T2DM), a population at risk for chronic
kidney disease (CKD). Glomerular filtration rate (GFR) can be
measured (MGFR) with gold standard methods or estimated
(eGFR) with formulas. Since 1957, when Effersoe published
the first formula, more than 50 equations have been devel-
oped to estimate GFR. In this review, we examined the stud-
ies that compared mGFR and eGFR in patients with T2DM to
analyze the performance of those formulae in this popula-
tion. In cross-sectional studies, the average error of eGFR
was +30% of mGFR. Thus, in a patient with mGFR of 60 mL/
min, eGFR may vary from 42 to 78 mL/min. Moreover, many
patients were misclassified according to CKD stages. Formu-
las failed to detect glomerular hyperfiltration. In longitudinal
studies, eGFR poorly reflected real GFR decline over time. All
studies showed that eGFR decline was slower than mGFR
decline. Notably, no major improvement in accuracy and
precision has been observed since 1957 despite the use of
cystatin-c. Thus, formulas are not reliable indicators of GFRin
patients with T2DM. In clinical studies, where GFRis the main
outcome measure of the study, eGFR should be avoided.

© 2016 S. Karger AG, Basel

Type 2 diabetes (T2DM) affects 30-50% of patients
with end-stage renal disease worldwide [1-3]. Unfortu-
nately, this scenario has not changed in recent decades
despite the increased use of renin-angiotensin system
inhibitors. Thus, new strategies to prevent renal disease
in T2DM patients are urgently needed. However, these
strategies should consider a major problem in clinical
research in nephrology: the lack of accuracy and precision
of estimated glomerular filtration rate (¢GFR) by formu-
lae in reflecting true renal function. This is a crucial
concern, since GFR and GFR decline are natural outcome
measures in clinical studies. Moreover, the error of
estimated renal function may jeopardize the possibility to
detect potential benefits of new treatments. In this mini-
review, we will evaluate the evidence regarding the agree-
ment between eGFR and measured GFR (mGFR) by gold
standard methods in patients with T2DM.

Cross-Sectional Studies
Beauvieux et al. [4] evaluated a series of creatinine- or

cystatin-c-based equations in 124 patients in whom GFR
was measured with *!Cr-EDTA (Table 1). The proportion

Contribution from the CME course of the DIABESITY Working Group
of the ERA-EDTA, Bergamo, December 4-5, 2015.

© 2016 S. Karger AG, Basel

KARGER

E-Mail karger@karger.com
www.karger.com/nef

Dr. Esteban Porrini

Unidad de Ensayos Clinicos-UCICEC

University Hospital of the Canary Islands

Ofra s/n La Cuesta, ES-38320 La Laguna, Santa Cruz de Tenerife (Spain)
E-Mail esteban.l.porrini @ gmail.com



JUIIJJ0D UOIB[AII0D DUBPIOIUOD ‘DY) XIPUI UOHRIAID [810] ‘I,
9OUBIRI[D QUIUNEAID [ FZ [2-10 Ypg ‘uonenba onerpend) orur) oLy ‘OO [NeDH-1JON0D) ‘DY) D).l UOHBN[I JB[NISWO[S PAINSEIW Y JDHW 2)eI UOTBII[IJ JL[NISWO[S PIIeWNSd Y JDHD

JUT[D2P YIDOUW UEBY) JOMO]S dUTIP Y IO
%€01 F 87— :AYAN “%¥'8 F 7€~ DD

(areure[eyIor-Ie;,)

%E 01 F ¥y~ YIDUW :(3UIPP [enuue JO %) DUIPIP YID @IAN DD PurunesI) 0€ [91] Te 39 supprdg
AUI[IIP YJOW UBY) IdIMO[S dUIIP YIDH2 (sxeaf ¥ :dn-mofjoy)
T€'0 ‘QYAN *8T°0 IdF-AMO ‘$€°0:DD *(IMH) 9€°0 03 (3981%3q) 1T°0~ WO DD "dUIIIP YD uossuIofg AR “TaFHIR[
$95BD Y] JO 946/ Ul e[nuLIo} Aue £q pasouderp jou sem uonenyradiyg 1LY M —SPIeMPT D0SIOJJ TIS[BM SdIBD)
"1€°0 20SIH 8€°0 *AYAN *€¥'0 IdA-AMO ‘€F'0:DD *(3[) TS0 03 (Z-21[2[) 17°0 WO :DDD ‘Ie[pueyD-staeq NH “TOMER ‘WIyeIq] (Toxayor)
€S 08I TS *\AAAN ‘T¥ ‘IdA-AMD ‘TS :DD *(T-2JMI3() T6 03 ([Y) T€ WOoxJ 196 T, :dUuT[aseq YD Y ‘IdI-AMO ‘TIAN DD Purunea1) 009 [#1] e 30 Lredsen
Teak/Uri/TW 9°[ :dUIIP YIDHD (s1eak 11 :dn-mofjoy) (V.Lddge)
Teak /UTo/ TWE 9°Z :PUIIP LIDW 1d9-axO [ [€1] Te 12 poom
AUI[IIP YJOW UBY) IdIMO[S dUIIP YIDH2
'8 F T:P-DYPT60F 190 €T FF1— QUAW ek /urw/ T §'T F ¥ [~ YIDW :¢-T AMD
6 F T:P-PUYFT ST F - DD T F 80~ :QUAW ed/urwy/ T ¢ F 6- IO :uonenyrdig
‘CF 10 P-1d (s1eaf o1 :dn-moroy) (Srewreeylor-I ;)
UPT 1 F 6°0- 20D TF - \QUAW FeA/UT/TW T F ¢- YIDHUW :UONIUNJ [RUII [EULION] :dUIIP YID IDS/00T ‘P-12 YpT ‘DD ‘AIdN L8 [T1] 'Te 30 9109830
JUIAP YJOHW URY) JIOMO[S dUIIIP YJHd
Y IOW pUB SB[NULIO] U2IMIIq 10] JUIUdAITE JO SIITWI] IPIA
€901 6'8— (YA ‘689 03 ST°8— :0D :(urw/Tur) Juawa13e Jo SIWIT :DUIPP YIO (s1e24 6'9 :dn-mofjo3) (V1LAd-1Dq)
ST 03 99— (Y AIN ‘€€ 01 65— DD :(Urur/Tur) JUawaaI3e Jo SHWI :dUIaseq Y IO @I ‘DD :PuIuneaI) €8¢ [11] T8 30 Surssoy
jpurpnyisuo
£52149-aMD pog
MADHUW JO %0€< J01I3 UB PIMOYS YJDH JO %01 £O1dT-ID 2-uneisk)
Se[NULIOJ ) [[ 10J %06~ “YIDUW JO %0¢F UTYIIM PIPN[OUT YD Jo aFejuadiog OIdA-ADID Purunear) 97LT [01] "[® 32 1oy u
YIOW JO 9%0€< 10113 U PIMOYS YJH3 JO %0T7-ST (Toxayor)
%L DD %L8 TdH-AD %64 *AUAN “FIDW JO %OEF UIYHM PIPNIUL Y2 Jo 2Fejuadiod Id3-AMD ‘YA Putunea1) 144 [6] 'Te 30 umorg-adey
YIOW JO 9%0€< 10113 U PaMOYS YJH3 JO %0F—0€ (V1Ad-1Dye)
%£9 :IdT-D %F9 :QAAN AIDW JO %0EF UIYIM PIPNIUI YIDH2 Jo 2Fejuadtad IdT-AID ‘YA PutuneaId S0T [8] Te 10 oI10ATIS
YIOW JO %0€< 10113 U PaMOYS YJH JO %ST-01
£T 03 0€- IdT-AID ‘1€ 03 FE— QYN :(Wrw/Tur) JUawad13e Jo S| (VAL TLugg)
%06 1dI-AMD ‘%98 ‘AUAN MIDW JO %0EF UIYIIM PIPN[IUL YIH? JO dFeIud12d Id3-AMD ‘YA Putunea1) 661 (2] 'Te 32 dves[oRN
SEINUWLIOJ Paseq JUTUTJBIID [[e J0J JUIUIIIFe JO SIIWI] IPIA (V1Ad-1Dye)
Gh+ 01 GE- MY GG+ 03 GF— DD Se+ 03 05— QYA :(Urwr/Tuwr) JuswaaiSe jo sy d[Y ‘DD ‘YA PUruneaI) 00¢ [9] 'Te 30 neaqreSry
YADUW JO %E< I01Id UB PIMOYS Y IH2 JO 9%08-0T SUQA)S :D)-UTIL)SAD + dUTUT)eIID)
960/ SU2A)S :D-UNEISAD + JUTUTILIID 04T UTPO[] ‘%0F ‘UBWPL], ‘%69 UIPO[ ‘URWIPL], ‘qqNIL) ORBS[IRIA
QqnID %6/ (UR], ‘%FHG :SUIAAS ‘99F :DBBS[IRIA ‘04GF ([RUIY Q41T SUDIJ ‘9¢€S 9[ny :D-urye)sho ‘SU2AQ]S ‘U], ‘[RUIY ‘SUDIJ Q[ :D-unesi) ?QLDMLUEV
918 :IdI-AD ‘%64 *AQUAAN PUTUNEID IO JO %0€F UIYIM PIPNUL YD JO 35ejuadIag IdT-AID ‘YA PurunRes1) 09% [S] e 39 stperp
YJOW JO %0 €< 10119 U PIMOYS I D9 JO %0S-0%
9.9 T ‘%66 ‘URT, ‘9GS :DPRS[IRIN ‘%F9 :9PB(-[eUTY :D-UTeISLd o[y ‘UBJ, OBES[IRIA OPR(J-[BUIY :D-UNEISAD (V1Ad-1Dye)
%79 Iy ‘%89 DD ‘%0S *AAAN :PUTUHEIID YD JO %0¢F UIIIM PIPIUI LID? JO 95eIuad1dg d[Y ‘DD ‘YA PUruneaId 1! [¥] 'Te 10 xnatanesg
[PU017235-5504))
SJUSWIWOD — I0IIY Je[nuIog IaquinN

159) UBRW[Y pUE pue[g U} YIM PIJe[noed d1om
JuoUId213E JO SIWIT "Se[NULIO} SUISN Y JH PUE POYISW PIEPUEIS P[0T © YIIM Y JDHW U2IMJOq JUSWIFe o) PAjen(eAd Jey) SaIpnjs [eurpnirSuo| pue [eUonods sso1)) *| djqeL

Luis-Lima/Porrini

Nephron 2017;136:287-291
DOI: 10.1159/000453531

288



of eGFR values within +30% of mGFR ranged from 50%
(Cockroft-Gault, CG) to ~70% (Rule and Modification of
Diet in Renal Disease, MDRD; Table 1), indicating poor
agreementbetween these formulae and mGFR. The bound-
ary of +30% of mGFR, which is a standard method to evalu-
ate the performance of eGFR, is certainly a wide margin of
error. For example, in a patient with mGFR of 60 mL/min,
eGFR may range from 42 to 78 mL/min. Moreover, when
70% are included within this range, 30% of the estimations
(one case in 3) have an even greater variability, that is,
eGFR <42 and >78 mL/min for the above example. Such
variabilityis clearlyunacceptablefromaclinical perspective.

Iliadis et al. [5] evaluated renal function in 460 patients
with *!Cr-EDTA and 12 creatinine- or cystatin-c-based
formulae. The proportion of eGFR values within +£30% of
mGFR ranged from 21% (Perkins) to 81% (Chronic
Kidney Disease Epidemiology Collaboration, CKD-EPI;
Table 1). Rigalleau et al. [6] compared the CG, MDRD,
and Rule equations with mGFR (*!Cr-EDTA) in
200 patients. According to the Bland and Altman plot,
formulae showed extreme limits of agreement with
mGFR, from -50 to 55 mL/min. As a consequence of this
bias, 35% of the cases were misclassified based on chronic
kidney disease (CKD) stages.

The lack of accuracy and precision of formulae have
also been observed in patients with normal renal func-
tion. MaclIsaac et al. [7] compared CKD-EPI and MDRD
equations with mGFR (diethylenetriamine pentaacetic
acid, DTPA) and observed wide limits of agreement,
from -30 to 30 mL/min. Also, 80-90% of eGFR values fell
within the wide limits of £30% of mGFR. In the same line,
Silveiro et al. [8] observed that both CKD-EPIand MDRD
underestimated mGFR by about 20 mL/min.

In indigenous Australians, comparison between eGFR
(CKD-EPI, CG, and MDRD) and mGEFR (plasma clear-
ance of iohexol) in a population at high risk for T2DM
showed that 71-87% of the estimations fell within £30%
of mGEFR [9]. This error was similar in patients with and
without impaired renal function.

Of note, this error was also evident in the original stud-
ies that described the formulas for the first time. Inker et al.
[10] developed equations based on cystatin-c alone or in
combination with creatinine in a subgroup of patients with
diabetes. However, the P30 for the CKD-EPI equations
with creatinine and or cystatin-c was similar, that is, ~90%.

Based on the above evidence, it seems clear that formu-
la-derived estimations are grossly inaccurate in reflecting
real renal function in patients with CKD or normal renal
function. This wide error of +30% would be unacceptable
for other measurements of risk factors like body mass in-

eGFR vs. True GFR in Patients with
T2DM

dex or blood pressure. Thus, standard thresholds of agree-
ment used to validate a formula, that is, £30% of mGFR
are too ample to be useful from a clinical point of view,
since they lead to the acceptance of extreme variability
between estimations and real renal function.

Longitudinal Studies with Repeated Measurements
of GFR

One of the consequences of the errors in formulae is
that they do not detect changes in GFR over time. Rossing
et al. [11] evaluated 383 patients with T2DM and micro-
albuminuria or overt nephropathy. GFR was measured
annually with >!Cr-EDTA and estimated CG and MDRD
formulas during a mean follow-up of 6.5 years. At base-
line, both formulas showed wide limits of agreement with
mGFR, thatis, from -66 to 31 mL/min. During follow-up,
mean mGFR decline was ~4-5 mL/min/year while eGFR
decline was ~1 mL/min slower. Also, eGFR decline
showed wide limits of agreement compared with mGFR
decline (Table 1). Fontseré et al. [12] evaluated 87 T2DM
patients with normal renal function, glomerular hyperfil-
tration and CKD using mGFR (iothalamate) and eGFR
with CG, MDRD, and 24-h creatinine clearance every 24
months during 10 years. As in the previous study, eGFR
decline was slower than the real GFR decline. In general,
GFR decline assessed by CG or MDRD only reflected 25%
of real decline, that is, -4 mL/min/year (mGFR) vs. -1
mL/min/year (eGFR). In patients with CKD, mGFR and
eGFR decline were similar, but the decrease in the num-
ber of patients (n = 13) limits the interpretation of this
result. Finally, 24-h creatinine showed stable GFR decline
or even improvement of renal function over time com-
pared with mGFR decline. A slower renal function de-
cline when evaluated with eGFR than mGFR in patients
with T2DM has also been described for the CKD-EPI
equation [13].

Gaspari et al. [14] evaluated the performance of 15 cre-
atinine-based formulae in 600 patients with T2DM in
whom GFR was measured by plasma clearance of iohexol
(mGFR) every 6 months during a mean follow-up of
4 years. The authors evaluated the bias between eGFR and
mGFR with specific statistics of agreement for continu-
ous variables: the concordance correlation coefficient
(CCCQ), the total deviation index (TDI), and the coverage
probability (CP) [15]. In brief, CCC simultaneously com-
bines accuracy and precision, and it is scored from 0 to 1,
and a value >0.90 reflects excellent concordance. TDI
captures a large proportion of data within a boundary for
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Table 2. Clinical examples of the agreement between mGFR (iohexol plasma clearance) and eGFR estimated with the CKD-EPI group

of formulas
Case Measured GFR CKD-EPI CKD-EPI CKD-EPI
(iohexol), mL/min (creatinine), n (%) (cystatin-c), n (%) (creatinine + cystatin-c), n (%)
1 20 14 (=30) 15 (-25) 12 (~40)
2 29 61 (110) 71 (145) 56 (93)
3 40 27 (=33) 32 (=20) 29 (-28)
4 45 65 (44) 36 (~20) 41 (-9)
5 64 53 (~17) 55 (~14) 44 (-31)
6 70 84 (20) 74 (6) 67 (-4)
7 90 86 (-4) 90 (0) 76 (-16)
8 122 124 (2) 146 (20) 142 (16)
9 150 139 (-7) 158 (5) 153 (2)

allowed differences between estimations and measure-
ments. This is considered the best approach to evaluate
the agreement between eGFR and mGFR [15]. The results
of this study are discouraging. At baseline, TDI for the
15 formulae was ~40%, which means that 90% of the es-
timations fell within +40% of mGFR. This was observed
in patients with CKD, normal renal function, or glomer-
ular hyperfiltration. Also, these formulae failed to detect
hyperfiltration in most cases. Renal function decline was
slower when estimated with formulas than when mea-
sured with the gold standard, that is, mean mGFR de-
cline -3.37 mL/min/year vs. eGFR decline which ranged
from -1.34 to 0.34 mL/min/year. Accordingly, eGFR
showed low concordance with mGFR decline (CCC <0.40
for all the formulae). The first equation that was devel-
oped to estimate renal function (Effersoe 1957) showed a
bias comparable to that of more recent formulae like
MDRD, CKD-EPI, or even cystatin-based equations
(Table 1). Thus, from a historical perspective, no im-
provement has been observed in the last 50 years in the
estimation of GFR, despite the availability of more than
50 formulae and the use of cystatin-c. Finally, the error of
eGFR was similar between the formulae that were adjust-
ed or unadjusted for body surface area. The above studies
consistently showed that eGFR decline is slower than
mGFR decline, making these equations unacceptable for
monitoring kidney function in patients with T2DM.

Clinical Examples

Evaluation of clinical cases is complementary to the
analysis of the agreement between mGFR and eGFR.
Table 2 shows the performance of 3 formulas of the CKD-
EPI “family™: creatinine-, cystatin-, and creatinine-cys-
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tatin-based equations in patients with T2DM with diverse
degrees of renal function, in whom GFR was measured by
plasma clearance of iohexol at Hospital Universitario de
Canarias (Tenerife, Spain). Of note, none of these patients
had extreme obesity, anorexia, severe sarcopenia, cirrhosis,
renal or liver transplantation, or other diseases that could
influence creatinine or cystatin-c metabolism. All 3 formu-
las underestimated true GFR in patient 1 and overestimat-
ed true GFR in patient 2, despite a difference of only 9 mL/
min between the 2 patients. In patients 1 and 5, all the for-
mulae underestimated the real GFR. On the other hand,
these formulae showed one of the following: an acceptable
error (<10%), underestimation, or overestimation of GFR
in the same patient (cases 3, 4, 6, and 7). For the patients
with hyperfiltration (cases 8 and 9), all but one equation
reflected the real GFR properly. These cases illustrate a ma-
jor characteristic of the bias of eGFR, that is, the error is
random, not systematic, and therefore unpredictable.

Conclusions

Patients with T2DM are at risk for major complica-
tions like CKD, cardiovascular events, blindness, periph-
eral neuropathy, and cancer. Many sophisticated meth-
ods have been developed to evaluate these diseases. How-
ever, renal function, a major outcome in this population
is still estimated with an unreliable tool, namely, the
eGFR. In patients with T2DM, the estimation of renal
function using formulae, either creatinine- or cystatin-
based, shows a wide margin of error, which averages
1+30% of real GFR, observed in several cross-sectional and
longitudinal studies. This error leads to frequent misclas-
sification of CKD, which limits the risk prediction for dis-
ease progression. Also, eGFR is not suitable to detect ear-
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ly stages of the disease (hyperfiltration) and monitor re-
nal function over time. Importantly, no improvement in
the accuracy and precision of eGFR has been observed in
the last 5 decades. Use of eGFR in clinical research should
be avoided whenever renal function is the main outcome
measure of the study. New methods to assess renal func-
tion with sufficient accuracy and precision are urgently
needed [17]. Finally, the comparison between eGFR and
mGFR has to be performed with appropriate statistics of
agreement, such as TDI, CCC, and CP, as proposed by Lin
et al. [15] using restricted limits of agreement. The use
of +30% of mGFR to indicate acceptable agreement
between eGFR and mGFR represents a wide margin of
error and should therefore be avoided.
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Search Strategy

We searched PubMed for articles published in English with the
terms “glomerular filtration rate,” “estimated glomerular filtra-
tion rate,” “measured glomerular filtration rate,” “type 2 diabetes,”
“iohexol,” “DTPA,” “iothalamate,” “Cr-EDTA,” “glomerular hy-
perfiltration,” “diabetic nephropathy,” and “GFR decline.” No date
restrictions were placed on searches.
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