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Abstract

Background The estimation of glomerular filtration rate (¢GFR) is essential in the early detection of diabetic nephropathy.
We herein compare the performance of common eGFR formulas against a gold standard measurement of GFR in patients
with diabetes mellitus.

Methods GFR was measured in 93 patients with diabetes mellitus using iohexol clearance as the reference standard. The
performance of the creatinine- and cystatin C-based EKFC formulas (2021, 2023) and the CKD-EPI formulas (2009, 2012)
was compared against measured GFR.

Results Sixty patients with type 2 diabetes mellitus and 33 patients with type 1 diabetes mellitus were included. The
creatinine-based EKFC formula showed lower bias and higher accuracy than the CKD-EPI formula. No significant differ-
ence was observed between the cystatin C-based formulas. The combined creatinine- and cystatin C-based formulas had
the highest accuracy and lowest bias. Body fat or diabetes type did not significantly influence the accuracy of the cystatin
C-based formulas.

Conclusions Our study demonstrated a slight advantage of the creatinine-based EKFC formula over the CKD-EPI formula
in patients with diabetes. However, both for the CKD-EPI and the EKFC formula, the best performance was achieved by the
combined creatinine- and cystatin C-based formulas.
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Conclusions

Use of a combined creatinine- and cystatin C-based formula helps to
reduce misclassifications in patients with diabetic nephropathy.

Keywords Diabetes mellitus - Creatinine - Cystatin C - Estimated glomerular filtration rate (¢GFR) - Chronic Kidney
Disease-Epidemiology Collaboration (CKD-EPI) - European Kidney Function Consortium (EKFC)

Introduction

Despite great advances in the treatment of diabetes mellitus,
diabetic nephropathy is still the leading cause of end-stage
kidney disease (ESKD) in Western countries [1]. In a long-
term follow up of patients diagnosed with type 1 diabetes
mellitus between 1965 and 1980, the incidence of ESKD
after 40 years of diabetes was as high as 26.5% [2]. Thus, it
remains essential to identify at-risk patients in an early stage
of diabetic nephropathy and correctly assess kidney function
in these patients. In clinical practice, creatinine and cystatin
C are the most commonly used markers to estimate glo-
merular filtration rate (¢GFR). In 2009, the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) developed
a creatinine-based formula (CKD-EPI,.,), which was rec-
ommended in the 2012 KDIGO guidelines for the evaluation
of chronic kidney disease [3]. In 2012, a CKD-EPI formula
based on cystatin C (CKD-EPIc), respectively, a combi-
nation of creatinine and cystatin C (CKD-EPI¢,, cysc) Was
published and has remained an alternative for the estima-
tion of GFR since [4]. While both the CKD-EPI,., and the
CKD-EPI¢,.cysc formula include a race factor, an attempt
to provide a novel race-free CKD-EPI formula was made
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in 2021 [5]. However, the European Federation of Clinical
Chemistry and Laboratory Medicine recently recommended
not to use this formula in Europe due to a poorer perfor-
mance than the 2009 formula in most European patients [6].
Instead, the CKD-EPI 2009 formula should be used without
applying the race factor. In 2021 and 2023, the European
Kidney Function Consortium (EKFC) presented three new,
promising equations for the European population based on
creatinine (EKFC,,), cystatin C (EKFC¢y ) and a combi-
nation of both (EKFC,, cysc: mean of the creatinine-based
and the cystatin C-based EKFC formula) [7, 8]. Although
patients with diabetic nephropathy have been included in the
database used for the development of the EKFC formula,
no study has yet compared the performance of the three
EKFC formulas with the 2009 and 2012 CKD EPI formu-
las in this subgroup for central European patients against a
gold standard method with measurement of GFR using the
plasma iohexol clearance. In the present study, we measured
GFR using this method in 93 individuals with diabetes mel-
litus and compared it to both the EKFC and the CKD-EPI
formulas. Furthermore, we evaluated potential covariates
such as biometric factors, medication, HbAlc and body
composition.
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Materials and methods
Study design

Patients with diabetes mellitus type 1 or 2 were recruited
from the diabetes center of the University hospital of
Tuebingen between April 2022 and July 2023. Patients
with acute kidney injury, acute infections, recent start of a
sodium-glucose cotransporter type 2 (SGLT?2) inhibitor or
a renin—angiotensin—aldosterone system (RAAS) inhibitor
(within the last 7 days), known allergy to contrast agents or
a latent or manifest hyperthyroidism were excluded from
the study. All patients provided written informed consent.
The study was approved by the local institutional review
board (020/2022B0O2) and registered in the German Clini-
cal Trials Register (DRKS00028843).

Study protocol

The glomerular filtration rate was determined by the gold
standard method of plasma iohexol clearance on a single
day. The clearance measurement was performed during
the day in a range from 10 am to 4 pm. After obtaining a
baseline blood sample prior to the injection, the patient
received a bolus of 5 or 10 ml of iohexol (Omnipaque
300 mg/ml or Accupaque 240 mg/ml), depending on the
availability of iohexol. Afterwards, the peripheral line was
flushed with saline. Blood samples (EDTA) for the deter-
mination of iohexol clearance rate were taken after 120,
150, 180 and 210 min. Analysis of the blood samples was
conducted via high performance liquid chromatography
(HPLC) as described below. Iohexol concentration in each
blood sample was measured in duplicate. Glomerular fil-
tration rate was calculated using the slope of the logarith-
mic iohexol concentrations and its intercept. Overestima-
tion was corrected by the formula of Brochner-Mortensen
[9]. The obtained GFR values were normalized for body
surface area. Impaired kidney function was defined accord-
ing to the KDOQI guidelines as GFR < 60 ml/min/1.73
m? [10]. Hyperfiltration was defined as GFR > 120 ml/
min/1.73 m? [11, 12] or> 134 ml/min/1.73 m* [13]. Dur-
ing the study visit, medical data of each patient including
medical history, medication, height, weight and waist cir-
cumference was obtained.

Determination of the plasma iohexol concentration
by HPLC

A detailed description of the iohexol measurement can be
found in Supplementary Information.

Laboratory analyses

The baseline laboratory values were analyzed in the diag-
nostic laboratory at the Institute for Clinical Chemistry and
Pathobiochemistry of the University Hospital of Tuebingen
under DAKkS accreditation according to ISO15189. Spe-
cifically, plasma and urine creatinine (enzymatic method
with calibration according to IDMS) and plasma cystatin
C (turbidimetric method) were determined on the ADVIA
XPT clinical chemistry analyzer, and urine albumin was
determined by nephelometry on the BN ProSpec System
(all from Siemens Healthineers, Eschborn, Germany). For
the creatinine measurement, an enzymatic ECRE_2 assay
was used. In this assay, creatinine is converted to creatine by
the action of creatininase. The creatine formed is hydrolyzed
by creatinase to produce sarcosine, which is decomposed
by sarcosine oxidase to form glycine, formaldehyde, and
hydrogen peroxide. In the presence of peroxidase, the hydro-
gen peroxide formed yields a blue pigment. The creatinine
concentration is obtained by measuring the absorbance of
the blue color at 596/694 nm. The absorbance of the color is
proportional to the creatinine concentration. The plasma cys-
tatin C concentrations were measured using a standardized
assay (ADVIA Chemistry CYSC_2 assay standardized to the
IFCC reference material ERM-DA471). With regard to the
eGFR, the following equations were used: the 2009 CKD-
EPI,., equation without application of the race correction
factor, the 2012 version of the CKD-EPI ., ¢y equation,
the 2021 EKFC¢,, equation and the 2023 EKFC¢ - and
EKFCyeo.cysc €quation (formulas can be found in Supple-
mentary Information).

Body composition and volume status assessment

Body composition and volume status were analyzed during
the study visit using the Body Composition Monitor (BCM,
Fresenius Medical Care) which determines fluid status (ove-
rhydration, total body water, extracellular and intracellular
water) and body composition (lean and adipose tissue mass).
The BCM device was validated against standard reference
techniques of body composition measurement [14].

Statistical analysis

Statistical analysis was performed with the JMP 16.2.0 sta-
tistical software package and the IBM-SPSS Version 28.0.
Data are given as median with interquartile range or as
absolute figures with percentage. Spearman’s correlation
analysis was used to test for correlation between measured
GFR (mGFR) and eGFR. Bias was defined as the abso-
lute difference between eGFR and mGFR. Accuracy was
defined as the percentage of eGFR values within 10% (P10)
or 30% (P30) of the mGFR. Precision was defined as the
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interquartile range (IQR) of the difference between mGFR
and eGFR. The Wilcoxon signed-rank test was used to
compare eGFR, bias and the influence of metrically-scaled
covariates. The McNemar test was applied to compare accu-
racies. The influence of nominally-scaled covariates on the
accuracy of GFR measurement was analyzed with a chi-
square test. Univariate pairwise correlation was used to test
for the relationship between body composition parameters
with GFR results. A p-value of less than 5% was set as level
of significance.

Results
Patient characteristics

Between April 2022 and July 2023, 93 patients with diabetes
mellitus were enrolled in this study. Sixty patients had type
2 and 33 had type 1 diabetes. Median age was 57 years [IQR
44.5-65.5] and median HbAlc was 7.9% [7-10.2]. The vast
majority (98.9%) of the participants were of Caucasian eth-
nicity. Further patient characteristics are depicted in Table 1.
Results of the body composition monitoring measurement
can be found in the Supplemental Table 1. Median body
mass index (BMI) was 27.3 [24.8-33.3] kg/m?, adipose mass
was 46.2 [36.4-60] kg, there was no overhydration.

Comparison of creatinine-, cystatin-
and creatinine-cystatin C-based GFR formulas

Median mGFR was 76 [62-102.5) ml/min/1.73 m? in the
overall cohort. Both the CKD-EPI and the EKFC formulas
showed a high correlation with the measured GFR (corre-
lation coefficients between 0.71 (95% CI: 0.60-0.80) and
0.77 (95% CI: 0.66-0.84), p < 0.001, Fig. 1). While both
the CKD-EPI,,, (¢GFR 98 [80.5-111] ml/min/1.73 m?)
and EKFC,, formula (eGFR 92 [76-106] ml/min/1.73
m?) showed significantly higher GFR values than the meas-
ured GFR, the CKD-EPI¢y - (¢GFR 74 [50.5-100.5] ml/
min/1.73 m?) and EKFCyc formula (eGFR 73 [54-92.5]
ml/min/1.73 m?) led to significantly lower GFR values com-
pared to the mGFR (p <0.05) (Table 2). The eGFR calcu-
lated with the combined creatinine and cystatin C formulas
did not differ significantly from the mGFR. Scatter plots and
Bland—Altman plots of eGFR values in relation to mGFR
values can be found in Fig. 1. While the EKFC,., and the
EKFCey cysc formula led to significantly lower absolute
bias compared to the CKD-EPI,, and the CKD-EPl¢., cysc
formula, no significant difference was found for the cystatin
C-based formulas. The EKFC,, ¢yc formula had the low-
est bias of all formulas (1 (95% CI: —4.9-3.1) ml/min/1.73
m?) (Fig. 2). For all formulas, bias tended to be lower with
increasing age (Supplemental Fig. 2, 3 and 4). The combined
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Table 1 Patient characteristics (n=93)

Age (years) 57 [44.5-65.5]
Sex
Men 61 (65.6%)
Women 32 (34.4%)
Diabetes mellitus
Type 1 33 (35.5%)
Type 2 60 (64.5%)

Time since initial diagnosis (years) 11[1.25-18.8]

Height (m) 1.74 [1.65-1.81]

Weight (kg) 87 [73.6-100]

BMI (kg/m?) 27.3 [24.8-33.3]

Waist circumference (cm) 104 [90-115]
Comorbidities

Hypertension 53 (57%)

Coronary artery disease 15 (16.1%)
Medication

Metformin 49 (52.7%)

SGLT?2 inhibitor 42 (45.2%)

DPP-4 inhibitor 8 (8.6%)

GLP1 analogue 35 (37.6%)

Insulin 68 (73.1%)

RAAS inhibitor 59 (63.4%)
Hemoglobin (g/dl) 14.4 [13.3-15.4]
Total cholesterol (plasma) (mg/dl) 162 [133.5-194.8]
CRP (mg/dl) 0.2 [0.04-0.7]
TSH (mU/1) 1.7 [1-2.2]
Blood urea (plasma) (mg/dl) 31 [23-39.5]
HbAlc (mmol/mol) 62.8 [53-88]
HbAlc (%) 7.9 [7-10.2]
Creatinine (plasma) (mg/dl) 0.8 [0.6-1]
Cystatin C (plasma) (mg/1) 1[0.85-1.3]

Urine albumin-creatinine ratio (mg/g creatinine) 32.3 [15-108.6]

Data are given as median [interquartile range] or number (percent)

creatinine- and cystatin C-based formulas showed the high-
est P30 accuracy (EKFC P30: 81.7 (95% CI: 72.7-88.3) %;
CKD-EPI P30: 82.8 (95% CI: 73.9-89.1) %, Table 2). The
cystatin C-based formula differed by more than 30% from
the creatinine-based formula in 30 patients (32%) for the
CKD-EPI formula and in 16 patients (17%) for the EKFC
formula. In these cases, the combined creatinine- and cys-
tatin C-based formula had a P30 accuracy of 94 (95% CI:
71.7-98.9) % (EKFC formula) and 73 (95% CI: 55.6-85.8)
% (CKD-EPI formula). The mean difference between the
CKD-EPI formula and the EKFC formula was 6.2 (95%
CI: 5.2-7.0) ml/min/1.73 m? for the creatinine-based for-
mula, 2.4 (95% CI: 1.1-3.7) ml/min/1.73 m? for the cystatin
C-based formula and 0.4 (95% CI: —0.8—1.5) ml/min/1.73
m? for the combined formula. For the creatinine-based and
the combined formula, the difference between the CKD-EPI
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Fig.1 Scatter plot and Bland—Altman-Plot. A-F Scatter plot depict-
ing the relationship between measured glomerular filtration rate
(mGFR) and GFR formulas. The trendline is given in blue, the line
of identity is given in orange. Coefficient of determination (R*) and
equation of the trend line are given. G-L Bland—Altman-Plot illus-

and the EKFC formula was larger for creatinine values <0.7
mg/dl and age <40 years.”

Detection of impaired kidney function
and hyperfiltration

Hyperfiltration, defined as GFR > 120 mL/min/1.73 m?, was
present in 10% of the patients, while 23% had impaired kid-
ney function, defined as GFR < 60 mL/min/1.73 m* (Fig. 3).
These proportions were 1-16% and 14-31% for creatinine-
based equations, respectively, and 1-6% and 17-28% for
cystatin C-based equations (Fig. 3). The combined CKD-
EPI-Crea/CysC formula had the best agreement with the
proportions detected by mGFR. The proportion of patients

Mean of EKFCc¢ysc/mGFR

Mean of EKFCceaicysc/MGFR

trating the difference between estimated GFR (eGFR) and mGFR
on the Y axis and the mean of both measurement on the X axis. The
mean difference is represented in blue, one standard deviation (SD) is
displayed in red

with hyperfiltration > 120 ml/min/1.73 m? was significantly
higher with the combined CKD-EPI formula (9%) than with
the combined EKFC formula (1%, p =0.0346, Fisher's exact
test). In sensitivity analyses with a hyperfiltration threshold
of > 134 ml/min/1.73m?, the creatinine-based CKD-EPI for-
mula showed a significantly higher proportion of patients
with hyperfiltration than the EKFC formula. As shown in
Table 2, creatinine-based GFR estimation missed the clas-
sification of impaired kidney function in 11% (CKD-EPI)
and 10% (EKFC) of the cases, respectively. This was only
the case in 4% with the cystatin C-based formulas (CKD-
EPI/ EKFC). On the other hand, cystatin C-based formu-
las overlooked hyperfiltration (CKD-EPI/EKFC) in 10%
of the cases. Regarding the total misclassification rate, the
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Table 2 Bias, accuracy, precision and classification of kidney function

mGFR CKD- EPICrea  CKD- EPICysC CKD- EPI EKFC Crea 2021 EKFC CysC EKFC Crea-Cys
2009 2012 Crea-Cys 2023 2023
2012
GFR 76 [62-103] 98 [81-111] 74 85 [66-107] 92 [76-106] 73 [54-93] 85 [66-99]
(ml/min/1.73 m?) [51-101]
Bias 13 (8.2-16.3) -9 (-12--2.9) 2 (-2.5-5.7) 6.5(2.1-10.1) -8 (-3.6—12.3) 1(-4.9-3.1)
(ml/min/1.73 m?)
(95% CI)
P30 accuracy (%) 74.2 67.7 82.8 78.5 69.9 81.7
(95% CI) (64.5-82.0) (57.7-76.4) (73.9-89.1)  (70.3-86.5) (59.9-78.3) (72.7-88.3)
P10 accuracy (%) 31.2 22.6 36.6 344 23.7 38.7
(95% CI) (22.741.2) (16.2-33.2) (27.5-46.7) (25.6-44.5) (17.1-34.4) (29.5-48.9)
Precision 26 24.5 24.5 24 24 21.5
(ml/min/1.73 m?)
Patients with 21 (22.6%)
renal impair-
ment
Overlooked 10 (47.6%) 4 (19.0%) 5(23.8%) 9 (42.6%) 4 (19.0%) 8 (38.1%)
GFR <60
Patients withno 21 (77.4%)
renal impair-
ment
Wrongly consid- 2 (2.8%) 12 (16.7%) 6 (8.3%) 4 (5.6%) 9 (12.5%) 5(6.9%)
ered to have
GFR <60
Patients with 9 (9.7%)
hyperfiltration
Overlooked 2 (22.2%) 9 (100%) 5 (55.6%) 6 (66.7%) 9 (100%) 9 (100%)
GFR > 120
Patients withno 84 (90.3%)
hyperfiltration
Wrongly consid- 8 (9.5%) 1(1.2%) 4 (4.8%) 3 (3.6%) 1(1.2%) 1(1.2%)
ered to have
GFR > 120
Total misclassifi- 22 (23.7%) 26 (28.0%) 20 (21.5%) 22 (23.7%) 23 (24.7%) 23 (24.7%)
cation

Data are given as median [interquartile range] or absolute number (percent; regarding the misclassifications, the percentage of the respective
cohort was calculated); bias: difference between mGFR and eGFR; precision: interquartile range of the difference between mGFR and eGFR;
accuracy: percentage of eGFR values within 10% (P10) or 30% (P30) of the mGFR; 95% CI: 95% confidence interval

CKD-EPI,.y cysc formula showed the best performance
with the lowest number of total misclassifications (22%)
(Table 2).

Influence of covariates on the performance
of the eGFR formulas

Age, weight, BMI, waist circumference and both the abso-
lute and relative body fat showed a negative correlation with
mGFR, while the relative lean tissue mass was positively
correlated with mGFR (p <0.05, Supplemental Table 2).
Both for the CKD-EPI - and the EKFC, formula, abso-
lute bias was lower and P30 accuracy was higher in patients
with greater lean tissue mass (p <0.05). Patient age was
negatively correlated with absolute bias for all formulas (r
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between -0.27 (95% CI: —0.44 to —0.1) and -0.36 (95% CI.:
—0.53 to —0.18), p <0.05). Diabetes type or body fat did not
influence the P10 and P30 accuracy of the eGFR formulas.

Discussion

The present study analyzed the performance of the EKFC
and CKD-EPI formula for 93 patients with diabetes mellitus
over a broad range of kidney function against a gold standard
measurement of GFR using the plasma iohexol clearance.
We found that the EKFC., formula had a bias closer to zero
and a (non-significantly) higher P30 accuracy than the CKD-
EPI,, formula. This is in line with previous results 7, 8].
However, it must be kept in mind that with both formulas,
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Fig.2 Pairwise comparison of mGFR and eGFR. Pairwise illustra-
tion of measured glomerular filtration rate (mGFR) (red) and esti-
mated GFR (eGFR) (blue). Bias was defined as the mean absolute

up to a quarter of the patients had an estimated GFR value
that varied more than 30% of the measured GFR. Both for-
mulas misclassified patients with impaired renal function
in approximately 10% of the cases. For patients with type 2
diabetes, previous studies indicated that the creatinine-based
2009 CKD-EPI formula underestimated GFR in patients
with hyperfiltration [15]. In our analysis, the CKD-EPI,.,
formula performed better in identifying patients with hyper-
filtration than the EKFCy,., formula.

In clinical routine=, cystatin C is gaining interest as an
alternative marker for kidney function evaluation. Recently,
a joint task force of the National Kidney Foundation and the
American Society of Nephrology recommended “national
efforts to facilitate increased, routine, and timely use of
cystatin C” [16]. In our study, bias and accuracy did not
differ significantly for the CKD-EPI and the EKFC¢
formula. This result is consistent with a recent analysis of

difference between eGFR and mGFR. A Wilcoxon signed rank test
for paired samples was used to test for differences between eGFR and
mGFR. **P-value <0.01, ***P-value <0.001

6174 Swedish patients, which found no significant difference
in the performance of cystatin C-based EKFC and CKD-EPI
formula [17]. Our data suggest that both cystatin C-based
formulas might perform better than the creatinine-based for-
mulas in the detection of chronic kidney disease and worse
in the diagnosis of hyperfiltration. Thus, in clinical routine,
the addition of a cystatin C-based GFR estimation might be
helpful to identify impaired renal function or chronic kid-
ney disease in patients with diabetes mellitus. Overall, the
EKFC,., formula seemed to perform slightly better than
the 2009 CKD-EPI,, formula in our cohort, while both
formulas performed equally for the cystatin C-based GFR
estimation.

The creatinine-based formulas differed more than 30%
from the cystatin C-based formulas in approximately
one in three patients (CKD-EPI formula) and one in six
patients (EKFC formula). In these cases, the combined
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Fig.3 Detection of impaired
kidney function and hyperfil-
tration. Proportion of patients
with hyperfiltration, defined

as glomerular filtration rate
(GFR) > 120 ml/min/1.73 m?,
and renal impairment (defined
as GFR < 60 ml/min/1.73 m?)
according to measured GFR
(mGFR) and estimated GFR
(eGFR) formulas. The mGFR-
based proportions are depicted
as reference values with dotted
black lines
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formulas achieved high accuracy and low bias. There-
fore, they might be a good option for clinical situations
where the true GFR is uncertain. While the combined
EKFC formula had a significantly lower bias than the
combined CKD-EPI formula, no difference in accuracy
was observed. Recently, a study of an overall population
of 4050 adults demonstrated better performance of the
combined formulas, both for the CKD-EPI and the EKFC
formula, than the single marker formulas alone [18]. We
confirmed these results in our diabetic subgroup, showing
that the combined formulas had the best overall perfor-
mance. Therefore, they should receive further attention in
clinical routine. In line with this, the recently published
KDIGO guidelines for the management of chronic kidney
disease recommend the use of a combined formula for the
estimation of GFR, if cystatin C measurement is available
[19].

In an analysis of covariate factors, age and obesity were
associated with a decline in measured kidney function.
Interestingly, the cystatin C-based formulas had a signifi-
cantly higher accuracy in patients with greater lean mass.
Cystatin C is known to be independent from muscle mass,
but potentially influenced by obesity [20]. However, obe-
sity markers such as body fat, BMI, waist circumference
or fat tissue index did not have a significant impact on the
accuracy of cystatin C-based GFR estimation. Therefore,
cystatin C might be used in patients with diabetes mellitus
without concern of anthropometric data. In line with our
results, a recently published study found a lower accuracy
of the cystatin C-based EKFC formula in diabetic patients
compared to non-diabetic patients, but traced this difference

@ Springer

back to differences in age and GFR levels rather than to the
diabetic status [21].

Our results are of high relevance for clinical routine. The
creatinine-based eGFR formulas underdiagnosed impaired
kidney function in approximately 10% of the cases. Based on
the world-wide incidence of 2.62 million cases of diabetes
mellitus—related chronic kidney disease in 2019, this would
amount to a total of 262,000 patients/year with underdiag-
nosed chronic kidney disease [22]. Furthermore, this mis-
classification might lead to a potentially dangerous overdos-
ing of medication that needs to be dosage-adapted based
on kidney function (e.g. Metformin, Finerenone). In other
cases, important medication might be withheld based on an
inaccurately low estimated kidney function. Our data suggest
using a combined creatinine- and cystatin C-based formula
in European patients with diabetes mellitus to reduce these
misclassifications.

Our study has several limitations. First, the sample size
was relatively small compared to other studies that inves-
tigated the performance of eGFR formulas [23]. For this
reason, it is possible that smaller influence factors on GFR
measurement might not be detected. In addition, due to the
low number of patients with hyperfiltration or impaired kid-
ney function, the results on the detection of these pathologies
with different formulas must be interpreted with caution.
Especially the number of patients exhibiting hyperfiltration
was relatively low. Furthermore, we examined a relatively
homogeneous European collective from a single university
center. Our results might not be transferable to other popula-
tions or subgroups. Regarding the use of the combined for-
mulas, there is a potential risk of propagation of errors due
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to several variables contained in the formula. While external
validation of the plasma iohexol concentrations was carried
out by Laboratory Dr. Limbach and Colleagues (Heidelberg,
Germany), an external quality control by an Equalis testing
program was not performed. Regarding the iohexol clear-
ance measurement, the last sample time point of 210 min
after injection might have led to slightly less accurate results
compared to longer protocols.

We herein present a real-world, cross-sectional analysis of
the performance of the EKFC and the CKD-EPI formulas in
patients with diabetes mellitus in a central European cohort
against a gold standard measurement of GFR. The best per-
formance was achieved by the combined creatinine- and
cystatin C-based formulas. Our findings have direct impli-
cations for the daily use of these formulas in clinical routine.
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