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GFR: key parameter in diagnosis, staging, prognosis and 
management of CKD
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Gold standard: urinary or plasma clearance exogenous substances
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Urinary clearance (iothalamate) Plasma clearance (iohexol)

Measurement and Estimation of GFR for Use in Clinical Practice: Core Curriculum 2021
Inker, Lesley A. AJKD 78(5)



Using plasma concentration of endogenous substances
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Measurement and Estimation of GFR for Use in Clinical Practice: Core Curriculum 2021
Inker, Lesley A. AJKD 78(5)

mGFR ~ P_creatinine + age + sex + race

Non-GFR determinants

Non-GFR determinants



An older 
Andrew Levy, US

Correction factors for 
Japanese and Chinese 
ethnicities

Andrew Levy, USDon Cockcroft, Canada

Brief history of creatinine-based eGFR equations
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An older 
Andrew Levy, US

Brief history of creatinine-based eGFR equations

Use of race in 
calculation of eGFRcr!
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Brief history of creatinine-based eGFR equations Lesley Inker, US
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First paper in new research line

10

Prof. Josef Coresh

Prof. Andrew Levey

Prof. Lesley Inker

Prof. Morgan Grams

• 1.6M adults undergoing routine serum creatinine 
measurements in Stockholm during 2007-2019 

• We calculated changes in eGFR and reclassification across 
KDIGO GFR categories when changing from CKD-EPI 2009 
to CKD-EPI 2021



Impact
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Cystatin C and its eGFR equations
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• NOT AFFECTED by creatinine non-GFR determinants: diet, muscle mass
• AFFECTED by other non-GFR determinants, like inflammation, obesity or hyperthyroidism
• Less affected by “race”, so cystatin C equations did not include race coefficient



KDIGO 2024



Data source
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Who gets tested in Sweden?
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↑ Age

↓ eGFRcr   ↑UACR

↑ coronary heart disease, heart failure

↑ diabetes

↑ cancer

↑ medications
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Development cohort

Relatively healthy

individuals
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Clinical setting

Persons with 

comorbid conditions
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56 years

40% female

Comorbid conditions were common:

30% cardiovascular disease

28% liver disease

26% diabetes

26% cancer
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Even with the best equation
Only 2/3 correct classification

10% of patients have eGFR 
outside 30% of mGFR



Subgroup analyses
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Conclusion

• eGFRcr-cys was superior to eGFRcr or eGFRcys 

regardless of specific equation used, with small 

bias and high P30

• all eGFRcys and eGFRcr-cys equations had more 

homogeneous performance than eGFRcr
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Best filtration marker award Best creatinine equation award

• Worse performance of CKD-EPI compared with 

EKFC and RLM may reflect differences in 

population characteristics and mGFR methods

• Implementing eGFRcr equations will require 

trade-off between accuracy and uniformity 

across regions

GFR estimated with both 
creatinine and cystatine C EKFC or RLM
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Rationale
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≠
eGFRcr eGFRcys

Which eGFR is most accurate and should be used 
for decision making when discordances occur?
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In each stratum performance:
1. eGFRcr (CKD-EPI 2021)
2. eGFRcys (CKD-EPI 2012)
3. eGFRcr-cys (CKD-EPI 2021)

6185 adults

eGFRcys < eGFRcr (>20% lower)

eGFRcys ≈ eGFRcr (within 20%)

eGFRcys > eGFRcr (>20% higher)

47%

45%

8%



Distribution of bias in the overall population
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eGFRcr 

overestimates 

mGFR

OverestimationUnderestimation

eGFRcys 
underestimates 

mGFR

eGFRcr-cys 
has smallest bias



Distribution of bias stratified by discordance
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eGFRcys ≈ eGFRcr

eGFRcys > eGFRcr

eGFRcys < eGFRcr
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Reclassification

Replacing eGFRcr by eGFRcr-cys

eGFRcys < eGFRcr eGFRcys > eGFRcr

Participants, n 4465 713

Total reclassified, 
n (%)

2838 (63.6) 284 (39.8)

Correctly reclassified, 
n (%)

1700 (38.1) 174 (24.4)

Incorrectly 
reclassified, n (%)

1138 (25.5) 110 (15.4)

Net difference, % 12.6 9.0
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Replacing eGFRcys by eGFRcr-cys

eGFRcys < eGFRcr eGFRcys > eGFRcr

4465 713

2407 (53.9) 161 (22.6)

1396 (31.3) 108 (15.1)

1011 (22.6) 53 (7.4)

8.6 7.7



Subgroups
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Conclusion
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≠
eGFRcr eGFRcys

eGFRcr

eGFRcys

eGFRcr-cys

If creatinine and/or cystatin C are 
influenced by non-GFR determinants

Combining both markers improves 
precision by reducing errors that are 

due to variation in the non-GFR 
determinants of each marker
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How common are large differences between eGFRcr and 
eGFRcys, and does it influence prognosis?

N = 158,663 
same-day outpatient creatinine 

& cystatin C testing

eGFRdiff (%) = (eGFRcys-eGFRcr)/eGFRcr



Prevalence and magnitude of discordances
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• Majority of determinations (65%) had  
negative eGFRdiffcys-cr

• On average, eGFRcys was 10% lower or 
7 ml/min/1.73 m2 lower than eGFRcr

• In 32% of determinations eGFRcys was 
>15 ml/min/1.73m2 lower compared to 
eGFRcr

eGFRcys<eGFRcr eGFRcys>eGFRcr



Prognostic implications

35

Hazard ratios were adjusted for age, sex, hypertension, 
diabetes, history of CVD, baseline eGFRcr, log(UACR)
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Uncertainty about CKD threshold in older patients
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Weaker because 
of older age or 
because of less 
accurate eGFR? 

Threshold for defining CKD in part 
based on association between 

eGFRcr and risks

120 0

<60



Risk not elevated for eGFR 60 mL/min/1.73m2 at older age

Hallan SI, Matsushita K, Sang Y, et al. Age and Association of Kidney Measures With Mortality 

and End-stage Renal Disease. JAMA. 2012;308(22):2349–2360. doi:10.1001/jama.2012.16817
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But couldn’t it just be due to inaccurate eGFRcr?

Low muscle mass

Frailty
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Low creatinine production, so

artificially high eGFRcr

At high risk of 

adverse events

Diluted eGFRcr and 

risk relation!



Hypothesis
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Baseline characteristics
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Adjusted for age, sex, hypertension, 
diabetes, CVD, log(UACR). For CV 
death, hospitalization, MI/stroke, 
and heart failure also adjustment for 
total cholesterol, HDL cholesterol 
and antihypertensive medication use
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Adjusted for age, sex, hypertension, 
diabetes, CVD, log(UACR). For CV 
death, hospitalization, MI/stroke, 
and heart failure also adjustment for 
total cholesterol, HDL cholesterol 
and antihypertensive medication use



Conclusion

• Magnitude of hazard ratios for wide range of outcomes: eGFRcys > eGFRcr-cys > eGFRcr

• Strong U-shaped relationship for eGFRcr

• Differences in risks for eGFRcr, eGFRcys, eGFRcr-cys due to non-GFR determinants
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Conclusions



Conclusion

• Findings support increased use of cystatin C for clinical management

• eGFRcr-cys performs best with P30 close to 90% regardless of equation used, also in 

case of discordances, and for epidemiological purposes

• Wide variation in eGFRcr performance, with poorest performance for CKD-EPI 2021

• What should we use in Europe? Keep using CKD-EPI 2009 or switch to EKFC?
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Impact on clinical guidelines/consensus statements
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In progress: measured GFR and adverse outcomes
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In progress: Influence of filtration marker on KFRE

Equation C-statistic 2-year KFRE C-statistic 5-year KFRE

CKD-EPIcr 2009 0.959 (0.952 - 0.964) 0.943 (0.938 - 0.948)

CKD-EPIcr 2021 0.959 (0.953 - 0.965) 0.943 (0.939 - 0.949)

CKD-EPIcys 2012 0.952 (0.946 - 0.959) 0.929 (0.924 - 0.935)

CKD-EPIcr-cys 2012 0.959 (0.953 - 0.965) 0.942 (0.937 - 0.947)

CKD-EPIcr-cys 2021 0.960 (0.953 - 0.965) 0.942 (0.937 - 0.947)
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