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OVERVIEW

o How should we judge the value of current tests? 

By prognosis or stage re-classification? 

Use the CKD-PC model that prognosis is the primary factor.

o Relative value of GFR markers beyond creatinine on prognosis

o Albuminuria as a prognostic marker, beyond GFR estimates

o Differences by populations, e.g. impact of race/age on GFR estimation?
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CONCEPTUAL MODEL OF THE COURSE AND OUTCOMES OF

CHRONIC KIDNEY DISEASE (CKD)

National Kidney Foundation. K/DOQI Clinical Practice Guidelines for CDD. Am J Kidney Dis 2002

Cause of (systematic) disease
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1. VALUE OF CURRENT GFR ASSESSMENT METHODS? 

• Bias: Difference between mGFR and eGFR

• Precision: SD around the bias = random error; variance (R²)

• Accuracy: Estimated GFR values within 30% (15% or 10%) of the measured GFR value

True GFR

unbiased/
precise

-30% +30%

True GFR

-30% +30%

True GFR

-30% +30%

biased/
precise

unbiased/
unpreciseKDIGO



1. VALUE OF CURRENT GFR ASSESSMENT METHODS? 

• Biological Variability: day-to-day variability of GFR between 4 and 10% in healthy subjects, and 

5 and 15% in CKD patients, depending on GFR assessment method. 

• Accuracy of eGFR (for correct CKD classification): 

 P30: percentage of estimated values within 30% of measured GFR value.
Example: mGFR = 60 ml/min/1.73m² 
30% of 60 = 18 ml/min
>> P30 ranges between 42 and 78 ml/min/1.73m² (includes three CKD stages!)
MDRD with P30 of 81% means that 19% lies outside this range.

P30 of 81%: includes Stage IIIa and IIIb (42-78 ml/min) 

mGFR = 60 with P15: (±9): 51-69 ml/min/1.73m²

>> More reliable for CKD stage discrimination!

Brochner-Mortensenet al., Scand J Clin Lab Invest 1976
Delanaye P et al., NDT 2008
Gaspari et al., JASN 1998
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1. VALUE OF CURRENT GFR ASSESSMENT METHODS? 

• Equations give only a rough GFR estimate! 

 Large variation in children, adolescents, older adults, different races and 
ethnicities!

• GFR equations are always population-specific:

 equation developed in CKD patients underestimates GFR in individuals with 
normal kidney function (e.g. kidney donors)

 equation developed in healthy individuals (e.g. kidney donors) 
overestimates GFR in CKD patients.

• Automated GFR reporting in most Western countries (either MDRD or CKD-EPI) 

• Drug dosing recommendations based on Cockcroft-Gault (Clcr) > low awareness!

• KDIGO recommendation for eGFR equations’ performance metric: P30 ≥ 90%

• Accuracy of eGFR equations lower in high GFR range (above 60 ml/min/1.73m²)
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1.1 RENAL BIOMARKER BEYOND CREATININE?

Cystatin C: Low molecular weight protein produced in all nucleated body cells

• Cystatin C most prominent nontraditional renal biomarker for GFR prediction

• Cystatin C is less influenced by variations in muscle mass, age, and sex

• Cystatin C is included in CKD diagnostic criteria for KDIGO guidelines: confirmatory test 

for stage 3a

• Non-GFR determinants of Cystatin C not fully understood

• Lab analysis with standardized assays 

• Cystatin C is more strongly associated with adverse non-renal outcomes (e.g. CV-

events and death) compared to serum creatinine 

• Still more expensive than serum creatinine 
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1.2 CYSTATIN C VERSUS CREATININE : NON-GFR DETERMINANTS

Non-GFR
Determinants

Creatinine Cystatin C

Age
Female gender
Race

Body habitus
-muscular
-sarcopenia
-obesity

decrease / increase
decrease
African Am.: increase
Hispanics: decrease

increase
decrease
no change

no change/increase (?)
no change
no change (?)
no change (?)

hardly any change
no change/increase
increase

adapted from Stevens & Levey JASN 2009
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1.2 CYSTATIN C VERSUS CREATININE : NON-GFR DETERMINANTS

Non-GFR Determinants Creatinine Cystatin C

Age
Female gender
Race

Body habitus
-muscular
-sarcopenia
-obesity

Chronic or acute illness
-malnutrition, inflammation
-diabetes
-malignancy
-HIV

Medication

Diet
-vegetarian
-cooked meat

Smoking

decrease / increase
decrease
African Am.: increase
Hispanics: decrease

increase
decrease
no change

decrease
rather decrease
no change
No change

increase under
cimetidine, antibiotics

decrease
Increase

no change

no change/increase (?)
no change
no change (?)
no change (?)

hardly any change
no change/increase
increase

increase
increase
increase/no change (?)
increase

increase under high cell
turnover, higher doses of steroids (?)

no change
no change

Increase
adapted from Stevens & Levey JASN 2009
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1.3 THE INFLUENCE OF AGE ON GFR ASSESSMENT

Current KDIGO guidelines in Children, Adolescents and Adults:
 for children (age 0-18): creatinine-based Chronic Kidney Disease in Children (CKidSCr)
 for adults (age 18+): creatinine-based CKD-EPI

FIGURE 2: The median Scr in mg/dL as a function of age (A) and 

as function of median height (B) for boys (bullets) and girls 

(squares). Hoste et al., NDT 2013

Kidney International, (2019)

• Cross-sectional dataset, 5,764 subjects (age 10-30 yrs)

• Results: Implausible eGFR changes when transitioning 
from child- to adulthood

• Positive bias of 21 ml/min/1.73m² with CKD-EPIcr at age 
18-20 yrs

• Negative bias of -2.7 ml/min/1.73m² with CKidSCr equation 
in children at 16-18 yrs of

• Mean change of eGFR: 23 ml/min/1.73m² at transition to 
adult care
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1.3 THE INFLUENCE OF AGE ON GFR ASSESSMENT

Creatinine and Cystatin C increases with Age (cross-sectional BIS Data)

Age Strata
Median

(mg/dL)
N

70-74 .86 573

75-79 .90 475

80-84 .99 429

85-89 1.01 385

>90 1.16 206

Total .94 2,068

Age Strata
Median

(mg/L)
N

70-74 .99 573

75-79 1.08 475

80-84 1.20 429

85-89 1.29 385

>90 1.42 206

Total 1.12 2,068

Ebert et al., NDT 2016
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1.3 THE INFLUENCE OF AGE ON GFR ASSESSMENT

Measured GFR across the age strata (cross-sectional BIS Data)

Ebert et al., NDT 2016

Measured GFR decreases with increasing Age
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BIS study participant:

-Female

-102 years

-Crea: 0.45 mg/dl

-Cyst. C: 1.55 mg/l

-BMI: 17.26

MDRD 128 ml/min/1,73m2

CKD-EpiCrea 82 ml/min/1,73m2

CKD-EpiCrea/CysC 53 ml/min/1,73m2

CKD-EpiCysC 34 ml/min/1,73m2

GFR difference: 94 ml/min !

Includes 3 CKD stages!

1.3 THE INFLUENCE OF AGE ON GFR ASSESSMENT
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1.4 THE INFLUENCE OF RACE ON GFR ASSESSMENT

• Muscle mass and creatinine tubular secretion may differ by race/ethnicity
• MDRD study equation first to include race coefficient for African American
• The coefficient for African American has shown not to be accurate in other black populations 

(Africa, Europe, Caribbean & Indigenous Australians).
• Estimated GFR with race coefficient results in lower prevalence of CKD in African Americans 

than Whites, despite the considerably higher risk of ESRD in African Americans.
• Asian populations: variety of proposed race coefficients (MDRD & CKD-EPI equations) but 

lack of white reference group 
• In HIV+ Blacks burden of CKD is underestimated when using current eGFR equations. 

However, accurate GFR assessment critical as they have at least a 3-fold incidence of ESKD 
compared to HIV+ Whites

• Measured GFR can improve understanding of non-GFR determinants in different 
races/ethnicities

Coresh J et al., Am J Kidney Dis 1998 Maple-Brown LJ et al., Am J Kidney Dis 2012
Perrone RD et al., Clin Chem 1992 Anker et al., Ethnicity and Disease 2016
Peralta CA et al, Nephrol Dial Transplant 2010 Bukabau JB et al.,  PLoS One 2018.
Delanaye P et al., Clin J Am Soc Nephrol 2011
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PROGRESSION OF CKD 

AND

CV RISK/MORTALITY PREDICTIONKDIGO



2. GFR AND ALBUMINURIA FOR PREDICTION OF CV RISK

Matsushita et al., Lancet Diab Endocrinol 2015

Meta-analysis (CKD-Prognosis Consortium) from 24 
cohorts (637,315 participants w/o PH of CV disease). 
Evaluated risk prediction improvement by Creatinine-
based eGFR and albuminuria  (ACR) 
Outcomes: CV mortality, coronary disease, stroke, and 
heart failure.

Summary:
• eGFRcr & albuminuria independently improved 

prediction of CV events, particularly for CV mortality 
and heart failure.

• ACR outperformed eGFR and most of modifiable 
traditional risk factors for both outcomes and stroke.

• For individuals with CKD, diabetes, or hypertension, 
creatinine-based eGFR and albuminuria are especially 
useful for prediction of CV risk.
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2. GFR AND ALBUMINURIA FOR PREDICTION OF CV RISK

Cystatin C-based GFR for determining CV risk based on kidney function

- eGFR based on creatinine and cystatin C best estimate of measured GFR  

- However cystatin C-based eGFR predicts clinical outcomes better than the combination of 
creatinine and cystatin C

- The contribution of non-GFR determinants (less dependent on age, sex, and race) of cystatin C to 
CVD prediction may account for this observation.

Shlipak et al., NEJM 2013
Waheed et al., Am J Kidney Dis 2012
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2.1 GFR & ALBUMINURIA FOR IDENTIFICATION OF CKD-ASSOCIATED RISK

Prospective cohort study involving 26,643 US adults (REGARDS ) between 2003 -2010.
Main outcome measure: All-cause mortality and incident ESKD (median follow up 4.6 yrs) 
Mean age 65 years, 40% Black, and 54% women. N=1940 died and 177 developed end-stage 
kidney disease.

Peralta et al., JAMA 2011 
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Peralta CA et al., JAMA 2011

No CKD-ACR

N=701

CKD Creat

Only

CKD 

Creat

+ACR

CKD 

Creat+CysC

No CKD-ACR

N=976

No CKD-ACR

N=19,876

CKD-ACR

N=2,485

CKD-ACR

N=415

CKD All
CKD ACR 

+CysC

CKD-ACR

N=148

No CKD-ACR

N=1,172

CKD-ACR

N=8835% 40% 30%

No CKD-cys

N=22,361

CKD-cys

N=2,055

No CKD-cys

N=849

REGARDS Cohort

N=26,643

CKD-cr

N=2,904

No CKD-cr

N=23,739

CKD-cys

N=1,378

“High Risk CKD”Low Risk CKD No CKD

No CKD All
CKD ACR 

Only

CKD CysC

Only

“Occult High Risk 

CKD”

84% 10% 4% 2%

Adjusted Hazard 

Ratios for Death

3.3
(2.0-5.6)

3.2
(2.2-4.7)

5.6
(3.9-8.2)

1.0
(referent)

24%

1.0 
(referent)

1.7 
(1.4-1.9)

2.2 
(1.9-2.7)

3.0
(2.4-3.7)

Thank you to Mike, 

Carmen and Erica!
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2.2 CLINICAL UTILITY AND COST OF CYSTATIN C IN PRIMARY CARE I

GFR was estimated from serum creatinine and cystatin C in a cohort of 1,741 individuals 

with a mean age of 73 years diagnosed with chronic kidney disease in primary care.
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2.2 CLINICAL UTILITY AND COST OF CYSTATIN C IN PRIMARY CARE II

Use of cystatin C to confirm diagnosis of CKD in primary care:
• 7.7% of people were reclassified as not having CKD
• 59% were reclassified as having more advanced disease

 Cystatin C as recommended in current guidelines would result in increased 
healthcare costs.

 Data do not support use of cystatin C to confirm a diagnosis of CKD in primary 
care.

 Cystatin C may be useful in settings where creatinine is known to be unreliable, 
for example in people with extremes of body habitus.
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2.3 BETA-TRACE PROTEIN (BTP) AND BETA2-MICROGLOBULIN (B2M)

Production Glomerulus prox.Tubulus Extrarenal
Elimination

Ideal marker at constant rate freely filtered neither secreted 
nor reabsorbed

no

BTP PGD-synthase; 
produced in 
CNS; serum 
origin unknown

unlikely to be 
freely filtered

secretion 
unknown;
partial
reabsorption

unknown

B2M component of 
class I MHC 
molecules

freely filtered completely 
reabsorbed &
metabolized at 
tubulus

unknown

Assay: nephelometric or ELISA, no standardization.
B2M: Data from ARIC and CRIC show that B2M-based eGFR was associated with 
CVD events (MI, heart failure, and stroke) beyond traditional risk factors.
B2M as prognostic factor in multiple myeloma.
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2.3 BETA-TRACE PROTEIN (BTP) AND BETA2-MICROGLOBULIN (B2M)

Little data / uncertainty:
• regarding production and metabolism
• regarding lab. assays
• regarding its non-GFR determinants:

• Age & sex: likely

• Race: unknown

• Muscle mass: possibly

• Inflammation: possibly

• Cardiovascular disease / pregnancy / genetic factors: yes

• Liver disease: unknown
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2.4 PANEL OF FILTRATION MARKERS - METABOLOMICS

• „Panel eGFR“: several filtration marker through 
one single blood test

• More markers may minimize impact of non-
GFR determinants of each marker → may 
increase accuracy of eGFR using a panel

• Two groups of novel filtration markers are 
identified: low- molecular-weight proteins 
(LMW: cystatin C, β2-microglobulin and β- trace 
protein) and metabolites (pseudouridine, 
acetylthreonine, myoinositol, 
phenylacetylglutamine and tryptophan).

• No standardized assay, variability/reproducibility ?
• Non-GFR determinants are not clear
• Additional benefit for CV-risk prediction?
• Additional clinical benefit is not clear
• Cost-effectiveness?
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2.5 OTHER MARKERS FOR PREDICTING CV RISK IN CKD PATIENTS ?
Coronary artery calcium (CAC)
• Study from CKD-PC compared 3 measures of subclinical atherosclerosis: 1. CAC, 2. ankle 

brachial index, and 3. carotid intima-media thickness, for improving CVD risk prediction beyond 
traditional risk factors in pts. with and without CKD. 

• Data showed usefulness of CAC over other measures for predicting CVD events in pts. with 
CKD.

• However, concerns about clinical implications of CAC in CKD patients due to their unique 
calcium-phosphate metabolism.

High-sensitivity cardiac troponin T levels and natriuretic peptides
• Several studies have demonstrated: cardiac troponin T and natriuretic peptides improve 

prediction of CVD events particularly heart failure, beyond traditional risk factors even in the 
CKD population.

• Concerns about interpretation of these biomarker in CKD pts., as they may be elevated due to 
reduced kidney function not cardiac damage or overload. Matsushita et al., Curr Opin Nephrol Hypertens 2016

Matsushita et al., J Am Soc Nephrol 2015
Matsushita et al., Arterioscler Thromb Vasc Biol 2014
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3. GFR AND PROGNOSIS: DIFFERENT RISK MODEL EQUATIONS

Current risk models from CKD-PC

http://www.ckdpcrisk.org/

• Importance of ‘risk discussion’ between patients

and physicians for shared decision-making

(The AHA/ACC Guideline on the Assessment of

Cardiovascular Risk).

• Such discussions would include the patient’s

predicted risk for CVD, potential benefits/harms

of treatments, and patient preferences of

preventive therapies.

• Use of risk prediction scores in clinical practice

are rare, particularly in primary care!

• How to communicate risk to the patient??
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• Generalizability of Risk calculators

• External Validation in different populations?!

?

3. GFR AND PROGNOSIS: DIFFERENT RISK MODEL EQUATIONS
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3. GFR AND PROGNOSIS: DIFFERENT RISK MODEL EQUATIONS

• SCORE/SCORE-OP Validation in BIS Data

Poster Presentation
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3. GFR AND PROGNOSIS: DIFFERENT RISK MODEL EQUATIONS
• Non-uniform recommendations of Risk calculators
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3.1 CASE REPORT: 87 Y OLD MALE WITH CKD IN 2015

• Male patient, 87 yrs

• Comorbidities: Art. Hypertension, Type II DM, Hyperlipoproteinemia, 
Hyperuricemia

• Medication: Metformin, Simvastatin, Candesartan, Amlodipin, Allopurinol 

• PMH: No CV-events, no coronary artery disease

• Physical activity: 45 min, daily

• No history of smoking within the last 50 yrs

• Moderate alcohol consumption
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3.1 CASE REPORT: CREATININE, BUN AND HB SLOPES OVER TIME
P

a
ra

m
e
te

r

Creatinine BUN Hemoglobin

eGFR since 1988: between 79 and 37 ml/min/1.73m2,

last value in 2015: 54 ml/min/1.73m2

Considering creatinine/eGFR

slopes 

for risk assessment?
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4. GFR-SLOPE & CHANGE IN ALBUMINURIA AS SURROGATE ENDPOINT

FOR CKD PROGRESSION – DATA FROM THE CKD-PC

• Slower decline in eGFR was associated with lower 
risk of subsequent ESKD, even in participants with 
eGFR ≥60 ml/min per 1.73 m².

• Change in albuminuria associated with subsequent 
risk of end-stage kidney disease → as surrogate 
endpoint for end-stage kidney disease in clinical 
trials of progression of chronic kidney disease.

• Change in albuminuria and GFR slope as surrogate 
end points in clinical trials for chronic kidney 
disease progression with stronger support for 
change in GFR than albuminuria.
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WRAP - UP

• Keep in mind: estimated GFR is a rough estimate with relatively large variation in different 
populations (children, adolescents, older adults, Blacks, Asians, Indigenous…).

• Combination of creatinine and cystatin C provides the most accurate GFR estimates, 
particularly in older adults (and children).

• Two key CKD measures, eGFR and albuminuria, improve CVD risk prediction beyond 
traditional risk factors. 

• Adding cystatin C to creatinine and ACR for risk prediction (CVD and mortality) can more 
accurately distinguish prognostic differences – Primary care ?

• Albuminuria is independently associated with risk of mortality, MI and progression to ESRD.

• Other biomarkers reflecting pathophysiological process of CVD, such as CAC, hsTropT & 
natriuretic peptides, may further improve CV-risk prediction in CKD pts.

• External validation of risk prediction scores in diverse populations is lacking.

• eGFR slope & change in albuminuria (chronicity) as surrogate endpoint for CKD-progression.
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THANK YOU FOR YOUR ATTENTION!

QUESTIONS?KDIGO




