List of formulas based on creatinine and/or cystatin-C.

A.- Creatinine-based formulas.

Formula Gender |Algorithm
Effersge*' M 107109 tos(Cr19
(1957) F 1006 Lo(Cr)+1.78
Edwards-Whyte? M (94.3/Cr)-1.8
(1959) F (69.9/Cr)-2.2
Jelliffe-1* 3 M (100/Cr)-12
(1971) F (80/Cr)-7
Mawer * M [weight*(29.3-0.203*Age)*(1-0.03*Cr)]/14.4*Cr
(1972) F [weight*(25.3-0.175*Age)*(1-0.03*Cr)]/14.4*Cr
Jelliffe-2 * °(1973) 98-16*(Age-20)/20/Cr (*0.9 if female)
Cockcroft-Gault ® [(140-Age)*weight] /72*Cr  (*0.85 if female)
(1976)
Bjornsson ’ M [0.07* weight *(27-Age*0.173)]/ Cr
(1979) F [0.07* weight *(25-Age*0.175)]/Cr
Mogensen £ (1980) [(10000/(Cr*88.4))-14]/0.9
Hull ° (1981) [weight *((145-Age)/Cr-3)]/70 (*0.85 if female)
Gates * ' (1985) M 89.4*Cr'?+0.447*Cr'*(55-Age)
F 60*Cr'+0.3*Cr'*(56-Age)
Walser *'(1993) M 0.096* weight -0.103*age+ (7.57/(Cr*0.0884)) — 6.66
F 0.08* weight -0.08*age+(6.05/(Cr*0.0884)) - 4.81




Formula Gender

Algorithm

Davis-Chandler *

(1996)

(140-Age)/Cr (*0.85 if female)

Baracskay ** (1997)

0.5* [(100/Cr)+88-Age]

Martin ** (1998)

(163*Weight*(1-0.00496*Age) (*0.748 if
female))/(Cr*0.0884*1000)

aMDRD * **(2000)

175*Cr “**Age 2% (*0.742 if female) (*1.212 if black)

Wright *°(2001)

(6580-38.8*Age/(Cr*88.4))*BSA (*0.832 if female)

Rule * ¥ (2004)

(McQ)

X
e

x=1.911+(5.249/Cr)-(2.114/Cr*)-0.00686*Age [-0.205 if female]

(if Cr<0.8 use Cr=0.8)

Sobh *® (2005)

0.014*Weight®>* *(Height*100)** * ((140-Age)/Cr)

Virga *° (2007) M [(69.4-0.59*Age+0.79*Weight)/Cr)]-3.0
F [(57.3-0.37*Age+0.51*Weight)/Cr]-2.9
Formula Gender |Algorithm

CHUQ *°* (2009)

X
e

x=10-1.16*Ln(Cr*88) - 0.000084*Age” —(0.319 if female)

FAS* 2 See  FAS 107.3/(Cr/Q) if age between 2 and 40
(2016) CE 107.3/(Cr/Q)*0.988"¢*% if age over 40
for Q-
Table based formula values
Formula Race | Gender Creatinine Algorithm
M Cr<0.9 163*(Cr/0.9) %1 *0.993"¢°
CKD-EPI*?
Black Cr>0.9 163*(Cr/0.9) -*® *0.993"¢°
(2009)
F Cr<0.7 166*(Cr/0.7) 3% *0.993%¢¢




Cr>0.7 166*(Cr/0.7) -2® *0.993"¢°
M Cr<0.9 141*(Cr/0.9) **** *0.993%¢°
Cr>0.9 141*(Cr/0.9) 1% *0.993"¢
Non-
Black
F Cr<0.7 144*(Cr/0.7) %% *0.993%¢
Cr>0.7 144*(Cr/0.7) *% *0.993%¢¢
Formula Algorithm
FAS_cr ** 107.3
- — X [0.988(49¢=10) when Age > 40 years|
(2017) Qcrea
Qcrea=0.9 if male
Qcrea=0.7 if female
Formula** Gender Creatinine Algorithm

Lund-Malmo **

(with LBM)

(2009)

X-0.00587*Age+0.00977*LBM
e

Cr <150 umol/L

X =4.95-0.0110 *Cr

Cr 2150 pmol/L

X =8.58 +0.0005*Cr - 1.08*Ln(Cr)

Lund-Malma %

Male

Female

X—0.0124%Age+0.339*Ln(Age)
e

X—0.0124*Age+0.339%Ln(Age)-0.226
e

Cr <150 pmol/L

X =4.62-0.0112 *Cr

Cr 2150 pmol/L

X =8.17 + 0.0005*Cr-1.07*Ln(Cr)

Lund-1 %

Male

Female

X-0.0168*Age+0.523*Ln(Age)
e

X—0.0168*Age+0.523*Ln(Age)-0.208
e

Cr <150 umol/L

X=4.12-0.0111 *Cr

Cr 2150 umol/L

X = 6.51 - 0.0004*Cr - 0.808*Ln(Cr)




X—0.00705*Age+0.0110*LBM
e

Lund-2 **
Cr <150 umol/L X =4.93-0.0108 *Cr
(with LBM)
Cr 2150 umol/L X =7.78 - 0.00005*Cr - 0.902*Ln(Cr)
Male 1.10*Weight - 120*(Weight/Height)*
LBM Calculation
Female 1.07*Weight - 148*(Weight/Height)?
X—0.0158*Age+0.438*Ln(Age)
Lund-Malmé 25 [Male | Cr <180 umol/L X =2.56+0.00968 *(180—Cr)
(Revised) (2011) Cr>180 umol/L | X =2.56-0.926 * Ln(Cr/180)
) Femal |Cr<i150 umol/L _ |X=2.50+0.0121 * (150—Cr)
e
Cr = 150 umol/L X =2.50-0.926 * Ln(Cr/150)
X-0.007*Age+0.00694*LBM
Lund-Malmo »® Male |[Cr <180 umol/L X =3.37+0.00968 *(180—Cr)
(with LBM) Cr 2180 umol/L X =3.37-0.926 * Ln(Cr/180)
(Revised) (2011) Femal |Cr <150 umol/L X =3.43+0.0121 * (150—Cr)
e
Cr > 150 umol/L X =3.43-0.926 * Ln(Cr/150)

Note: Serum creatinine (Cr) for all Lund formulas are expressed in umol/L

**All LM formulas are expressed to report GFR scaled to 1.73*m’

Cr; serum creatinine (mg/dl); Age (years); Height (cm); Weight (kg); BUN. Blood Urea Nitrogen
(mg/dl). BSA(Body Surface Area) (m?®) calculated using DuBois and DuBois formula
SA=Weight®***(100*Height)®’*>*0.007184].

Note: * formulas expressed to report GFR scaled to 1.73*m?

Mathematical expression Ln refers to the Natural Logarithm (base number e logarithm). Log
refers to the base 10 logarithm.



B.- Cystatin-C-based formulas.

Formula

Algorithm

Le Bricon * 2°(2000)

(78/Cy)+4

Tan * 27(2002)

(87.1/Cy)-6.87

Hoek * %(2003)

80.35/Cy-4.32

Larsson * *°(2004)

77.239*Cy 1%

Perkins * *°(2005)

100/Cy

Orebro
(2005)

(DAKO)  *

31

(124/Cy)-22.3

Grubb-2005 * **(2005)

84.69*Cy %% (*1.384 if <14 years)

Rule Cy * *(2006)

(MCQ_cy)

66.8*Cy™?

Maclsaac * **(2006)

(86.7/Cy)-4.2

Arnal-Dade * **(2006)

74.835/Cy 3%

Jonsson * * (2007)

79.901*Cy 43

Stevens-1 * ¥ (2008)

76.7*%Cy

Stevens-2 * ¥/ (2008)

127.7*Cy "“'7*Age ®* (*0.91 if female)(*1.06 if black)

Tidman * *(2008)

(100/Cy)-14

Grubb-2009 ** (2009)

99.19*Cy™"*(*0.823 if female)

Hojs * *°(2011)

90.63*Cy %

Grubb-2014**"(2014)

(CAPA)

130.Cy—1.069*Age—0.117_7




Formula Gender Range Algorithm
Male Cy<0.8 133*(Cy/0.8) %**° *0.996"¢®
CKD-EPI_cy * Cy>0.8 133*(Cy/0.8) *?**0.996"¢
(2011) Female Cy<0.8 133*(Cy/0.8) %**°*0.996"%°*0.932
Cy>0.8 133*(Cy/0.8)™****0.996"¢°*0.932
Formula Algorithm
FAS cy = 1073 x [0.988(49¢=10) when Age > 40 years]
ScysC
(2017) QcysC

QCy=0.82 if Age<70 years

QCy=0.95 if Age=70 years

Cr; serum creatinine (mg/dl); Age (years);

Height (cm);

Weight (kg);

BUN. Blood Urea Nitrogen (mg/dl).

Cy: Serum cystatin-c (mg/L);

BSA (Body Surface Area) (m?) calculated using DuBois and DuBois formula:

SA=Weight®*?**(100*Height)®’***0.007184].

Note: * formulas expressed to report GFR scaled to 1.73*m’




A.- Creatinine and Cystatin-C-based formulas.

Formula Algorithm
Ma * * 169*Cr "% * cy 083 xpge 0157 (*0 83 if female)
(2007)

Stevens * ¥

177.6%(Cr) *%*cy "**"*age ®? (*0.82 if female)(*1.11 if black)

(2008)
Cr Cy Algorithm
Male | Cr<0.9 | Cy<0.8 135%(Cr/0.9) %27*(Cy/0.8) °3"°*0.995"¢° (*1.08 if black)
y>0. r/0.9)™ y/0.8)" . .08 if blac
Cy>0.8 135%(Cr/0.9) %?%7*(Cy/0.8)*"**0.995"¢° (*1.08 if black)
Cr>0.9 | Cy<0.8 135%(Cr/0.9) %*°'*(Cy/0.8) °3"°*0.995"¢° (*1.08 if black)
CKD-EPI_crcy * Cy>0.8 135*(Cr/0.9) %*°**(Cy/0.8) ®"*1*0.995%° (*1.08 if black)
(2012) Femal Cy<0.8 130*(Cr/0.7) %**®*(Cy/0.8) °*">*0.995"¢° (*1.08 if black)
e Cr<0.7
Cy>0.8 130*(Cr/0.7) %****(Cy/0.8) °"**0.995"¢° (*1.08 if black)
Cy<0.8 130*(Cr/0.7) **°**(Cy/0.8) °*">*0.995"¢° (*1.08 if black)
Cr>0.7
Cy>0.8 130*(Cr/0.7) **°**(Cy/0.8)°"**0.995"¢° (*1.08 if black)
Formula Algorithm
FAS_crcy ** 107.3
ey <Cr CysC * [0.988(49¢74D) yhen Age > 40 years]
(2017) @ X Ocrea +(1-a)x Qcysc
a=0.5

Qcrea=0.9 if male
Qcrea=0.7 if female
QCy=0.82 if Age<70 years

QCy=0.95 if Age=70 years




Cr; serum creatinine (mg/dl); Age (years);

Height (cm);

Weight (kg);

BUN. Blood Urea Nitrogen (mg/dl).

Cy: Serum cystatin-c (mg/L);

BSA (Body Surface Area) (m?) calculated using DuBois and DuBois formula:
SA=Weight®****(100*Height)®’***0.007184].

Note: * formulas expressed to report GFR scaled to 1.73*m?



REFERENCES
Creatinine-based formulas

1. Effersoe P. Relationship between endogenous 24-hour creatinine clearance and serum creatinine
concentration in patients with chronic renal disease. Acta Med Scand 1957; 156: 429-434.

2. Edwards KDG, Whyte HM . Plasma creatinine level and creatinine clearance as tests of renal function.
Aust Ann Med 1959; 8: 218-224.

3. Jelliffe RW. Estimation of creatinine clearance when urine cannot be collected. Lancet 1971; 1: 975-
976.

4. Mawer GE, Lucas SB, Knowles BR, Stirland RM. Computerassisted prescribing of kanamycin for patients
with renal insufficiency. Lancet 1972; 1: 12-15.

5. Jelliffe RW. Creatinine clearance: Bedside estimate. Ann Intern Med 1973; 79: 604-605.

6. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum creatinine. Nephron 1976; 16:
31-41.

7. Bjornsson TD. Use of serum creatinine concentration to determine renal function. Clin Pharmacokinet
1979; 4: 200-222.

8. Mogensen CE, Heilskov NS. Prediction of GFR from serum creatinine. Acta Endocrinol Suppl (Copenh).
1980; 238: 109.

9. Hull JH,Hak LJ, Koch GG,WarginWA, Chi SL, Mattocks AM. Influence of range of renal function and liver
disease on predictability of creatinine clearance. Clin Pharmacol Ther 1981; 29: 516-521.

10. Gates GF. Creatinine clearance estimation from serum creatinine values: An analysis of three
mathematical models of glomerular function. Am J Kidney Dis 1985; 5: 199-205.

11. Walser M, Drew HH, Guldan JL. Prediction of glomerular filtration rate from serum creatinine
concentration in advanced chronic renal failure. Kidney Int 1993; 44: 1145-1148.

12. Davis GA, Chandler MH. Comparison of creatinine clearance estimation methods in patients with
trauma. Am J Health Syst Pharm 1996; 53: 1028-1032.

13. Baracskay D, Jarjoura D, Cugino A, Blend D, Rutecki GW, Whittier FC. Geriatric renal function:
estimating glomerular filtration in an ambulatory elderly population. Clin Nephrol. 1997; 47: 222-228.

14. Martin L, Chatelut E, Boneu A, et al. Improvement of the Cockcroft-Gault equation for predicting
glomerular filtration in cancer patients. Bull Cancer. 1998; 85: 631-636.

15. Levey AS, Greene T, Kusek JW, Beck GJ, for the MDRD Study Group. A simplified equation to predict
glomerular filtration rate from serum creatinine (Abstract). ] Am Soc Nephrol 2000; 11: 155A.

16. Wright JG, Boddy AV, Highley M, Fenwick J, McGill A, Calvert AH. Estimation of glomerular filtration
rate in cancer patients. BrJ Cancer 2001; 84: 452-459.



17. Rule AD, Larson TS, Bergstralh EJ et al. Using serum creatinine to estimate glomerular filtration rate:
accuracy in good health and in chronic kidney disease. Ann Intern Med 2004; 141: 929-37.

18. Sobh M, Neamatallah A, Sheashaa H, Akl A, Osman Y, Gad H, Eletrby M, Hegazy A. A new formula for
estimation of creatinine clearance in healthy subjects and patients with chronic renal disease. Int Urol
Nephrol 2005; 37: 403-8.

19.- Virga G, Gaspari F, Thomaseth K, Cara M, Mastrosimone S, Rossi V. A new equation for estimating
renal function using age, bodyWeight and serum creatinine. Nephron Clin Pract 2007; 105: c43-c53.

20.- Douville P, Martel AR, Talbot J, Desmeules S, Langlois S, Agharazii M. Impact of age on glomerular
filtration estimates. Nephrol Dial Transplant 2009; 24: 97-103.

21.- Pottel H, Hoste L, Dubourg L et al. An estimated glomerular filtration rate equation for the full age
spectrum. Nephrol Dial Transplant (2016) 31: 798—806

22.- Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular filtration rate. Ann
Intern Med 2009; 150: 604-12.

23.- Pottel H, Delanaye P, Schaeffner E, et al. Estimating glomerular filtration rate for the full age

spectrum from serum creatinine and cystatin C. Nephrol Dial Transplant. 2017; 32497-507.

24.- Bjork J, Back E, Sterner G et al. Prediction of relative glomerular filtration rate in adults: New
improved equations based on Swedish Caucasians and standardized plasma-creatinine assays,
Scandinavian Journal of Clinical and Laboratory Investigation, 67:7,678-695

25.- Bjork J, Grubb A, Sterner G et al. Revised equation for estimating glomerular filtration rate based on
the Lund-Malmo Study cohort. Scand J Clin Lab Invest 2011; 71: 232-239

Cystatin-c-based formulas

26.- Le Bricon T, Thervet E, FroissartMet al. Plasma cystatin C is superior to 24-h creatinine clearance and
plasma creatinine for estimation of glomerular filtration rate 3 months after kidney transplantation. Clin
Chem 2000; 46: 1206-1207.

27.- Tan GD, Lewis AV, James TJ, Altmann P, Taylor RP, Levy JC: Clinical usefulness of cystatin C for the
estimation of glomerular filtration rate in type 1 diabetes: reproducibility and accuracy compared with
standard measures and iohexol clearance. Diabetes Care 2002; 25: 2004—-2009.

28.- Hoek FJ,Kemperman FA,Krediet RT.Acomparison between cystatin C, plasma creatinine and the
Cockcroft and Gault formula for the estimation of glomerular filtration rate. Nephrol Dial Transplant 2003;
18:2024-2031.

29.- Larsson A,Malm J, Grubb A, Hansson LO. Calculation of glomerular filtration rate expressed in ml/min
from plasma cystatin C values in mg/L. Scand J Clin Lab Invest 2004; 64: 25-30.

30.- Perkins BA, Nelson RG, Ostrander BE, Blouch KL, Krolewski AS, Myers BD, et al. Detection of renal
function decline in patients with diabetes and normal or elevated GFR by serial measurements of serum
cystatin C concentration: results of a 4-year follow-up study. ] Am Soc Nephrol 2005; 16: 1404-1412.


https://www.ncbi.nlm.nih.gov/pubmed/28089986
https://www.ncbi.nlm.nih.gov/pubmed/28089986

31.- Sjostrom P, Tidman M, Jones |. Determination of the production rate and non-renal clearance of
cystatin C and estimation of the glomerular filtration rate from the serum concentration of cystatin C in
humans. Scand J Clin Lab Invest 2005; 65: 111-124-

32.- Grubb A, Bjork J, Lindstrom V et al. A cystatin C-based formula without anthropometric variables
estimates glomerular filtration rate better than creatinine clearance using the Cockcroft-Gault formula,
Scandinavian Journal of Clinical and Laboratory Investigation, 2005 65:2, 153-162.

33. Rule AD, Bergstralh EJ, Slezak JM, Bergert J, Larson TS. Glomerular filtration rate estimated by cystatin
C among different clinical presentations. Kidney Int 2006; 69: 399-405.

34.- Macisaac RJ, Tsalamandris C, Thomas MC, Premaratne E, Panagiotopoulos S, Smith TJ, et al.
Estimating glomerular filtration rate in diabetes: a comparison of cystatin-C- and creatinine-based
methods. Diabetologia 2006; 49: 1686-1689.

35.- Dade Behring. Increase sensitivity and reliability in renal function analysis. Dade Behring, 2005.

36.- Jonsson AS, Flodin M, Hansson LO, Larsson A. Estimated glomerular filtration rate (eGFRcystC) from
serum cystatin C shows strong agreement with iohexol clearance in patients with low GFR. Scand J Clin
Invest 2007; 67: 801-809.

37.- Stevens LA, Coresh J, Schmid CH, Feldman Hl, Froissart M, Kusek J , et al. Estimating GFR using serum
cystatin C alone and in combination with serum creatinine: a pooled analysis of 3,418 individuals with
CKD. Am J Kidney Dis 2008; 51: 395-406.

38.- Tidman M, Sjostrom P and Jones |. A comparison of GFR estimating formulae based upon s-cystatin C
and s-creatinine and a combination of the two. Nephrol Dial Transplant (2008) 23: 154—-160

39.- A. Grubb, J. Bjork, V. Lindstrom, G. Sterner, P. Bondesson & U. Nyman (2005) A cystatin C-based
formula without anthropometric variables estimates glomerular filtration rate better than creatinine
clearance using the Cockcroft-Gault formula, Scandinavian Journal of Clinical and Laboratory
Investigation, 65:2, 153-162,

40.- Hojs R, Bevc, R, Ekart Met al. Kidney function estimating equations in patients with chronic kidney
disease. Int J Clin Pract, April 2011, 65, 4, 458—464.

41.- Grubb A, Horio M, Hansson LO, Bjérk J, Nyman U, Flodin M, et al. Generation of a new cystatin C-

based estimating equation for glomerular filtration rate by use of 7 assays standardized to
the international calibrator. Clin Chem. 2014; 60: 974-86.

42 .- Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH, Feldman HI, Greene T, et al. Estimating glomerular
filtration rate from serum creatinine and cystatin C. N Engl J Med 2012; 367: 20-29.

Creatinine-and-cystatin-c-based formulas

43.- Ma YC, Zuo L, Chen JH, Luo Q, Yu XQ, Li Y, et al. Improved GFR estimation by combined creatinine and
cystatin C measurements. Kidney Int 2007; 72: 1535-1542.


http://www.ncbi.nlm.nih.gov/pubmed?term=Grubb%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24829272
http://www.ncbi.nlm.nih.gov/pubmed?term=Horio%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24829272
http://www.ncbi.nlm.nih.gov/pubmed?term=Hansson%20LO%5BAuthor%5D&cauthor=true&cauthor_uid=24829272
http://www.ncbi.nlm.nih.gov/pubmed?term=Björk%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24829272
http://www.ncbi.nlm.nih.gov/pubmed?term=Nyman%20U%5BAuthor%5D&cauthor=true&cauthor_uid=24829272
http://www.ncbi.nlm.nih.gov/pubmed?term=Flodin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24829272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Generation+of+a+New+Cystatin+C–Based+Estimating+Equation+for+Glomerular+Filtration+Rate+by+Use+of+7+Assays+Standardized+to+the+International+Calibrator

Laboratorio de Funcion Renal
Universidad de La Laguna

Tenerife — Canary Islands — SPAIN



