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ABSTRACT 
Objective: To compare the Cockcroft-Gault (CG) and Modification of Diet in Renal Disease (MDRD) equations of 
Glomerular filtration rate (GFR) estimation with 24 hours urine creatinine clearance so as to assess their 
application in clinical practice as a suitable alternative. 
Study Design: Cross sectional study. 
Place and Duration of Study: This study was carried out at CMH Pano Aqil in 2013. 
Material and Methods: This was a cross sectional study conducted to compare results of GFR estimation using 24 
hour urine with that of prediction equations based on samples obtained from healthy young adult volunteers. 
Urine creatinine clearance was measured (mGFR) from 24 hours collected urine sample and serum creatinine of 
the study subjects. GFR was estimated (eGFR) using standard 4 variable MDRD equation, CG creatinine clearance 
and CG GFR. The performance of these equations was compared with reference to measured GFR. 
Results: Out of 480 persons who consented for evaluation, 426 were included in the study. The subjects were 
healthy male adults with mean age of 27.86 ± 5.97 years. Mean measured 24 hours urine creatinine clearance was 
93.38 ± 13.21 (ml/min/1.73m2). Results showed that MDRD and Cockcroft Gault’s GFR equation underestimated 
GFR as compared to 24 hour urine evaluation (-0.7 ml/min/1.73m2 and -4.2 ml/min/1.73m2 respectively), while 
Cockcroft–Gault creatinine clearance equation over estimated by 12.2 ml/min/1.73m2. Overall, MDRD equation 
fared better with 24 hours urine creatinine clearance than the rest, having a strong correlation (r 0.8795, p<0.0001 
and 95% CI of r 0.8561 to 0.8994) and least difference of mean     (-0.7 ml/min/1.73m2) by Bland Altman Plots. 
Conclusion: We recommend MDRD equation in preference to Cockcroft Gault’s equations to be used for 
estimation of GFR in clinical practice in young adult Pakistani population. The mean GFR of Pakistani population 
as of other south Asian is lower than the western population likely due to the racial difference between the two. 
Keywords: Cockcroft Gault equation, Creatinine clearance, GFR, MDRD equation, Pakistani population. 

 
INTRODUCTION 

The burden of end stage renal disease 
(ESRD) is causing a lot of impact on the health 
care system throughout the globe. The exact 
incidence of chronic kidney disease (CKD) in 
Pakistan is lacking but data from community 
based studies reveal alarmingly high burden of 
the disease1. Thus rigorous screening for major 
risk factors like hypertension and diabetes 
mellitus, application of preventive measures and 
early detection and treatment of CKD can help 

reduce this burden2.  
For the early detection of renal disease, 

accurate assessment of renal functions is 
required. Renal inulin clearance is regarded as 
the gold standard test for estimation of 
glomerular filtration rate (GFR), but it is 
cumbersome, costly and not readily available3,4. 
The 99mTcdiethylenetriamine penta-acetic acid 
(DTPA) and iothalamate clearance correlate well 
with the results of inulin clearance and are being 
used in clinical practice5-7. These tests are also 
expensive, not widely available and these cannot 
be used repeatedly and for screening of large 
population. Urinary creatinine clearance is often 
used for estimation of GFR but it is time 
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consuming and there can be errors in urine 
collection8. Serum creatinine (SCr) is the most 
commonly used biochemical marker of renal 
functions. However several factors other than 
GFR can affect SCr including its generation from 
muscle metabolism, tubular secretion and the 
creatinine assay method used. In addition, SCr is 
insensitive for detection of mild to moderate 
reduction in GFR9. To overcome this deficiency 
several SCr based equations for predictingGFR 
were created in the past10. The most frequently 
used ones are Cockcroft-Gault (CG) equation and 
the Modification of Diet in Renal Disease 
(MDRD) study prediction equation. These 
equations have now also been validated in renal 
transplant recipients for estimation of GFR11. 

The aim of this study was to compare the 
GFR prediction equation with 24 hours urine 
creatinine clearance to assess their application in 
clinical practice as a suitable alternative.  24 hours 
urine creatinine clearance is currently being used 
in most peripheral hospitals of Pakistan for 
measuring GFR, as DTPA scan is not widely 
available. 
MATERIAL AND METHODS 

This cross sectional study was  conducted at 
CMH PanoAqil in 2013. Informed consent was 
taken from all the individuals who reported for 
routine medical examination and wanted to 
participate in this study. Subjects with any co-
morbidity including hypertension, diabetes 
mellitus or any renal disease were excluded. The 
subject’s identity, age and residence were 
recorded on proformas. Weight and height were 
measured to calculate body surface area (BSA). 
Detailed verbal and written instructions were 
provided about 24 hour urine collection. Blood 
sample was taken for SCr and collected urine 
stored for measurement of urine volume and 
urinary creatinine. 
a. Measurement of BSA: BSA was calculated 
using the following formula: 
Body surface area =(Weight in Kgs x Height in 
cms/3600)0.5. 

b. Measurement of serum and urine creatinine: 
The serum and urine creatinine was determined 
by Jaffe’s colorimetric-kinetic method. In this 
method creatinine present in the sample reacts 
with alkaline picrate forming a reddish complex 
and the intensity of the color thus produced is 
measured at the wavelength of 510nm which is 
proportional to the creatinine concentration 
present in the sample.  Creatinine analysis was 
performed on Metrolab DR-1600, a semi-
automated chemistry analyzer by using a 
company manufactured kit for creatinine 
provided by Linear Chemicals, BarcelonaSpain. 
As per the kit literature the detection limit of the 
kit is 0.02 mg/dl while the linearity of the kit is 
upto 20 mg/dl. As the urine creatinine 
concentration is very high, a urine sample 
diltution of 1/50 with normal saline was made 
and the result obtained was multiplied by 50 
(dilution factor). To ensure the quality control, 
preassayed human control sera (Randox 
Company) of both normal and abnormal levels 
were run before the actual analysis of the test 
samples. The equipment was calibrated daily and 
quality control check was carried out regularly. 
The normal reference range for Scr was 53 to 120 
umol/L. 
c. Measurement of urinary creatinine clearance 
The soldiers were counselled regarding urine 
collection and were also given written 
instructions in Urdu language. The collection that 
was not considered adequate was discarded. 24 
hours urine creatinine clearance was calculated 
using following formulas: 
24 hours urine Cr Cl (L/day) 
=Urinary Creatinine x Urinary volume (L/day) 

Serum Creatinine 
Converting to Cr Cl (ml/min)  
= Cr Cl x 1000 (ml/min) 

1440 
Normalized to 1.73 m2 BSA  
= Cr Cl (ml/min) x 1.73 

 BSA 
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d. Estimation of GFR by prediction equations: 
Three prediction equations for estimation of 
creatinine clearance/GFR were used:  
CG CrCl equation  

= (140-age) x Weight (Kg) x 1.23 
Serum creatinine (umol/L) 
As all were males so constant of 1.23 used for 

males was used. 
CG GFR= 0.84 x Cockcroft Gault’s  CrCl12 

MDRD equation   
= 175  x     Cr(umol/L)     -1.154   x   (Age) - 0.203 

               88.4  
As all were males and Pakistanis no constant 

for females of 0.742 and for African Americans 
1.212 were not used.      
Statistical analysis: Descriptive analysis was 
done to determine values of mean creatinine 

clearance and GFR with expression of their 
standard deviations, standard error of means and 
range. Statistical comparison between results of 
24 hour urine creatinine clearance and prediction 
equations was performed in pairs by calculating 
Correlation Coefficient (r). A p value <0.05 was 
considered as significant. Bland Altman 
Plots13,14,15was used to assess differences of Means 
(Bias) with Limits of Agreement for each pair. 
Data had been analyzed using MedCalc version 
12.7.0.0 (Mariakerke, Belgium) 
RESULTS 

Out of 910 soldiers who reported for medical 
examination, 480 consented for the study, of 
which 426 were included in the study. Of the 
excluded 54 soldiers, 12 had co-morbid 
conditions, and the rest had errors in urine 
collection. 

Table-1: Demographic and Laboratory characteristics (n=426).  
Variables  Mean ± SD 95% CI SEM Min Max 
Age (yrs) 27.86 ± 5.97 27.29 - 28.43 0.28 18 45 
Height (cms) 171.96 ± 4.23 171.56 - 172.37 0.20 161 184 
Weight (kgs) 65.92 ± 7.49 65.20 - 66.63 0.36 49 85 
BSA 1.77 ± 0.11 1.76 - 1.78 0.0055 1.52 2.07 
Serum Cr( umol/l) 87.28 ± 11.06 86.22 - 88.33 0.53 68 111 
Urine Cr (umol/l) 6809.65 ± 892.80 6724.62 – 6894.67 43.25 4640 9200 
Urine Vol (l/day) 1.76 ± 0.23 1.73 - 1.78 0.011 1.2 2.3 
24hr Urine CrCl 93.38 ± 13.21 92.12 - 94.64 0.64 65.77 126.91 
(BSA-Body Surface Area; Cr- Creatinine; CrCl- Creatinine Clearance). 
 
Table-2: Correlation coefficients for 24 hour Urine Creatinine Clearance with prediction equations 
(n=426).  

Variable X-Y Correlation 
Coefficient (r) 

Significance Level (p) 95% Confidence 
Interval for r 

24hr Urine CrCl 
CG CrCl 0.7684 p<0.0001 0.7264 to 0.8047 

24hr Urine CrCl 
CG GFR 0.7684 p<0.0001 0.7264 to 0.8047 

24hr Urine CrCl 
MDRD 0.8795 p<0.0001 0.8561 to 0.8994 

(CG Cockcroft Gault; CrCl Creatinine Clearance). 
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Table-1 shows the demographics of the 
studied population. All subjects were healthy 
male adults. Mean age was 27.86 ± 5.97 years. The 
study population represented all areas of 
Pakistan, out of which 48.4% belonged to Punjab, 

36.8% from Sind, 4.2% from KPK, 1.5% from 
Azad Kashmir and 0.1% from Baluchistan. Mean 
measured 24 hours urine creatinine clearance 
(mGFR) was 93.38 + 13.21 (ml/min/1.73m2). 
Mean estimated creatinine clearance by Cockcroft 

 
Figure-1a: Bland–Altman plot describing agreement between Cockcroft Gault’s CrCl and 24 hour Urine 
Creatinine Clearance. Difference of Means=12.2 ml/min/1.73m2; Upper limit of agreement =33.6 
ml/min/1.73m2; Lower limit of agreement= -9.2 ml/min/1.73m2. 

 
Figure-1b: Bland–Altman plot describing agreement between Cockcroft Gault’s  GFR equation and 24 hour 
Urine Creatinine Clearance. Difference of Means=-4.7 ml/min/1.73m2; Upper limit of agreement =13.8 
ml/min/1.73m2; Lower limit of agreement= -23.2 ml/min/1.73m2. 

 
Figure-1c: Bland–Altman plot describing agreement between MDRD equation and 24 hour Urine 
Creatinine Clearance. Difference of Means=-0.7 ml/min/1.73m2; Upper limit of agreement =12.4 
ml/min/1.73m2; Lower limit of agreement= -13.8 ml/min/1.73m2 
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Gault CrCl equation was 105.55+17.06 (ml/min); 
88.66+14.33 (ml/min) by Cockcroft Gault GFR 
equation; and 92.66+13.87 (ml/min) by MDRD 
formula. 

Table-2 shows the correlation coefficient for 
each pair. A very high correlation was found 
between MDRD and 24 hours urine creatinine 
clearance (r 0.8795, p=0.0001) 

Bland Altman Plots for each pair are shown 
in Figures 1a-c. Differences of Means (Bias) with 
Limits of agreement have been highlighted. 
MDRD equation had the least difference of mean 
(-0.7 ml/min/1.73m2) whereas Cockcroft Gault’s 
creatinine clearance showed the maximum 
difference of mean (12.2 ml/min/1.73m2). The 
plots also show increase scatter at higher GFR 
values depicting reduced precision of the 
prediction equations at higher GFR 
DISCUSSION 

Our study compared the commonly used 
method of GFR calculation in Pakistan i.e. 24 
hour urine with the equations used for 
calculating estimated GFR in a group of young 
healthy Pakistani adult males. The mean mGFR 
in the studied population was calculated to be 
93.38 ± 13.21 ml/min per 1.73m2. 

The adult creatinine–based formulas were 
developed in middle-aged or aged populations of 
patients with various pathologic conditions and 
were not designed to study renal function in 
young adults or adolescents. The Cockcroft 
Gault’s CrCl formula was developed in 1976 by 
using the mean 24-hour urine creatinine excretion 
from two urine collections obtained in 249 adult 
men aged from 18 to 92 years. MDRD study 
prediction equation was developed in 1628 
patients (males and females) with a mean age of 
50.6 ± 12.7 years and a mean GFR of 39.8 ± 21.2 
ml/min per 1.73m2 and included age, sex, and 
race to account for average differences in muscle 
mass in subgroups16. The anthropometrics of our 
study population were quiet different when 
compared with the MDRD study population, 
from which the original MDRD formula was 
derived. The mean age of our subjects was       

27.86 ± 5.97 years versus 50.6 ± 12.7 years of 
MDRD study population, mean weight was    
65.92 ± 7.49 versus 79.6 ± 16.8, mean BSA        
(1.77 ± 0.11 versus 1.91 ±  0.23) and mean GFR 
was (93.38 ± 13.21 versus 39.8 ± 21.2).  

Studies have reported a higher mGFR in 
western population (106–125 mL/ min per        
1.73 m2)17, but our results are comparable to that 
reported by Selistre et al18 for the same age group 
in French population. Other studies on South 
Asian populations have also reported a similar 
mGFR19,20. Srinivas et al reported that low GFR of 
South Asians (95.5+11.6 mL/min per 1.73 m2) as 
compared to western has two possible causes, 
low protein diet and low birth weight12. These 
factors may be operative in our study as well but 
here population are not strict vegetarians and this 
difference from Western population might be 
racial. 

In regard to the predictive ability of  
Cockcroft Gault’s and MDRD based equations in 
healthy subjects the opinion has been divided 
with evidence in favour of Cockcroft Gault’s 
equations21,22 and other in favour of 
MDRD23,24while some have reported that both 
MDRD and Cockcroft Gault’s equations 
performed poorly in estimating GFR in healthy 
renal donors25. Analysis of our data show linear 
correlation of prediction equations with 24 hour 
urine creatinine clearance. Correlation was found 
to be strong in case of MDRD formula and weak 
in case of Cockcroft Gault’s CrCl equation. 
Calculating Cockcroft Gault’s GFR improved the 
correlation with reduction in bias between eGFR 
and mGFR methods (table-2, fig-1a and 1b). 
Shaikh GM etal conducted a study in Pakistan 
and reported that MDRD equation is a suitable 
and valid equation for estimating GFR in CKD 
patients of Rawalpindi26. 

Studies show that the prediction equations 
have lower precision in high GFR populations 
and GFR estimates are less useful in the normal 
range of GFR27. Results of our study show a 
similar increase in scatter of observations at 
higher mGFR levels (fig-1a-c).  
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Studies have also revealed that the 
prediction equations overestimate or 
underestimate GFR in healthy renal donors, 
especially Cockcroft Gault’s CrCl which usually 
over estimates creatinine clearance probably due 
to anthropometry28. Our results noted an 
overestimation of creatinine clearance by 
Cockcroft Gault’s CrCl by a mean of 12.2 ml/min 
/1.73m2 (fig-1a).  On the contrary, our analysis 
showed an underestimation of GFR by Cockcroft 
Gault’s GFR equation by a mean of 4.2 
ml/min/1.73m2 (fig- 1b) and MDRD formula by a 
mean of 0.7 ml/min/1.73m2 (fig-1c). These 
findings have also been supported by previous 
evidence15 that showed an underestimation of 
GFR by MDRD formula by a mean of 9–29 
mL/min per 1.73 m2. 
CONCLUSION 

Our results fall in favour of MDRD 
equations that show better estimation, narrow 
limits of agreement and good correlation to 
measured creatinine clearance, than Cockcroft 
Gault’s equations. So we recommend MDRD 
equation in preference to Cockcroft Gault’s CrCl 
equation to be used for estimation of GFR in 
clinical practice in young healthy Pakistani 
population. Cockcroft Gault’s CrCl equation can 
also be used, keeping in mind the overestimation 
of GFR of around 10 ml/min/1.73m2.  

The mean GFR of Pakistani population (80 to 
107 ml/min per 1.73m2) as of other south Asian is 
lower than the western population (106 to 125 
mL/ min). This might be due to the racial 
difference between us. 
ACKNOWLEDGEMENT 

The authors will like to thank commanding 
officer, all officers and soldiers of 25 Sind Regt 
who consented and made this study possible. 
CONFLICT OF INTEREST 

This study has no conflict of interest to 
declare. No funding was received from any 
agency or institution. 
 
 

REFERENCES 
1. Tazeen HZ. The growing burden of chronic kidney disease in 

Pakistan. N EngJ Med 2006; 354: 995-7. 
2. Mani MK. Experience with a program for prevention of chronic 

renal failure in India. Kidney Int 2005;94: 875-8. 
3. Smith HW. The reliability of inulin as a measure of  glomerular 

filtration. In: The Kidney: Structure and Function in Health and 
Disease, New York, OxfordUniversity Press 1951; 231-8. 

4. K/DOQI clinical practice guidelines for chronic kidney disease: 
Evaluation, classification, and stratification. Am J Kidney Dis 
2002;39: S1-S266. 

5. Petersen LJ, Petersen JR, Talleruphuus U, Moller ML, Ladefoged 
SD, Mehlsen J etal. Glomerular filtration rate estimated from the 
uptake phase of 99mTc-DTPA renography in chronic renal 
failure. Nephrol Dial Transpl 1999;14: 1673-8. 

6. Rehling M, Moller ML, Thamdrup B, Lund JO, Trap-Jansen J. 
Simultaneous measurement of renal clearance and plasma 
clearance of 99mTc-labelled diethlenetriamine penta-acetate, 
51Cr-labelled ethylennediaminetetra-aceteate and inulin in man. 
Clin Sci 1984;66: 613-9. 

7. Perrone RD, Steinman TI, Beck GJ, Skibinski CI, Royal HD, 
Lawlor M etal. Utility of radioisotopic filtration markers in 
chronic renal insufficiency: Simultaneous comparison of 125I-
iothalamate, 169Yb-DTPA and inulin. The Modification of Diet 
in Renal Disease Study. Am J Kidney Dis 1990;60: 224-35. 

8. Bia MJ, Ramos EL, Danovitch GM, Gaston RS, Harmon WE, 
Leichtman AB etal. Evaluation of living donors. The current 
practices of US transplant centers. Transplantation 1995;60: 322-
7. 

9. Cirillo M, Anastasio P, De Santo NG. Relationship of gender, age 
and body mass index to errors in predicted kidney function. 
Nephrol Dial Transplant 2005;20: 1791-8. 

10. Kemperman FA, Krediet RT, Arisz L. Formula derived 
prediction of glomerular filtration rate from plasma creatinine 
concentration. Nephron 2002;91: 547-58.  

11. Fauvel JP, Hadj-Aissa A, Buron F, Morelon E, Ducher M. 
Performance of estimated glomerular filtration rates to monitor 
change in renal function inkidney transplant recipients. Nephrol 
Dial Transplant 2013; 28: 3096-100. 

12. Srinivas S, Annigeri RA, Mani MK, Rao BS, Kowdle PC, 
Seshadri R. Estimation of Glomerular filtration rate in South 
Asians healthy adult kidney donors. Nephrology 2008;13, 440-6. 

13. Altman DG, Bland JM. Measurement in Medicine: the Analysis 
of Method Comparison Studies. The Statistician 1987;32: 307-17. 

14. Bland JM, Altman DG. Statistical methods for assessing 
agreement between two methods of clinical measurement. 
Lancet 1986; 1: 307–10. 

15. Bland JM, Altman DG. Comparing methods of measurement: 
Why plotting difference against standard method is misleading. 
Lancet 1995; 346: 1085–7. 

16. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D: A 
more accurate method to estimate glomerular filtration rate from 
serum creatinine: A new prediction equation. Modification of 
Diet in Renal Disease Study Group. Ann Intern Med 1999; 130: 
461-70. 

17. Rule AD, Gussak HM, Pond GR, Bergstralh, Stegall MD, Cosio 
FG et al. Measured and estimated GFR in healthy potential 
kidney donors. Am J Kidney Dis 2004;43: 112–9.  

18. Selistre L, Souza VD, Cochat P, Antonello ICF. GFR Estimation 
in Adolescents and Young Adults. J Am Soc Nephrol 2012; 23: 
989–96. 



GFR in Healthy Adult Population  Pak Armed Forces Med J 2016; 66(3):407-13 

413 
 

19. Barai S, Bandopadhayaya GP, Patel CD, Rathi M, Kumar R, 
Bhowmik D et al. Do healthy potential kidney donors in India 
have an average glomerular filtration rate of81.4 ml/min. 
Nephron Physiol 2005; 101: 21–6. 

20. Mahajan S, Mukhiya GK, Singh R, Tiwari SC, Kalra V, Bhowmik 
DM et al. Assessing glomerular filtration rate in healthy Indian 
adults: A comparison of various prediction equations. J Nephrol 
2005; 18: 257–61. 

21. Poggio ED, Wang X, Greene T, Van Lente F, Hall PM. 
Performance of the modification of diet in renal disease and 
Cockcroft Gault’s equations in the estimation of GFR in health 
and in chronic kidney disease. J Am Soc Nephrol 2005; 16: 459–
66. 

22. Vervoort G, Willems HL, Wetzels JFM. Assessment of 
glomerular filtration rate in healthy subjects and 
normoalbuminuric diabetic patients: Validity of a new (MDRD) 
prediction equation. Nephrol Dial Transpl 2002; 17: 1909–13. 

23. Hallan S, Asberg A, Lindberg M, Johnsen H. Validation of the 
Modification  of Diet in Renal Disease formula for estimating 

GFR with special emphasis on  calibration of the serum 
creatinine assay. Am J Kidney Dis 2004; 44: 84–93. 

24. Lin J, Knight EL, Hogan ML, Singh AK. A comparison of 
prediction equations for estimating glomerular filtration rate in 
adults without kidney disease. J Am Soc Nephrol 2003; 14: 2573–
80. 

25. Froissart M, Rossert J, Jacquot C, Paillard M, Houillier P. 
Predictive performance of the modification of diet in renal 
disease and Cockcroft-Gault equations for estimating renal 
function. J Am Soc Nephrol 2005; 16: 763–73. 

26. Shaikh GM, Khan DA, Khan FA, Ali MK. Validation of Modified 
Estimated  Glomerular Filtration Rate in Chronic Kidney 
Disease Patients. J Coll  Physicians Surg Pak 2013: 23; 793-7. 

27. Coresh J, Stevens LA. Kidney function estimating equations: 
Where do we stand? Curr Opin Nephrol Hypertens 2006; 15: 
276–84. 

28.  Shemesh O, Golbetz H, Kriss JP, Myers BD. Limitations of 
creatinine as a filtration marker in glomerulopathic patients. 
Kidney Int 1985; 28: 830–8. 

 

 

 


