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ABSTRACT 

Background: Purpose of our study was to find out correlation between estimated Glomerular Filtration Rate (GFR) by 
Modification of Diet in Renal Disease (MDRD) formula and Glomerular Filtration Rate by Cockcroft-Gault equations, 
in patients with chronic kidney disease (CKD), and to see whether they can be used interchangeably. Methods: We 
conducted a cross section study of 70 patients presented to the nephrology clinic over a period of one year. We com-
pared the Glomerular Filtration Rate by these two formulas in five stages of Chronic Kidney Disease. Abbreviated 4 
variable Modification of Diet in Renal Disease formula was used. Results: Age range was 15 - 79 years; Male 49%, 
Female 51%. The correlation (r) between eGFR by MDRD and eGFR by Cockcroft-Gault equation for CKD stages 1 to 
5 was 0.64; 0.31; 0.32; 0.67; and 0.45 respectively. The correlation (r) between creatinine clearance by 24 hour urine 
collection and MDRD formula was 0.84 (P: 0.001). The correlation (r) between creatinine clearance by 24 hour urine 
collection Cockcroft-Gault equation was 0.79 (P: 0.001). Conclusion: We conclude that Cockcroft-Gault equation cor-
relates best with MDRD formula at CKD stages 4 and one. Cockcroft-Gault equation underestimated eGFR in stages 1, 
2 and 3 of chronic Kidney Disease. 
 
Keywords: MDRD; Cockcroft-Gault; Chronic Kidney Disease; CKD 

1. Introduction 

Modification of Diet in Renal Disease (MDRD) formula 
and Cockcroft-Gault equation are commonly used for 
estimation of Glomerular Filtration Rate (GFR). Creati- 
nine clearance measurement using 24 hours urine collec-
tion is largely abandoned in favor of the MDRD and 
Cockcroft-Gault formulas, mainly because of the inher-
ited difficulties in accurate collection of 24 hours urine. 

Cockcroft-Gault equation remained the most common 
method for bedside estimation of GFR because it is very 
easy to use without a calculator or computer. This ad-
vantage of Cockcroft-Gault formula is keeping it alive in 
spite of the rapid popularity of MDRD formula. Numer-
ous studies are done to compare these two equations in 
various settings. However the data from Asia especially 
from Pakistan is scanty [1]. 

Purpose of our study was to find out correlation be-
tween the two equations in chronic kidney disease (CKD) 
in our setting and to see whether they can be used inter-
changeably. A review of similar studies from other 

georophical location is also presented. 

2. Methods 

We conducted a cross section study of 70 patients of age 
15 and above who presented to the nephrology clinic of a 
tertiary care hospital in Karachi Pakistan over a period of 
1 year.  

Abbreviated four variable MDRD formula was used to 
estimate GFR using the equation: 186 × [serum creatinine 
(mg/dl)]−1.154 × (age)−0.203 × (0.742 if female). Estimated 
GFR using the Cockcroft-Gault equation was calculated 

as follows: (140 − age) × (weight in kg)/serum creatinine 
(mg/dl) × 72 × (0.85 if female). Measured creatinine 
clearance was calculated by 24 hour urine collection and 
using the formula: creatinine excretion (mg/kg/day) di-
vided by serum creatinine (mg/dl) divided by 14.4 (min/d 
per dl/ml). 

Patients with acute renal failure were excluded. All the 
patients in the study were divided into five groups corre-
sponding to the five stages of chronic kidney disease as 
follows: Group 1: GFR > 90; Group 2: GFR 90 - 60; 
Group 3: GFR 30 - 59; Group 4: GFR 15 - 29 and group *Corresponding author. 
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5: GFR < 15 ml/min/1.73m2 [2]. Data was analyzed us-
ing SPSS software. 

3. Results 

Age range was 15 - 79 years. Male were 49%, female 
were 51%. Mean GFR by MDRD formula for CKD 
stages 1 to 5 was 111 ± 30, 77 ± 24, 39 ± 9, 21 ± 6 and 
13 ± 4 ml/min/1.73m2 respectively. Mean GFR by Cock-
croft-Gault equation for CKD stage 1 to 5 was 119 ± 28, 
78 ± 13, 43 ± 7, 23 ± 3 and 12 ± 2 ml/min/1.73m2 re-
spectively (Table 1). The correlation coefficient (r) be-
tween eGFR by MDRD and eGFR by Cockcroft-Gault 
for CKD stages 1 - 5 was 0.64; 0.31; 0.32; 0.67; and 0.45 
respectively (Table 2).  

Mean and median eGFR by MDRD was 48 ± 40 and 
32 (58-7) ml/min/1.73m2 respectively for all patients. 
Mean and median eGFR by Cockcroft-Gault was 52 ± 42 
and 36 (197-7) ml/min/1.73m2 respectively for all pa-
tients (Table 3).  

The Cockcroft-Gault equation correlated best with 
MDRD formula at CKD stage four followed by the stage 
one. The creatinine clearance by 24 urine collection was 
correlated to the eGFR by MDRD formula. The r value 
was 0.84 with p value of 0.001. Similarly the creatinine 
clearance by 24 urine collection was correlated to the 
eGFR by Cockcroft-Gault equation. The r value was 0.79 
with p value of 0.001 (Table 4). 
 

Table 1. Mean estimated GFR in each group. 

 
Groups 

(CKD Stages) 
eGFR by CG 

ml/min/1.73 m2 
eGFR by MDRD 
ml/min/1.73m2 

1) GFR > 90 119 ± 28.1 111 ± 26.2 

2) GFR 60 - 90 78 ± 13.3 77 ± 23.8 

3) GFR 30 - 59 43 ± 7.1 39 ± 9.0 

4) GFR 15 - 29 23 ± 3.1 21 ± 6.0 

5) GFR < 15 13 ± 2.5 13 ± 4.5 

CG: Cockcroft-Gault; MDRD: modification of diet in renal disease; CKD: 
chronic kidney disease. 

 
Table 2. Correlation between eGFR by CG and eGFR by 
MDRD. 

 Groups (CKD Stages) r p 

1) GFR > 90 0.64 0.01 

2) GFR 60 - 90 0.31 0.48 

3) GFR 30 - 59 0.32 0.20 

4) GFR 15 - 29 0.67 0.005 

5) GFR < 15 0.45 0.08 

CG: Cockcroft-Gault; MDRD: modification of diet in renal disease. 

Table 3. Overall average eGFR by CG and MDRD formu-
las. 

 
Mean ± SD 

eGFR ml/min/1.73/m2 
Median 

eGFR ml/min/1.73m2 

CG 51 ± 42 36 (197-7) 

MDRD 48 ± 40 32 (158-7) 

CG: Cockcroft-Gault; MDRD: modification of diet in renal disease; 
eGFR: estimated glomerular filtration rate. 

 
Table 4. Correlation between “24 Hour Urine CrCl” and 
eGFR by Cockcroft-Gault and MDRD formulas. 

Variables Mean ± SD r p 

1) 24 hour CrCl 
2) eGFR by CG 

45 ± 39 
51 ± 42 

0.84 <0.001 

1) 24 hour CrCl 
2) eGFR by MDRD 

45 ± 39 
48 ± 40 

0.79 <0.001 

CrCl: creatinine clearance; CG: Cockcroft-Gault; MDRD: modification of 
diet in renal disease; eGFR: estimated glomerular filtration rate. 

4. Discussion 

Accurate measurement of GFR in chronic kidney disease 
can not be overemphasized. It is especially important 
when GFR reaches near stage 3 and 4. The important 
decision like making AV fistula and initiation of renal 
replacement therapy are taken at this time.  

There are more than eight formulas available to esti-
mate GFR but only two namely Cockcroft-Gault equa-
tion and MDRD got the acceptance by the medical 
community. The Cockcroft-Gault equation was proposed 
as early as 1976 [2]. Because of its simplicity and bed-
side use, it was readily accepted by the physicians. The 
Cockcroft-Gault equation enjoyed this monopoly till the 
MDRD equation was introduced in 1999 [3].  

Twenty four hour urine collection for Creatinine 
clearance measurement is not the method of choice be-
cause of several pitfalls. The most important being the 24 
hour urine collection is often not accurate. In addition 
increased tubular secretion of creatinine in renal failure 
results in overestimation of GFR.  

Using Inulin clearance to measure GFR is very cum-
bersome and not practical for routine clinical practice. 
Alternatively, the radioactive and non-radioactive based 
markers e.g. Iothalamate, Iohexol, DTPA and EDTA are 
used. The isotope based GFR measurements are thought 
to be the most accurate but they are costly and not avail-
able in many laboratories. Therefore their utility is con-
fined practically to research. Inulin and Isptope methods 
are used as a gold standard to validate the accuracy of 
eGFR by MDRD or Cockcroft-Gault equation equations. 
However we used the traditional 24 hour urine collection 
to calculate creatinine clearance and compare it with 
MDRD formula and Cockcroft-Gault equation because 
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of the lack of resources. We were very particular and 
thorough in giving the instruction to the patients. The 
strong correlation of 24 hour creatinine clearance to 
eGFR by Cockcroft-Gault equation as well as MDRD 
formula goes in favor of our assumption that urine col-
lections were accurate. 

MDRD study equation originally required six vari-
ables namely Serum Creatinine, Serum Albumin, Serum 
Urea Nitrogen, Gender, Age and Race. Later a simpler 
four variable equation was proposed and is considered to 
be a good as six variable equation [4]. This abbreviated 
MDRD equation requires Serum Creatinine, Age, Gender 
and Race only. It does not require Serum Albumin and 
Serum Urea Nitrogen. The use of standardized serum 
creatinine in re-expressed 4 variable MDRD formula 
improves the accuracy [5,6]. Studies have shown that 
adjustment for body surface area improves the accuracy 
of Cockcroft-Gault formula [7,8]. The need of this sim-
pler four variable MDRD equation raised due to diffi-
culty of using 6 variable equation on bedside. However 
still its main drawback remains the need of a computer.  

There are a number of studies comparing the MDRD 
to Cockcroft-Gault formula with variable results. Fol-
lowing is the review of some important studies. 

MDRD equation provides unbiased and reasonably 
accurate estimates across wide range of subgroups when 
GFR is less than 60 i.e. in CKD Stage 3, 4 and 5 [9]. 
They also proved to be reliable for follow-up in CKD 
patients in longitudinal studies [10]. 

MDRD equation performed better than Cockcroft- 
Gault equation equation in CKD, when GFR was less 
than 60 ml/min/1.73m2. On the other hand Cockcroft- 
Gault equation performed better in healthy kidney donors 
[11]. Cockcroft-Gault equation formula was less precise 
than MDRD equation in most cases with median GFR of 
59.8 ml/ min/1.73m2 [12]. 

In another study, estimation of GFR in older patients 
with CKD and mean GFR of 53 ml/min/1.73m2, the 
Cockcroft-Gault equation was more precise than MDR 
formula [13]. In diabetic patients MDRD as well as 
Cockcroft-Gault equation correlated well with isotopic 
GFR measurements but MDRD equation turned-out to be 
more accurate [14]. 

In sick hospitalized patients the performance of 
MDRD and Cockcroft-Gault equation was compared, 
using Iodine iothalamate as a control. MDRD equation 
performed better [15]. MDRD Formula as compare to 
Cockcroft-Gault formula underestimates GFR in healthy 
individuals [16]. 

MDRD formula was more accurate than Cockcroft- 
Gault equation in ESRD patients. However MDRD for-
mula underestimated GFR when inulin clearance was 
more than 8 ml/min/1.73m2 and overestimated GFR 
when inulin clearance was less than 8 ml/min/1.73m2. On 

the other hand Cockcroft-Gault overestimated GFR when 
inulin clearance was less than 13 ml/mim/11.73m2 [17]. 

In patients with CKD but normal serum creatinine, 
Cockcroft-Gault equation was found to be more accurate 
than MDRD formula. Measurement of GFR by endoge-
nous and exogenous filtration markers might be the most 
prudent strategy [18]. 

5. Conclusion 

We conclude that Cockcroft-Gault equation correlates 
best with MDRD formula at CKD stage 4 and one. 
Cockcroft-Gault equation overestimated GFR at stages 1, 
2, 3. The two formulas may be used interchangeably at 
stages 4 and 1. Measurement of 24 hour urine creatinine 
clearance may still be reliable if patients are counseled 
properly. It is unlikely that MDRD formula will replace 
Cockcroft-Gault equation in bedside clinical practice 
soon because the dependency of MDRD formula upon a 
computer program. 
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