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I. INTRODUCTION 

Non-communicable diseases (NCDs) present a significant 

global health challenge in the current century and have 

replaced communicable diseases as the most common causes 

of morbidity and premature mortality worldwide. The chronic 

kidney disease (CKD) has emerged now as a separate NCD 

and requires classification based on glomerular filtration rate 

(GFR). The measurement of true GFR is cumbersome and 

requires iothalamate or some other suitable substance to be 

injected into the human body. Therefore, various recognized 

organizations recommend that clinical laboratories report 

estimated GFR (eGFR) that provide more accurate 

assessment of the level of kidney function than serum 

creatinine alone [1]-[3]. Multiple equations have been 

derived to estimate GFR including the earliest Cockroft-Gault 

equation (CG-CRTD) [4], the later Modification of Diet in 

Renal Disease study equation (MDRD) [5] and the 2009 

Chronic Kidney Disease Epidemiology Collaboration 

equation (CKD-EPI) [6]. Validation studies have also been 

performed on these equations mostly in western parts of the 

world [3], [7]-[11]. In South Asia that makes around 23.5% 

of the whole world population according to latest World Bank 

data available online, a few studies [12]-[15] had compared 

Cockroft-Gault and MDRD equations but CKD-EPI equation 

that is relatively newer has never been validated or compared 

with other equations in this region. 

We analyzed the results of the Indus Hospital Community 

Cohort (IHCC) that was established in last decade with the 

objective of having a unique ‘Framingham-like’ Pakistani 

cohort to investigate the prevalence and risk factors for 

hypertension, obesity, diabetes, coronary artery disease, 

kidney disease and hepatitis B and C infection in a multi-
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ethnic, middle to low income population. The kidney function 

was assessed by GFR that was estimated using multiple 

equations available to-date. The paper highlights the 

comparison of estimated GFR by three methods in a South 

Asian adult cohort population. 

 

II. METHODS 

Six hundred and sixty-seven households were enrolled 

between March 2010 and August 2011 including 461 adults 

in the catchment area of The Indus Hospital’s community 

cohort in Karachi, Pakistan. Detailed methodology of the 

cohort [16] as well as the baseline findings of prevalence and 

risk factors of kidney disease in urban Karachi [17] have been 

published elsewhere. 

The baseline survey included questionnaires, 

anthropometric measurements, physical examination as well 

as ultrasound and laboratory assessment. Serum creatinine 

was measured using Kinetic Colorimetric Assay in alkaline 

medium on Hitachi 902 (Japan). The glomerular filtration rate 

(GFR) was estimated by three methods: 

The earliest Cockcroft-Gault Equation as follows: 

 

GFR (CG) =  (140 − age) ×  Wt [kg]

×
(0.85 if female)

(72 ×  serum Cr [
mg
dl

])
 

 

It was then corrected for Body Surface Area (BSA) that 

was calculated according to the Dubois and Dubois formula: 

 

BSA [m2] =  0.20247 ×  height [m]0.725 
×  weight [kg]0.425 

 

𝐂𝐆 − 𝐂𝐑𝐓𝐃 =  GFR (CG) ×
1.73

𝐵𝑆𝐴
 

 

The newer 4-variable Modification of Diet in Renal 

Disease (MDRD) study equation as follows: 

 

MDRD =  186 × (serum Cr [
𝑚𝑔

dl
]) − 1.154 ×  age 

− 0.203 ×  (0.742 if female) 

 

The latest CKD-EPI equation as follows: 

 

CKD-EPI= 141 × min (serum Cr/, 1) × max (serum 

Cr/, 1)-1.209 × 0.993Age × (1.018 if female) × (1.159 if 

black): 

 

CKD − EPI =  141 × min (serum
Cr


, 1) 

× max (serum
Cr


, 1)

− 1.209 ×  0.993Age 
×  (1.018 if female) ×  (1.159 if black) 

 

where  is 0.9 for males and 0.7 for females,  is -0.411 for 

males and -0.329 for females, min indicates the minimum of 

serum Cr/ or 1 and max indicates the maximum of serum 

Cr/ or 1. 

Body mass index (BMI) was derived by dividing weight 

(in kg) by height squared (in m2). Abnormal BMI level was 

set as ≥ 25 kg/m2 both in males and females.  

Statistical analyses were carried out using SPSS version 21 

and R software. Shapiro Wilk’s test and skewness values 

were used to check normality of quantitative variables age, 

weight, height, BMI, GFR estimations, BSA and creatinine. 

Mean (SD) was computed for all the quantitative variables. 

Frequency and percentage were computed for gender. 

Repeated measures ANOVA was applied to check significant 

differences among the three GFR estimation methods. Gwet’s 

AC1 statistics for GFR classification into CKD stages were 

used to measure agreement between the three methods. To 

assess differences in individual results calculation of the 

error, Bland- Altman 95% limits of agreement tests and 

Passing Bablok regression analysis were used. Error was 

defined as the difference between the GFR values calculated 

by three equations. Better agreement between the methods 

was defined as the smaller Bland and Altman 95% limits of 

agreement, points closer to zero across the entire range of 

mean scores in Bland-Altman plots, at least 50% of the 

differences (errors) lying within ±1, no systematic differences 

(95% CI of intercept of Passing Bablok regression contains 

zero), no proportional differences (95% CI of slope of 

Passing Bablok regression contains 1) and no random 

differences (smaller ± 1.96 CI of Residual standard 

deviations). Pearson correlation was used to check 

association of age and BMI with CKD stages. P-value <0.05 

was considered significant. 

This study was approved by the Institutional Review Board 

(IRB) of Interactive Research and Development (IRD). 

Written informed consent was obtained from all participants. 

This study was supported by separate grants from 

Interactive Research & Development (IRD), the Association 

of Pakistani-Descent Cardiologists of North America 

(APCNA) and the International Society of Nephrology – 

Commission for the Global Advancement of Nephrology 

(ISN-COMGAN). 

All the authors declared no competing interests. The study 

was partly supported by a grant of International Society of 

Nephrology (ISN). 

 

III. RESULTS 

A total of 461 adults (15 years of age and older) took part 

in the IHCC baseline survey. However, 46 of them could not 

submit their blood sample for serum creatinine and 5 more 

did not submit height and weight. The socio-economic 

statistics of those excluded were similar to those who were 

included in the analysis. GFR of the remaining 410 adults was 

calculated by all three methods mentioned earlier. 

Out of these 410 participants, 147 (35.9%) were males and 

263 (64.1%) were females. Mean ± SD age of the participants 

was 34.5±15 (males: 35.8±16.5 years and females: 33.7±14.1 

years). The baseline characteristics of the participants are 

shown in Table I.  

A. Agreement between the Methods 

Significant differences were found in mean vales among 

the three GFR estimation formulas (Table I).  

The patients were further grouped into three categories as 
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per estimated GFR; 1) eGFR <60 ml/min, 2) eGFR ≥60 but < 

90 ml/min, 3) eGFR ≥90ml/min. Agreement between the 

formulas in their classification of patients as per eGFR was 

evaluated b’y Gwet’s AC1 statistics. According to this there 

was substantial agreement between CG-CRTD and CKD EPI 

(0.68) and MDRD and CG-CRTD (0.61) whereas strong 

agreement was observed between MDRD and CKD-EPI 

(0.83) (Table not shown). 

Individual differences among the formulae were assess by 

calculating error (differences between the values), Bland 

Altman 95% limits of agreement and Passing Bablok 

regression. Table 2 shows the frequency of residual computed 

from the data using the three formulas. It showed that the 

difference between the individual values of the formulas was 

huge. Majority of the differences were ≥5 and ≤-5; very few 

were within ± 1 indicating less degree of agreement between 

the formulas (Table II). 

Also, it is evident from Bland Altman plots (Figure 1) that 

the data points are widely dispersed across the zero difference 

line, indicating a lot of variation between measurements. A 

number of outliers are also evident in figures 1a-1c. The 95% 

limits of agreement are also very much wide that are not 

clinically acceptable showing greater variations in the 

differences and less agreement between the measurements. 

Hence, indicating that none of the method can be used in 

place of other. 

Passing Bablok regression analysis shows that none of the 

three methods are comparable as ±1.96 RSD interval is wide 

enough, also systematic and proportional differences exists 

between CKD-EPI and MDRD, where proportional 

differences exists between MDRD and CG-CRTD (Table 

III). 

B. Association between Classifications as per eGFR and 

Patients’ Characteristics 

Age was found to be significantly but negatively correlated 

with all the three formulas in their classification of patients as 

per eGFR (MDRD:-0.565, CG-CRTD: -0.609, CKD-EPI: -

0.661; p-value<0.0001), however BMI was found to be 

significantly positively correlated with CG-CRTD (0.244; P-

value=0.244) and negatively correlated with the other two 

methods (MDRD: -0.233, CKD-EPI= -0.238; P-

value<0.0001). 

 
TABLE I: CHARACTERISTICS OF STUDY POPULATION 

 
Gender; n (%) 

Male 147 (35.9) 

Female 263 (64.1) 
 Mean ± SD 

Age (years) 34.5 ± 15 

Height (cm) 54.9 ± 12.8 

Weight (Kg) 156.9 ± 11 

BMI (kg/m2) 22.3 ± 5.1 

BSA (m2) 1.5 ± 0.2 

Creatinine (mg/dl) 0.94 ± 0.23 

GFRa 

CG (ml/min per 1.73 m2) 90.2 ± 23.1 

MDRD (ml/min per 1.73 m2) 87.4 ± 23 

CKD-EPI (ml/min per 1.73 m2) 91.9 ± 22.2 

a. Statistically significant difference in mean values of GFR among the 

three equations. 

 

 

 

TABLE II: COMPARISON OF THE PERFORMANCE OF THREE GFR 

EQUATIONS 

Error 

CKD-EPI, 
MDRD 

CKD-EPI, CG-
CRTD 

CG-CRTD, 
MDRD 

n % n % n % 

<=-5 16 3.9 110 26.8 114 27.8 

-4.99 to -4 5 1.2 9 2.2 12 2.9 
-3.99 to -3 7 1.7 6 1.5 15 3.7 

-2.99 to -2 10 2.4 11 2.7 10 2.4 

-1.99 to -1 11 2.7 11 2.7 12 2.9 
-0.99 to 0 8 2 20 4.9 15 3.7 

0.01 to 0.99 9 2.2 13 3.2 12 2.9 
1 to 1.99 20 4.9 12 2.9 11 2.7 

2 to 2.99 21 5.1 15 3.7 12 2.9 

3 to 3.99 22 5.4 20 4.9 11 2.7 
4 to 4.99 35 8.5 12 2.9 8 2 

>=5 246 60 171 41.7 178 43.4 

Within ±1 17 4.1 33 8.0 27 6.6 
Within ±2 48 11.7 56 13.7 50 12.2 

 

TABLE III: PASSING BABLOK REGRESSION ANALYSIS 

 
CKD-EPI (x) vs 

CG-CRTD (y) 

CKD-EPI (x) 

vs MDRD (y) 

MDRD (x) vs 

CG-CRTD (y) 

Regression equation 
y = -4.766213 + 

1.023399 x 

y = 3.975891 

+ 0.889086 x 

y = -4.402440 + 

1.084378 x 

Systematic differences 

Intercept (95%CI) 
-4.77(-10.65, 

0.69) 

3.98(2.90, 

4.96)* 

-4.40(-10.77, 

1.05) 

Proportional differences 

Slope (95% CI) 1.02(0.96, 1.09) 
0.89(0.88, 

0.9)** 

1.08(1.02, 

1.16)** 

Random differences 

Residual SD 9.313 5.34 9.444 

±1.96 RSD interval ±18.25ǂ ±10.46ǂ ±18.51ǂ 

Linear model validity 

Cumulative sum test 

for linearity 

No significant 

deviation from 

linearity 

(P=0.55) 

Significant 

deviation from 

linearity 

(P=0.01) 

No significant 

deviation from 

linearity (P=0.28) 

* Intercept 95% CI does not contain zero; indicating systematic differences. 

**Slope 95% CI does not contain 1; indicating proportional differences. 

ǂ±1.96 RSD interval are wide enough; indicating the two methods are not 

comparable. 

 

Bland-Altman plots- differences between the two methods 

are plotted against the mean values of the two methods. 

Limits of Agreement (Upper Confidence Limit and Lower 

Confidence Limit) calculated as mean difference ±2 SD of 

the difference. 
 

 
Fig. 1a: Bland-Altman plot: Differences between CKD-EPI and MDRD. 
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Fig. 1b: Bland-Altman plot: Differences between CKD-EPI and CG-CRTD. 

 

 
Fig. 1c: Bland-Altman plot: Differences between CG-CRTD and MDRD. 

 

IV. DISCUSSION 

Estimated GFR (eGFR) has always been considered a 

better and more accurate method to assess kidney function as 

compared to serum creatinine. National and international 

organizations recommend that clinical laboratories report 

eGFR and that clinicians use this to evaluate kidney function 

for all patients [1]-[3]. Various equations have been derived 

to calculate eGFR including Cockroft-Gault [4],modified 

MDRD [5] and the CKD-EPI 2009 [6] equation. Validation 

studies have also been performed on these equations in 

various parts of the world [3], [7]-[11]. In South Asian region 

that comprises around one-fourth of the world population, at 

least one study each from India[14] and Bangladesh [15] was 

published comparing GFR estimated by Cockroft-Gault and 

modified MDRD study equations with GFR measured with 

99mTc-diethylenetriamine penta-acetic acid (DTPA) 

renogram. One study from Pakistan [13] had tested these two 

equations against 24-hour urinary creatinine clearance, but 

not the measured GFR. However, CKD-EPI 2009 equation 

has never been validated or compared with other equations in 

this region. 

This is the first published study from Pakistan that has 

compared estimated GFR by all three methods in a 

community cohort. Average (±SD) age, BMI, serum 

creatinine and BSA of our study participants was 34.5 years 

(±15), 22.3 kg/m2 (±5.1), 0.94 mg/dl (±0.23) and 1.5 m2 

(±0.2), respectively. Mean (±SD) eGFR was 90.2 (±23.1), 

87.4 (±23.) and 92 (±22), by corrected Cockroft-Gault, 

modified MDRD and CKD-EPI methods respectively. Only 

one study was published from Pakistan[18] that had measured 

GFR using urinary clearance of Inulin on 530 participants and 

found mean GFR 94.1±28.6 ml/min per 1.73 m2. However, 

the said study was restricted to adults aged 40 years or older, 

the mean GFR had a wide standard deviation/dispersion. The 

studies from India [14] and Bangladesh [15] measuring GFR 

with 99mTc-diethylenetriamine penta-acetic acid (DTPA) 

renogram had found it to be 95.5±11.6 and 85.4±14.8 ml/min 

per 1.73 m2, respectively. All of these studies still suggest that 

the normal GFR seems to be lower in the South Asian 

population compared to the western standards. But whether 

the estimated GRF also reflects same trend or not, is 

unknown. Our study shows the results of eGFR by all three 

methods and variation among themselves in same population. 

Our findings showed that less than half of the participants 

(47% by CG-CRTD, 40% by MDRD, 52% by CKD-EPI) had 

eGFR 90 ml/min per 1.73 m2 and even lower for participants 

having eGFR 120 ml/min per 1.73 m2, the normal value cut-

off for GFR in western populations. A significant percentage 

of participants had eGFR 60 to 89 ml/min per 1.73 m2 (43% 

by CG-CRTD, 51% by MDRD, 41% by CKD-EPI), while 

few had eGFR <60 ml/min per 1.73 m2 (9.5% by CG-CRTD, 

8% by MDRD, 7% by CKD-EPI). Having significant number 

of subjects in eGFR 60 to 89 ml/min per 1.73 m2 group raises 

concerns that ‘normal’ value of GFR in our population may 

be lower than those calculated in western countries. This can 

be due to different body physique of South Asian population. 

Similar findings of having an eGFR <90ml/min per 1.73 m2 

by CG and MDRD formula in more than 50% of the study 

subjects were found in two Indian studies [12], [19]. 

In our study, the participants were distributed into three 

groups as per eGFR calculated by CKD-EPI method and their 

eGFR values by other two methods were compared in each 

group. Substantial agreement of CKD-EPI was observed with 

CG-CRTD and MDRD, whereas there was strong agreement 

between CG-CRTG and MDRD. The correlation between 

these two equations had been studied outside South Asia in 

detail [20], [21] and a very good correlation between eGFR 

estimated by CKD-EPI and MDRD at values less than 

60 ml/min per 1.73 m2 has been demonstrated, but not at 

higher values. The MDRD equation underestimated GFR at 

levels greater than 60 ml/min per 1.73 m2, therefore using 

CKD-EPI equation resulted in a lower estimated prevalence 

of CKD and improved risk prediction, compared to the 

MDRD equation [22]-[24].Due to very same reason, many 

laboratories do not report estimated GFR (eGFR) at values 

more than 60 ml/min per 1.73 m2. Unfortunately, no such 

correlation has been studied so far in the South Asian 

population. 

Further analysis in our study revealed that the difference 

between the individual results of equations was huge. This 

was a very interesting finding that was proved by three 

statistical tests in our study. Error Estimation depicted that 

majority of the individual differences were ≥5 and ≤-5, and 

very few were within ± 1 indicating less degree of agreement 

between the formulas. Secondly, Bland Altman Plots showed 
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that the data points were widely dispersed across the zero 

difference line, indicating a lot of variation between 

measurements, however, lesser disagreement was found 

between MDRD and CKD-EPI methods. Lastly, Passing 

Bablok Regression Analysis showed systematic, proportional 

and random differences between various methods and 

concluded that none of any two methods were comparable. 

Our study found that age was significantly but negatively 

correlated with all the three formulas in their classification of 

patients as per eGFR. Women were found to have a slightly 

higher eGFR. Poggio et al [25] have elaborated this impact of 

age and gender on GFR while evaluating living kidney donors 

at the Cleveland Clinic from 1972 to 2005. It is well known 

that this decline of GFR with age appears to be a part of the 

normal physiologic process of cellular and organ senescence 

and does not reflect underlying chronic parenchymal injury 

on renal biopsy [26], [27].But the problem is that KDIGO 

considers fixed cut-offs while classifying CKD and links 

prognosis to CKD class. It has been pointed out earlier [28] 

that these classes and prognosis may be more valuable and 

meaningful if the parameter ‘age’ (senescence) is better taken 

into consideration. Otherwise, many individuals over age 65 

may be labeled as having CKD even though their GFR is 

within the normal range for their age and gender. .For this 

reason certain researchers have even shown serious doubts on 

the currently known prevalence of CKD and have also shown 

concern about the routine reporting of eGFR every time a 

serum creatinine is measured [27]. Our study certainly shows 

that eGFR decreases with age but how much of it is 

pathological (if any) is not known, nor can be figured out 

through these equations. 

We also found that BMI was significantly positively 

correlated with CG-CRTD and negatively correlated with the 

other two methods. There has been conflicting data in 

previous studies with respect to this association. A recent 

study done on 491 subjects from South India [12] had shown 

the same trend as that of us. It had also been described in other 

studies that higher BMI was consistently associated with 

lower MDRD [29] and CKD-EPI [30], while a few others had 

depicted a non-linear relationship between eGFR decline per 

year and BMI [31], [32]. We believe that the relation between 

BMI and eGFR is not well known and the variability in 

predictions of kidney function by eGFR depend on age, BMI 

and other factors resulting in conflicting data among the 

cohorts in past studies. 

Although the available literature [33], [34] and the Kidney 

Disease: Improving Global Outcomes (KDIGO) 2012 

Clinical Practice Guideline for the Evaluation and 

Management of Chronic Kidney Disease [35] clearly 

recommends the CKD-EPI creatinine equation as the most 

accurate method for estimating GFR for diverse populations 

and supports that CKD-EPI equation should replace MDRD 

study equation for general use. Compared with the MDRD 

Study equation, the CKD-EPI equation permits more accurate 

GFR estimation, fewer false-positive diagnoses of CKD and 

lower prevalence estimates for CKD. On the other hand, it 

has also been found in detailed reviews [36], [37] that no 

single equation can claim to be valid for every specific group 

of individuals, and the direct measurement of ‘true’ GFR is 

intuitively the best answer to the non-applicability of GFR-

estimating equations to certain populations. In the same 

context, and with our study finding of around half of the 

participants having estimated GFR less than 90 ml/min 

through these equations, we recommend that estimated GFR 

equations need to be validated in South Asian population. 

 

V. CONCLUSION 

This is the first published study from Pakistan that has 

compared all three equations available so far for estimation 

of GFR. The latest CKD-EPI equation was also never 

validated or compared with other equations in South Asia 

earlier. In our study, although validation of eGFR by 

measuring true glomerular filtration rate using inulin was not 

possible due to limited resources, but the statistical analysis 

has revealed three important results. Firstly, around half of 

the participants of our cohort have shown estimated GFR less 

than 90 ml/min, so the values of estimated GFR in South Asia 

may be on the lower side as compared to western population. 

Secondly, the three equations available so far for estimation 

of GFR are associated linearly with each other but there are 

significant differences in the individual results. Thirdly, using 

eGFR to classify CKD should have a better consideration of 

physiological age-related decline in GFR. All of these 

findings necessitate having an adequately funded randomized 

study measuring true GFR of this population and at the same 

time validating eGFR equations to find out normal range of 

GFR in this region that may be different from the western 

population. 
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