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ABSTRACT

Background: Almost all Glomerular filtration rate (GFR) equations were 
derived from populations primarily consisting of whites (Caucasians) 
with chronic kidney disease (CKD). Although the race correction factor 
for African Americans has been extrapolated to Black Africans, studies 
in some parts of Africa suggest that the use of the race factor for Black 
Africans may be inappropriate. Thus, this study sought to assess how 
well the Cockcroft–Gault (CG), 4-variable Modification of Diet and Renal 
Disease (4v-MDRD) and the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) equations work in a Ghanaian population at 
risk of CKD. Methods: The study involved 81 diabetic males and 324 
diabetic females attending the Komfo Anokye Teaching Hospital (KATH) 
in Ghana. Blood and urine samples were collected, and serum creatinine 
measured in blood was used in GFR estimation using the CG, 4v-MDRD, 
and CKD-EPI equations. Data was analyzed using GraphPad Prism 
version 5.00 and SPSS version 20, both of which are known for their 
accuracy, precision, practicality and consistency. Results were expressed 
as mean ± SD. Unpaired t-test and one-way analysis of variance (ANOVA) 
was used to compare mean values of continuous variables, and Pearson’s 
correlation and linear regression were used to test for associations. Chi-
square test was also used to test for associations between categorized 
variables. Agreement between the three CKD equations was assessed by 
the Bland-Altman statistic. Statistical significance was defined as p-value 
<0.05. The study was approved by the Committees on Human Research 
Publications and Ethics (CHRPE), and the Research and Development 
Unit of KATH. The study was conducted in accordance with the Helsinki 
Declaration and its later amendments or comparable ethical standards. 
Written consent was obtained from all participants. Results: Estimated 
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GFR by the 4v-MDRD equation (89.0±35.0 ml/min/1.73 
m2) was significantly higher than that of the CG (79.5 ± 38.6 
ml/min/1.73 m2) and CKD-EPI (83.0±26.6 ml/min/1.73 
m2) equations. CKD prevalence was initially 17.5%, 19.5%, 
and 26.7% for the 4v-MDRD, CKD-EPI, and CG equations, 
respectively; and later increased to 31.6%, 31.6% and 29.9% 
for 4v-MDRD, CKD-EPI and CG equations respectively when 
race adjustment factors were omitted from 4v-MDRD and 
CKD-EPI equations, and body surface area (BSA) adjustment 
factor removed from the CG equation. Conclusions: The CG 
equation underestimates GFR and thus overestimates CKD 
in Ghanaian diabetics compared to the 4v-MDRD and CKD-
EPI equations. The performance of 4v-MDRD and CKD-EPI 
equations are relatively the same, and the performances of 
both equations are improved when race adjustment factor is 
omitted in the Ghanaian setting.

Keywords: Glomerular Filtration Rate, Chronic Kidney 
Disease, Cockcroft–Gault, 4v-MDRD, CKD-EPI.

INTRODUCTION

Accurate evaluation of renal function is vital for appropriate 
diagnosis, staging, and treatment of chronic kidney disease 
(CKD). Measured glomerular filtration rate (mGFR) is the 
gold standard for renal function assessment, and this requires 
the infusion of compounds such as inulin, iothalamate, and 
chromium-51-ethylenediaminetetraacetic acid (51Cr-EDTA) 
into the bloodstream and measuring urine clearance [1]. 
Estimated GFR (eGFR) equations offer a useful alternative 
technique for GFR estimation in routine clinical practice 
to the expensive gold standard procedures for measuring 
GFR, based on markers such as creatinine or cystatin C. 
The three main, widely accepted and commonly used eGFR 
equations are the Cockcroft–Gault (CG), Modification of Diet 
and Renal Disease (MDRD) and the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equations [2].

BACKGROUND

The Cockcroft–Gault equation was derived from a controlled 
cohort of 249 patients. The CG formula had numerous 
faults, such as: it approximates 24-hour creatinine clearance 
instead of GFR; the dataset from which the formula was 
birthed comprised only Caucasians (whites), where women 
constituted only 4%; and serum creatinine measurement was 
not by a standardized method [3]. Despite its shortcomings, 
the CG equation remains common and is still applied in some 

localities [4,5].

In 1999, Levey et al. suggested a novel creatinine-based 
formula, the MDRD equation, with the intention to estimate 
‘true GFR’. This formula was derived from an American 
cohort of 1,628 CKD patients, comprising 40% women and 
12% African Americans [6].  Although several research 
works have confirmed the supremacy of the MDRD equation 
over the CG equation [7-9], the MDRD formula has its own 
weaknesses. The group used to derive the formula was a 
CKD group, and the link between GFR and serum creatinine 
levels differs between healthy persons and persons with 
CKD [10]. Consequently, the MDRD equation systematically 
underestimates GFR, which thus results in the overestimation 
of stage 3 CKD prevalence [11].

In the quest to correct the regular underestimation of the 
MDRD equation in relatively high GFR ranges, the CKD-
EPI association recommended a new creatinine-based 
equation. This association used data from 26 different 
cohorts (including the MDRD study group), and the CKD-
EPI equation outclassed the MDRD equation [12]. In a study 
involving 5,238 patients, it was confirmed that the CKD-
EPI formula underestimates mGFR to a lesser extent than 
the MDRD formula; albeit the CKD-EPI equation was not as 
good as the MDRD equation in patients with eGFR below 
90ml/ min/1.73m² [13]. In terms of precision and accuracy 
of mGFR, the dominance of the CKD-EPI equation has not 
been consistent across different populations, and thus has 
not been approved by all researchers [14-16]. The race 
adjustment factor was introduced into the eGFR equations to 
reduce bias and enhance the performance of the equations, 
especially for the cohorts from which they are derived [17]. 
Although the strength of the race constant has been well 
accepted for African Americans with CKD [18,19], is not 
likely to be valid in other black populations in Australia or 
Africa [20,21].

In many regards, the MDRD and CKD-EPI equations are 
superior to the CG equation and are explicitly endorsed by 
international guidelines. However, it has become obvious 
that these equations are not infallible and thus fail to offer 
precise estimates of GFR in some populations [22]. The 
eGFR equations are sensitive to the specific characteristics 
of the cohorts from which they were derived [14,23].  This 
study therefore sought to compare the performances of 
the CG, 4v-MDRD and CKD-EPI equations in assessing CKD 
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in the Ghanaian (Black African) diabetic population. Such 
evidence will enable clinicians and policy makers to decide 
whether estimated GFR reporting should be based on the CG, 
4v-MDRD, or CKD-EPI equation in the Ghanaian setting.

METHODS

Study design and site

The study was a cross-sectional one, comprising 405 type 
2 diabetes mellitus (T2DM) outpatients from the Diabetic 
Clinic at the Komfo Anokye Teaching Hospital (KATH) in 
Kumasi, Ghana. KATH is the second largest hospital in Ghana 
and serves as a teaching hospital where doctors, biomedical 
scientists, nurses, and healthcare assistants are trained.

Study Participants

Random sampling technique was used to recruit 405 type 
2 diabetes subjects at the outpatient department of the 
Diabetic Clinic of KATH. All T2DM subjects (≥18 years) known 
to be attending the diabetic clinic at KATH in possession of 
folders which confirmed a history of T2DM, were included 
in the study. Pregnant women and those who had embedded 
electrical devices such as cardiac pacemakers, and those 
with any obvious chronic ailment were excluded from the 
study.

Ethical approval and consent

The study was approved by the Committees on Human 
Research Publications and Ethics (CHRPE) of the Kwame 
Nkrumah University of Science and Technology, KNUST, and 
the Research and Development unit of the Komfo Anokye 
Teaching Hospital (KATH). The study was conducted in 
accordance with the ethical standards of the institutions and 
with the Helsinki Declaration and its later amendments or 
comparable ethical standards. Written consent was obtained 
from all participants.

Questionnaire administration

A validated questionnaire was administered to all 
participants by qualified research assistants. Items in the 
questionnaire included demographic background, such as 
age, gender, and educational level. The weight of consented 
participants was taken using a body weight scale and the 
height was determined using a stadiometer.

Plasma samples/urine collection and analysis

Blood sample was taken from each participant and spot 
midstream urine samples were also collected.  Glycated 
haemoglobin (HbA1c) was measured from blood using 
Variant II (Bio Rad, Hercules, CA, USA) analyzer. Fasting plasma 
glucose (FPG) was measured via the hexokinase method, and 
serum creatinine was analyzed using the standardized Jaffé 
method, both on a Beckman AU5800 analyzer (Schizuoka, 
Japan). Microalbuminuria was determined using PPC Rapid 
Test reader KDY (Cortez Diagnostics, Calabasas, CA, USA).

Estimated Glomerular Filtration Equations

*Scr–Serum creatinine

The DuBois method was used for the calculation of body 
surface area (BSA) [24]:  BSA (m2) = [71.84 × weight 
(kg)0.425 × height (cm)0.725]/10 000..

Cockcroft-Gault equation normalized to 1.73m2 [3]:

[(140×age in years) ×weight (kg)× (0.85 if female)×1.73 
(m2)]/[SCr(μmol/L)×0.814×BSA (m2)]

4-v MDRD [25]:

175×[SCr (μmol/L)/88.4]-1.154×age (years)-0.203×(0.742 if 
female)×(1.212 if African American)

CKD-EPI [12]:

Gender Creatinine (mg/dL)

Male ≤0.9 GFR = 144 × (Scr/0.9)−0.411 × 0.993age × (1.159 if black)

>0.9 GFR = 144 × (Scr/0.9)−1.209 × 0.993age × (1.159 if black)

Female ≤0.7 GFR = 141 × (Scr/0.7)−0.329 × 0.993age × (1.159 if black)

>0.7 GFR = 141 × (Scr/0.7)−1.209 × 0.993age × (1.159 if black)
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The participants were categorized into CKD stages per the 
National Kidney Foundation Kidney Disease Quality Outcome 
Initiative (NKF/KDOQI) classification of CKD (stages 1-5); 
where significant CKD was defined as structural damage or 
GFR<60 ml/min/1.73 m2 for more than three months [26].

Data analysis

Data was analyzed using GraphPad Prism version 5.00 
for windows and SPSS version 20 (SPSS Inc., Chicago, IL, 
USA). Results were expressed as mean ± SD. Unpaired 
t-test and one-way analysis of variance (ANOVA) was used 
to compare mean values of continuous variables, and 
Pearson’s correlation and linear regression were used to 
test for associations. Chi-square test was also used to test 
for associations between categorized variables. Agreement 
between the three CKD equations was assessed by the Bland-
Altman statistic. Univariate logistic regression was also used 
to calculate the odds ratios of risk factors of CKD. A p-value 

<0.05 was considered as statistically significant.

RESULTS

The mean age of the entire study population was 58.5 years. 
There was no significant difference in mean age, age category, 
duration of diabetes, fasting plasma glucose, and glycated 
haemoglobin between males and females (p=0.554, 0.518, 
0.234 and 0.643 respectively). Percent glycated haemoglobin 
[HbA1c >7%] was also comparable between the male and 
female participants (p=0.551), and the gender proportions 
of participants with microalbuminuria levels ranging from 
>20 day-1 did not show any statistical significance (p=0.050). 
The average serum creatinine levels of the participants was 
90.1 ± 37.6µmol L-1, and 14.1% had abnormal creatinine 
levels (≥90/≥120 µmol L-1).  The males exhibited significantly 
higher levels of serum creatinine compared to their female 
counterparts (p<0.0001) (Table 1).

Table 1. Baseline Characteristics of the study population.

Variables TOTAL MALE FEMALE P-VALUE

(n = 405) (n = 81) (n = 324)

Age (years) 58.5 ± 9.9 57.9 ± 10.4 58.6 ± 9.8 0.554

30-39 74(18.3) 18(22.2) 56(17.3) 0.998

50-69 257(63.5) 46(56.8) 211(65.1)

70-89 74(18.3) 17(21.0) 57(17.6)

Microalbuminuria (>20mg day-1) 175(43.2) 42(51.9) 133(41.0) 0.050

SCr (µmol L-1) 90.1 ± 37.6 108.5 ± 33.8 85.4 ± 37.1 <0.0001*

SCr ≥90/≥120 µmol L-1 57(14.1) 22(27.2) 35(10.8) 0.0002*

FBG (mmol L-1) 9.3 ± 4.1 9.7 ± 5.2 9.1 ± 3.7 0.234

HbA1c (%) 7.1 ± 1.4 7.2 ± 1.4 7.1 ± 1.4 0.643

HbA1c >7% 198(48.9) 42(51.9) 156(48.1) 0.551

Data are presented in mean ± SD: FBG –Fasting Plasma Glucose, SCr–Serum 
Creatinine, HbA1c–Glycated haemoglobin
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Except for fasting plasma glucose levels and the duration of 
diabetes, the other demographic and biochemical markers 
assessed had significant effects on glomerular filtration rate. 
Thus, a year increase in age accounts for a corresponding 
significant decrease in GFR of 0.5- 1.2mL/min/1.73m2 

depending on the GFR estimation equation used. Moreover, 
a percentage rise in HBA1c significantly reduces GFR by 4.0-
4.8 mL/min/1.73m2.. Moreover, eGFR was projected to be 
significantly reduced by 0.3mL/min/1.73m2 per milligram 
increase in microalbumin in urine (Table 2).

Parameter
CG 4v-MDRD CKD-EPI

β p value β p value β p value

Age (years) -1.2 ± 0.2 < 0.0001 -0.5 ± 0.2 0.0017 -0.8 ± 0.1 < 0.0001*

Duration of diabetes (years) -0.8 ± 0.4 0.017 -0.6 ± 0.3 0.0519 -0.7 ± 0.2 0.0044*

FBG (mmol L-1) -0.5 ± 0.4 0.327 -0.6 ± 0.4 0.169 -0.5 ± 0.3 0.1001

HbA1c (%) -4.0 ± 1.4 0.0039 -4.8 ± 1.3 0.0002 -4.6 ± 0.9 < 0.0001*

Microalbuminuria -0.3 ± 0.05 < 0.0001 -0.3 ± 0.04 < 0.0001 -0.3 ± 0.03 < 0.0001*

Creatinine (µmol L-1) -0.6 ± 0.04 < 0.0001 -0.7 ± 0.03 < 0.0001 -0.6 ± 0.02 < 0.0001*

Table 2. Beta estimates from regression analysis of study parameters with the estimated GFR by the equations.

Data are presented as absolute values: CG – Cockcroft-Gault, 4v-MDRD – four 
variable Modification of Diet in Renal Disease, CKD-EPI – Chronic Kidney Disease 

Epidemiology Collaboration equation, β – Beta (slope), FBG – Fasting Plasma Glucose.

Using Bland-Altman method of comparative analysis which 
compares the performance of various kidney function 
equations, it was observed that the bias between the 
CG equation and CKD-EPI equation in the estimation of 
glomerular filtration rate was -3.5, which implies the CG 
equation would underestimate the glomerular filtration 

compared to CKD-EPI (Figure 1A). Again, with a bias of -9.6, 
it was observed that the CG equation will underestimate 
GFR compared to the 4v-MDRD (Figure 1B). With a bias of 
6.1, the study observed that the 4v-MDRD equation would 
overestimate the glomerular filtration rate compared to the 
CKD-EPI equation (Figure 1C).
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The average glomerular filtration rates of the female 
participants at all stages were comparable to that of the male 
counterparts who participated in the study across all three 
eGFR equations. Depending on the renal function equation 
used in the estimation, significant variations were obtained 
in the mean GFR estimates at some stages of the disease. 
While the total population mean GFR estimated with the CG 
and CKD-EPI equations were statistically comparable (79.5 

±38.6 and 83.0±26.6 respectively), the 4v-MDRD equation 
significantly estimated the mean GFR of the overall population 
to be higher (89.0±35.0) compared to the equations of CG 
(79.5 ± 38.6***) and CKD-EPI (83.0±26.6‡).  At stage one of 
the disease, comparable estimates were observed between 
CG and the 4v-MDRD equations. In contrast, the overall CKD-
EPI estimate for stage one of the disease was significantly 
lower compared to 4v-MDRD (Table 3).

Figure 1. Bland-Altman comparison of the CG and CKD-EPI equations (A),  CG and  the 4-vMDRD 
equations (B), and 4-vMDRD and the CKD-EPI equations (C).
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Prevalence of CKD in this study was 17.5%, 19.5%, and 26.7% 
for the 4v-MDRD, CKD-EPI, and CG equations respectively. 
The CG equation quantified a significantly higher proportion 
of individuals as experiencing chronic renal insufficiency in 
comparison with the two other renal function equations. 

Although most of the participants estimated to have CKD 
in terms of proportion and progressive severity were 
females, there were no significant differences in the overall 
percentage CKD recorded among genders for any of the renal 
function equations used (Table 4).

CG

Total

(n = 405)

Male

(n = 81)

Female

(n = 324)
p-value

Mean GFR 79.5 ± 38.6*** 75.8 ± 34.6* 80.4 ± 39.5** 0.342

Stage 1 (>90) 124.7 ± 40.6 129.7 ± 43.3 124.0 ± 40.3 0.615

Stage 2 (60 – 89) 73.7 ± 8.6* 74.3 ± 8.3 73.5 ± 8.8 0.610

Stage 3 (30 – 59) 46.5 ± 8.0 47.1 ± 7.8 46.4 ± 8.1 0.704

Stage 4 (15 – 29) 23.9 ± 4.9 - 23.9 ± 4.9 nd

Stage 5 (<15) 14.4 ± 0.6 - 14.4 ± 0.6 nd

4v-MDRD

Mean GFR 89.0 ± 35.0 87.5 ± 31.3 89.4 ± 35.9 0.654

Stage 1 (>90) 119.5 ± 31.0 115.6 ± 28.6 120.4 ± 31.6 0.430

Stage 2 (60 – 89) 76.2 ± 8.2 76.7 ± 8.1 76.0 ± 8.3 0.650

Stage 3 (30 – 59) 49.0 ± 7.6 48.0 ± 8.2 49.3 ± 7.6 0.592

Stage 4 (15 – 29) 23.4 ± 4.1 - 23.4 ± 4.1 nd

Stage 5 (<15) 14.5 ± 0.0 - 14.5 ± 0.0 nd

CKD-EPI

Mean GFR 83.0 ± 26.6‡ 80.9 ± 24.6 83.5 ± 27.1 0.438

Stage 1 (>90) 109.5 ± 12.8§§§‡‡ 108.2 ± 14.8 109.8 ± 12.5§§§‡‡ 0.566

Stage 2 (60 – 89) 75.2 ± 8.6 76.0 ± 9.1 74.9 ± 8.5 0.490

Stage 3 (30 – 59) 48.0 ± 7.7 45.7 ± 6.6 48.5 ± 7.9 0.245

Stage 4 (15 – 29) 23.1 ± 4.8 29.9 ± 0.0 22.2 ± 4.3 nd

Stage 5 (<15) 13.0 ± 0.0 - 13.0 ± 0.0 nd

Table 3. Comparison of the eGFR’s of the three equations among the study population

Data are presented as means ± SD. ***(p<0.0001), **(p<0.001) and *(p<0.01) defined the level of significance 
when staged mean GFR’s estimated with CG were compared to that estimated with 4v-MDRD (unpaired 

t-test);§§§(p<0.0001) defines the level of significance when staged mean GFR’s estimated with CG were compared 
to that estimated with CKD-EPI; ‡‡(p<0.001) defines the level of significance when staged mean GFR’s estimated 

with 4v-MDRD were compared to that estimated with CKD-EPI; p-value defines the level of significance when 
estimated GFR’s for males were compared to that of females; nd = p-values were not determined.
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Data are presented as absolute values and percentages. ***(p<0.0001) defines the level of significance 
when the studied populations with CKD estimated with CG were compared to the number estimated with 
4v-MDRD (Chi-square test), §§§ (p<0001) defines the level of significance when the studied populations 
with CKD estimated with CG were compared to the number estimated with CKD-EPI (Chi-square test), N 

= the total number of study participants, n = number of males or females, CG – Cockcroft-Gault, 4v-MDRD 
– four variable Modification of Diet in Renal Disease, CKD-EPI – Chronic Kidney Disease Epidemiology 

collaboration, CKD – Chronic Kidney Disease.

CG

CKD Stage
Total

(N = 405)

Male

(n = 81)

Female

(n = 324)
p value

Stage 1 (>90) 116(28.6) 12(10.3) 104(89.7) 0.002*

Stage 2 (60 – 89) 181(44.7) 46(25.4) 135(74.6) 0.024*

Stage 3 (30 – 59) 98(24.1) 22(22.4) 76(77.6) 0.486

Stage 4 (15 – 29) 10(2.5) 1(10.0) 9(90.0) 0.423

Stage 5 (<15) 0(0.0) 0(0.0) 0(0.0) -

CKD (Stages 3 + 4 + 5) 108(26.7) 23(21.3) 85(78.7) 0.694

4v-MDRD

Stage 1 (>90) 169(41.7)*** 32(18.9)*** 137(81.1)** 0.650

Stage 2 (60 – 89) 165(40.7) 36(21.8) 129(78.2) 0.448

Stage 3 (30 – 59) 64(15.8)*** 13(20.3)* 51(79.7)** 0.946

Stage 4 (15 – 29) 6(1.5) 0(0.0) 6(100.0) 0.217

Stage 5 (<15) 1(0.2) 0(0.0) 1(100.0) 0.617

CKD (Stages 3 + 4 + 5) 71(17.5)*** 13(18.3)* 58(81.7)*** 0.747

CKD-EPI

Stage 1 (>90) 161(39.8)§§§ 26(16.1) 135(83.9)§§ 0.116

Stage 2 (60 – 89) 165(40.7) 41(24.8) 124(75.2) 0.043*

Stage 3 (30 – 59) 70(17.3)§§§ 13(18.6)§ 57(81.4)§ 0.743

Stage 4 (15 – 29) 8(2.0) 1(12.5) 7(87.5) 0.592

Stage 5 (<15) 1(0.2) 0(0.0) 1(100.0) 0.617

CKD (Stages 3 + 4 + 5) 79(19.5)§§§ 14(17.7)§ 65(82.3)§§ 0.573

Table 4. Prevalence of CKD in the study population using all renal function equations

In comparison, the uncorrected CG equation (without 
BSA) categorized a higher number of the study population 
as suffering from CKD than the corrected CG equation 
with BSA (29.9% vs. 26.7%).  The 4v-MDRD and CKD-EPI 

equations tend to categorize a higher percentage of the study 
population as suffering from CKD when race factor was not 
accounted for (omitted) in the estimation (17.5% vs 31.6%; 
and 19.5% vs 31.6% respectively) (Table 5).
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Data are presented as absolute values and proportions. BSA – Body surface area, CGomitting BSA– Cockcroft-Gault 
equation minus body surface area, 4v-MDRDomitting race factor – four variable Modification of Diet in Renal Disease 

equation minus factor for race, CKD-EPIomittingrace factor – Chronic Kidney Disease Epidemiology collaboration 
equation minus factor for race

Total Male Female Total Male Female

GFR Stage (n = 405) (n = 81) (n = 324) p value (n = 405) (n = 81) (n = 324) p value

CG CGomitting BSA

Stage 1 (>90) 116(28.6) 12(10.3) 104(89.7) 0.002* 115(28.4) 15(13.0) 100(87.0) 0.028*

Stage 2 (60 – 89) 181(44.7) 46(25.4)) 135(74.6) 0.024* 169(41.7) 40(23.7) 129(76.3) 0.118

Stage 3 (30 – 59) 98(24.1) 22(22.4) 76(77.6) 0.486 111(27.4) 26(23.4) 85(76.6) 0.290

Stage 4 (15 – 29) 10(2.5) 1(10.0) 9(90.0) 0.423 8(2.0) 0(0.0) 8(100.0) 0.153

Stage 5 (<15) 0(0.0) 0(0.0) 0(0.0) - 2(0.5) 0(0.0) 2(100.0) 0.478

CKD (Stages 3 + 4 + 5) 108(26.7) 23(21.3) 85(78.7) 0.694 121(29.9) 26(21.5) 95(78.5) 0.625

4v-MDRD 4v-MDRDomitting race factor

Stage 1 (>90) 169(41.7) 32(18.9) 137(81.1) 0.650 86(21.2) 14(16.3) 72(83.7) 0.331

Stage 2 (60 – 89) 165(40.7) 36(21.8) 129(78.2) 0.448 191(47.2) 41(21.5) 150(78.5) 0.486

Stage 3 (30 – 59) 64(15.8) 13(20.3) 51(79.7) 0.946 117(28.9) 25(21.4) 92(78.6) 0.661

Stage 4 (15 – 29) 6(1.5) 0(0.0) 6(100.0) 0.217 9(2.2) 1(11.1) 8(88.9) 0.500

Stage 5 (<15) 1(0.2) 0(0.0) 1(100.0) 0.617 2(0.5) 0(0.0) 2(100.0) 0.478

CKD (Stages 3 + 4 + 5) 71(17.5) 13(18.3) 58(81.7) 0.747 128(31.6) 26(20.3) 102(79.7) 0.915

CKD-EPI CKD-EPIomitting race factor

Stage 1 (>90) 161(39.8) 26(16.1) 135(83.9) 0.116 100(24.7) 15(15.0) 85(85.0) 0.150

Stage 2 (60 – 89) 165(40.7) 41(24.8) 124(75.2) 0.043* 177(43.7) 40(22.6) 137(77.4) 0.249

Stage 3 (30 – 59) 70(17.3) 13(18.6) 57(81.4) 0.743 117(28.9) 25(21.4) 92(78.6) 0.661

Stage 4 (15 – 29) 8(2.0) 1(12.5) 7(87.5) 0.592 9(2.2) 1(11.1) 8(88.8) 0.500

Stage 5 (<15) 1(0.2) 0(0.0) 1(100.0) 0.617 2(0.5) 0(0.0) 2(100.0) 0.478

CKD (Stages 3 + 4 + 5) 79(19.5) 14(17.7) 65(82.3) 0.573 128(31.6) 26(20.3) 102(79.7) 0.915

Table 5. Proportion of participants for corrected and non-corrected renal function equations in CKD staging

After a univariate logistic regression analysis, this study 
observed that participants above age 69 years were about 
2 to ten 10 times at risk of renal insufficiency compared 
to younger subjects, depending on the renal equation 
used.  Using the 4v-MDRD and CKD-EPI equations, fasting 
plasma glucose levels above 22mmol/L was identified 

to increase the likelihood of renal insufficiency by 10-12 
times. Microalbuminuria levels of 30 mg/day and above 
significantly increased the risk of renal insufficiency 
among the study participants by approximately 3-8 times 
(p<0.0001). Illiteracy (no education) also increased the risk 
of participants for renal insufficiency (Table 6).
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DISCUSSION

The average serum creatinine level of the participants was 
90.1 ± 37.6µmol L-1, and 14.1% had abnormal creatinine 
levels (≥90/≥120 µmol L-1).  A bias of 6.1 suggests that the 
4v-MDRD equation would overestimate glomerular filtration 
rate compared to the CKD-EPI equation, while CG equation 
will underestimate GFR compared to the 4v-MDRD (bias 
of -9.6). Mean estimated GFR by the 4v-MDRD equation 
was significantly higher (89.0±35.0) than the estimations 
calculated using the CG (79.5 ± 38.6***) and CKD-EPI 
(83.0±26.6‡) equations. Prevalence of CKD in this study 
was 17.5%, 19.5%, and 26.7% for the 4v-MDRD, CKD-EPI, 
and CG equations respectively. The 4v-MDRD and CKD-
EPI equations classified a higher percentage of the study 

population as suffering from CKD after omitting the race 
factor in the estimation (17.5% vs 31.6%; and 19.5% vs 
31.6% respectively).

One of the earliest manifestations of renal dysfunction is the 
appearance of albumin in urine (microalbuminuria; >30 mg/
day, but <300 mg/day) [27]. In a recent study in Pakistan, 
25.6% of T2DM subjects had microalbuminuria [28]. This 
was relatively lower than the prevalence recorded in the 
current study (43.2%). The disparity could be explained 
by gender distribution differences between both studies 
[more males (60.9% males and 39.1% females) in their 
study vs more females (20.0% males and 80.0% females) 
in the current study]. However, our finding (43.2%) 
is consistent with a similar study that observed 44% 

CG 4v-MDRD CKD-EPI

Variables cOR(95% CI) p value cOR(95% CI) p value cOR(95% CI) p value

Age (30 – 49)

50 – 69 1.6(0.8 – 3.2) 0.172 0.9(0.4 – 1.8) 0.698 1.1(0.5 – 2.2) 0.821

70 – 89 10.1(4.6 - 22.2) < 0.0001* 2.2(1.0 – 4.8) 0.054 3.3(1.5 – 7.3) 0.003*

Duration (≤ 5)

6 – 15 1.6(1.0 – 2.5) 0.035 1.4(0.8 – 2.4) 0.277 1.6(0.7 – 2.1) 0.463

16 – 25 1.7(0.7 – 4.0) 0.249 2.7(1.1 – 6.8) 0.033 2.2(0.9 – 5.5) 0.082

26 – 35 0.0(0.0 - i) 1.000 2.9(0.3 - 32.7) 0.393 2.4(0.2 – 26.8) 0.484

Sex (male)

Female 0.9(0.5 - 1.5) 0.665 1.1(0.6 – 2.2) 0.695 1.2(0.6 – 2.3) 0.573

FPG (<7)

7 – 14 0.6(0.4 – 0.9) 0.022 0.8(0.4 – 1.4) 0.380 0.7(0.4 – 1.2) 0.256

15 – 22 0.9(0.4 – 1.9) 0.729 0.7(0.3 – 2.1) 0.575 0.6(0.2 – 1.7) 0.364

23 – 30 5.2(0.5 - 51.4) 0.158 12.5(1.2 – 124.7) 0.032 10.4(1.0 – 103.7) 0.046

Microalbuminuria (< 30)

30 – 300 3.1(2.0 – 4.8) < 0.0001* 7.9(4.4 – 14.1) < 0.0001* 6.1(3.6 - 10.4) < 0.0001*

Alcohol (none)

Moderate 1.0(0.6 - 1.7) 0.978 1.3(0.7 – 2.3) 0.356 1.2(0.7–2.1) 0.572

Chronic 0.9(0.5 – 1.7) 0.796 0.8(0.4 – 1.9) 0.646 0.8(0.4–1.8) 0.581

Education (basic)

None 2.3(1.4 – 3.6) 0.001* 1.6(0.9–2.7) 0.108 1.3(0.7–2.1) 0.391

Secondary 0.8(0.3 – 1.9) 0.611 0.9(0.3–2.6) 0.901 0.7(0.3–2.0) 0.529

Tertiary 0.9(0.3 - 2.4) 0.843 1.0(0.3 - 3.0) 0.039* 0.8(0.2–2.3) 0.621

Table 6. Univariate analysis of risk factors associated with renal insufficiency

FPG – Fasting plasma glucose. cOR- crude odds ratio.
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prevalence of microalbuminuria among Sudanese type 2 
diabetes subjects [29]. Abundant research has shown that 
diabetes and its complications play a significant role in the 
dysfunction of the glomerular basement membrane (GBM) 
filtration barrier; thus, albumin can be secreted into urine 
[30-32]. In the current study, the significant association 
between microalbuminuria and eGFR was found to be 
negative for all three eGFR equations and participants with 
microalbuminuria were approximately 8 times at risk 
for renal insufficiency, using the 4v-MDRD equation. This 
confirms that microalbuminuria is significantly associated 
with renal insufficiency [33].

Average serum creatinine was significantly higher among 
males than females. This observation agrees with a study 
by Bamanikar et al., (2016) which reported that average 
creatinine levels are likely to be higher in diabetic males than 
females due to higher muscle mass [34]. The serum creatinine 
of each participant was used to estimate GFR using each of 
the three eGFR equations. Using the Bland-Altman method 
of comparative analysis, we compared the performance of 
the various kidney function equations. We observed that the 
CG equation is likely to underestimate glomerular filtration 
compared to CKD-EPI (bias of -3.5). And with a bias of -9.6, 
the CG equation will also underestimate GFR compared to 
the 4v-MDRD. In a similar study in the Netherlands, the 
absolute bias of the CG equation was found to be due to the 
influence of body composition, particularly body mass and 
body mass index (BMI) [35]. This may be an explanation for 
the findings observed in the current study, with respect to 
the bias of the CG equation.

Significant differences in average GFR were observed among 
the various equations at some CKD stages. The total population 
mean GFR estimated with the CG and CKD-EPI equations 
were statistically comparable (79.5 ±38.6 and 83.0±26.6 
respectively). Nevertheless, the 4v-MDRD equation projected 
significantly higher mean GFR (89.0±35.0) compared to the 
equations of CG (79.5 ± 38.6) and CKD-EPI (83.0±26.6). 
This trend was expected, as per the results obtained from 
the Bland-Altman analysis; that CG would underestimate 
GFR compared to the other two equations, while 4v-MDRD 
would overestimate GFR compared to the CKD-EPI equation. 
A similar trend was reported in a work conducted by Arora 
et al., (2012) where MDRD underestimated the prevalence 
of CKD (thus overestimated GFR) in blacks compared to the 
CKD-EPI formula [36].

Prevalence of CKD in this study was found to be 17.5%, 
19.5%, and 26.7% for the 4v-MDRD, CKD-EPI, and CG 
equations respectively. A study on the impact of type 2 
diabetes on impaired kidney function in Sub-Saharan African 
populations recorded a prevalence of 13.4% CKD using the 
4v-MDRD equation [37], which was relatively lower than the 
results in the current study. The difference can be attributed 
to the different study populations (Ghana, Kenya, and 
Nigeria) used in their study compared to ours (from Ghana 
only). A study done in Ghana recorded a prevalence of 17% 
CKD among diabetic subjects in Cape Coast using the CKD-
EPI equation [38], whilst we observed 19.5%. The relatively 
small difference could be attributed to the differences in site, 
gender, and age distributions. The CG equation quantified a 
significantly higher proportion of individuals as experiencing 
chronic renal insufficiency (lowest GFR and highest CKD 
prevalence) in comparison with the two other renal function 
equations. A systematic review of population-based studies 
in Nigeria revealed similar trends [39].

The prevalence of CKD estimated by the 4v-MDRD equation 
(17.5%) was similar (no statistically significant difference) 
to that of the CKD-EPI equation (19.5%). This is in line with 
a report published in the British Journal of General Practice 
in 2018, which stated that the MDRD and CKD-EPI equations 
classify similar proportions of subjects as having CKD even 
if GFR estimates are done in duplicate. In that study, Hirst 
and colleagues estimated GFR in duplicate for each eGFR 
equation (MDRD and CKD-EPI) and observed CKD for 64% 
of the respondents using the MDRD equation versus 63% 
with the CKD-EPI equation for a single screening test, and 
further observed 39% (MDRD equation) and 38% (CKD-EPI 
equation) when two positive tests (duplicate) were used 
[40].

However, Delanaye and colleagues in Belgium reported that 
the 4v-MDRD and CKD-EPI equations quantify significantly 
different prevalence of CKD. They observed that the 
prevalence of CKD by the MDRD equation was significantly 
and strongly higher than that of the CKD-EPI equation 
(11.04% vs. 7.98%; p=0.0012) despite the fact that both 
equations had good agreement [Kappa (k)= 0.82] and were 
highly correlated (r=0.93; p<0.0001) [41]. They explained 
that the significant differences in CKD prevalence could 
be due to the different applications of “age factor” in each 
equation [a constant exponent applied to age (age-0.20.3) in 
MDRD vs. age as an exponent in CKD-EPI (0.993age)]. Despite 
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their explanation for their findings, the current study had 
comparable CKD prevalence between the MDRD and CKD-
EPI equations. The inconsistency in findings between our 
study and theirs can be explained by; population differences 
[(Belgians (whites) vs. Ghanaians (blacks)] and CKD 
classification (stage 3 only, in their study vs. stages 3+4+5 
in our study).

In comparison, the uncorrected CG equation (without BSA) 
categorized a higher number of the study population as 
suffering from CKD than the corrected CG equation with 
BSA (29.9% vs. 26.7%). The CG equation with BSA factor 
reduces bias (reduces the overestimation of GFR) and 
improves the accuracy of GFR estimation [42], hence the 
overestimation of CKD when BSA was omitted compared to 
the BSA inclusive CG equation in this study. The 4v-MDRD 
and CKD-EPI equations categorized a higher percentage 
of the study population as suffering from CKD when race 
factor was not accounted for (omitted) in the estimation 
(17.5% vs 31.6%; and 19.5% vs 31.6% respectively). In a 
retrospective longitudinal review among African Americans; 
it was observed that when MDRDwithout race was applied, 
39.9% of subjects at CKD stages 1&2 using MDRDwith race were 
reclassified to stage 3a, 71.8% of subjects at stage G3a were 
reclassified to stage 3b, 54.1% of subjects were reclassified 
from stage 3b to stage 4 and 36.4% from stage 4 to stage 
5. Moreover, when CKD-EPIwith race was compared with CKD-
EPIwithout race, CKD reclassification was significant with 22.6%, 
46.5%, and 38.3% of participants reclassified from stages 
1&2, stage 3a, and stage 3b respectively [43]. These outcomes 
are in harmony with the findings in our study, where more 
participants were reclassified into CKD when the race factor 
was omitted from the MDRD and CKD-EPI equations. This 
phenomenon may imply that the “race-corrected factor” in 
the eGFR equations significantly overestimates GFR (thus 
reduces CKD classification), especially in black populations, 
and may result in missed opportunities for early detection, 
intervention, treatment referrals and kidney transplantation 
[44]. 

Gama et al., (2021), Bukabau et al., (2019), and Atta et al., 
(2021) assessed the CKD-EPI equation “with” and “without” 
the race factor and found improvements in accuracy when 
the race coefficient was removed [45-47]. Seape et al., 
(2016), Wyatt et al., (2013), and Holness et al., (2020) also 
evaluated the MDRD equation “with” and “without” the race 

factor and found improvements in accuracy when the race 
coefficient was removed [48-50]. Furthermore, in a recent 
systematic review on MDRD and CKD-EPI equations among 
Black adults, majority of the studies showed that omission 
of the race adjustment factor reduced bias and improved the 
accuracy and precision of the eGFR equations for Blacks [51]. 
This may be an explanation for the results obtained in this 
study; signifying that the race coefficient usage in assessing 
diagnostic biological methods is inherently flawed and lacks 
a resilient scientific premise and precision [52].

Studies have shown that age has significant effects on renal 
function and hence plays a major role in renal insufficiency 
[53]. Age in this study had a significant effect on the GFRs 
estimated by all three equations, where increasing age 
corresponded significantly to decreasing GFR. Moreover, 
participants with age ≥70 years were about 2-10 times 
at risk of CKD compared to those <70years. In a study in 
the Netherlands, Willems et al., (2013) reported similar 
findings. After age 70 years, the CG equation appeared to 
give moderately lower eGFRs (<60) in 90% of the subjects, 
followed by the CKD-EPI equation (68% of the subjects) 
and then the MDRD equation (55% of the subjects) [54]. 
This is in agreement with our study, as risk prediction for 
renal insufficiency (reduced eGFR/higher CKD prevalence) 
in respondents ≥70years was highest by the CG equation 
[OR=10.1(4.6 - 22.2); p<0.0001] followed by the CKD-
EPI equation [OR=3.3(1.5 – 7.3); p=0.003] and the MDRD 
equation [OR=2.2(1.0 – 4.8); p=0.054]. Thus above age 
70years in this Ghanaian setting (Black African population), 
GFR estimated by CKD-EPI equation underestimates 
renal function compared to GFR estimated by the MDRD 
equation, albeit not as much as the CG equation. Therefore, 
although studies carried out in relatively younger persons 
recommend that the CKD-EPI equation accurately classifies 
individuals [55,56], per our results and that of others [57-
59], more research is warranted in older persons to validate 
the application of the eGFR equations in clinical practice for 
old age groups, especially in Africans (Blacks) to prevent 
needless diagnostic measures, therapeutic involvements and 
costs.

CONCLUSIONS

The CG equation underestimates GFR and overestimates 
CKD in diabetes subjects in Ghana compared to the 4v-MDRD 
and CKD-EPI equations. Classification of CKD is relatively the 
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same using the CKD-EPI and MDRD equations. However, there 
is improved performance for both 4v-MDRD and CKD-EPI 
when race adjustment factor is omitted among the Ghanaian 
population (MDRDwithout race and CKD-EPIwithout race). Based on 
the findings in the study, the researchers conclude that the 
4v-MDRD and CKD-EPI equations, without race adjustment 
factors, may be the best for African populations (Blacks). 
Further studies are warranted to validate and recommend 
the use of 4v-MDRDwithout race or CKD-EPIwithout race or both for 
renal function assessment among Ghanaian T2DM subjects. 
Race is an unsuitable representation for genetics worldwide, 
and struggles to disregard its use in GFR estimation ought to 
be global.

LIMITATIONS OF THE STUDY

The current study could not include healthy (non-diabetic) 
participants. We lacked the means to measure radioisotope 
GFR (mGFR) and use it as a reference to compare the eGFR 
equations. It is therefore recommended that these are 
considered in future studies to draw stronger conclusions 
across all health groups and age groups.
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