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Abstract

Background: Diagnosis of End-stage kidney disease (ESKD) is based on the glo-
merular filtration rate estimation equation. However, discrepancies have been
observed in those formulas for the African population. We evaluated the per-
formance of the Modification of Diet in Renal Disease (MDRD), Chronic Kid-
ney Disease Epidemiology Collaboration (CKD-EPI), and Cockcroft-Gault (CG)
equations against measured glomerular filtration (mGFR) to diagnose end-stage
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renal disease in 27 patients with CKD stage 3 - 5. Methods: Consenting non-
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in a nephrology referral center in Yaoundé were enrolled. We obtained mGFR
from the average of Urea Clearance and Creatinine Clearance. These were ob-
tained from validated 24-hour urine samples. Statistical comparison of the eGFR
with measured GFR was performed using Bland-Altman analysis and Kappa sta-
tistics. The Receiver Operating Curve (ROC) was used to determine the best cut-
off of eGFR to diagnose ESKD. Results: The three equations had a good accu-
racy for diagnosing ESKD with c-statistics ranging from 0.97 to 0.98. Best cut-
offs of eGFR for diagnosis of ESKD were 16.25 ml/min/1.73m? for CKD-EP], 18
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ml/min/1.73m? for MDRD, and 16.8 ml/min/1.73m? for CG. Using these cut-
offs, the agreement with mGFR was almost perfect for CKD-EPI (kappa = 0.852)
and MDRD (kappa = 0.852), and moderate for CG (kappa = 0.78). Conclusion:
The CKD-EPI equation seems to be slightly better than that of MDRD and CG
in diagnosing ESKD in sub-Saharan Africans. The improvement of agreement
while using a higher cut-off of more than 15 ml/min/1.73m? calls for revision for
better accuracy.
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1. Introduction

Chronic Kidney Disease (CKD) is becoming a major public health problem world-
wide, and its prevalence is constantly increasing in low and middle-income coun-
tries. It is estimated that by 2030, more than 70 percent of patients with End Stage
Kidney Disease (ESKD) will be residents of developing countries [1] [2]. At this
stage, kidney replacement therapy (KRT) is the major modality used for manage-
ment. This therapy modality is expensive for African patients. In Nigeria, with the
average yearly cost of hemodialysis treatment at about 3.3million naira (US $22,000),
and about 50% of the Nigerian population living below the global poverty level, only
very few individuals can afford hemodialysis treatment [3]. Then, efforts have to be
directed toward screening and early diagnosis of kidney disease with non-expensive
tools. Therefore, the accurate and unbiased estimation of glomerular filtration rate
(GFR), the best indicator of overall kidney function, is important for making diag-
noses and therapeutic decisions in clinical practice [4].

The gold standard for evaluating GFR is the measured clearance of such exog-
enous markers as inulin. However, because of difficulty in use, expense, radiation
exposure, and radionuclide regulatory requirements, these methods have limited
use in the routine laboratory and are typically confined to the research setting.
GFR is often estimated clinically from serum concentrations of endogenous cre-
atinine [4]. In 2002, Guidelines developed by the National Kidney Foundation
recommended the use of creatinine-based equations to estimate the level of GFR,
such as the Modification of Diet in Renal Disease (MDRD) Study and Cockcroft-
Gault (CG) equations [5]. Recently, the Kidney Diseases Improving Global Out-
comes (KDIGO) organization recommended that creatinine-based eGFR should
be reported using the 2009 Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) creatinine equation [6]. In practice, these equations are preferred as
GFR determination is a simple, non-expensive, and internationally standardized
test. Nonetheless, these equations have originally been developed and evaluated
in North American patient cohorts with mild CKD and therefore might not
simply be applicable to Sub-Saharan African (SSA) cohorts. Furthermore, discrep-

ancies in their performances have been reported in sub-Saharan Africa [7] [8].
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The CKD-EPI and MDRD equations performed better without the race coefficient
in participants with GFR 2 60 mL/min/1.73m?, and cystatin C did not improve the
performance of the equations. Bukabau et a/ have suggested that MDRD and CKD-
EPI equations without ethnic factors had better performance than the same equa-
tions with ethnic factors; the equations using Cystatine C (alone or combined with
SCr) performed better than the creatinine-based equations [9]. But this study was
performed in the Congolese healthy population.

According to the K/DOQI CKD guidelines, the stage of kidney disease should
be determined for each CKD patient, and the clinical action plan should be devel-
oped on the basis of the stage of disease [5]. Thus, inaccurate estimation of the
GFR may lead to misclassification of patients and lead to inappropriate evaluation
or treatment of these patients [10] [11], particularly ESKD patients.

We aim to evaluate the performance of the MDRD study, CKD-EPI, and CG
equations against measured glomerular filtration rate (mGFR) to diagnose end-

stage kidney disease in patients with CKD stage 3 - 5.

2. Methods
2.1. Study Setting and Population

We conducted a 5-month cross-sectional study at the outpatient department in a
nephrology referral center in Yaoundé, Cameroon. We consecutively enrolled 27
non-dialysed patients aged more than 21 years, with CKD stages 3 to 5 (K/DOQI
classification). Patients who had undergone an amputation or had a prosthesis,
those who had the following comorbidities: Cancer, severe infection, heart or liver
failure, and those with incomplete 24-hour urine collection, were excluded.
Before inclusion, we obtained a written consent from each participant after an
explanation of the objectives, procedure, advantages, and disadvantages of the
study. The ethical clearance was obtained from the ethical committee of Yaoundé

General Hospital.

2.2. Data Collection

After informed consent, a standardized questionnaire was administered to collect
data on age, gender, and comorbidities. Blood pressure (in mmHg) was measured
in a sitting position on the left arm after at least 10 min of rest, using an electronic
device (OMRON HEM-7222-Z intellisense). Two measures were taken 5 min apart,
and the mean value was considered. We used a stadiometer (SECA®) to measure
the height to the nearest 0.5 cm in the standing position. Weight was obtained at
the nearest 0.1 kg with an electronic device (SECA®), the patient standing without
Weight

shoes. BMI was calculated using the formula ——
(Height)

in kg/m?

The procedure of 24-hour urine sample collection was explained to participants,
and they received the urine collection form and written instructions. The sample
was obtained after an initial voiding in the morning upon awaking; thereafter, all

urines were collected until the next morning upon awaking. This sample was im-
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mediately transported to the laboratory at ambient temperature for volume (to
the nearest 10 ml), urinary urea, and creatinine measurements. A fasting venous
blood sample was collected into a 5 ml dry tube and was immediately transported
to the laboratory, where it was centrifuged and serum analysed for serum urea and
creatinine. Serum and urine creatinine and urea were measured using an automated
instrument according to standards using the enzymatic method (Roche/Hitachi/Co-
bas C 311).

2.3. Calculations
Estimated GFR in ml/min/1.73m?* was calculated using the following equations:
e Cockcroft-Gault (CG) equation [12]:

(140—-age) x weight x 0.85[if female]
72xSCr

eGFR =

where SCr represents serum creatinine in mg/dl, age is measured in years, and
weight in kg.
e Modification of Diet in Renal Disease (MDRD) equation [13]:

1.154

GFR =175x(SCr)”

)—0.203

x (age x1.212x0.742]if female]

where SCr represents serum creatinine in mg/dl, and age is measured in years.
¢ Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [14]:
eGFR =141xmin(SCr/k,1)" x max(SCr/k,1
x1.018]if female]x1.159

x 0.993%%

)—1.209

where SCr is serum creatinine in mg/dl, k is 0.7 for females and 0.9 for males, a is
—0.329 for females and —0.411 for males, min indicates the minimum of SCr/k or 1,
and max indicates the maximum of SCr/k or 1. Race or ethnicity coefficient for
“Black” individuals in the MDRD and CKD-EPI equations was not applied.

Urea clearance (UCI) was calculated using the following formula:

UCI = (urinary Urea x urine flow)/plasma Urea

Creatinine clearance (CrCl) was calculated using the standard formula:

CrCl= (urinary creatinine x urine flow)/plasma creatinine

The result was adjusted for body surface area (BSA) using Dubois’ formula [15].
BSA =0.007184 x Weight (kg

)0.425 0.725

x Height(cm)
Measured glomerular filtration rate (mGFR) was obtained using this formula:

(Creatinine Clearance + Urea Clearance)/2

As creatinine clearance (CrCl) significantly overestimates the measured glomer-
ular filtration rate and urea clearance (UCI) significantly underestimates mGFR,
some authors have proposed calculating the average of CrCl and UCI [16]. The 2005
European Best Practices Guidelines for stages 4 - 5 CKD also propose this method
when GFR is less than 15 ml/min/1.73m? In this study, we used the average urinary

clearances of creatinine and urea as the gold standard measurement of GFR.

DOI: 10.4236/0jneph.2025.153035

372 Open Journal of Nephrology


https://doi.org/10.4236/ojneph.2025.153035

M. Maimouna et al.

2.4. Statistical Analysis

Characteristics of the population were described using mean (standard deviation)
and median (interquartile range) for quantitative variables, and number (percent-
age) for qualitative variables. Agreement between eGFR and mGFR was assessed
using Bland-Altman’s analysis. Bias was calculated as the mean difference between
mGFR and eGFR. Precision was considered as one standard deviation (SD) of bias.
Agreement limits were calculated (bias £ 1.96 SD) and presented on the graph
with bias and corresponding 95% confidence intervals. We used c-statistics to assess
the mGFR-based ESKD (mGFR < 15 ml/min/1.73m?) diagnostic accuracy of eGFR
from each of the equations. The Receiver Operating Curve (ROC) was used to de-
termine the best eGFR cut-off from each of the equations for the diagnosis of
mGFR-based ESKD. The agreement of each of the eGFR equations (using the best
cut-off) with mGEFR for assessing ESKD (GFR < 15 ml/min/1.73m?) was tested using
Cohen’s kappa statistics. Data analysis was done using IBM SPSS Statistics 23.0 soft-
ware, and graphs were represented using Microsoft Excel 2013 and GraphPad Prism
6.0 for Windows.

2.5. Ethical Considerations

Administrative authorization to carry out the study was obtained from the au-

thorities of the Yaoundé General Hospital.

3. Results
3.1. General Characteristics of the Study Population

A total of 27 (16 Males) out of the 91 eligible patients were enrolled in the study
(Figure 1). The mean (standard deviation) age was 57 (12.17) years. Hypertension
and diabetes were the most prevalent comorbidities, concerning 92.6% (n = 25)
and 37% (n = 10) of patients, respectively. The median (interquartile range) evo-
lution time of CKD was 5 (1 - 13) years. The main aetiologies of CKD were diabe-
tes, hypertension, chronic glomerulonephritis, and chronic interstitial nephritis,
affecting respectively 25.9% (n = 7), 25.9% (n = 7), 14.8% (n = 4), and 14.8% (n =

4) of patients. Other clinical characteristics are shown in Table 1.

3.2. Performance of CKD-EPI, MDRD, and CG Equations in Estimating
GFR

Opverall, the three equations had an almost excellent accuracy in the diagnosis of
end-stage kidney disease; the c-statistics were 0.97 for CKD-EPI and CG, and 0.98
for MDRD (Table 2).

Bland-Altman plots for CKD-EPI, MDRD, and CG vs mGFR are shown in Fig-
ure 2. Bias (95% confidence interval) was significantly different from zero for all
three equations; it was lower for CKD-EPI [3.24 (1.5 - 4.9) ml/min/1.73m?] than
for MDRD and CG [respectively 5.17 (2.9 - 7.4) and 5.76 (3.4 - 8.2) ml/min/1.73m?].
The limits of agreement were wide for all three equations, although these limits were

narrower for the CKD-EPI equation. The ROC curves of equations to assess the best
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cut-off in the diagnosis of eGFR-based ESKD are shown in Figure 3. CKD-EPI
equation had the lowest cut-off value (16.25 ml/min/1.73m?), with sensitivity (Se) =
0.93 and specificity (Sp) = 0.92 (Figure 3(a)). For MDRD and CG equations, cut-
offs (sensitivity and specificity) were respectively 18 ml/min/1.73m? (Se = 0.93; Sp =
0.92) (Figure 3(b)) and 16.8 ml/min/1.73m?* (Se = 0.93; Sp = 0.85) (Figure 3(c)).
Using these cut-offs, the agreement with mGFR was almost perfect for CKD-EPI
(kappa = 0.852) and MDRD (kappa = 0.852), and moderate for CG (kappa = 0.78).
Other details on the performances of equations are shown in Table 2.

Patients with chronic kidney disease
stages 3- 5 non dialysed: 91

Excluded patients: 19

Incomplete file: 5
Neoplasia: 2
Severe infection: 4

= Refusal to participate in the study: 5

Decompensated cardiac failure: 1
Lower limb amputation: 01

i Osteosynthesis: 01

I Invitation to collect 24 hours urine: 72

I Incomplete 24 hours urine collection: 45

. 4
I Patients enrolled in the study: 27

Figure 1. Flowchart of the inclusion of participants.

Table 1. Clinical characteristics of the study population.

Characteristics n (%) Mean + SD Median (IQR)
Age, Years 57 +12.17 56 (51 - 65)
Sex
Male 16 (59.3)
Female 11 (40.7)
Comorbidities
Hypertension 25 (92.6)
Diabetes 10 (37)
Obesity 3(11)
HIV 2(7.4)
HBV 1(3.7)
HCV 2(7.4)
Hyperuricemia 7 (25.9)
DOI: 10.4236/0jneph.2025.153035 374 Open Journal of Nephrology


https://doi.org/10.4236/ojneph.2025.153035

M. Maimouna et al.

Continued
Duration of CKD, Years 5(1-13)
Stage of CKD
Stage 3 8(29.6)
Stage 4 9 (33.3)
Stage 5 10 (37)
Hemodynamic and Anthropometric
Parameters
Systolic BP, mmHg 150.48 £ 24.58 149 (135 - 170)
Diastolic BP, mmHg 89.44 £ 13.96 89 (70 - 86)
Weight, kg 70.68 + 13.49 70 (61 - 76)
BMI, kg/m? 25.87 +4.14 24.7 (22.3 - 30)

Biologic Parameters

CrCl, ml/min/1.73m? 21.2+14.4 22.6 (10.3 -29.2)
UCI, ml/min/1.73m? 10.1 £8.5 9.2 (3.7 -14.7)
Measured GFR, ml/min/1.73m? 156 £11.1 15.8 (6.7 - 21.9)

IQR: Interquartile Range; SD: Standard Deviation; CKD: Chronic Kidney Disease; BMI:
Body Mass Index; CrCl: Creatinine Clearance; UCL: Urea Clearance; GFR: Glomerular Fil-
tration Rate; BP: Blood Pressure; HBC: Hepatitis B Virus; HCV: Hepatitis B Virus; HIV:
Human Immunodeficiency Virus.

Table 2. Performance of CKD-EPI, MDRD, and CG equations in estimating GFR.

Parameter CDK-EPI MDRD CG
mGEFR < 15 ml/min/1.73m? n (%) 11 (40.7) 10 (37) 9(33.3)
Mean + SD 18.84 + 13.43 20.78 + 14.7 21.37 £ 15.8
Median (IQR) 16.9 (6.8 -28.1) 18.6(7.9-30.8) 18.1(9.2-29.4)
Min-Max 1.2 -54.5 1.5-59.3 3.1-794
Bias (95% CI) 3.24 (1.5-4.9) 517(2.9-7.4) 5.76(3.4-8.2)
Precision 4.37 5.68 6.09
Limit of Agreement [-5.51 - 11.97] [-5.96 - 16.3] [-6.18 - 17.69]
c-Statistics 0.97 0.98 0.97
Best Cut-off, ml/min/1.73m? 16.25 18 16.8

Kappa Statistics
Kappa (95% CI) 0.85 (0.65 - 1.04) 0.85 (0.65 - 1.04) 0.78 (0.54 -1.02)

p-value <0.001 <0.001 <0.001

IQR: Interquartile Range; SD: Standard Deviation; mGFR: measured Glomerular Filtration
Rate; CI: Confidence Interval; MDRD: Modification of Diet in Renal Disease; CKD-EPI:
Chronic Kidney Disease Epidemiology Collaboration; CG: Cockcroft-Gault.
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CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; mGFR: measured Glo-
merular Filtration; MDRD: Modification of Diet in Renal Disease; CG: Cockcroft-Gault.

Figure 2. Bland-Altman plots for CKD-EPI versus mGFR (a), for MDRD versus mGEFR (b),

and for CG versus mGEFR (c).
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CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; mGFR: measured Glo-
merular Filtration; MDRD: Modification of Diet in Renal Disease; CG: Cockcroft-Gault.

Figure 3. ROC curve for CKD-EPI in diagnosis of GFR-based ESKD (a), for MDRD in diag-
nosis of GFR-based ESKD (b), and for CG in diagnosis of GFR-based ESKD (c).
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4. Discussion

Equations for estimating glomerular filtration rate (eGFR) have not been vali-
dated in Sub-Saharan African populations, and data on GFR are scarce [17]. We
aimed to determine the most useful eGFR equation for the diagnosis of end-stage
kidney disease in patients with stage 3 - 5 CKD. Our results suggested that the
diagnosis of ESKD was accurate with the 3 creatinine-based equations. Similarly,
a study conducted in Ghana showed that GFR calculated from 24-hour urine col-
lection was most comparable to eGFR, either by MDRD-4 or CKD-EPI, omitting
the factor for black Americans [17]. Omuse et al found that the CKD-EPI equa-
tion could be a more ideal equation when estimating GFR in an asymptomatic
population not known to have risk factors for CKD [18].

In some studies, the CKD-EPI equation and the MDRD Study equation were
equally accurate in a subgroup with eGFR less than 60 mL/min/1.73m?. Here, like
for Stevens et al, the bias was lower for CKD-EPI with a stronger agreement com-
pared to MDRD and Cockroft and Gault equations [19]. Our results suggest that
the CKD-EPI equation classified more participants as having a reduced eGFR com-
pared to the MDRD equation. For Rule et a/, the MDRD equation underestimated
GFR by 6.2% in patients with chronic kidney disease [20]. Our cohort included sub-
jects whose characteristics are similar to those of one European cohort in terms of
age, weight, and BMI, and who found that the MDRD equation had greater pre-
cision and accuracy than the Cockcroft-Gault formula in CKD patients (GFR < 60
mL/min/1.73m?) [21].

The Cockroft and Gault equation is easily used in our conditions (access to a
computer is not always available), but this study shows the substantial agreement
for the diagnosis of ESKD. This has to be interpreted with caution because Agarwal
et al. in the Chinese population found that this equation’s performance is relevant
when multiplying the result by 0.84 to correct for overestimation of GFR [22].

Despite advances in GFR estimation, no equation can be considered perfectly
accurate. A threshold of 16 ml/min/1.73m? could, in practice, overestimate the num-
ber of patients with advanced kidney disease. However, this would be an advantage
in the African context, which is characterised by a lack of screening and late refer-
rals.

The limitation of this study was that the measured GFR was based on the 24-
hour urine collection that was done at home, and therefore, could bias this collec-
tion. In addition, although these creatinine-based estimation equations of GFR are
widely used, they have been shown to be less effective than an equation for estimat-
ing glomerular filtration rate, which uses both creatinine and cystatin C [23]. Also,
our results must be analyzed carefully because of the small number of participants.
However, this local pilot study helps us to understand different equations usually

used to evaluate glomerular filtration rate in our setting.

5. Conclusion

The CKD-EPI equation seems to be slightly better than MDRD and CG in diag-
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nosing ESKD in sub-Saharan Africans with stages 3 - 5 CKD. The improvement
of agreement while using a higher cut-off than 15 suggests that it has to be revised

for better accuracy.

What Is Already Known on This Topic

e The performance of equations estimating the glomerular filtration rate is known
in the population with chronic kidney disease in other settings.

e The performance of equations estimating the glomerular filtration rate is known
in certain groups of patients in sub-Saharan Africa, for example, type II diabe-

tes.

What This Study Adds

This study shows that:

e The CKD-EPI equation seems to be slightly better than MDRD and CG in di-
agnosing ESKD in sub-Saharan Africans with stages 3 - 5 CKD.

e These findings highlight the improvement of agreement while using a higher

cut-off of more than 15 ml/min/1.73m? calling for revision for better accuracy.
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