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Renal Function Assessment in a Cohort of HIV Patients: Comparing Estimated Glomerular Filtration Equations in a Cross-Sectional Study

Abstract 
Introduction: The glomerular filtration formulae are important in staging and determining renal function in HIV patients, and in the general population at large. 
Aim: The main objective of this study is to evaluate the performance of Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation and the Modification of Renal Diet (MDRD) equation in determining renal function in HIV-infected patients.
Methods: A cross-sectional study was conducted among 118 adult HIV patients on antiretroviral therapy (ART) attending clinic at the University of Calabar Teaching Hospital. Participants were recruited in a consecutive manner and data were collected using standard structure questionnaire, including clinical and laboratory investigations. The CKD-EPI and MDRD equations were used to calculate estimated glomerular filtration rate (eGFR) and evaluate renal function according to GFR staging. Data were analyzed using descriptive statistics, Chi-square test, ANOVA and P < .05 was accepted to be significant.
Results: One hundred and eighteen HIV-infected patients were studied and 82(60.5%) were females. The median age was 39.0 years (IQR 18.0 – 73.0), while the median eGFR were 84.0mL/min (IQR 26.0 - 192.0) and 82.0mL/min (IQR 22.0 – 124.0) using the CKD-EPI and MDRD equation respectively. The mean eGFR was significantly lower based on MDRD equation (81.13±22.15, P = .001) as compared to CKD-EPI equation (85.29±26.47, P = .06). Also, 22(18.6%) of the participants had CKD (eGFR < 60mL/min) based on MDRD as compared to 17(14.4%) using CKD-EPI equation, and this was statistically significant.. This may possibly imply that MDRD may overestimate the severity of renal impairment in HIV patients.
Conclusion: There was a fairly good comparison between CKD-EPI and MDRD in estimating renal function in HIV positive cohort. CKD-EPI equation showed a better staging of renal function without overestimating advanced renal impairment. Although no gold standard method was employed for comparison.
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1. INTRODUCTION
The introduction of antiretroviral therapy (ART) has markedly improved the life expectancy of individuals living with human immunodeficiency virus (HIV). As survival rates have increased, research attention has progressively shifted towards non–HIV-related comorbidities that may affect this population. Among these, renal disease has emerged as an important clinical concern, prompting growing interest in the evaluation of renal function and its associated biomarkers, particularly the glomerular filtration rate (GFR) (Levey et al., 1999; Levey et al., 2009). Accurate assessment of GFR is therefore essential for the early detection and management of renal impairment in HIV-positive individuals.
The reference standard for measuring GFR involves clearance techniques based on exogenous filtration markers, including inulin, ^51Cr-ethylenediaminetetraacetic acid (^51Cr-EDTA), and iohexol. Although these methods provide highly accurate estimates of renal function, they are labour-intensive, costly, and technically demanding. Consequently, their routine application in clinical settings is limited, and they are seldom employed outside specialised research environments (Soveri et al., 2014).
In routine clinical practice, GFR is more commonly estimated using predictive equations derived from endogenous biomarkers, primarily serum creatinine. Two of the most widely applied equations are the Modification of Diet in Renal Disease (MDRD) equation and the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation. The CKD-EPI equation was subsequently developed to address several recognised limitations of the MDRD equation, particularly its reduced accuracy at higher levels of kidney function (Levey et al., 1999; Levey et al., 2009).
In addition to these models, the Cockcroft–Gault (CG) equation represents another widely recognised formula that estimates creatinine clearance using serum creatinine levels together with demographic variables such as age, body weight, and sex (Cockcroft et al., 1976). Both the CG and MDRD equations have been extensively applied in studies involving HIV-positive populations. However, their performance has not been adequately validated in individuals with normal renal function, and both equations have been shown to underestimate GFR at higher levels. Furthermore, the CKD-EPI equation was derived from a selected cohort, which may influence its generalisability across different populations (Delanaye et al., 2013).
Despite these limitations, the MDRD and CKD-EPI equations remain the most frequently recommended methods for estimating renal function in the general population. Several comparative studies have indicated that the CKD-EPI equation provides more accurate estimates of GFR and improved risk prediction compared with both MDRD and CG equations (Stevens et al., 2011; Skali et al., 2011; Matsushita et al., 2012). Consequently, CKD-EPI has increasingly been adopted in clinical and epidemiological research as the preferred equation for assessing kidney function.
Up till date, as shown in various studies, the comparisons of the different eGFR formulae with a gold standard in HIV positive persons focused primarily on normal or mildly impaired renal function in this cohort with varied reports (Vrouenraets et al., 2012; Bonjoch et al., 2010; van Deventer et al., 2008). A study in stable HIV-positive individuals on combination antiretroviral therapy (cART) revealed that CKD-EPI performed better than MDRD (Inker et al., 2012). Also, in the absence of a gold standard, epidemiological studies in HIV-positive individuals focused mainly on the comparison of CKD-EPI with MDRD (Ibrahim et al., 2012; Dabrowska et al., 2011). 
It is worth noting that the CKD-EPI equation has been recommended as the first-choice formula in assessing renal function by the 2016 European AIDS Clinical Society (EACS) Guidelines (Gorriz et al., 2014).
It may be necessary to compare the different GFR formulae to a gold standard in HIV-patients to determine which has the most clinical relevance, but this may not be very applicable in clinical studies because of the cumbersome nature of the gold standard (Soveri et al., 2014).  However, it may be relevant to compare various GFR formulae within various HIV cohort studies to allow for comparison of studies and interpretation of results.
This study therefore aims to analyze eGFR in HIV-infected patients on ARV and to evaluate the renal function based on two commonly used formulae, CKD-EPI and MDRD, and to determine which has a better assessment of the different stages of chronic kidney disease (CKD).

2. MATERIALS AND METHODS
This was an observational, cross-sectional, single center study conducted in the special treatment clinic for HIV patients at the University of Calabar Teaching Hospital (UCTH) from May to August 2018. 
A total of 118 HIV-infected patients on ART who met the inclusion criteria for the study were recruited in a consecutive manner and all the participants provided a duly signed informed consent. This study was conducted in accordance with the WMA Helsinki declaration and ethical approval was obtained from the Health Research Ethics Committee (HREC), University of Calabar Teaching Hospital, with approval number UCTH/HREC/33/Vol.III/357.
The study participants included adult HIV patients on ART that have given informed consent. Participants already diagnosed with CKD and those on haemodialysis were excluded.
Information regarding patients’ age, sex, and relevant medical history such as duration of HIV was obtained. All subjects were fully examined and anthropometric measurements such as weight and height were taken by the investigators with the calculation of body mass index (BMI).
Blood samples for serum creatinine measurement were obtained from all participants, and serum creatinine value was measured using alkaline picrate method (Guy et al., 1990) while the GFR was calculated based on the MDRD and CKD-EPI equations. Only the eGFRs where MDRD was calculated at the same date as CKD-EPI were included to ensure that eGFRs were being compared at similar time-points. The equations are as shown below:
MDRD equation (Levey et al., 1999):
GFR = 186 × (SCr)−1.154 × (Age)−0.203 × (0.742 if female) × (1.212 if African American)		(1)	                         
Where GFR = Glomerular Filtration Rate in mL/min 1.73 m2, Age is in years, SCr is serum creatinine in mg/dL.
The CKD-EPI equation (Levey et al., 2009), expressed as a single equation, is:
GFR = 141 * min (Scr/κ,1)α * max(Scr/κ, 1)-1.209 * 0.993Age * 1.018 [if female] * 1.159 [if black]	(2)	
Scr is serum creatinine (mg/dL), κ is 0.7 for females and 0.9 for males, α is -0.329 for females and -0.411 for males, min indicates the minimum of Scr/κ or 1, and max indicates the maximum of Scr/κ or 1.
2.1 Statistical analysis
The data obtained were inputted and analyzed using Statistical Package for Social Sciences (SPSS) version 20. Continuous variables and categorical variables were expressed as median, means ± SD and percentages respectively. Comparison of means was done using analysis of variance (ANOVA), and other statistical tests were used as appropriate. p<0.05 was accepted to be significant.

3. RESULTS
3.1 Demographic and clinical characteristics of participants
Table1 showed that there were more females (69.5%) as compared to males (30.5%) and the median age of the study participant was 39.00 years. The median creatinine is 87.85umol/L while the median GFR is lower based on MDRD (82.00mL/min) as compared to CKD-EPI (84.00mL/min).Moreso, the median HIV duration and CD4 count were 60.00 months and 378.00µl respectively.
Table 1.  Demographic and clinical characteristics of participants
	Variable 
	Frequency ,n (%), Median
	Median (IQR)

	Sex
Female
Male 
	
82(69.5%)
36(30.5%)
	

	Age (years)
	
	39.00 (18.00 – 73.00)

	Creatinine (umol/L)
	
	87.85 (47.00 – 268.00)

	GFR(mL/min)
CKD-EPI
MDRD
	
	
84.00 (26.00 – 192.00)
82.00 (22.00 – 124.00)

	Duration of HIV (months)
	
	60.00 (1.00 – 180.00)

	CD4 Count(µl)
	
	378.00 (10.00 – 1072.00)

	BMI (kg/m2)
	
	25.37 (17.30 – 38.67)


.
3.2 Comparison of GFR equations using MDRD equation as reference
In the analysis of variance in table 2 and using MDRD equation as reference, the total mean eGFR is significantly lower based on MDRD (81.13±22.15, P = .001)  as compared to CKD-EPI (85.29±26.47, P = .06)). Also, for GFR category of 30 – 59mL/min/1.73m2, which defines CKD, the mean eGFR is significantly lower using MDRD equation (49.31±8.11, P = .001) than CKD-EPI equation (51.63±8.16, P = .06).
Table 2.  ANOVA of eGFR using MDRD equation as reference
	Variable 
	Mean ±SD
	95% CI for Mean
	P-value

	MDRD GFR (Total)
90 Above (n = 42)
60 – 89 (n = 59)
30 – 59 (n = 16)
15 – 29 (n = 1)
	81.13±22.15
104.60±11.33
74.05±9.63
49.31±8.11
22.00
	77.09 – 85.17
101.06 – 108.13
71.54 – 78.56
44.99 – 53.63

	

.001

	CKD-EPI GFR (Total)
90 Above (n = 42)
60 – 89 (n = 59)
30 – 59 (n = 16)
15 – 29 (n = 1)
	85.29±26.47
112.36±21.36
76.15±9.19
51.63±8.16
26.00
	80.46 – 90.11
105.70 – 119.02
73.76 – 78.55
47.28 – 55.98
	

.06




3.3 Comparison of GFR equations using CKD-EPI equation as reference
The analysis of variance in table 3 and using CKD-EPI equation as reference, showed that the total mean eGFR is 85.29±26.47 (P = .11) and 81.13±22.15 (P = .0001) by CKD-EPI and MDRD equations, respectively. Also, for GFR category of 30 – 59mL/min/1.73m2, which defines CKD, the mean eGFR is significantly lower using MDRD equation (51.24±8.7.87, P < .05 than CKD-EPI equation (53.71±8.05, P = .11).
Table 3.  ANOVA of eGFR using CKD-EPI as reference
	Variable 
	Mean ±SD
	95% CI for Mean
	P-value

	CKD-EPI GFR (Total)
90 Above (n = 38)
60 – 89 (n = 58)
30 – 59 (n = 21)
15 – 29 (n = 1)
	85.29±26.47
114.58±21.27
78.55±8.62
53.71±8.05
26.00
	80.46 – 90.11
107.59 – 121.57
76.28 – 80.82
50.05 – 57.38
	

.11

	MDRD GFR(Total)
90 Above (n = 38)
60 – 89 (n = 58)
30 – 59 (n = 21)
15 – 29 (n = 1)
	81.13±22.15
106.45±10.23
76.38±8.75
51.24±7.87
22.00
	77.09 – 85.17
103.08 – 109.81
74.08 – 78.68
47.65 – 54.82
	

.0001



3.4 Comparison of GFR classification using GFR equations
In table 4, using CKD-EPI as reference, 59(50.0%) of patients presented with mild reduction in GFR, 16(13.6%) had stage 3 CKD and 1(0.8%) presented with stage 4 CKD. However, when using MDRD as reference, 58(49.2%) of the patients presented with mild reduction in GFR, 21(17.8%) had stage 3 CKD and 1(0.8%) also had stage 4 CKD. None of the patients presented with stage 5 CKD based on the two equations used.
Overall, 22(18.6%) of the patients had CKD (eGFR < 60mL/min) based on MDRD as compared to
 17(14. 4%) using CKD-EPI, and this was statistically significant (P < 0.05). It is possible that MDRD overestimates the severity of renal impairment in HIV patients
Table 4. Comparison of GFR classification using CKD-EPI and MDRD equations
	



MDRD
	CKD-EPI

	
	Variable
(mL/min)
	Above 90
	60 - 89
	30 - 59
	15 - 29
	Total 
	Stat value
	P-value 

	
	Above 90
	38(32.2%)
	0
	0
	0
	38(32.2%)
	

189.882
	

0.0001

	
	60 - 89
	4(3.4%)
	54(45.8%)
	0
	0
	58(49.2%)
	
	

	
	30 - 59
	0
	5(4.2%)
	16(13.6%)
	0
	21(17.8%)
	
	

	
	15 -29
	0
	0
	0
	1(0.8%)
	1(0.8%)
	
	

	
	Total 
	42(35.6%)
	59(50.0%)
	16(13.6%)
	1(0.8%)
	118(100.0%)
	
	



4. DISCUSSION
 In this study of HIV-infected patients, the superiority of either CKD-EPI or MDRD equation over each other in estimating GFR is not distinctively very clear, but our findings may suggest CKD-EPI equation to be a better formula in evaluating renal function.
The CKD-EPI equation showed a higher median estimated GFR than the CKD-EPI formula (84.00mL/min vs 82.00mL/min), and the mean GFR is significantly higher in CKD-EPI equation than MDRD. In as much as there is a significant difference in the GFR estimates, the clinical relevance of this difference should be carefully interpreted with caution. However our findings are consistent with observations in the general population (Sanchez-Chaparro et al., 2014; Michels et al., 2010) and HIV-infected patients (Inker et al., 2012; Cristelli et al., 2017), in which all the studies are suggesting that MDRD may overestimate the severity of renal impairment.  
In this study, either with CKD-EPI or MDRD equation; about half of the patients had mild reduced GFR (e GFR 60 – 89mL/min). This is important and relevant in detecting patients with early renal disease, and identifying those at risk of developing progressive or rapid decline in renal function [19]. In clinical practice therefore, observation of minor changes in eGFR should prompt the initiation of life style modifications and adjustment of medications appropriate to treat or control risk factors for CKD such as hypertension, dyslipidaemia and hyperglycaemia (Sax et al., 2012). Moreso, it is recommended to avoid nephrotoxic medications and to adjust ARV, particularly those containing nephrotoxic agents according to renal function of the patients (Cristelli et al., 2017; Sax et al., 2012).
The presence of CKD stages 3 – 4 (eGFR < 60mL/min) were found in 18.6% and 14.4% of HIV–infected patients using MDRD and CKD-EPI equation, respectively (p = 0.0001). This may further show the possible overestimation of decline in renal function with MDRD. This prevalence in our study is higher than that in studies in Europe and America, with prevalence of 3% and 7.5% respectively (Cristelli et al., 2017; Mocroft et al., 2007; Flandre et al., 2011). However, this prevalence is lower than a Nigerian study that showed 52.6% of HIV-infected patients had eGFR < 60mL/min (Emem et al., 2008).
It is possible that the difference in our findings may be due to the small sample size studied and the type of population, as there were higher proportions of hypertensive patients in the American and Nigerian cohorts, and the American study had a mixture of races.
It is noteworthy that several investigations conducted in both the general population and among individuals living with HIV have primarily focused on comparisons between the Modification of Diet in Renal Disease (MDRD) and Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equations. Findings from these studies have generally indicated that the CKD-EPI equation provides estimates of glomerular filtration rate (GFR) that more closely approximate measurements obtained using recognised reference methods or gold standard techniques [6,7,8]. Consequently, in epidemiological investigations where direct measurement of GFR is not feasible—such as the present study and many others involving HIV-infected populations—the ability of estimation equations to predict clinically meaningful outcomes becomes an important consideration. One such outcome is the identification of chronic kidney disease (CKD) stages 3–4, commonly defined as an estimated GFR (eGFR) of less than 60 mL/min/1.73 m².
In the present study, both the MDRD and CKD-EPI equations demonstrated comparable performance in identifying this clinically relevant threshold from a statistical standpoint. However, in the absence of a gold standard measurement of GFR, it remains uncertain whether the two equations are performing equally well or, conversely, equally poorly in estimating true renal function.
[bookmark: _GoBack]Evidence from a recent systematic review involving HIV-negative populations compared the MDRD and CKD-EPI equations against reference measurement methods and suggested that neither equation consistently achieved optimal performance across all populations or across the full spectrum of eGFR values (Earley et al., 2012). These findings highlight the potential variability in the accuracy of creatinine-based estimation equations and underscore the need for further evaluation in specific clinical populations. In light of this, a direct comparison of MDRD and CKD-EPI performance against a recognised reference or gold standard method in HIV-infected cohorts would be particularly valuable. Such an analysis, however, was beyond the scope of the present study.
Several limitations of this study should be acknowledged. First, the relatively small sample size may limit the statistical power and generalisability of the findings. Second, the absence of a gold standard method for measuring GFR precluded direct assessment of the accuracy of the estimation equations used. Finally, the study did not include longitudinal outcome measures for patients identified with reduced eGFR, which would have provided additional insight into the clinical implications of the observed estimates. As this investigation represents a single-centre study conducted within a defined cohort, the findings should therefore be interpreted cautiously and primarily in a descriptive context.
Future research should aim to address these limitations by incorporating larger, multicentre cohorts of HIV-infected individuals. Such studies should ideally include comparisons of GFR estimation equations with those applied in the general population, as well as validation against recognised gold standard reference methods. Furthermore, the inclusion of clinically relevant outcomes associated with different levels of eGFR would enhance understanding of the prognostic significance of renal function estimates in this population.
5. CONCLUSION
This study suggests that MDRD equation may overestimate renal function in subjects with eGFRs less than 60 mL/min. This finding may provide a clinical framework for identifying patients with severe renal impairment and allows for better clinical management, especially in the dose adjustment of antiretroviral medications that may be nephrotoxic. In view of our findings, we therefore suggest that CKD-EPI equation should be considered in evaluating renal function in HIV-infected patients.
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