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ABSTRACT 

Background 

Chronic kidney disease (CKD) is associated with increased morbidity and mortality as well 

as costly renal replacement therapy. The aim was to determine risk factors and complications 

that contribute to morbidity as well as a suitable diagnostic detection method for CKD. 

Methods 

Observational studies were done at 2 hospitals. To assess risk factors, 283 patients were 

included at the Durban site, and sub-studies undertaken within this sample for CKD 

complications, while 302 patients were studied at the Empangeni outreach site. To evaluate 

predictive performance of estimated glomerular filtration rate (eGFR), data from 148 patients 

were analysed. A further 76 patients were recruited, to develop an African equation. Cockcroft-

Gault, Modified Diet in Renal Disease and CKD Epidemiology Collaboration eGFR equations 

were compared with technicium-99-mdiethylenetriaminepentaacetic acid (99mTc-DTPA)-GFR 

as the gold standard. Body composition was assessed by anthropometry and dual energy X-ray 

absorptiometry. Data were analysed with STATA.  

Results 

The commonest CKD risk factors were hypertension (75%), diabetes (29%) and human 

immunodeficiency virus (HIV) infection (24%), with HIV commoner at the outreach site 

(28.5% vs 19.8%). Over 80% of females and ∼60% males were overweight/obese overall; 

however, clinical cardiovascular disease was commoner in Durban (28% vs 5%). 

Complications were observed in early CKD; prevalence increased as eGFR declined from ≥90 

ml/min/1.73m2 to <30 ml/min/1.73m2: hyperuricaemia increased from 17% to 74%, metabolic 

acidosis (11.6% to 72.7%), anaemia (2.9% to 69.7%), hyperphosphataemia (10.1% to 48.5%), 

all p<0.001, respectively, and hypocalcaemia from 1.5% to 18.2% (p=0.003). Lower GFR 

levels were also associated with lower serum albumin levels, and lower whole body as well as 

regional lean mass and fat mass in males. A further observation at GFR <30 ml/min/1.73m2 

was that eGFR underestimated 99mTc-DTPA-GFR in African patients. Prediction of 99mTc-

DTPA-GFR was also poor at GFR levels ≥60 ml/min/1.73m2, with eGFR overestimating 
99mTc-DTPA-GFR. An eGFR equation developed in African patients resulted in significantly 

better GFR prediction and showed the lowest bias, highest precision as well as accuracy. 

Conclusion 

Efforts are needed to enable non-nephrologists to manage CKD risk factors and complications. 

Prediction of GFR may be substantially improved by using an equation developed in Africans. 
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CHAPTER 1 

INTRODUCTION 
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1.1. BACKGROUND AND CONTEXT OF THE RESEARCH WORK 

The worldwide incidence of end stage renal disease (ESRD) grew exponentially over the last two 

decades due to the growing burden of diabetes mellitus, which has become the commonest cause 

of ESRD in developed countries. In contrast data from South Africa and sub-Saharan Africa 

have shown hypertension as the commonest cause in the region. However, these data are 

inaccurate due to the lack of renal registries in most sub-Saharan African countries. The diabetes 

burden in the region is increasing due to urbanization while HIV, another cause of ESRD, is at 

pandemic proportions. Epidemiological data on these emerging ESRD causes in South Africa are 

needed to inform health service planning because the availability of ESRD treatment is severely 

limited due to resource constraints. Chronic kidney disease (CKD) early detection programs 

aimed at retarding progression thus reducing incidence of ESRD are urgently needed. These 

require that CKD diagnosis can be made easily and cost-effectively in routine clinical practice 

but currently used methods developed elsewhere may be inaccurate in Africans.   

1.1.1. DEFINITION AND CLASSIFICATION OF CHRONIC KIDNEY DISEASE 

The 2002 Kidney Dialysis Outcomes Quality Initiative (K-DOQI) Clinical Practice Guidelines 

provided a clear definition for CKD that included classification according to level of glomerular 

filtration rate (GFR) (1). The K-DOQI guidelines have since been reviewed and replaced with 

the 2012 Kidney Disease: Improving Global Outcomes (KDIGO) Clinical Practice Guidelines to 

improve CKD outcomes (2). Staging of CKD now considers GFR (Table 1.2) as well as 

albuminuria (Table 1.3) while both markers are also used in risk stratification, to predict 

complications and future outcomes (Table 1.4). 
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Table 1.1. Definition of CKD (2) 

Criteria for CKD (either of the following present for ≥3 months) 

Markers of kidney damage 

(one or more) 

Albuminuria 

Albumin excretion rate ≥30 mg/24 hours; 

Albumin: creatinine ratio ≥30 mg/g (≥3 mg/mmol) 

Urine sediment abnormalities 

Electrolyte and other abnormalities due to tubular disorders 

Abnormalities detected by histology 

Structural abnormalities detected by imaging 

History of kidney transplantation 

Decreased GFR GFR <60 ml/min/1.73 m2 (GFR categories G3a–G5) 

CKD, chronic kidney disease; GFR, glomerular filtration rate. Reprinted from Kidney Int Suppl., 
vol 3, Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group (2). KDIGO 
2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney 
Disease, pages 1-150, 2013, with permission from Elsevier; accessed at 
http://dx.doi.org/10.1038/kisup.2012.64 

Page 3 of 130



4 

Table 1.2. Staging of CKD by categories of glomerular filtration rate (2) 

GFR categories in CKD  

GFR category GFR (ml/min/1.73m2) Terms 

G1 ≥90 Normal or high 

G2 60-89 Mildly decreased 

G3a 45-59 Mildly to moderately decreased 

G3b 30-44 Moderately to severely decreased 

G4 15-29 Severely decreased 

G5 <15 Kidney failure 

CKD, chronic kidney disease; GFR, glomerular filtration rate. Reprinted from Kidney Int Suppl., 
vol 3, Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group.(2) KDIGO 
2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney 
Disease, pages 1-150, 2013, with permission from Elsevier; accessed at 
http://dx.doi.org/10.1038/kisup.2012.64 

Table 1.3. Staging of CKD by categories of albuminuria (2) 

Albuminuria categories in CKD 

Category 

Albumin excretion 

rate (mg/24 hours) 

Albumin: creatinine ratio 

(approximate equivalent) 
Terms 

(mg/mmol) (mg/g) 

A1 <30 <3 <30 Normal to mildly 
increased 

A2 30-300 3-30 30-300 Moderately 
increased 

A3 >300 >30 >300 Severely increased 

CKD, chronic kidney disease. Reprinted from Kidney Int Suppl., vol 3, Kidney Disease: 
Improving Global Outcomes (KDIGO) CKD Work Group.(2) KDIGO 2012 Clinical Practice 
Guideline for the Evaluation and Management of Chronic Kidney Disease, pages 1-150, 2013, 
with permission from Elsevier; accessed at http://dx.doi.org/10.1038/kisup.2012.64   
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1.1.2. GLOBAL PUBLIC HEALTH IMPACT OF CHRONIC KIDNEY DISEASE  

Efforts aimed at CKD prevention and early detection grew significantly over the past decade, 

following alarmingly high ESRD growth rates of ~8% annually, exceeding the 1.3% population 

growth rate (3). Socioeconomic implications of ESRD are huge as the cost of treatment with 

renal replacement therapy (RRT) is prohibitive for many developing countries while 

unsustainable in developed countries. The burden on national resources is further compounded 

by the high cardiovascular disease (CVD) burden observed in CKD patients (3, 4). In response to 

the socioeconomic challenges, there has been a worldwide shift towards CKD screening and 

early diagnosis, particularly in individuals deemed at high risk, following the 2004 call by the 

International Society of Nephrology for concerted global efforts to reduce the impact of ESRD 

(5). The need is even more dire in sub-Saharan Africa, where RRT is either absent or only 

available on a small scale; where available, RRT facilities are in urban centres and the cost varies 

widely as shown in Table 1.5 (6, 7).  

Table 1.5. Cost of haemodialysis versus peritoneal dialysis in some African countriesa (7) 

Country 
Annual cost per patient (US$) 

Peritoneal dialysis Haemodialysis 

South Africa 12 000 7 000 

Sudan 11 500 10 500 

Kenya 12 000 16 000 

Senegal 19 500 27 000 

Nigeria 25 000–55 000 20 000–49 000 

Namibia 24 500 24 500 

aFigures presented in this table are estimates provided by Sarala Naicker (South Africa), Ahmed 
Twahir (Kenya), Abdou Niang (Senegal), Felicia Eke (Nigeria), Ebun Bamgboye (Nigeria), and 
Sr. A. Prins (Namibia) in response to an e-mail-based survey conducted by the authors. 
Published in Peritoneal Dialysis International. Reprinted with permission from Abu-Aisha H and 
Elamin S. (7) Peritoneal dialysis in Africa. Perit Dial Int 2010; 30:23–28. 

Page 6 of 130



7 

1.1.3. THE RISING BURDEN OF CHRONIC KIDNEY DISEASE IN SOUTH AFRICA  

The exponential increase in the ESRD burden has also been reported in South Africa. The 1994 

South African Dialysis and Transplant Registry Report (SADTR), had 3399 ESRD patients on 

RRT, which was equivalent to 99 patients per million population (pmp) (6). Twenty years later 

in 2014, that figure stood at 178 pmp and the latest annual report from the South African Renal 

Registry (SARR), which has replaced the SADTR, shows that the number of ESRD patients on 

RRT further increased to 10 360 in 2015, a prevalence of 189 pmp (8). The report further 

highlights the socioeconomic disparities in accessing RRT in South Africa as this huge rise in the 

RRT prevalence is largely due to increased numbers of patients accessing RRT in the private 

healthcare sector, which only serves 16% of the population, and is observed across all the 9 

provinces of the country (Figure 1). The RRT prevalence in the public sector, which is 

responsible for healthcare for the majority of the South African population (84%), has remained 

unchanged at 71.9 pmp (8). These data underscore the need for research into CKD to elucidate 

potential areas of intervention that can reduce the impact of CKD in our population. 

Figure 1. Prevalence and numbers of patients on RRT by province (8). 

Reprinted from Davids MR, Marais N, Jacobs JC. (8) South African Renal Registry Annual 
Report 2015. African Journal of Nephrology 2017; 20 (1):201-213. Accessed at 
http://dx.doi.org/10.21807/20-1-2583 under a Creative Commons licence -    
http://creativecommons.org/licenses/by-nc-nd/4.0/ 
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1.2. LITERATURE REVIEW 

1.2.1. RISK FACTORS FOR DEVELOPMENT OF CHRONIC KIDNEY DISEASE 

1.2.1.1. Diabetic and hypertensive nephropathies 

Diabetic nephropathy is the cause of ESRD in up to 40% of patients starting RRT globally (9) 

while hypertension is the leading cause in sub-Saharan Africa, accounting for 25–50% of 

patients starting RRT (10). In the 2015 SARR Annual Report, 33.7% patients had hypertensive 

renal disease listed as the cause of ESRD while diabetic nephropathy was reported in 14.4% (8). 

These data, based on treated ESRD, probably underestimate the ESRD burden in South Africa 

because >50% of patients assessed for RRT in public healthcare facilities were unlikely to be 

accepted due to stringent selection criteria and rationing of RRT (11) hence the need for data in 

untreated ESRD and pre-ESRD.  

1.2.1.2. Human immunodeficiency virus and other infection-related 

glomerulopathies 

Glomerulonephritis was reported in 16–52% of ESRD in sub-Saharan Africa, with infections 

such as human immunodeficiency virus (HIV), hepatitis B virus (HBV) and malaria endemic in 

the region (12, 13). However, HBV- and malaria-associated glomerulopathies have become 

uncommon in some parts owing to interventions, like hepatitis B vaccination, improved living 

standards as well as access to healthcare (14, 15). Prevalence of glomerulonephritis (9.5%) was 

much lower in the 2015 South African Renal Registry Report, than in previous reports; HBV and 

HIV seroprevalence was 1.3% and 9.4%, respectively (8). HIV inclusion reflects changing 

practice in South Africa since HIV was not represented in previous ESRD data, because HIV 

patients were not offered RRT until recently (16). HIV-associated nephropathy (HIVAN) was 

shown to be the main cause of CKD in HIV in a renal biopsy study done at our institution, where 

it was found in 83% of HIV patients who underwent renal biopsy for proteinuria and 86% of 

patients with persistent microalbuminuria (17). Hepatitis C virus (HCV) infection is another 

known cause of glomerulonephritis, however it has not featured significantly in South Africa and 

was not shown to cause glomerulonephritis in a study of patients presenting to our hospital in the 

late 1990s although HIV patients were excluded in that study population (18). 
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1.2.1.3. Tubulointerstitial diseases 

Tubulointerstitial diseases are less common in South Africa and the rest of sub-Saharan Africa. 

Cystic kidney diseases including autosomal dominant polycystic kidney disease (ADPKD) 

accounted for 3.3% of ESRD in the 2012 South African Renal Registry data (19). Obstructive 

uropathy was reported in 5% of ESRD patients in a study from Nigeria and 12% in Sudan (12). 

Rarer tubulointerstitial diseases may result from renal stones, urinary tract infections, 

nephrotoxic drugs, systemic infections, autoimmune diseases and malignancies (2).  

1.2.1.4. Demographic variables 

African and Asian ethnicity are strongly associated with increased susceptibility to CKD in 

population-based studies (20). The earliest evidence showed a 3.8 times higher risk of ESRD in 

African Americans than Caucasians (21). Subsequent studies consistently showed higher age- 

and sex-adjusted ESRD incidence rates in African Americans compared to Caucasian Americans 

(22). Similarly, non-Caucasian populations in other countries showed significant excess risk of 

incident ESRD relative to their Caucasian counterparts (23). Age is another well-recognized risk 

factor, with CKD prevalence shown to rise sharply with age to 23.4–35.8% in persons ≥65 years 

(population prevalence: 7.2%), as well as female gender (20).  

1.2.1.5. Genetic and other risk factors 

Ethnic disparities in the ESRD risk lead to research into genetic susceptibility factors. In earlier 

studies, the myosin-9 gene (MHY9) appeared to explain the excess CKD risk with African 

ancestry, however, subsequent studies identified the neighbouring APOL1 gene as the main 

explanation for the associations previously attributed to MHY9 (24). The APOL1 gene was 

recently shown to be strongly associated with HIVAN in black South Africans [OR 89 (18; 912), 

p<0.001, for homozygotes] (25). Other factors associated with increased susceptibility to CKD 

include low birth weight as well as obesity, which are both also risk factors for hypertension and 

diabetes, further compounding CKD risk (26). 
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1.2.2. COMPLICATIONS ASSOCIATED WITH CHRONIC KIDNEY DISEASE 

1.2.2.1. Metabolic and endocrine complications of chronic kidney disease 

Several disorders occur as a direct consequence of loss of endocrine or exocrine kidney function, 

notably anaemia, mineral metabolism disorders and metabolic acidosis. These disorders, which 

have been collectively referred to here as metabolic, are associated with poor renal outcomes in 

non-dialysis CKD with increased risk of CKD progression observed with anaemia (27, 28), 

mineral metabolism disorders, particularly higher serum phosphate, calcium-phosphate product, 

parathyroid hormone (PTH) and fibroblast growth factor-23 (29-31) as well as metabolic 

acidosis (32-35). Hyperuricaemia is another disorder observed with progressive CKD (36-39) 

and increasingly, has been associated with development of incident CKD and CKD progression 

(36, 40, 41). 

1.2.2.2. Cardiovascular disease in chronic kidney disease 

The high CVD prevalence in CKD has been well-documented since initial reports that 30–40% 

of patients presenting to nephrologists had a history of ischaemic heart disease (IHD) (42, 43). 

Early studies reported that CVD incidence was 2–3 times higher in predialysis CKD patients 

than in the general population (44). Later studies showed a 10–30 times increased CVD mortality 

in CKD than in the general population (4). A comprehensive review of that early evidence was 

published in the 2003 American Heart Association Scientific Statement, which recommended 

inclusion of CKD in the highest risk group for CVD risk factor prevention, detection and 

treatment (4). Although initial data were from dialysis and predialysis patients, recent population 

studies have reported the association of increased CVD events with worsening eGFR and higher 

albuminuria, independent of traditional CVD risk factors (45-48). These data provided evidence 

for including both markers in CKD risk evaluation, definition and staging (2). 

The CVD burden in CKD in sub-Saharan Africa is unknown but is probably high as elsewhere. 

Clinical CVD was observed in >30% of Nigerian patients with diabetic nephropathy, with PVD 

in 27% and stroke in 4% while none had IHD (49). Studies using left ventricular (LV) 

hypertrophy as a surrogate for CVD reported a high prevalence of LV hypertrophy and 

significant association with CKD (49-54). A study of South African haemodialysis (HD) patients 

reported LV systolic dysfunction in 20.2% and diastolic dysfunction in 65.1% (50). In Ethiopia, 

CVD was the commonest comorbid disease in a study of HD patients, present in 29.7% (55). 
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1.2.2.3. Protein energy wasting 

Abnormal protein metabolism was first recognized as a CKD complication >40 years ago when 

studies reported loss of body fat and lean body mass in patients with severe renal failure (56, 57). 

Subsequent studies consistently reported a high prevalence of protein catabolism, muscle wasting 

and malnutrition in CKD but wide variation in terminology prompted development of the current 

definition of protein energy wasting (PEW) (58). While PEW is common in dialysis patients, 

prevalence in early CKD is also estimated to be higher compared to the general population, 

increasing as GFR declines (59-61). PEW is associated with increased morbidity and mortality in 

dialysis as well as predialysis CKD patients, which was mainly related to atherosclerotic CVD 

(59, 62). A conceptual model of the multiple mechanisms involved in PEW is illustrated in 

Figure 2. Improved survival has been reported with nutritional interventions, treatment of 

comorbidities, inflammation, metabolic and hormonal disorders as well as adequate dialysis but 

randomized controlled trials are lacking (63). 

Figure 2. A conceptual model for aetiology of PEW and its direct clinical implications (63) 

IGF-1, insulin-like growth factor-1: CKD-MBD, chronic kidney disease- mineral bone disorder; 
Reprinted from Carrero JJ, Stenvinkel P, Cuppari L. et al. (63) Aetiology of the protein-energy 
wasting syndrome in chronic kidney disease: a consensus statement from the International 
Society of Renal Nutrition and Metabolism (ISRNM). J Ren Nutr 2013; 23(2): 77-90. Accessed 
at http://dx.doi.org/10.1053/j.jrn.2013.01.001 under a Creative Commons licence -    
http://creativecommons.org/licenses/by-nc-nd/4.0/ 
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Diagnostic criteria for PEW (Table 1.6) comprise changes in serum biochemical markers, body 

mass, muscle mass and dietary intake. Diagnosis requires presence of at least 3 of the 4 

categories, with at least 1 test fulfilled in each category.  

Table 1.6. Diagnostic criteria for protein energy wasting (58, 59) 

Serum chemistry 

Serum albumin <38 g/l  

Serum prealbumin (transthyretin) <30 g/l (for maintenance dialysis patients only) 

Serum cholesterol <100 mg/dl 

Body mass 

Body mass index <23 kg/m2 (age ≥65years) or 

<22 kg/m2 (age <65 years)  

Unintentional weight loss over time ≥5% over 3 months or 

≥10% over 6 months 

Total body fat percentage <10% 

Muscle mass 

Muscle wasting: reduced muscle 

mass 

≥5% over 3 months or 

≥10% over 6 months 

Reduced mid-arm muscle 

circumference area 

>10% reduction in relation to 50th percentile of

reference population

Creatinine appearance 

Dietary intake 

Unintentional low dietary protein 

intake 

<0.80 g/kg/day for at least 2 months for dialysis patients 

or <0.6 g/kg/day for patients with stages 2–5 CKD 

Unintentional low energy intake <25 kcal/kg/day for at least 2 months 

Reprinted from Kidney Int, vol 73, Fouque D, Kalantar-Zadeh K, Kopple J et al.(58) A proposed 
nomenclature and diagnostic criteria for protein-energy wasting in acute and chronic kidney 
disease, pages 391–398, 2008, with permission from Elsevier; accessed at 
http://dx.doi.org/10.1038/sj.ki.5002585; adaptation from Semin Nephrol, vol 29, Dukkipati R, 
Kopple J.(59) Causes and prevention of protein-energy wasting in chronic kidney failure, pages 
39-49, 2009, with permission from Elsevier; accessed at
http://dx.doi.org/10.1016/j.semnephrol.2008.10.006
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1.2.3. PREDICTION OF GLOMERULAR FILTRATION RATE  

1.2.3.1. Methods to determine glomerular filtration rate 

Early detection of CKD requires that GFR can be determined easily and fairly accurately. A 

number of GFR prediction equations are readily available in clinical practice (64-67), providing 

a practical alternative to the costly gold standard methods for GFR measurement. The Cockcroft-

Gault (CG) equation (64) is difficult to implement in routine laboratories because body weight 

and height are not usually recorded on laboratory requisitions whereas the Modification of Diet 

in Renal Disease (MDRD) equation (66) does not require these. Studies consistently showed that 

CG and MDRD equations were imprecise at high GFR levels (68). This prompted development 

of the Chronic Kidney Disease in Epidemiology (CKD-EPI) equation, which was shown to be as 

accurate as the MDRD equation at GFR <60 ml/min/1.73m2 and more accurate at GFR ≥60 

ml/min/1.73m2 (67).  

1.2.3.2. Performance of estimated glomerular filtration rate in different populations 

Discrepancies have been observed in the accuracy of eGFR equations in some populations. 

Studies in Asian populations showed that predictive performance of MDRD-eGFR was poor and 

improved when a modified coefficient derived in the Chinese and Japanese was included (69, 

70). Poor performance of eGFR equations was also found in South Asians (71). Validation 

studies in sub-Saharan Africa reported poor GFR prediction with CG and with MDRD as well as 

CKD-EPI equations, which improved when the black ethnicity correction factors were omitted in 

the latter two (72, 73). These studies highlighted the need for developing a coefficient or 

equation in a specific population that would be more suitable for that population to improve GFR 

prediction.  
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1.3. RATIONALE  

There is a paucity of CKD epidemiological data in South Africa. Hypertension, diabetes, obesity 

and HIV, collectively, pose a significant threat to the national budget as diseases of affluence 

increase alongside diseases of poverty. Furthermore, CKD is a recognized complication of these 

disorders and, with the added CVD burden, its socioeconomic implications have the potential to 

reach catastrophic proportions. Identification of CKD, associated risk factors and complications 

presents opportunities for implementing primary, secondary and tertiary prevention strategies to 

reduce the impact of CKD thus improving patient outcomes across the spectrum of CKD. 

Therefore, an understanding of CKD epidemiology in the local population will provide 

substantial information necessary in healthcare planning and utilization of limited resources. An 

important part of the study of the CKD epidemiology is the evaluation of cost-effective 

diagnostic methods that can be implemented in routine clinical practice hence this formed an 

important component of the work presented in this thesis.  

1.4. HYPOTHESIS 

Several hypotheses tested in this research work were that: 

1.4.1. Diabetes mellitus as well as HIV had become the commonest contributors to the burden 

of CKD in the local patient population, exceeding hypertension, in keeping with the 

emergence of diabetes as the leading cause globally and with the epicentre of the HIV 

pandemic being in KwaZulu-Natal.  

1.4.2. The proportions of patients with advanced CKD (stage ≥3b) and related complications 

were likely to be high as a consequence of poor control of factors associated with disease 

progression as well as lack of access to specialized predialysis care by a nephrologist due 

to a severe shortage of nephrologists.  

1.4.3. We also hypothesized that an equation developed in patients of African ancestry would 

predict GFR more accurately in this population compared to currently used equations that 

were developed in other populations and that would enable early CKD diagnosis, thus 

reducing the socioeconomic impact of CKD. 
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1.5. AIM 

To reduce the socioeconomic impact of CKD through determining associated risk factors and 

complications well as establish a suitable CKD detection method in adults 

1.6. OBJECTIVES 

The specific objectives have been outlined in each of the manuscripts published or submitted as 

part of this thesis as listed below: 

1.6.1. To describe the spectrum of CKD and CVD risk factors in patients attending a rural 

outreach CKD clinic (Chapter 2)  

1.6.2. To describe the spectrum of CKD and CVD risk factors in an urban hospital setting and 

prevalence of elevated serum urate as a potential therapeutic target for CKD (Chapter 3) 

1.6.3. To describe the prevalence, severity and predictive factors of CKD-related metabolic 

complications across the spectrum of CKD (Chapter 4) 

1.6.4. To determine body composition and other components of the PEW syndrome in patients 

with non-dialysis dependent CKD as well as assess the relationship with GFR (Chapter 5) 

1.6.5. To evaluate the predictive performance of various GFR prediction equations against 

technicium-99m-diethylenetriaminepentaacetic acid (99mTc-DTPA) imaging (Chapter 6) 

1.6.6. To develop a simple cost-effective method for estimating GFR that is suitable for black 

South Africans (Chapter 7) 

1.7. GENERAL METHODOLOGY 

The work comprises a combination of observational studies undertaken at 2 major hospitals 

located in 2 of 3 regions in the province of KwaZulu-Natal; Area 1 is composed of the Ethekwini 

metro as well as districts of Ugu and Ilembe while area 3 comprises Uthungulu, Zululand and 

Umkhanyakude districts. Details of study participants, setting and methods are fully stated in 

each study included in the chapters of the thesis. 
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CHAPTER 2 

CHARACTERISTICS OF SOUTH AFRICAN 

PATIENTS PRESENTING WITH KIDNEY 

DISEASE IN RURAL KWAZULU-NATAL: 

A CROSS SECTIONAL STUDY 

Madala, N. D., Thusi, G. P., Assounga, A. G., & Naicker, S. (2014). 
Characteristics of South African patients presenting with kidney disease  

in rural KwaZulu-Natal: a cross sectional study. BMC Nephrol. 15(1), 61. 
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are only recently being offered RRT. [6] The socioeco-
nomic and health consequences of CKD are well-
documented globally [7,8]. Apart from the high costs of
RRT, the pressure on national resources is further
compounded by the high cardiovascular disease (CVD)
burden observed in CKD patients. Consequently, con-
certed global efforts aimed at CKD screening and early
diagnosis have been called for [9]. Screening of the
general population for CKD has not been considered
cost-effective hence many CKD screening programs
often target individuals and groups characterized by a
high CKD prevalence [10]. Variable success rates have
been reported from countries worldwide, including
South Africa, with the best prospects for sustainability
observed in programs that could be incorporated into
national health policy [11,12]. Therefore, epidemiological
data are needed in South Africa to provide the necessary
framework for incorporating CKD early detection and
management into primary level healthcare with other
chronic non-communicable diseases. Our aim was to
describe the prevalence of CKD and CVD risk factors
and determine factors associated with CKD severity in
patients presenting at a CKD clinic in the predominantly
rural northern KwaZulu-Natal region, South Africa.

Methods
Study design and setting
This was a cross-sectional analysis of records kept at
the clinic of consecutive outpatients seen at the dedi-
cated CKD clinic at Ngwelezana hospital situated in the
Uthungulu district, 5 km from the town of Empangeni
and approximately 200 km north of Durban, in
KwaZulu-Natal province, South Africa. The hospital
provides district (primary) level and regional (secondary)
level healthcare services to 20 district hospitals that pro-
vide primary healthcare services to the approximately 2
million people living in the northern KwaZulu-Natal dis-
tricts of Uthungulu, Zululand as well as Umkhanyakude.
The majority live in rural areas with the proportion of
the population living in urban areas estimated at 14.5%,
13.4% and 3.8%, for Uthungulu, Zululand and Umkha-
nyakude, respectively [13]. The region is largely poorly-
resourced with the latter 2 ranked among the 10 most
deprived districts in South Africa in 2007 [14]. Only
acute peritoneal dialysis through a rigid catheter was
offered at Ngwelezana hospital and only a minority of
patients could access RRT in the academic tertiary level
nephrology unit in Durban. The clinic, established by
a specialist physician in 2008 to improve early CKD
identification, had junior doctors, nurses, a social
worker, dietician and visiting nephrologist weekly ini-
tially, with less frequent visits later. The University of
KwaZulu-Natal Biomedical Research Ethics Committee
approved the study.
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Patients
We reviewed records, kept at the CKD clinic, of all pa-
tients seen from 31st January 2008 to 31st January 2011.
All patients presenting to the clinic were referred by pri-
mary healthcare doctors from any of the 20 district hos-
pitals in the geographic area served by the hospital.
Referral was at the discretion of the primary healthcare
doctor and each patient presented with a referral letter
from the referring doctor providing details of the clinical
diagnosis made, results of investigations performed at
the referring hospital as well as their current medication.
All referrals to our clinic were for kidney disease based
on clinical as well as structural evidence of kidney
disease noted at the referring hospital, including protein-
uria and elevated serum creatinine levels. At first presen-
tation to our clinic, all patients underwent clinical
assessment (history and examination) and laboratory
investigations were done as part of standard care. Renal
disease aetiology was largely determined clinically as
renal histology was unavailable except where glomerulo-
nephritis unrelated to HIV was suspected and those pa-
tients were referred to the tertiary center in Durban for
a renal biopsy. Renal ultrasound services were available
intermittently and were accessed when that was feasible.
Inclusion criteria were: Patients with a diagnosis of

CKD
Exclusion criteria were: Diagnosis of acute renal failure

Data collection
The following data were recorded for each patient.

a. Demographic characteristics: Age, gender, ethnicity,
source of referral, area of residence and smoking
status, where ethnicity was used according to
Census population classification data: African
(black), white, Indian and coloured [13]. Referral
source was categorized according to location of
the referring hospital into: (i) Uthungulu district,
in which the CKD clinic was located, (ii)
Umkhanyakude and (iii) Zululand. Patients were
classified as urban or rural based on Census
definitions of their place of residence [13]. Smoking
was recorded as (i) never smoked/ex-smoker and
(ii) current smoker.

b. History: Medical history, such as hypertension,
diabetes, HIV, dyslipidaemia and medication. Patient
records, referral documents, current medication and
pharmacy entries were used in conjunction with
self-reported history to establish the diagnosis.

c. Physical examination: Anthropometric measures
[weight (kg), height (cm), waist circumference (cm)
and body mass index = weight/height2 (kg/m2)],
blood pressure (mmHg) and dipstick analysis for
proteinuria. Overweight/obese was defined as
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presence of BMI ≥25 kg/m2 and/or waist
circumference ≥80 cm in females and ≥92 cm in males.

d. Laboratory tests: Results of blood tests recorded
were - serum creatinine, total cholesterol, serum
albumin and haemoglobin. Total cholesterol
>5.0 mmol/l was included in dyslipidaemia definition.
Serum creatinine results were obtained prior to the
implementation of the IDMS-traceable assay and
values were not recalibrated to be IDMS-traceable.
The abbreviated Modification of Diet in Renal Disease
(MDRD) and Schwartz equations were used to
calculate eGFR in patients aged ≥18 years and
<18 years, respectively:
1. MDRD‐eGFR mL=min=1:73 m2ð Þ ¼ 186
� Serum creatinine=88:4ð Þ‐1:154 � Ageð Þ‐0:203
� 0:742 if femaleð Þ � 1:212 if African Americanð Þ
[15]

2. Schwartz ‐ eGFR (mL/min/1.73 m2) =
k x (height in cm) ÷ Serum creatinine [16]

The African-American coefficient was omitted follow-
ing evidence that this improved MDRD-eGFR equation
accuracy in Africans [17-19].

Definitions
CKD was defined by eGFR <60 ml/min/1.73 m2 and/or
proteinuria and/or abnormal renal ultrasound, persistent
for ≥3 months.
Acute renal failure was defined by complete recovery

of kidney function on subsequent visits after initial
presentation.

Statistical analysis
Intercooled Stata version 11 (Texas, USA) was used for
data analysis. Categorical data were described as propor-
tions and males compared with females using the chi-square
test. Continuous data were summarized as mean ± standard
deviation (SD) with the t-test used to assess differences be-
tween males and females. Non-normal data were expressed
as median (interquartile range) and differences between the
two groups were evaluated using the Mann–Whitney test.
Odds ratios (95% CI) were calculated using logistic regres-
sion analysis to evaluate the factors associated with pre-
senting with a low eGFR (<60- and <30 ml/min/1.73 m2).

Results
A total of 313 CKD patients, 174 (55.6%) females and
139 (44.4%) males, were seen on their first visit during
the study period (mean age 47.1 ± 17.0 years). Data were
available for 302/313 (96.5%) patients that were included
in the analysis and 11 patients were excluded due to un-
availability of clinical and/or laboratory data. The ethnic
distribution of study patients was: 290/302 (96%) African
(black), 4 (1.3%) Indian and 8 (2.7%) white. This closely
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resembled the population distribution in the 3 districts
comprising northern KwaZulu-Natal [13]. Almost two-
thirds, 191 (63.3%) were referred from Uthungulu dis-
trict while 85 (28.2%) and 26 (8.6%) were from various
hospitals across Umkhanyakude and Zululand districts,
respectively. Over half, 165 (54.6%) were classified as
urban and 137 (45.4%) as rural. Table 1 shows clinical
and laboratory characteristics at presentation by gender.
Significantly more males than females reported current
smoking while females were more likely than males to
have the CVD risk markers of being overweight/obese
and having dyslipidaemia. Over 70% presented with
stage 3 CKD or worse with the presenting median eGFR
(IQR) being 28.9 (49.8) ml/min/1.73 m2.
Aetiology of CKD and co-morbid risk factors
Figure 1 shows that the 3 commonest diagnoses encoun-
tered were: hypertension in 227 (75.2%), diabetes in 90
(29.8%) and HIV in 86 (28.5%) with similar gender
distribution. Self-reported history was verified in all
patients using medical records. Renal diagnoses in 21
patients referred for renal biopsy were: primary glomer-
ulonephritis (16), hepatitis B virus-associated (4) and
lupus nephritis (1). Tubulointerstitial diseases were ob-
served in 17 (5.6%) with autosomal dominant polycystic
kidney disease (11), obstructive uropathy (5) and pre-
sumed analgesic nephropathy (1). Hypertension and dia-
betes increased with age while HIV was prevalent in
young patients (Figure 2). Multiple concomitant CKD
risk factors were common (51.1%); dual co-morbidities
in 136 (47.9%) patients and triple co-morbidities in 9
(3.2%). CKD was attributed to a single cause in 139
(48.9%) patients; 87/302 (28.8%) had hypertension alone,
32/302 (10.6%) had HIV alone while glomerulonephritis
alone and tubulointerstitial disease were uncommon; 9/
302 (3.0%) and 5/302 (1.7%), respectively (Figure 3).
Only 6/90 (6.7%) diabetic patients had diabetes alone
with concurrent hypertension in 76 (84.4%) and concur-
rent HIV in 8 (8.9%). Hypertension was a co-morbid
diagnosis in >50% of patients with HIV, glomeruloneph-
ritis and tubulointerstitial disease as well (Figure 3).
Other cardiovascular disease risk factors
Dyslipidaemia was found in 118 (39.1%) patients overall
and there was no difference in the various CKD stages
(P = 0.637). In 226 patients with available data to deter-
mine overweight/obese status, prevalence of dyslipidae-
mia was 44.2% in overweight/obese patients and 28.6%
in those who were not, P = 0.032. Fifteen patients
(6 males and 9 females) had CVD complications; stroke
(8), congestive cardiac failure (6) and atherosclerotic re-
novascular disease (1).
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Table 1 Distribution of demographic, clinical and laboratory data of study patients by gender

Parameter Male n = 137 Female n = 165 P value

African 130 (94.9%) 160 (97.0%) 0.282

Rural 60 (43.8%) 77 (46.7%) 0.618

Smoking# 24/134 (17.9%) 2/158 (1.4%) <0.001

Age (years) 45.0 ± 17.6 48.5 ± 16.8 0.055

Systolic blood pressure (mmHg) 144.6 ± 28.3 141.1 ± 25.5 0.362

Diastolic blood pressure (mmHg) 84.2 ± 18.1 81.0 ± 19.0 0.153

BMI (kg/m2)# 25.4 ± 5.5 29.4 ± 7.9 <0.001

Waist circumference (cm)# 92.5 ± 15.2 98.5 ± 20.6 0.021

Overweight/obese# 55/101 (54.5%) 108/125 (86.4%) <0.001

(% with data) (73.7) (75.8)

Dyslipidaemia 40 (29.2%) 78 (47.9%) 0.001

Total cholesterol (mmol/l)* 4.1 (3.5 5.1) 4.5 (3.7 6.0) 0.009

Serum creatinine (μmol/l)* 215 (116 464) 173 (90 336) 0.009

MDRD eGFR (ml/min/1.73 m2)* 28.5 (11.8 61.9) 30.4 (13.7 63.5) 0.906

% with MDRD eGFR <60 100 (73.0%) 119 (72.6%) 0.933

% with MDRD eGFR <30 68 (49.6%) 85 (51.5%) 0.745

% with MDRD eGFR <15 44 (31.9%) 49 (29.9%) 0.707

Proteinuria 66 (48.2%) 68 (41.2%) 0.225

Serum albumin (g/l) 30.6 ± 9.6 31.3 ± 8.8 0.530

Haemoglobin (g/dl) 10.7 ± 2.7 10.3 ± 2.4 0.183
#Variables with incomplete data; the proportions with available data for smoking, BMI and waist circumference were 97.8%, 54% and 66.4%, respectively,
for males while for females data were available in 95.8%, 59.4% and 67.9%, respectively.
Continuous data were summarized as mean ± SD and non normal data* as median (IQR); the 25th 75th percentiles are specified rather than the range. Categorical
data were expressed as number (%).
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Factors associated with presenting with advanced CKD
Figure 4 shows that eGFR was highest in younger pa-
tients and decreased with increasing age [OR = 0.48
(0.37-0.62) per 10-year, P <0.001] but there was no sig-
nificant age difference in those presenting with eGFR
<15 ml/min/1.73 m2 (P = 0.099). Using logistic regres-
sion analysis, independent factors associated with eGFR
<60 ml/min/1.73 m2 at presentation were: age ≥60 years
[OR = 4.5 (2.0-10.5)], HIV infection [OR = 3.0 (1.5-5.9],
hypertension [OR = 2.7 (1.4-5.0] and rural residence
[OR = 1.9 (1.1-3.4)] while a lower presenting eGFR
<30 ml/min/1.73 m2 was strongly associated with HIV
as well as hypertension but not with age or residence
(Table 2). Disease severity at presentation was not sig-
nificantly associated with gender, diabetes or referral
source.

Discussion
This is the first study in South Africa to report high
prevalence estimates for diabetes and HIV, 29.8% and
28.5%, respectively in a single patient cohort at a sec-
ondary level healthcare-based dedicated CKD clinic. Our
observations add important data on CKD epidemiology
outside of a tertiary level nephrology environment,
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particularly because diabetes and HIV have mostly been
under-represented in previous studies. In two recent
studies, diabetes was observed in 10.8% of patients in
the Free State province and <5% of renal biopsies in the
Western Cape province while HIV-associated nephropa-
thy (HIVAN) was high in the latter study, comprising
25.7% of annual renal biopsies in 2009 [20,21]. Most
HIV patients in the present study were presumed to
have HIVAN since renal biopsy was largely not access-
ible, which was based on a previous study from our in-
stitution that showed HIVAN in >80% of HIV patients
with microalbuminuria or overt proteinuria [22].
Dedicated CKD clinics typically conducted at tertiary

level by nephrologists were inaccessible to most patients
in this study due to various healthcare resource con-
straints hence the establishment of this CKD outreach
clinic. Published South African experience of nephrology
outreach is limited to a study in Soweto primary health-
care clinics in Gauteng province that found eGFR
<60 ml/min/1.73 m2 in 26% and nephrotic-range pro-
teinuria in 9% of patients evaluated [12]. The high pro-
portion of patients with advanced disease (50.6% with
eGFR <30 ml/min/1.73 m2) in our clinic highlights an
important reality in resource-poor settings that CKD
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Table 2 Multivariable logistic regression analysis results showing factors associated with presenting eGFR <60 and
<30 ml/min/1.73 m2

Risk factor MDRD eGFR <60 MDRD eGFR <30

Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Age ≥60 years 4.5 (2.0 10.5) <0.001 1.4 (0.8 2.5) 0.261

HIV 3.0 (1.5 5.9) 0.001 2.4 (1.3 4.2) 0.004

Hypertension 2.7 (1.4 5.0) 0.002 2.3 (1.3 4.2) 0.007

Rural 1.9 (1.1 3.4) 0.021 1.5 (0.9 2.4) 0.100

Diabetes 1.7 (0.8 3.3) 0.148 1.3 (0.7 2.2) 0.415

Male gender 1.2 (0.7 2.1) 0.493 1.0 (0.6 1.6) 0.998

Referral source 1.3 (0.9 1.8) 0.131 1.2 (0.9 1.5) 0.274
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under-recognition of diabetic CKD has been identified
as a barrier yet to be overcome in the global efforts
against CKD, with some surveys in the United States
putting patient awareness of their disease as low as 9.4%
in those with diabetic CKD [2]. Patients with suspected
glomerulonephritis (non-HIV) in our province tend to
be referred directly to the tertiary centre hence the low
prevalence in this study differs from previous reports of
glomerulonephritis as a common cause of CKD in sub-
Saharan Africa [1,5,27,29,31].
The proportion of patients that were overweight/

obese in this study (86.4% in females and 54.5% in
males) was substantially higher than the reported preva-
lence of 58.5% and 25.4% in black South African women
and men, respectively, in the general population [3]. Our
observations were similar to findings in the Soweto
study cited earlier, which reported that 86% of females
and 40.9% of males were overweight/obese using waist
circumference while prevalence was 83% and 75%,
respectively, when using a composite measure of waist
circumference combined with BMI [12]. Our study is
the first to report a high prevalence of dyslipidaemia
(39.1%) in South African CKD patients. The results are
in keeping with the prevalence of dyslipidaemia or
hypercholesterolaemia of 38.4% in sub-Saharan Africa
reported in a recent meta-analysis of 16 studies of high
cardiovascular-risk patients [32]. However, using total
cholesterol to evaluate dyslipidaemia, as in our clinic,
may underestimate the true burden since HDL, triglycer-
ides and apolipoproteins are the major abnormalities
found in CKD [33].

Study strengths and limitations
This study provides important insight into CKD and
CVD risk factors in this population that has not been
studied before. The results add to the much needed
CKD epidemiology data in South Africa in the absence
of RRT registry data and representative population stud-
ies. The study is subject to the inherent limitation of
a cross sectional design in which causal associations
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cannot be determined between CKD severity and the
various risk factors as the temporal sequence is un-
known. Selection bias may have potentially occurred
from preferential referral of advanced CKD patients over
those with earlier CKD and contributed to the small
sample size thus results may not reflect the true preva-
lence in northern KwaZulu-Natal. Another limitation is
the use of serum creatinine values without re-calibration
to the IDMS assay as this could have introduced bias in
calculating eGFR. Correction to the IDMS method sub-
stantially improves accuracy of MDRD-eGFR, especially
in CKD stages 1–3 although the impact of correction
was shown to be minimal at GFR <45 ml/min/1.73m2

[34]. We expect the bias from non-standardized creatin-
ine to be small in this study, as the median eGFR was
low. This will be eliminated in future studies as all la-
boratories nationally now use standardized serum cre-
atinine in calculating eGFR. The validity of MDRD
eGFR in HIV patients is uncertain thus using MDRD
eGFR in our HIV patients may be a potential limitation.
There are no validation studies in our population and
data from published validation studies in various popula-
tions are inconclusive on the equation that provides the
best GFR estimate. A recent systematic review of studies
that evaluated MDRD eGFR reported that the perform-
ance was similar in HIV-infected and HIV-negative pa-
tients [35]. The absence of renal histology, CD4 cell
count and antiretroviral (ARV) therapy data may also be
a limitation since these may be significant risk factors
for incident CKD as well as progression.

Study implications
The implications of our findings of advanced CKD in
the majority (>70%) of patients, in strong association
with HIV infection and hypertension, is that patients
presenting with these conditions should be screened for
CKD at initial presentation to primary healthcare practi-
tioners and regularly thereafter. The high HIV burden in
South Africa as well as the widespread national ARV
therapy roll-out program with the resultant improving
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patient survival means that HIV is likely to become a
significant contributor to the CKD burden. Further re-
search is needed to determine the public health impact
including resource requirements for CKD early detection
and management. The successful integration of HIV care
into the primary healthcare system nationally, even in
resource-poor settings, provides a promising model for
CKD as well, hence integration of CKD screening and
management into the existing HIV infrastructure needs
to be explored as a potentially feasible strategy in man-
aging CKD.

Conclusion
Our results provide evidence for the first time in South
Africa that diabetes and HIV are prevalent in CKD patients
at primary/regional level suggesting that both may be
emerging as significant causes of CKD in South Africans,
following hypertension. The high prevalence of advanced
CKD and other CVD risk factors in this cohort suggests
that increasingly complex patients are being managed at
lower healthcare levels in this region, a trend we expect to
be more widespread in the country because nephrology
services are available only in a few cities. This underscores
the need for dedicated CKD clinics with specialist outreach
support in resource-poor areas where options for upwards
referral and RRT are limited.
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Association of Kidney Function and Waist Circumference
with Uric Acid Levels in South Africans
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Alain Guy Honoré Assounga, MD, PhD,1 and Saraladevi Naicker, FRCP, PhD4

Abstract

Background: Recent evidence that hyperuricemia is associated with incident chronic kidney disease (CKD)
provides a potential therapeutic target for CKD that has not been explored in Africans. With hyperuricemia
and gout increasing globally, we sought to determine their prevalence in South Africans with varying kidney
function levels.
Methods: This was a cross-sectional study of ambulatory adult patients presenting at a General Internal
Medicine Outpatients Clinic between September 2012 and March 2014. Demographic, clinical, and laboratory
data collected were analyzed using STATA11. Odds ratios (ORs) and 95% confidence intervals were deter-
mined using multivariable logistic regression with bootstrapping.
Results: There were 225/261 (86.2%) black/Africans, 31/261 (11.9%) Indian South Africans, 3/261 (1.1%)
Caucasians, and 2/261 (<1%) mixed ancestry South Africans. Mean age was 51.3 – 14.5 years. Median (in-
terquartile range) estimated glomerular filtration rate (eGFR) was 71 (38) mL/min/1.73 m2 and 39.8% (104/261)
of patients had CKD. Hyperuricemia prevalence was 43.7% (114/261) and increased from 16.7% in patients
with eGFR ‡90 mL/min/1.73 m2 to 74.2% with eGFR <30 mL/min/1.73 m2 (P < 0.001). Gout prevalence was
5.4% (14/261), with equal distribution across eGFR categories (0.814). Factors independently associated with
hyperuricemia were eGFR <90 [ORs 3.24 (1.15–9.14), 7.28 (2.26–23.49), and 7.88 (1.95–31.82) for eGFR 60–
89.9, 30–60, and <30, respectively], albuminuria [2.32 (1.11–4.85)], and waist circumference [1.04 (1.01–1.06)
per 1 cm increase]. In univariate and multivariable analysis, gout was positively associated with male gender
and cardiovascular disease, while it was negatively associated with African ancestry, but none of these factors
remained significant after bootstrapping; ORs 6.65 (0.64–69.24), 4.14 (0.61–28.07), and 0.18 (0.01–2.21),
respectively.
Conclusion: Hyperuricemia prevalence was high, with CKD and waist circumference being the strongest
predictors. Gout was uncommon in black Africans. With population data lacking, screening high-risk indi-
viduals may provide insight into the burden of hyperuricemia and gout in South Africa.

Keywords: cardiovascular, chronic kidney disease, gout, hyperuricemia, South African, waist circumference

Background

Recent population studies have reported a significant
increase in the prevalence of hyperuricemia and gout

worldwide.1–6 This has been in parallel with a rising prev-
alence of obesity with other components of the metabolic
syndrome such as diabetes and hypertension.7 Other con-
tributing factors include medications that increase serum

uric acid levels, such as diuretics, low-dose aspirin, alcohol,
sugar-sweetened soft drinks, and other fructose consump-
tion. Hyperuricemia is associated with chronic kidney dis-
ease (CKD) and occurs in >50% of patients by the time of
dialysis initiation.8 Historically, this association between
hyperuricemia and CKD was not considered significant, but
there has been renewed interest following evidence that
hyperuricemia is associated with the development of CKD.8
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Earlier observational and population studies showed
that higher serum uric acid levels, even in the normal
range, were associated with impaired renal function.6,9,10

Subsequent longitudinal data have suggested that hyper-
uricemia may be a risk factor for incident CKD in indi-
viduals with normal kidney function and disease progression
in established CKD.8,11,12 Furthermore, urate-lowering
treatment may retard CKD progression.13 Thus, hyper-
uricemia provides a potential therapeutic target for pri-
mary and secondary prevention of CKD, which has not
been evaluated in South Africa. Prevalence of hyperuri-
cemia and gout is unknown in the South African popula-
tion as well as in high-risk individuals. In two studies of
healthy South African volunteers, African subjects were
found to have significantly lower serum uric acid levels
despite higher blood pressure levels compared with Cau-
casian subjects; however, gout was not evaluated.14, 15 The
aim of this study was to evaluate hyperuricemia preva-
lence as well as associated factors in ambulatory South
African patients.

Subjects and Methods

Data were collected for this cross-sectional study between
September 2012 and March 2014 at the General Internal
Medicine Outpatients’ Clinic at King Edward VIII Hospital,
an 800-bed public-sector hospital in Durban, South Africa.
The hospital predominantly serves black African patients,
reflecting the population demographics in our province that
consists of 86.9% black Africans, 7.5% Indian South Afri-
can, 4% white South Africans, and 1.3% colored/mixed
ancestry South Africans.16 The clinic provides care to adults
with various chronic diseases, predominantly hypertension,
diabetes, cardiovascular disease, respiratory diseases, and
human immunodeficiency virus (HIV). Clinic attendees
were invited to undergo screening for CKD, related risk
factors, and complications. Inclusion criteria were stable
ambulatory patients aged ‡18 years. We excluded patients
with an intercurrent illness, for example, infection, malig-
nancy, dialysis patients, and patients requiring in-hospital
care. All participants were enrolled following written in-
formed consent. Ethical approval was granted by the Uni-
versity of KwaZulu-Natal Biomedical Research Ethics
Committee (Protocol number: BE179/11).

Data collection

Data were collected during clinic consultations by the
principal investigator and research nurse. We documented the
following: (1) History: age, gender, lifestyle factors, prevalent
comorbid diseases, for example, hypertension, diabetes,
cardiovascular disease (carotid atherosclerosis, cerebro-
vascular, coronary artery and peripheral vascular disease),
HIV, and gout, and current medication; (2) Physical ex-
amination: including blood pressure, weight, height, and
waist circumference; (3) Investigations: blood samples
obtained for serum creatinine, urea, electrolytes, uric acid,
glucose, total cholesterol, serum triglycerides, and urine
specimens for urine albumin:creatinine ratio were ana-
lyzed at the King Edward VIII Hospital Laboratory, which
is part of the state-funded National Health Laboratory
Services (NHLS) network in South Africa.

Definitions

We defined CKD as the presence, for ‡3 months, of es-
timated glomerular filtration rate (eGFR) <60 mL/min/
1.73 m2 and/or albuminuria and/or abnormal kidney ultra-
sonography. We used the Modification of Diet in Renal
Disease (MDRD) eGFR formula.17 We omitted the African
American correction factor, as that was shown to improve
MDRD-eGFR accuracy in South Africans.18 Prevalent co-
morbid disease was based on self-reported prior diagnosis
with current medication and clinical records used for veri-
fication in all patients. Patients with elevated nonfasting
total cholesterol underwent repeated blood sampling fol-
lowing an overnight fast and were classified as dyslipidemic
if total cholesterol remained >5 mmol/L and/or serum tri-
glycerides >1.5 mmol/L. Hyperuricemia was defined by serum
uric acid level >0.36 mmol/L in females and >0.42 mmol/L in
males. Gout patients were all receiving allopurinol.

Statistical analysis

Data were analyzed using Intercooled Stata version 11
(TX). Continuous data are expressed as mean – standard
deviation and categorical data as proportions. Between-
group differences were evaluated using one-way analy-
sis of variance and chi-square test, respectively. Fisher’s
exact test was used where applicable. Non-normal data
were summarized using median (interquartile range) and
the Kruskal Wallis test used for between-group compari-
sons. Multivariable logistic regression analysis was per-
formed to assess factors associated with hyperuricemia and
gout, with results expressed as odds ratio with 95% con-
fidence interval [OR (95% CI)]. To further improve the
accuracy of the observed associations, models were boot-
strapped using 5000 resamples.

Results

In total, 283 patients met the inclusion criteria; 22 (7.8%)
were excluded for unavailable serum uric acid levels. Thus,
261 (92.2%) patients were analyzed and 161 (61.7%) were
females. Patients of African ancestry accounted for 86.2%
(225/261), in keeping with the provincial population profile.
The remaining 13.7% (36/261) patients comprised 31 Indian
South Africans, 3 Caucasian South Africans, and 2 colored/
mixed ancestry South Africans. Males had higher alcohol
consumption, serum uric acid, and serum creatinine levels,
as well as higher proportions with gout and albuminuria;
females had significantly more obesity (Table 1). Hyperur-
icemia was found in 114/261 (43.7%) patients and gout in
14/261 (5.4%). Nine of the 14 patients with gout were Af-
rican, while the other 5/14 patients consisted of Indian (3),
white (1), and 1 mixed ancestry patient; thus, gout frequency
in Africans was 4% (9/225). The prevalence of hyperuri-
cemia and hypertension increased significantly with wors-
ening renal function, while prevalence of diabetes, HIV, as
well as gout remained unchanged as they did not increase
significantly as renal function declined (Fig. 1). Of those
with hyperuricemia, 49 (43%) had normal renal function
(MDRD-eGFR ‡60 mL/min/1.73 m2). Table 2 shows patient
characteristics by MDRD-eGFR. Age, systolic blood pressure,
furosemide use, and serum uric acid increased significantly
with declining eGFR (P < 0.001). Hyperuricemic patients
were older, more likely to have history of hypertension, higher
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systolic and diastolic blood pressure, obesity, and worse renal
function compared with normouricemic patients (Table 3).

Results of the univariate and multivariable logistic re-
gression analysis for the odds of hyperuricemia are shown
in Table 4. Variables included in the models were as
follows: MDRD-eGFR, albuminuria, hypertension, aspirin
use, angiotensin-converting enzyme inhibitor and diuretic
use, waist circumference, dyslipidemia, age, alcohol con-
sumption, as well as gender. Factors independently associ-
ated with hyperuricemia were as follows: MDRD-eGFR,

albuminuria, and waist circumference, all of which re-
mained robust in subsequent bootstrap resampling. Fur-
thermore, the association with MDRD-eGFR occurred even
at higher eGFR levels (60 89.9 mL/min/1.73 m2). The as-
sociation with age and aspirin, angiotensin-converting en-
zyme inhibitor, and diuretic use and dyslipidemia observed
in univariate analysis was eliminated in the multivariable
logistic regression models. No association was seen with
alcohol consumption, gender, ethnicity, or diabetes.

Multivariable logistic regression analysis of determinants for
gout (without bootstrapping) showed positive independent as-
sociation with male gender [OR 6.65 (1.68 26.29), P = 0.007]
and cardiovascular disease [OR 4.14 (1.21 14.18), P = 0.024],
while African ancestry decreased the odds of gout [OR 0.18
(0.05 0.66), P = 0.01]; adjusted for gender, ethnicity, cardio-
vascular disease, dyslipidemia, and MDRD-eGFR. However,
all associations earlier noted with gout were eliminated in the
bootstrapped models; bootstrap-adjusted OR for male gender
[6.65 (0.64 69.24), P = 0.113], African ancestry [0.18 (0.01
2.21), P = 179], cardiovascular disease [4.14 (0.61 28.07),
P = 0.146], dyslipidemia [2.22 (0.30 16.29), P = 0.431], and
MDRD-eGFR [1.46 (0.39 5.45), P = 0.570].

Discussion

We observed a high prevalence of hyperuricemia (43.7%)
in this cohort characterized by a high cardiometabolic risk
profile, with hypertension in >70% and variable kidney

Table 1. Demographic, Clinical, and Laboratory Characteristics of Patients Studied

Parameters Total, n = 261 Males, n = 100 Females, n = 161 P

Demographics
Age (years) 51.3 – 14.5 51.5 – 15.4 51.1 – 14.0 0.871
African, n (%) 225 (86.2) 86 (86) 139 (86.3) 0.939

Lifestyle habits
Smoking, n (%) 13 (5) 7 (7) 6 (3.7) 0.237
Alcohol use, n (%) 33 (12.6) 27 (27) 6 (3.7) <0.001

Clinical and laboratory parameters
Hypertension, n (%) 191 (73.2) 73 (73) 118 (73.3) 0.959
Diabetes, n (%) 72 (27.6) 30 (30) 42 (26.1) 0.492

HIV, n (%) 47 (18) 14 (14) 33 (20.5) 0.184
Cardiovascular disease, n (%) 73 (28) 34 (34) 39 (24.2) 0.087
Dyslipidemia, n (%) 78 (29.9) 36 (36) 42 (26.1) 0.089
Gout, n (%) 14 (5.4) 11 (11) 3 (1.9) 0.001
Hyperuricemia, n (%) 114 (43.7) 49 (49) 65 (40.4) 0.172
Diuretic use, n (%) 170 (65.1) 61 (61) 109 (67.7) 0.269
ACE inhibitor use, n (%) 142 (54.4) 59 (59) 83 (51.6) 0.240
ARB use, n (%) 7 (2.7) 0 7 (4.4) 0.035
Waist circumference (cm) 100.2 – 14.7 97.2 – 13.6 102.1 – 15.2 0.011
Body mass index (kg/m2) 30.9 – 7.3 27.9 – 6.5 32.7 – 7.1 <0.001
Systolic blood pressure (mmHg) 127.3 – 21.5 127.8 – 21.3 127.0 – 21.7 0.784
Diastolic blood pressure (mmHg) 73.6 – 15.4 76.4 – 14.1 71.9 – 16.0 0.022
Total cholesterol (mM) 4.5 – 1.2 4.48 – 1.4 4.6 – 1.1 0.450
Serum triglycerides (mM)a 1.32 (0.89 2.06) 1.47 (0.93 2.28) 1.24 (0.88 1.90) 0.118
Uric acid (mM) 0.38 – 0.12 0.43 – 0.13 0.35 – 0.11 <0.001
Serum creatinine (mM)a 84 (68 110) 98 (81 131.5) 76 (62 98) <0.001
MDRD-eGFR (mL/min/1.73 m2)a 71 (51 89) 71 (51 91.5) 70 (51 88) 0.993
MDRD-eGFR <60, n (%) 98 (37.6) 35 (35) 63 (39.1) 0.503
Albuminuria, n (%) 118 (45.2) 56 (56) 62 (38.5) 0.006
CKD, n (%) 104 (39.8) 38 (38) 66 (41) 0.631

aNon normal data are expressed as median (25th 75th percentile values).
ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; CKD, chronic kidney disease; eGFR, estimated glomerular

filtration rate; MDRD, Modification of Diet in Renal Disease.

FIG. 1. Prevalence of hyperuricemia, gout, and comorbid
diseases according to estimated glomerular filtration rate cat-
egory. eGFR, estimated glomerular filtration rate; HIV, human
immunodeficiency virus; MDRD, Modification of Diet in
Renal Disease. eGFR, estimated glomerular filtration rate.
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function. Our data provide insight into the burden of hy-
peruricemia that is lacking in South Africans. This finding
is comparable to prevalence estimates in high-risk subjects
studied elsewhere. Some of the earliest studies reported
hyperuricemia in 25% 40% of hypertensive patients.19 A
recent study of Taiwanese hypertensive patients found
hyperuricemia in 43% of females and 35% of males.20 One
of the few published studies in sub-Saharan Africa reported
hyperuricemia in 25% of type II diabetes patients in Ni-
geria.21 Hyperuricemia prevalence in our study increased
with worsening kidney function; 74.2% of patients with
eGFR <30 mL/min/1.73 m2 compared with 16.7% in those
with eGFR ‡90 mL/min/1.73 m2. This is similar to the
prevalence of 79.1% and 72.3% with eGFR <30 mL/min/
1.73 m2 reported in the United States and China, respectively,
versus 11.2% in those with eGFR ‡90 mL/min/1.73 m2 in the
United States and 29.3% in Chinese participants with eGFR
‡60 mL/min/1.73 m2.6,22,23 Apart from CKD, hyperuricemia
is also associated with obesity and other components of the
metabolic syndrome.7 This was also evident in our study, as
odds of hyperuricemia increased by 3% (95% CI 1% 6%) for
every cm increase in waist circumference, but not with BMI,
emphasizing the greater association with central obesity ob-
served by others.21

The other major finding in this study was that of prevalent
hyperuricemia even with normal kidney function, with the
odds of hyperuricemia threefold greater in those with
MDRD-eGFR 60 89.9 mL/min/1.73 m2, after adjusting for
other risk factors. This raises the possible presence of other
determinants of serum uric acid such as high dietary intake
of protein, purines, and/or fructose, however, we did not
evaluate these. Hyperuricemia prevalence in high-risk pa-
tients is much higher than in the general population, based
on evidence from recent large studies.1,2,5,24–27 This could

explain the rising global prevalence of gout1–6 since hyper-
uricemia is a major risk factor for gout. There are no popu-
lation data on gout in South Africa. Hospital-based studies in
the 1990s suggested that gout was more common in Africans
than previously thought.28,29 Gout prevalence in the present
study (5.4%) was higher than the population prevalence of
4.3% in the United States, 2.5% in the United Kingdom, 0.9%
in Italy, and 2.1% in Taiwan.4–6,24 While this probably re-
flects the high-risk profile of our cohort, it is much lower than
in high-risk individuals in other studies and remained low
across CKD stages. In the U.S. studies cited above, gout
prevalence increased with declining GFR and reached 33% at
eGFR <30 mL/min/1.73 m2.6,22 The lower prevalence in our
study could reflect under-recognition. Another potential ex-
planation may be lower gout frequency in Africans compared
with other ethnic groups. The initial observation of lower
odds of gout with African ancestry in the present study did
not reach statistical significance in the 5000 bootstrap re-
samples. Nonetheless, the potential protective effect against
gout in Africans warrants further investigation, in view of the
lower uric acid levels found in black South Africans in the
studies cited earlier.14,15 However, we did not find an asso-
ciation between hyperuricemia and ethnicity in our study.

Strengths and limitations

The strength of this study is the heterogeneous study
population from a general internal medicine clinic rather
than a specialized endocrinology or nephrology clinic. This
is unique in presenting a wide spectrum of cardiometabolic
risk markers in the same cohort, such as central obesity, hy-
pertension, diabetes, and CKD. In the absence of population
studies in South Africa, our contribution is valuable because
hyperuricemia has not been studied to a significant degree

Table 2. Demographic, Clinical, and Laboratory Characteristics

by Glomerular Filtration Rate Category

Parameters
eGFR ‡90,

n = 65
eGFR 60 89.9,

n = 98
eGFR 30 59.9,

n = 67
eGFR <30,

n = 31 P

Age (years) 42.5 – 12.8 51.8 – 14.2 56.4 – 13.2 56.8 – 13.8 <0.001
Male, n (%) 27 (41.5) 38 (38.8) 19 (28.4) 16 (51.6) 0.143
African, n (%) 56 (86.2) 81 (82.7) 61 (91.0) 27 (87.1) 0.497
Alcohol use, n (%) 12 (18.5) 9 (9.2) 6 (9) 6 (19.4) 0.162
Cardiovascular disease, n (%) 13 (20.0) 29 (29.6) 22 (32.8) 9 (29.0) 0.394
Dyslipidemia, n (%) 18 (27.7) 25 (25.5) 19 (28.4) 16 (51.6) 0.044

Diuretic use, n (%) 31 (47.7) 65 (66.3) 50 (74.6) 24 (77.4) 0.004
Hydrochlorothiazide, n (%) 18 (27.7) 29 (29.6) 21 (31.3) 3 (9.7) 0.128
Furosemide, n (%) 13 (20.0) 37 (37.8) 29 (43.3) 22 (71.0) <0.001
Spironolactone, n (%) 1 (1.5) 7 (7.1) 8 (11.9) 2 (6.5) 0.134

ACE inhibitor use, n (%) 27 (41.5) 57 (58.2) 39 (58.2) 19 (61.3) 0.118
ARB use, n (%) 1 (1.5) 30 (3.1) 3 (4.5) 0 0.56
Waist circumference (cm) 97.8 – 16.1 101.3 – 13.6 102.9 – 15.9 95.8 – 11.1 0.069
Body mass index (kg/m2) 29.9 – 7.6 31.0 – 6.9 32.6 – 8.0 28.6 – 5.21 0.048
Systolic blood pressure (mmHg) 118.8 – 19.3 125.1 – 19.0 133.1 – 23.1 139.7 – 21.6 <0.001
Diastolic blood pressure (mmHg) 70.2 – 13.3 73.9 – 15.4 75.9 – 17.4 74.7 – 14.6 0.175
Total cholesterol (mM) 4.5 – 1.3 4.6 – 1.3 4.7 – 1.2 4.4 – 1.0 0.733
Serum triglycerides (mM)a 1.36 (0.84 2.27) 1.17 (0.84 1.85) 1.37 (1.05 2.09) 1.55 (1.03 2.26) 0.34
Uric acid (mM) 0.32 – 0.10 0.37 – 0.12 0.41 – 0.12 0.45 – 0.13 <0.001
Serum creatinine (mM)a 59 (54 72) 78 (70 90) 109 (94 127) 281 (212 631) <0.001
MDRD-eGFR (mL/min/1.73 m2)a 103 (96 115) 75 (69 81) 51 (43 55) 19 (8 25) <0.001
Albuminuria, n (%) 23 (35.4) 33 (33.7) 32 (47.8) 30 (96.8) <0.001

aNon normal data are expressed as median (25th 75th percentile values).
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Table 3. Differences Between Hyperuricemic and Normouricemic Patients

Parameters Hyperuricemic, n = 114 Normouricemic, n = 147 P

Age (years) 54.4 – 13.0 48.8 – 15.2 0.002
Male, n (%) 49 (43) 51 (34.7) 0.172
African, n (%) 98 (86) 127 (86.4) 0.920

Lifestyle habits
Smoking, n (%) 2 (1.8) 11 (7.5) 0.035
Alcohol use, n (%) 13 (11.4) 20 (13.6) 0.595

Clinical and laboratory parameters
Hypertension, n (%) 100 (87.7) 91 (61.9) <0.001
Diabetes, n (%) 37 (32.5) 35 (23.8) 0.121
HIV, n (%) 14 (12.3) 33 (22.5) 0.034

Cardiovascular disease, n (%) 39 (34.2) 34 (23.1) 0.048
Dyslipidemia, n (%) 45 (39.5) 33 (22.5) 0.003
Gout, n (%) 8 (7) 6 (4.1) 0.296

Diuretic use, n (%) 85 (74.6) 85 (57.8) 0.005
Hydrochlorothiazide, n (%) 26 (22.8) 45 (30.6) 0.160
Furosemide, n (%) 60 (52.6) 41 (27.9) <0.001
Spironolactone, n (%) 11 (9.7) 7 (4.8) 0.122

ACE inhibitor use, n (%) 73 (64) 69 (46.9) 0.006
ARB use, n (%) 5 (4.4) 2 (1.4) 0.133
Waist circumference (cm) 103.4 – 15.0 97.7 – 14.1 0.002
Body mass index (kg/m2) 31.9 – 7.2 30.0 – 7.2 0.037
Systolic blood pressure (mmHg) 133.8 – 21.9 122.3 – 19.9 <0.001
Diastolic blood pressure (mmHg) 76.8 – 16.7 71.1 – 14.0 0.003
Glucose (mM)a 5.7 (4.8 6.8) 5.2 (4.8 6.2) 0.04
Total cholesterol (mM) 4.6 – 1.2 4.5 – 1.2 0.565
Serum triglycerides (mM)a 1.50 (1.04 2.16) 1.19 (0.77 1.89) 0.004
Uric acid (mM) 0.49 – 0.1 0.30 – 0.1 <0.001
Serum creatinine (mM)a 100 (83 145) 75 (61 93) <0.001
MDRD-eGFR (mL/min/1.73 m2)a 56.5 (36 74) 80.4 (64 100) <0.001
MDRD-eGFR <60, n (%) 65 (57) 33 (22.5) <0.001
Albuminuria

Microalbuminuria, n (%) 29 (25.4) 34 (23.1) 0.665
Macroalbuminuria, n (%) 38 (33.3) 18 (12.2) <0.001

CKD, n (%) 67 (58.8) 37 (25.2) <0.001

aNon normal data are expressed as median (25th 75th percentile values).
HIV, human immunodeficiency virus.

Table 4. Univariate and Multivariable Logistic Regression Analysis

of Factors Associated with Hyperuricemia

Parameters Unadjusted OR (95% CI) P Adjusted ORc (95% CI) P Adjusted ORd (95% CI) P

MDRD-eGFRa

60 89.9 3.11 (1.45 6.68) 0.004 3.24 (1.36 7.72) 0.008 3.24 (1.15 9.14) 0.026
30 60 8.24 (3.65 18.65) <0.001 7.28 (2.83 18.77) <0.001 7.28 (2.26 23.49) 0.001
<30 14.11 (5.02 39.66) <0.001 7.88 (2.42 25.63) 0.001 7.88 (1.95 31.82) 0.004

Albuminuria 2.68 (1.62 4.44) <0.001 2.32 (1.22 4.39) 0.010 2.32 (1.11 4.85) 0.026
Hypertension 4.40 (2.30 8.43) <0.001 2.63 (0.99 6.98) 0.051 2.63 (0.86 8.05) 0.089
Low-dose aspirin 2.58 (1.53 4.35) <0.001 1.45 (0.74 2.87) 0.281 1.45 (0.69 3.07) 0.328
ACE inhibitor 2.01 (1.22 3.32) 0.006 1.20 (0.62 2.33) 0.587 1.20 (0.58 2.48) 0.619
Diuretic 2.14 (1.25 3.65) 0.005 0.84 (0.39 1.81) 0.656 0.84 (0.35 2.00) 0.693
Waist circumference 1.03 (1.01 1.05) 0.003 1.03 (1.01 1.06) 0.002 1.04 (1.01 1.06) 0.009
Dyslipidemia 2.06 (1.15 3.69) 0.015 1.38 (0.69 2.79) 0.364 1.38 (0.63 3.12) 0.433
Age groupb 1.78 (1.29 2.45) <0.001 0.95 (0.62 1.46) 0.802 0.83 (0.48 1.42) 0.492
Male gender 1.41 (0.85 2.35) 0.173 1.66 (0.84 3.25) 0.143 1.66 (0.71 3.84) 0.240
African ancestry 0.96 (0.48 1.96) 0.920 0.70 (0.30 1.62) 0.403 0.70 (0.27 1.80) 0.458
Alcohol 0.82 (0.39 1.72) 0.596 0.87 (0.33 2.33) 0.787 0.87 (0.25 3.06) 0.833

aMDRD eGFR ‡90.
bage <40 years.
cadjusted model before bootstrapping.
destimated from 5000 bootstrap samples.
OR, odds ratio.
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in South Africans, while published studies of gout largely
evaluated rheumatology clinic patients. Furthermore, all
patients were seen by one team comprising the principal
investigator and research nurse thus minimizing observer
bias. The major study limitation is its cross-sectional design
as causal relationships cannot be evaluated. Selection bias
is inevitable in such a hospital-based study, and thus, results
cannot be generalized to the South African population.
Nonetheless, screening high-risk individuals may be a cost-
effective strategy in the initial epidemiological studies in
resource-limited settings. A further major limitation is the
small size of our sample, which is evident in the wide con-
fidence intervals for both hyperuricemia and, even more so,
for gout. The small number of patients of non-African de-
scent (13% of the population) may be another limitation that
could explain the lack of association between hyperuricemia
and gout with ethnicity. The small number of those with gout
could also account for the lack of an increase in gout prev-
alence with worsening CKD in this study.

Conclusion

Hyperuricemia prevalence was high and significantly
associated with CKD as well as waist circumference in this
cohort, independent of other factors. This may suggest a
rising background population prevalence for hyperuricemia
as observed elsewhere. Unlike in other studies, gout prev-
alence was lower in our study, irrespective of eGFR level,
with suggestion of a negative association observed with
African ancestry, and thus, further investigation is required.
Where population data are lacking, as in South Africa,
screening of high-risk patients may provide valuable data on
the burden of hyperuricemia and gout to guide future re-
search into the potential role of uric acid and the need for
urate-lowering strategies.
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Abstract 

Background 

People of African descent in developed countries have been reported to have a high prevalence 

and earlier onset of chronic kidney disease (CKD) metabolic complications. Data are lacking in 

sub-Saharan Africa, with many patients with CKD complications unlikely to access specialized 

nephrology care due to the limited number of nephrologists. We sought to determine the 

prevalence and stage of occurrence of metabolic abnormalities in a cohort of South Africans. 

Methods 

We studied 283 stable ambulatory patients attending a General Internal Medicine clinic from 

September 2012 to March 2014, following informed consent. Data collected were analysed with 

Stata11. Logistic regression analysis was used to assess factors associated with various metabolic 

abnormalities and results expressed as odds ratios with 95% confidence interval. 

Results 

There were 117 females (62.5%) and 244 (86.2%) patients were black/African. Mean age was 

51.3 ± 14.5 years, median estimated glomerular filtration rate (eGFR) (25th-75th percentile) was 

71 (51-89) ml/min/1.73m2 and 43.8% had CKD. As eGFR declined from eGFR ≥90 

ml/min/1.73m2 to eGFR <30 ml/min/1.73m2, metabolic acidosis increased from 11.6% to 72.7%, 

anaemia prevalence increased from 2.9% to 69.7% and hyperphosphataemia from 10.1% to 

48.5% (p<0.001, respectively), while hypocalcaemia increased from 1.5% to 18.2% (p=0.003). 

Worsening CKD stage was the most significant factor associated with each abnormality. In 

addition, metabolic acidosis showed significant positive association with macroalbuminuria 

[5.05 (2.02-12.6), p≤0.001] and negative association with diuretic use (0.21 (0.08-0.54, p<0.01), 
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independent of eGFR, while an independent negative relationship was also observed between 

diuretic use and hypocalcaemia [0.14 (0.03-0.59), p<0.01]. 

Conclusion 

Severe metabolic abnormalities were prevalent across the GFR spectrum in this cohort of 

African patients, with some present at earlier stages of CKD. Greater efforts are needed for early 

screening and treatment of CKD-related abnormalities, especially in resource-limited settings 

since treatment of these disorders may retard CKD progression. 

Keywords: Acidosis, African, anaemia, chronic kidney disease, glomerular filtration rate, 

hyperphosphataemia, hypocalcaemia  
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Background 

The Kidney Disease Improving Global Outcomes (KDIGO) guidelines for the management of 

chronic kidney disease (CKD) provide specific evidence-based recommendations for managing 

various metabolic and endocrine complications associated with CKD such as anaemia, mineral 

metabolism disturbances as well as metabolic acidosis (1). These disorders are associated with a 

higher risk of CKD progression in pre-dialysis patients with poor renal outcomes (2-8). While 

there is conclusive evidence that anaemia correction improved outcomes (3), data on mineral 

metabolism disorders are less conclusive although observational studies have reported improved 

outcomes with various interventions (9). Correction of metabolic acidosis has also been shown to 

preserve renal function (10-12). In the South African public healthcare sector, optimal pre-

dialysis care and the specific treatment recommended for CKD-related metabolic complications 

are only available to a minority of patients. An example is that erythropoietin use is largely 

restricted to specialized nephrologist clinics in tertiary level academic hospitals with very limited 

availability outside of those, at a few regional level hospitals while oral sodium bicarbonate is 

unavailable countrywide. The challenges of CKD care in our setting reflect the limited number 

of nephrologists in South Africa, which was estimated at only 1.1 nephrologists per million 

population (pmp), and the fact that lack of resources has hampered programs for early detection 

and prevention of CKD (13). Thus, data are urgently needed to guide policies that inform 

allocation of scarce resources. Studies in the United States (US) found a high prevalence and 

earlier onset of metabolic abnormalities in blacks , suggesting the need for early screening in this 

group before estimated glomerular filtration rate (eGFR) is <60 ml/min/1.73m2 (14, 15). A 

European study also suggested an association between African ancestry and mineral metabolism 

disturbance (16). Our hypothesis was that black African patients in our setting manifest CKD-
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related metabolic abnormalities at higher eGFR levels than would be expected. Thus, our aim in 

this study was to determine the prevalence and stage of occurrence of various metabolic 

abnormalities in a cohort of patients, mostly of African ancestry. 

Methods 

Study design and setting 

This was a cross-sectional study from September 2012 to March 2014 at the General Internal 

Medicine outpatients’ clinic at King Edward VIII Hospital, a 900-bed public-sector regional 

hospital in Durban, South Africa. The clinic is run by Internal Medicine registrars (residents) 

under the supervision of consultant physicians (internists). It provides care to adult patients with 

chronic diseases, mainly hypertension, diabetes, cardiovascular disease, chronic respiratory 

diseases and HIV, mainly residing in urban and peri-urban Durban areas (Ethekwini Metro). 

Attendees are often self-referred or referred from primary healthcare facilities and require down-

referral back to primary healthcare facilities once deemed to be stable or for further diagnostic 

work-up followed by referral to various subspecialties, when appropriate.  

Participants 

All study participants were enrolled for screening for CKD and CKD-related complications 

following informed consent.  

Inclusion criteria were: stable ambulatory patients aged ≥18 years old.  

Exclusion criteria were: diagnosis with an intercurrent illness (e.g. infection), malignancy, 

dialysis-requiring patients and patients requiring in-hospital care.  
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Data collection 

Data collected during clinic consultations were: (i) History: age, gender, prevalent comorbid 

diseases such as hypertension, diabetes, HIV, current medication; (ii) Physical examination: 

including blood pressure, anthropometric measurements (weight, height and waist 

circumference); (iii) Investigations: blood samples were obtained for haemoglobin, serum 

creatinine, electrolytes, albumin, calcium and phosphate as well as urine specimens for urine 

albumin: creatinine ratio. All tests were performed onsite at the hospital laboratory, part of the 

network of the state-funded National Health Laboratory Services (NHLS) in South Africa.  

Definitions 

CKD was defined as presence, for ≥3 months, of: eGFR <60 ml/min/1.73m2 and/or dipstick 

proteinuria and/or abnormal kidney ultrasonography. We used the Modification of Diet in Renal 

Disease (MDRD) eGFR formula - isotope dilution mass spectrometry (IDMS) version (17) since 

the NHLS has adopted IDMS-traceable standardized serum creatinine nationwide. We omitted 

the African-American correction factor, as that was shown to improve its accuracy in South 

Africans (18, 19). Prevalent disease was based on self-reported history of prior diagnosis, with 

current medication and clinical records used for verification in all patients. Anaemia was defined 

as haemoglobin <11 g/dl using the KDIGO target level for treatment while local laboratory 

values were used for other abnormalities as recommended in the KDIGO guidelines (1). 

Metabolic acidosis was defined as serum bicarbonate ≤22 mmol/l, hyperphosphataemia as serum 

phosphate >1.42 mmol/l and hypocalcaemia as corrected calcium <2.15 mmol/l.  
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Statistical analysis 

Data were analysed using Intercooled Stata version 11 (Texas, USA). Continuous data were 

summarized as mean ± standard deviation or median (25th-75th percentile) for non-normal data 

and between-group differences evaluated using one way ANOVA or the Kruskal-Wallis test, 

respectively. Categorical data were expressed as proportions and the chi-square test used for 

between-group comparisons or Fischer’s exact test, where appropriate. Multivariable logistic 

regression analysis was performed to assess factors associated with each metabolic abnormality 

and results expressed as the odds ratio with 95% confidence interval [OR (95% CI)]. Statistical 

significance was considered as a two-tailed p<0.05.  

Results 

Of 307 patients screened, 283 met the inclusion criteria while 24 were excluded for intercurrent 

illness. Data were missing for serum albumin (3 patients), calcium and phosphate (6 patients, 

respectively). Overall, CKD was present in 124 (43.8%) patients, including 104 (36.8%) with 

eGFR <60 ml/min/1.73m2. Table 1 shows overall patient characteristics and distribution by 

eGFR level. Hypertension (73.1%) was the commonest comorbidity, followed by diabetes 

(27.9%) and HIV (19.8%). Other CKD risk factors were uncommon; 40 (14.1%) patients had 

glomerulonephritis (unrelated to HIV) and 7 (2.5%) had tubulointerstitial disease. The 

commonest diuretic used was furosemide in 111/186 (59.9%) of patients. Only 29 (10.2%) 

patients were on calcium supplements and/or vitamin D and/or phosphate binders; 7 (2.5%) 

patients were taking iron supplements and none were receiving erythropoietin or alkali therapy. 

Figure 1 shows that serum bicarbonate and haemoglobin levels decreased significantly once 

eGFR was <45 ml/min/1.73m2 while serum phosphate levels increased (p<0.001, respectively); 

serum calcium levels were constant (p=407). Prevalent abnormalities were metabolic acidosis 
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(20.5%), anaemia (19.1%), hyperphosphataemia (13.8%) and hypocalcaemia (5%), with no 

differences seen with age (Figure 2). Prevalence of each abnormality increased significantly with 

declining eGFR (Figure 3), with metabolic acidosis and hyperphosphataemia present in 11.6% 

and 10.1%, respectively, of patients with eGFR levels ≥90 ml/min/1.73m2. Multivariable logistic 

regression models showed significant increase in all abnormalities with worsening CKD (Table 

2). Furthermore, metabolic acidosis was strongly associated with macroalbuminuria and diuretic 

use. Diuretic use was also independently associated with lower odds of hypocalcaemia. 

Discussion 

We observed a high prevalence of CKD-related metabolic abnormalities, which has not been 

documented previously in sub-Saharan Africa. Metabolic acidosis and hyperphosphataemia were 

prevalent even at higher eGFR levels; present in ≥10% of patients with eGFR ≥90 

ml/min/1.73m2. The lack of similar studies in Africa hampers appropriate comparison of our 

findings. Population studies as well as observational studies of selected CKD patients in 

developed countries estimate that the prevalence of metabolic acidosis and hyperphosphataemia 

in participants with normal kidney function is 1-9% and 1-7%, respectively (20-24). The higher 

proportions in this cohort (almost 90% black African), suggest a propensity to develop CKD-

related abnormalities earlier. African descendants in the US and Europe were found to have 

higher prevalence as well as earlier onset of CKD-related abnormalities, mainly 

hyperparathyroidism, vitamin D deficiency and hyperphosphataemia (14, 15, 25). Our 

observations support this, suggesting that the association of African ancestry with CKD-related 

abnormalities is not limited to Africans in the diaspora. Hyperparathyroidism was not evaluated 

in this study however, it could underlie our findings since metabolic acidosis is associated with 
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hyperparathyroidism in early CKD (26). Also, parathyroid hormone is involved in phosphate 

homeostasis early in the course of CKD. However, changes in serum bicarbonate and phosphate 

levels typically occur when GFR is ≤40 ml/min/1.73m2 (20, 22). Factors other than race could 

also explain our findings as the association of black race with elevated phosphate levels has been 

inconsistent, with some studies finding no relationship between phosphate levels and black race 

despite the observed positive association with hyperparathyroidism (25, 26). Lower 

socioeconomic status is one such factor since the study was performed in a public-sector 

hospital, serving mainly lower socioeconomic patients; however, socioeconomic data were not 

evaluated. Recent US studies have reported strong association between lower socioeconomic 

status and hyperphosphataemia, irrespective of race (27, 28).  

We found a graded increase in the prevalence of abnormalities with declining eGFR (Figure 3) 

as observed by others (22, 23, 29, 30). In the cross-sectional analysis of the NephroTest cohort 

baseline data in France (n = 1038), as GFR fell to <20 ml/min/1.73m2, prevalence of metabolic 

acidosis, anaemia and hyperphosphataemia increased to 39%, 41% and 30%, respectively (22). 

In the more recent BELFRAIL cohort in Belgium (n = 567), anaemia prevalence was 39% and 

hyperphosphataemia 23%, when eGFR was <30 ml/min/1.73m2 (30). US population data 

showed similar estimates when eGFR was <30 ml/min/1.73m2; metabolic acidosis, anaemia and 

hyperphosphataemia increased to 36.3%, 41.5% and 27.5%, respectively (24). These proportions 

were substantially higher in the patient cohort in the present study (72.7%, 69.7% and 48.5%, 

respectively) but fewer patients in the highest eGFR groups had anaemia (3% and 12% with 

eGFR ≥90 and 60-89.9, respectively). Anaemia prevalence in early CKD (stages 1-2) was higher 

(6.2-15.3%) in other studies (24, 29-31). Use of lower haemoglobin cut-off values and the 
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younger age of our study population might account for this discrepancy. Findings in advanced 

CKD patients in the present study possibly reflect the lack of treatment of these disorders but 

could also suggest greater severity in this cohort. It is noteworthy that even where treatment is 

available, suboptimal management of anaemia and mineral metabolism disturbances has been 

reported in non-dialysis CKD patients even at academic tertiary nephrology clinics (32-35).  

An unexpected finding was the significant independent association of metabolic acidosis with 

macroalbuminuria. This is contrary to recent studies that found no association between 

albuminuria and metabolic acidosis (29) or a weak association that was inconsistent within eGFR 

strata (24). This finding could possibly reflect albuminuria-induced proximal tubular damage and 

occult systemic inflammation, both of which may be associated with metabolic acidosis (23, 29). 

Further research is needed into the unexpected association between albuminuria and acidosis in 

our population. The observed negative association of metabolic acidosis and hypocalcaemia with 

diuretic use is in keeping with the effects of furosemide, the commonest diuretic in this cohort. 

This study also confirmed the significance of hypertension, diabetes and HIV as the three 

commonest CKD risk factors in urban patients as in our previous study at an outreach clinic (36).  

Strengths and limitations 

The major strengths of this study are the inclusion of participants with a wide range of kidney 

function, including those with high eGFR levels and the concurrent evaluation of several CKD-

related metabolic abnormalities. Using a single centre study, including the same laboratory for 

all participants was another strength as information bias was minimized. Limitations include the 

small sample size, with very few patients in the lowest eGFR group. Selection bias as a result of 
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studying patients at a single centre is another limitation as well as the inability to show causal 

relationships owing to the cross-sectional design. 

Conclusion 

CKD-related metabolic abnormalities were common and were observed earlier than expected in 

this cohort, implying that restricting screening and treatment of these abnormalities to 

specialized centres in South Africa may not be appropriate. Thus, screening and CKD tertiary 

prevention strategies need to be extended beyond these centres, especially in our resource-

limited setting because treating these abnormalities may retard progression of CKD. 
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Figures 

Figure 1. Median values for bicarbonate, haemoglobin, calcium and phosphate according 
to estimated glomerular filtration rate 

Figure 2. Prevalence of metabolic abnormalities and distribution by age group 

Figure 3. Prevalence of metabolic abnormalities by estimated glomerular filtration rate 
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Table 1. Patient characteristics and distribution by estimated glomerular filtration rate 
Parameter Overall 

(n = 283) 
eGFR >90 
(n = 69) 

eGFR 60-89.9 
(n = 110) 

eGFR <60 
(n = 104) 

p-value

Age (years) 51.3 ± 14.5 42.8 ± 12.9 51.9 ± 13.9 56.5 ± 13.6 <0.001 
Female (%) 62.5 59.4 62.7 64.4 0.80 
African (%) 86.2 85.5 82.7 90.4 0.25 
Comorbidities 

Hypertension (%) 73.1 53.6 72.7 86.5 <0.001 
Diabetes (%) 27.9 23.2 22.7 36.5 0.05 
HIV (%) 19.8 20.3 22.7 16.4 0.51 
Other CKD risk factors (%) 16.6 8.7 17.3 21.2 0.09 

Diuretics (%) 65.7 47.8 67.3 76 0.001 
#ACE inhibitors/ARBs (%) 56.9 42 60.9 62.5 0.02 
Calcium channel blockers (%) 31.1 11.6 28.2 47.1 <0.001 
Waist circumference (cm) 100.1 ± 14.9 98 ± 15.7 101 ± 14.6 100.5 ± 14.7 0.45 
Body mass index (kg/m2) 30.8 ± 7.4 30.2 ± 7.5 30.8 ± 7.3 31.1 ± 7.4 0.70 
Systolic BP (mmHg)  127.2 ± 21.7 119.7 ± 19.9 124 ± 19.1 135.6 ± 22.7 <0.001 
Diastolic BP (mmHg) 73.7 ± 15.3 70.9 ± 13.6 73.8 ± 15  75.3 ± 16.5 0.18 
*Serum creatinine (µmol/l) 84 (68-110) 59 (54-72) 77.5 (59- 89) 126 (99- 211) <0.001 
*MDRD-eGFR (ml/min/1.73m2) 71 (51-89) 103 (97-113) 75 (69- 81) 43.5 (25.5-53) <0.001 
*CKD-EPI-eGFR (ml/min/1.73m2) 78 (55-98) 111 (102-118) 83 (76-90) 47 (26.5-57) <0.001 
Macroalbuminuria (%) 20.9 10.1 11.8 37.5 <0.001 

#Includes 7 patients on ARBs, *Median (25th-75th percentile). eGFR, estimated glomerular filtration rate; CKD, chronic kidney 
disease; ACE, angiotensin converting enzyme; ARBs, angiotensin receptor blockers; BP, blood pressure; MDRD, Modification of 
Diet in Renal Disease; CKD-EPI, Chronic Kidney Disease in Epidemiology.  
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Table 2. Multivariable logistic regression models showing adjusted odds ratios (95% confidence intervals) for each metabolic 
abnormality 
Parameter Metabolic acidosis Anaemia Hyperphosphataemia Hypocalcaemia 

Age 0.99 (0.96-1.02) 1.0 (0.97-1.04) 0.98 (0.95-1.01) 0.96 (0.91-1.01) 

Male gender 0.90 (0.41-1.99) 0.54 (0.22-1.30) 0.48 (0.20-1.16) 0.60 (0.16-2.23) 

Hypertension 1.34 (0.43-4.12) 2.54 (0.70-9.25) 1.41 (0.39-5.09) 7.37 (0.86-62.54) 

Diabetes 1.25 (0.56-2.77) 1.10 (0.48-2.52) 0.66 (0.26-1.70) 0.21 (0.03-1.43) 

HIV 1.59 (0.49-5.23) 2.97 (0.88-9.98) 0.42 (0.10-1.66) 1.02 (0.14-7.40) 

Glomerulonephritis 1.57 (0.47-5.18) 1.06 (0.30-3.78) 2.79 (0.75-10.36) 1.77 (0.23-13.91) 

Tubulointerstitial disease 0.76 (0.13-4.57) 1.70 (0.35-8.34) 0.30 (0.03-3.01) 1.55 (0.11-20.98) 

Diuretic use 0.21 (0.08-0.54)* 0.82 (0.31-2.17) 1.21 (0.44-3.32) 0.14 (0.03-0.59)* 

ACE inhibitor use 1.06 (0.45-2.48) 0.63 (0.28-1.41) 1.10 (0.46-2.64) 2.47 (0.52-11.84) 

Waist circumference 0.99 (0.94-1.03) 0.99 (0.94-1.04) 1.02 (0.99-1.07)   1.04 (0.95-1.14) 

Body mass index 0.99 (0.90-1.10) 1.04 (0.94-1.14) 0.90 (0.81-1.01) 0.88 (0.72-1.06) 

Macroalbuminuria 5.05 (2.02-12.6)** 2.02 (0.83-4.93) 0.95 (0.36-2.48) 3.06 (0.62-15.12) 

Worsening CKD stage 1.92 (1.40-2.61)** 2.41 (1.74-3.35)** 2.09 (1.48-2.93)** 1.86 (1.09-3.18)^ 

Significant relationships are highlighted in bold text; **p≤0.001, *p<0.01, ^p<0.05. ACE, angiotensin converting enzyme; CKD, 
chronic kidney disease.  
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Figure 1. Median values for bicarbonate, haemoglobin, calcium and phosphate according 
to estimated glomerular filtration rate 

*p<0.001; eGFR, estimated glomerular filtration rate.
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Abstract 

Background 

Protein energy wasting (PEW) is a significant contributor to adverse outcomes in chronic kidney 

disease (CKD), which is under-recognized in Africa. Markers of PEW include changes in body 

composition and biochemical parameters. We analysed the relationship of body composition and 

glomerular filtration rate (GFR) in non-dialysis CKD patients. 

Methods 

This cross-sectional study assessed body composition using weight-based anthropometry and 

dual X-ray absorptiometry in 70 adults with GFR ≥60 and <60 ml/min/1.73m2. Measured GFR 

(mGFR) with technicium-99m-diethylenetriaminepentaacetic acid was performed. We evaluated 

lean and fat mass correlation with other variables and determined associated factors using linear 

regression models.  

Results 

Body mass index decreased significantly and waist-to-height ratio marginally with mGFR. 

Whole body and regional lean as well as fat mass decreased with mGFR; with strong correlation 

observed in males (r≥0.5, p≤0.02 for lean and fat mass with mGFR). Lean mass in males was 

associated with HIV, serum albumin, haemoglobin and mGFR in the univariate analysis while 

serum albumin remained a significant independent factor on multivariate analysis (standardized 

-coefficient 0.43, p=0.03). Fat mass was associated with HIV, haemoglobin and mGFR in 

males; association with mGFR persisted in the adjusted model (standardized -coefficient 0.63, 

P=0.04). In females, fat mass was associated with age and serum bicarbonate and age remained a 

significant independent factor (standardized -coefficient 0.49, p=0.005) on multivariable 

analysis.  

Conclusion 

Males showed greater lean and fat mass loss at lower mGFR than females. Nutritional 

surveillance and intervention might be needed in males as early as stage 3b CKD in our patients. 

Keywords: African, body composition, chronic kidney disease, fat mass, lean mass, 

glomerular filtration rate   
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Background 

Protein energy wasting (PEW), characterized by loss of body protein and fat, is a major risk 

factor for poor outcomes in chronic kidney disease (CKD) (1, 2). The prevalence of PEW in 

dialysis patients is 18-75% (3). Data for earlier CKD stages are fewer but suggest that PEW 

might start early in CKD. A cross-sectional study of participants in the Modification of Diet in 

Renal Disease (MDRD) study found that protein energy nutritional status declined progressively 

with decreasing glomerular filtration rate (GFR) (4). More recent studies have reported PEW in 

18-25% of patients with early to moderate CKD (5). Methods used for diagnosis of PEW in 

patients include evaluation of body mass and composition, using weight-based anthropometric 

measures, skin and muscle anthropometric measures, total body elements as well as imaging, 

energy-beam or electrical current methods (5). Anthropometry, bioelectrical impedance analysis 

and dual X-ray absorptiometry (DEXA) are body composition analysis techniques that are 

readily applicable in clinical settings as gold standard methods are not practical for routine use, 

with DEXA shown to have high accuracy and precision (6). Prevalence data on PEW in non-

dialysis CKD are lacking in South Africa. A study in Durban (South Africa) in the late 1990s 

found that protein malnutrition was highly prevalent in patients receiving continuous ambulatory 

peritoneal dialysis (CAPD), reported in 76.2% of patients and males as well as younger patients 

had the greatest risk, while inadequate dietary protein intake was the most important factor (7). 

Studies in healthy volunteers showed that black/indigenous South Africans had lower dietary 

protein intake than Americans and Caucasian South Africans (8). These data suggest a higher 

risk for PEW in the local South African population, with prevalence of PEW and/or its markers 

likely to be high in earlier CKD stages. Thus, we sought to investigate this hypothesis by 

evaluating body composition and its relationship to GFR in non-dialysis CKD patients.  

 

Methods 

Patients and setting 

We recruited participants in a screening study for CKD and related metabolic abnormalities at 

the outpatient clinic at King Edward VIII Hospital, a public-sector hospital in Durban. Eligible 

patients were adults, aged ≥18 years old and with stages 3-5 CKD, using estimated GFR (eGFR). 

GFR estimation was based on the MDRD equation (9) using standardized serum creatinine, 
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which is reported routinely by the state-funded National Health Laboratory Services in South 

Africa. Of 104 prevalent CKD patients that were eligible to participate, 70 patients who were 

able to undergo radioisotope GFR as well as DEXA within 2-4 weeks of the initial screening 

were included in this cross-sectional study. Unstable patients with an intercurrent infection 

and/or malignancy as well as those requiring dialysis or hospitalization were excluded. The study 

was approved by the Biomedical Research Ethics Committee of the University of KwaZulu-

Natal and written informed consent was obtained from all participants. 

 

Demographic, clinical and laboratory data 

Age, gender, ethnicity, prevalent comorbidities and blood pressure were documented. Laboratory 

tests done were: serum creatinine, urea, electrolytes, serum albumin, total cholesterol, serum 

triglycerides and C-reactive protein. 

 

Anthropometry  

Measurements were taken for body weight (kg), height (cm) and waist circumference (cm). Body 

mass index (BMI) was calculated as weight/height2 (kg/m2) and waist-to-height ratio (WHtR) 

determined as waist (cm)/height (cm).  

 

Body composition data by DEXA  

Scans were performed using a total body scanner (QDR-200 Hilogic, Waltham, MA) generating 

X-rays at two energy levels (40 and 70 kVp). Participants were asked to lie down on the device 

and a series of transverse scans made from head to toe at 1 cm intervals. Standard 

compartmentalization of the body was done, allowing analysis of whole body, as well as regional 

(trunk and limbs) lean and fat mass with bone mineral content. Percent body fat (%fat) was 

derived using computer algorithms provided by the manufacturer. 

 

Renal function measurement 

Radioisotope measured GFR (mGFR) was obtained following intravenous injection of 100 µCi 

of technicium-99m-diethylenetriaminepentaacetic acid (99mTc-DTPA) according to a standard 

protocol at the Medical Physics Department at our hospital.  
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Definitions: 

We defined CKD as the presence, for 3 months, of estimated glomerular filtration rate (eGFR) 

<60 ml/min/1.73m2 and/or albuminuria (≥3 mg/mmol) and/or structural kidney abnormalities on 

ultrasonography  according to the Kidney Disease Improving Global Outcomes (KDIGO) 

Guidelines (10). Hypertension was defined as ambulatory SBP > 140 and/or DBP > 90 (11) 

and/or current use of antihypertensive medication. Diabetes was defined as random blood sugar 

≥11.1 mmol/l and/or glycated haemoglobin A1c ≥6.0% (12) and/or use of antidiabetic treatment. 

Glomerulonephritis was based on histological diagnosis. A positive HIV test and/or use of 

antiretroviral treatment were taken as evidence for HIV infection. Hypoalbuminaemia was 

defined as serum albumin <35 g/l, using the cut-off value at our hospital laboratory that is also 

used in KDIGO Guidelines (10) and serum albumin <38 g/l as in PEW criteria (2).  

 

Statistical analysis 

Data were analysed using Intercooled Stata version 11 (Texas, USA). Categorical data were 

expressed as proportions and Fisher’s exact test was used for between-group comparisons. 

Continuous data were summarized as mean ± standard deviation or median (25th-75th percentile) 

with between-group differences evaluated using the t-test or Mann-Whitney test, respectively 

and where applicable, 2-factorial multivariate analysis of variance (MANOVA) was employed. 

Pearson’s correlation coefficients were used to assess the correlation between DEXA 

measurements and other variables. Multivariate linear regression analysis was performed to 

assess factors associated with lean and fat mass. Covariates were included in the multivariate 

model when significant on univariate analysis. Non-normal variables were log transformed and 

the log included as the dependent variable. Statistical significance was considered as P<0.05.  

 

Results 

Patient characteristics 

Measured GFR was <60 ml/min/1.73 m2 in 70.2% of patients (68.4% of males and 70.8% of 

females). Comorbid diseases included hypertension (90%) of patients, cardiovascular disease 

(CVD) (37.1%), diabetes (32.7%), non-HIV glomerulonephritis (11.4%), HIV (10%) and 

tubulointerstitial diseases (4.3%); all with similar gender distribution. Table 1 shows the patient 

characteristics. Obesity was common overall, BMI ≥30 kg/m2 in 31 (44.3%) patients, however 
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females had higher BMI, WHtR and body fat. BMI was <23 kg/m2 in 9 patients (5 males) and 

none had <10% body fat. BMI decreased significantly and WHtR marginally with mGFR. Whole 

body as well as regional lean and fat mass were lower in those with mGFR <60 ml/min/1.73 m2, 

particularly in males, with significant interaction found between male gender and mGFR. Using 

serum albumin <35 g/l, 20 (28.6%) patients had hypoalbuminaemia, which increased to 41 

(58.6%) patients when the level of <38 g/l was used; with no gender difference. The lower limb 

lean mass seen with lower mGFR in males was significant in the legs (Figure 1), while fat mass 

was lower in the arms (Figure 2). There were no differences in lean and fat mass with mGFR in 

females. 

 

Relationship between body composition by DEXA and other study variables in the whole cohort 

Table 2 shows the correlation matrix of body composition measures by DEXA with other study 

variables. Whole body and regional lean mass correlated with anthropometry (r=0.3 to r=0.9, 

p<0.001 for all), serum albumin (r=0.3, p=0.01 to p=0.006), haemoglobin (r≥0.3, p=0.001 to 

p=0.007) and total cholesterol (r=-0.3, p=0.03). Whole body as well as regional fat mass and 

%fat correlated positively with age (r≥0.3, p≤0.01), anthropometry (r≥0.7, p<0.001 for whole as 

well as regional body fat with BMI and WHtR) and serum bicarbonate (r=0.3, p≤0.01); similar 

correlation of haemoglobin with trunk fat was also observed. Neither lean nor fat mass correlated 

with mGFR and CRP while fat mass correlated weakly with serum creatinine. 

 

Correlation and multivariate regression analyses in males and females 

When males and females were analysed separately (data not shown), whole body and regional 

lean as well as fat mass in males correlated strongly with mGFR (all r≥0.5, p≤0.02) and 

haemoglobin (r≥0.6, p=0.01 to p=0.007, respectively). In females, there was positive correlation 

of whole body as well as regional fat mass with age (r≥0.3, p=0.02 to p=0.003, respectively) and 

with serum bicarbonate (r≥0.3, p=0.02 to p=0.003, respectively). In univariate analyses, HIV 

infection, serum albumin, haemoglobin and mGFR were significantly associated with lean mass 

in males (Table 3). Serum albumin remained a significant factor after adjusting for other 

significant variables. None of the variables analysed were associated with lean body mass in 

females. Factors associated with whole body fat mass on univariate analysis were age and serum 

bicarbonate in females while HIV infection, haemoglobin as well as mGFR were significant 
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factors in males (Table 4). Age remained significant in females after adjusting for other 

significant variables while in males there was borderline association of whole body fat with 

mGFR (P=0.04). 

 

Discussion 

We evaluated body composition in a cohort of non-dialysis CKD patients. The major finding was 

that males had significantly lower whole body lean and fat mass with lower mGFR, involving 

trunk more than limb lean mass, which was not found in females. Our results support the gender 

difference observed in previous local CAPD studies of greater risk for malnutrition in males (7). 

These results are significant because mean mGFR in males with mGFR <60 ml/min/1.73 m2 was 

36.3 ± 9.1 ml/min/1.73 m2, suggesting that significant loss of lean and fat mass might begin in 

stage 3b CKD in males in our setting. This is the first report of such observations in non-dialysis 

CKD patients in Africa. The association of male gender with lean mass loss has not been 

consistently reported. Males in the cross-sectional MDRD study had lower lean mass at lower 

GFR levels but not females (4). A more recent longitudinal study also found lean mass loss with 

worsening GFR in males that was not seen in females (13). In contrast, lean mass depletion was 

greater in female non-dialysis CKD patients in the cross-sectional study by Woodrow et al.; also 

of note is that there was greater limb than trunk lean tissue wasting in that study (14). Thus, the 

finding of significantly lower trunk than limb lean mass in the present study differs and needs 

further evaluation. Females were also more likely to have PEW in a recent study of non-dialysis 

CKD patients in Brazil (15). Loss of lean mass and fat mass are among key indicators of PEW, 

particularly if shown over time (3-6 months) on repeated evaluation (2). Dietary intake is one of 

the PEW components that we did not evaluate, which we would expect to show low protein 

intake based on published data. Surrogates of nutritional status assessed were serum albumin and 

total cholesterol, which are both included in PEW criteria (2). Significant positive correlation of 

serum albumin with whole body and regional lean mass as well as the robust association of lower 

lean mass with lower serum albumin in the adjusted model could further imply greater nutritional 

risk in males. However, positive correlation of lean mass with total cholesterol would then have 

been expected whereas the observed inverse correlation and lack of significant association in the 

multivariate regression model are not in keeping. Reports of the relationship of serum albumin to 

lean mass are conflicting as some showed positive correlation (16) whereas others found none 
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(17, 18). While lean mass in males in this study was also associated with HIV, haemoglobin and 

mGFR on univariate analysis, these associations were eliminated in the adjusted model, which is 

most likely because the covariates are associated with kidney function. Lack of association of 

lean mass with serum bicarbonate and CRP were unexpected findings, since there is conclusive 

evidence linking lean mass loss with metabolic acidosis and inflammation. Both are prevalent in 

CKD with metabolic acidosis present in 1-40% (19-22) and inflammation in 30-60% of non-

dialysis CKD patients (1, 19, 23); their role as mediators of muscle protein catabolism leading to 

muscle wasting has been discussed in recent reviews (3, 24, 25). Lack of association of lean 

mass with serum bicarbonate in our study probably reflects the normal serum bicarbonate levels 

(mean 23.9 ± 3.8 mmol/l), while absence of an association with CRP could relate to the 

predominance of black/African subjects (>90%). Data on racial differences on the effect of 

inflammation are emerging, with inflammation shown to mediate the relationship between lean 

mass loss and kidney function in white but not in black males (13). Similarly, African ancestry 

was recently shown to modify the relationship between inflammation and fat mass, with stronger 

association observed in Caucasian compared to African Americans (26). Other potential 

explanations for the absence of a relationship between CRP and lean or fat mass in our cohort 

could be the high prevalence of inflammation (CRP ≥5 mg/l in 55.7% of patients) and obesity, 

which might also explain the prevalence of hypoalbuminaemia. Adipose tissue is well-

established as a source of proinflammatory mediators, thus obesity and fat mass have been 

associated with inflammation in patients with various stages of CKD in addition to inflammation 

that occurs with CKD (26-28). Correlation of CRP with mGFR has also been inconsistent, with 

some reporting no correlation (29) as in the current study, while others found an inverse 

association (30, 31).  

 

The major strength of this study is use of 99mTc-DTPA mGFR because a suitable eGFR equation 

for sub-Saharan Africans has not yet been developed and available equations have shown poor 

predictive performance (32, 33). Our results must be interpreted in the context of the major 

limitations of this study. Firstly, the cross-sectional design precludes any causal relationship 

from observed associations and limits the extent to which body composition findings can be 

interpreted as PEW markers. The sample size was small and based largely on convenience since 

both 99mTc-DTPA mGFR and DEXA were not required for patient care, thus the study may not 
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have been sufficiently powered to show significant associations. Lastly, use of a single 

inflammatory marker may also be a potential limitation; however, CRP is a well-established and 

the best studied inflammatory marker (34).   

 

Conclusion 

We conclude that male CKD patients might have greater whole body and lean as well as fat mass 

loss at lower mGFR than females in this study population, which may be observed from as early 

as stage 3b CKD. Implications are that nutritional surveillance and intervention might be needed 

early in the course of CKD in males, requiring training of primary care practitioners since CKD 

is largely managed by non-nephrologists in our setting, as in others with limited resources. 

Further research is needed to assess longitudinal body composition changes as well as dietary 

and socioeconomic factors.  
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Table 1. Overall patient characteristics with distribution by gender and measured glomerular filtration level. 

Parameter 

Total Females (n=48) Males (n=22) Gender 
versus 
mGFR 

p-value 
 
 
n=70 

mGFR≥60  
ml/min/1.73 m2 
n=14 

mGFR<60  
ml/min/1.73 m2 
n=34 

mGFR≥60  
ml/min/1.73 m2 
n=9 

mGFR<60  
ml/min/1.73 m2 
n=13 

Demographic data     
Age (years) 57.9 ± 13.2 57.0 ± 13.5 58.2 ± 13.2 57.0 ± 14.0 56.8 ± 14.1 NS 0.97 
African, n(%) 64 (91.4) 12 (85.7) 33 (97.1) 7 (77.8) 12 (92.3) NS 0.26 
Body composition data     
BMI (kg/m2) 30.4 ± 6.9 33.4 ± 7.2 31.1 ± 6.8 30.9 ± 7.2 25.0 ± 3.2 NS 0.01 
aWaist-to-height ratio 0.61 ± 0.09 0.65 ± 0.09 0.62 ± 0.09 0.61 ± 0.10 0.55 ± 0.04 NS 0.04 
aWaist circumference (cm) 99.3 ± 13.6 103.4 ± 14.1 99.0 ± 14.7 103.0 ± 13.2 93.0 ± 8.5 NS 0.20 
Whole body lean mass (kg) 46.4 ± 8.0 44.8 ± 7.7 43.7 ± 6.1 56.8 ± 9.0 48.1 ± 6.5 A*AxB# <0.001 
Whole body LBMI (kg/m2) 17.5 ± 2.6 17.6 ± 2.6 17.0 ± 2.2 19.7 ± 3.5 17.0 ± 1.8 A# 0.03 
Whole body fat mass (kg) 33.6 ± 13.1 40.8 ± 14.3 35.8 ± 12.3 30.2 ± 12.4 22.6 ± 5.9 A# 0.001 
Whole body FBMI (kg/m2) 12.8 ± 5.3 16.0 ± 5.3 13.9 ± 4.9 10.7 ± 5.0 7.9 ± 1.8 Aˆ 0.008 
Whole body fat percent (%) 40.8 ± 9.0 46.6 ± 6.9 43.9 ± 7.1 33.3 ± 8.5 31.5 ± 5.2 A* <0.001 
Trunk lean mass (kg) 22.3 ± 3.8 21.2 ± 3.1 21.1 ± 3.0 27.0 ± 4.3 23.2 ± 3.3 A*AxB# <0.001 
Trunk fat mass (kg) 15.9 ± 6.5 19.1 ± 6.7 16.3 ± 6.4 15.8 ± 6.7 11.3 ± 3.7 NS 0.01 
Trunk fat percent (%) 40.1 ± 9.7 46.1 ± 7.9 42.1 ± 8.8 35.0 ± 9.9 31.9 ± 7.1 A# <0.001 
Limb lean mass 20.7 ± 4.2 20.3 ± 4.5 19.3 ± 3.2 25.8 ± 4.5 21.3 ± 3.3 A* 0.001 
Limb fat mass 16.6 ± 7.2 20.7 ± 8.2 18.5 ± 6.4 13.2 ± 5.9 10.2 ± 2.5 Aˆ 0.007 
Renal and laboratory data     
bmGFR (ml/min/1.73 m2) 48.9 ± 18.8 73.2 ± 12.0 40.1 ± 12.3 68.7 ± 5.3 36.3 ± 9.1 B* <0.001 
cSerum creatinine (µmol/l) 120 (94-185) 94 ± 86-98) 128 (100-185) 121 (115-137) 210 (129-236) B# 0.03 
cBlood urea (mmol/l) 7.3 (4.9-10.4) 6.3 (4.3-7.1) 7.4 (5.7-12.8) 4.9 (4.3-9.6) 12.4 (8.1-14.7) B# 0.007 
Serum bicarbonate (mmol/l) 23.9 ± 3.8 25.9 ± 3.4 23.3 ± 3.9 23.4 ± 4.1 23.5 ± 3.4 B# 0.09 
Serum albumin (g/l) 35.9 ± 5.3 38.9 ± 4.5 34.4 ± 5.1 38.5 ± 2.3 35.2 ± 6.1 B# 0.04 
Haemoglobin (g/dl) 11.6 ± 1.9 12.3 ± 1.2 11.1 ± 1.7 12.7 ± 2.3 11.2 ± 2.2 B# 0.01 
Total cholesterol (mmol/l) 4.6 ± 1.1 5.1 ± 1.2 4.6 ± 1.1 4.1 ± 0.9 4.3 ± 1.0 A# 0.09 
cSerum triglycerides (mmol/l) 1.39 (1.11-2.05) 1.14 (1.18-1.93) 1.29 (0.78-1.78) 1.78 (1.32-2.05) 1.28 (1.06-2.56) NS 0.63 
cCRP (mg/l) 6 (4-12.5) 4 (4-10) 6 (4-15) 6 (4-10) 6 (4-11) NS 0.30 
an=69; bn=67; cMedian (25-75th percentile); A refers to p-value for gender, B refers to p-value for mGFR<60 and AxB represents 
gender x mGFR interaction; #p<0.05; ˆp≤0.01; *p≤0.001; NS, no significant difference; BMI, body mass index; LBMI, lean BMI; 
FBMI, fat BMI; mGFR, measured glomerular filtration rate; CRP, C-reactive protein.  
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Table 2. Correlation coefficients between body composition parameters and other study 
variables 
Parameter Whole 

body 
lean 
mass 

Trunk 
lean 
mass 

Limb 
lean 
mass 

Whole 
body fat 
mass 

Whole 
body 
percent 
fat 

Trunk 
fat mass 

Trunk 
percent 
fat 

Limb fat 
mass 

Age (years) 0.028 0.040 0.021 0.291b 0.331b 0.323b  0.384c 0.241a 
Body mass 
index  
(kg/m2) 

0.496c 0.402c 0.569c 0.931c 0.753c  0.899c 0.778c 0.885c 

Waist-to-height  
ratio 

0.363c 0.322b 0.389c 0.774c 0.692c  0.816c 0.757c 0.674c 

Waist  
circumference 
(cm) 

0.556c 0.518c 0.567c 0.771c 0.607c 0.837c 0.706c 0.646c 

dmGFR  
(ml/min/1.73m2) 

0.159 0.124 0.177 0.225 0.171 0.230 0.182 0.200 

Serum 
creatinine  
(µmol/l) 

0.075 0.074 0.060 -0.275a -0.295b -0.268a -0.276a -0.265a 

Urea  
(mmol/l) 

0.010 0.027 -0.009 -0.229 -0.206 -0.234 -0.204 -0.210 

Serum 
bicarbonate  
(mmol/l) 

0.105 0.102 0.107 0.337b 0.328b 0.302b 0.311b 0.344b 

Serum albumin  
(g/l) 

0.301b 0.328b 0.261a 0.165 0.089 0.219 0.147 0.099 

Haemoglobin  
(g/dl) 

0.362b 0.384c 0.322b 0.233 0.192 0.320b 0.295b 0.133 

Total 
cholesterol  
(mmol/l) 

-0.259a -0.265a -0.221 -0.056 0.072 -0.074 0.044 -0.030 

Log serum 
triglycerides 

0.058 0.137 -0.009 -0.137 -0.156 -0.047 -0.085 -0.208 

Log C-reactive 
protein 

-0.006 -0.039 0.030 0.074 -0.041 0.087 0.001 0.059 

ap<0.05; bp≤0.01; cp≤0.001; dn=69; mGFR, measured glomerular filtration rate.  
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Table 3. Univariate and multivariate regression analysis of factors associated with whole 
body lean mass 

Variable 

Females Males 
Unadjusted Adjusted Unadjusted Adjusted 

eta 
coefficient 

p-
value 

eta 
coefficient 

p-
value 

eta 
coefficient 

p-
value 

eta 
coefficient 

p-
value 

Age (years)  0.24 0.10   -0.25 0.26   
HIV (Yes/No) -0.23 0.11   -0.50 0.02   
Serum bicarbonate 
(mmol/l) 

 0.17 0.25    0.13 0.56   

Serum albumin (g/l)  0.16 0.28    0.58 0.006   
Haemoglobin (g/dl)  0.14 0.34    0.63 0.002   
CRP (mg/l)  0.07 0.64   -0.24 0.29   
Total cholesterol 
(mmol/l) 

-0.24 0.10   -0.10 0.67   

mGFR 
(ml/min/1.73 m2) 

 0.08 0.59    0.54 0.02   

HIV (Yes/No)   -0.19 0.26    -0.17 0.46 
Serum albumin (g/l)    0.05 0.77     0.43 0.03 
Haemoglobin (g/dl)    0.03 0.85     0.23 0.22 
GFR  
(ml/min/1.73 m2) 

   0.03 0.87     0.33 0.10 

R2 = 0.06, p=0.61 in females and R2 = 0.63, p=0.005 in males; CRP, C-reactive protein; mGFR, 
measured glomerular filtration rate. 
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Table 4. Univariate and multivariate regression analysis of factors associated with whole 
body fat mass 

Variable 

Females Males 
Unadjusted Adjusted Unadjusted Adjusted 
eta 

coefficient 
P-

value 
eta 

coefficient 
P-

value 
eta 

coefficient 
P-

value 
eta 

coefficient 
P-

value 

Age (years) 0.38 0.007  0.07 0.77  
HIV (Yes/No) -0.09 0.55 -0.61 0.003 
Serum bicarbonate 
(mmol/l) 

0.32 0.03 0.42 0.05 

Serum albumin (g/l) 0.18 0.21 0.29 0.20 
Haemoglobin (g/dl) 0.19 0.20 0.57 0.006 
CRP (mg/l) 0.28 0.06 -0.17 0.50 
Total cholesterol 
(mmol/l) 

-0.15 0.30 -0.18 0.43 

Triglycerides (mmol/l) -0.15 0.31 -0.05 0.82 
GFR (ml/min/1.73 m2) 0.12 0.40 0.57 0.01 

Age (years)  0.49 0.005  -0.23 0.47 
HIV (Yes/No) 0.29 0.09 -0.25 0.37 
Serum bicarbonate 
(mmol/l) 

0.03 0.88  0.16 0.63 

Haemoglobin (g/dl) 0.14 0.39 -0.22 0.49 
CRP (mg/l) 0.29 0.05  0.02 0.92 
GFR (ml/min/1.73 m2) 0.18 0.28  0.63 0.04 
R2 = 0.30, p=0.02 in females and R2 = 0.52, p=0.16 in males; CRP, C-reactive protein; GFR, 
glomerular filtration rate. 
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Abstract

Background South African guidelines for early

detection and management of chronic kidney disease

(CKD) recommend using the Cockcroft Gault (CG)

or Modification of Diet in Renal Disease (MDRD)

equations for calculating estimated glomerular filtra-

tion rate (eGFR) with the correction factor, 1.212,

included for MDRD-eGFR in black patients. We

compared eGFR against technetium-99m-diethylene-

triaminepentaacetic acid (99mTc-DTPA) imaging.

Methods Using clinical records, we retrospectively

recorded demographic, clinical, and laboratory data

as well as 99mTc-DTPA-measured GFR (mGFR)

results obtained from routine visits. Data from 148

patients of African (n = 91) and Indian (n = 57)

ancestry were analyzed.

Results Median (IQR) mGFR was 38.5 (44) ml/

min/1.73 m2, with no statistical difference between

African and Indian patients (P = 0. 573). In African

patients with stage 3 CKD, MDRD-eGFR (unad-

justed for black ethnicity) overestimated mGFR by

5.3% [2.0 (16.0) ml/min/1.73 m2] compared to CG-

eGFR and MDRD-eGFR (corrected for black ethnic-

ity) that overestimated mGFR by 17.7% [6.0 (15.0)

ml/min/1.73 m2] and 17.1% [6.0 (17.5) ml/min/

1.73 m2], respectively. In stage 1 2, CKD eGFR

overestimated mGFR by 52.5, 38.0, and 19.3% for

CG, MDRD (ethnicity-corrected), and MDRD (with-

out correction), respectively. In Indian stage 3 CKD

patients, MDRD-eGFR underestimated mGFR by

35.6% [-21.0 (6.5) ml/min/1.73 m2] and CG-eGFR

by 4.4% [-2.0 (27.0) ml/min/1.73 m2], while in stage

1 2 CKD, CG-eGFR and MDRD-eGFR overesti-

mated mGFR by 13.8 and 6.3%, respectively.

Conclusion MDRD-eGFR calculated without the

African-American correction factor improved GFR

prediction in African CKD patients and using the

MDRD correction factor of 1.0 in Indian patients as

in Caucasians may be inappropriate.

Keywords African � CKD � Cockcroft Gault �
Glomerular filtration rate � Indian South Africans �
MDRD
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Introduction

Strategies aimed at stemming the tide of CKD depend

on its early detection, which requires that the GFR

level can be easily determined with reasonable

accuracy. Prediction equations provide a practical

alternative method for estimating GFR in routine

clinical practice to the costly gold standard methods

for measuring GFR from clearance of exogenous

markers such as inulin, technetium-99m-diethylene-

triaminepentaacetic acid (99mTc-DTPA), and

chromium-51-ethylenediaminetetraacetic acid (51Cr-

EDTA). The original 6-variable Modification of Diet

in Renal Disease (MDRD) equation was shown to be

highly accurate in predicting measured GFR in stable

American CKD outpatients and the subsequent

abbreviated 4-variable MDRD equation performed

as well [1, 2]. The MDRD includes a correction

factor of 1.212 for black ethnicity based on a 21%

higher GFR in African-Americans than in whites [2].

The more recent Chronic Kidney Disease Epidemi-

ology Collaboration (CKD-EPI) equation was found

to be more accurate than the MDRD [3].

The South African Renal Society CKD guidelines,

adopted in 2006, recommend using the Cockcroft

Gault (CG) or MDRD equations with inclusion of the

correction factor 1.212 in black patients, while the

correction factor is 1.0 for other ethnic groups [4].

This is based on the Kidney Dialysis Outcomes

Initiative (K/DOQI) guidelines published in 2002 [5].

Few studies have evaluated the equations against the

gold standard measured GFR methods in Africans.

Furthermore, there are no validation studies in Indian

South Africans. In the only published South African

validation study that only included black patients,

van Deventer et al. concluded that CG-eGFR and

MDRD-eGFR, without correcting for black ethnicity,

performed better than MDRD-eGFR including the

black ethnicity factor in predicting 51Cr-EDTA-GFR

[6]. Subsequently, the MDRD and CKD-EPI equa-

tions both performed better in a Ghanaian population,

when the African-American-derived ethnicity correc-

tion factors were omitted, evaluated against creati-

nine clearance, suggesting the need for a new

equation for sub-Saharan Africans [7]. The aim of

this study was to evaluate the performance of the

MDRD in predicting GFR in a multiethnic group of

South African CKD outpatients against radioisotope-

measured GFR (mGFR).

Subjects and methods

Subjects

We conducted a retrospective study at the adult renal

clinic at King Edward VIII Hospital, Durban. The

clinic sees approximately 150 stable CKD outpatients

annually and is one of the only three nephrologist-run

CKD referral clinics in the public health sector in

KwaZulu-Natal (KZN), the second most populous

province in South Africa, with a population of about

10.5 million, 80% being black (African ancestry) and

9% of Indian ancestry [8]. Both ethnic groups

constitute the main patient population at our clinic.

We reviewed patient hospital records, which are kept

in the renal clinic, with the approval of the University

of KwaZulu-Natal Ethics Committee.

Inclusion criteria: Eligibility criteria were the

following: all patients aged C 16 years who had had

a clinic visit during the period from January 2004 to

December 2006 and in whom results for serum

creatinine as well as for the routine annual radioiso-

tope mGFR were available.

Exclusion criteria: Patients without radioisotope

mGFR or blood results for that period and those who

had unstable serum creatinine levels, e.g., from an

intercurrent illness were excluded.

Data collection

We recorded demographic data (age, gender, and

ethnic group), clinical data (CKD etiology, blood

pressure, and anthropometry), and results of routine

investigations. Investigations performed in the rou-

tine care at our clinic include blood tests for serum

creatinine, urea, electrolytes, calcium, phosphate,

and albumin, done 3- to 6-monthly and radioisotope

mGFR, done annually. For measuring radioisotope

GFR, patients receive an intravenous injection of

100 lCi of 99mTc-DTPA.

Estimation of GFR from serum creatinine-based

prediction equations

The following equations were used to estimate GFR:

a. MDRD equation: GFR = 186 9 (Scr/88.4)-1.154 9

(Age)-0.203 9 (0.742 if female) 9 (1.212 if black)

[2]
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The abbreviated 4-variable MDRD formula was

used in its original form, as the serum creatinine

assay was not validated against isotope dilution mass

spectrometry (IDMS) and values were not recalibrat-

ed to be IDMS traceable.

b. CG equation: GFR = [(140-age) 9 weight 9

(0.85 if female)]/(72 9 Scr) [9]

Statistical analysis

We used the Shapiro Wilk test to test for normality

in continuous data. Normally distributed data were

expressed as mean ± standard deviation with the

t-test employed to assess differences between the

two ethnic groups. Non-normal data were described

using median and interquartile (25th 75th) range

with the Mann Whitney test used to compare the two

groups. Categorical data were described as propor-

tions, and the chi-square test was used to test

significance. Performance of the formulae in predict-

ing GFR was assessed by comparing eGFR against

radioisotope mGFR. The difference between eGFR

and mGFR was determined as the median difference

(bias) (i.e., median difference = eGFR - mGFR)

and percent difference (relative bias) calculated as

[(absolute median difference/mGFR)] 9 100. To

assess the relationship between eGFR and mGFR,

Spearman’s rank correlation was calculated, and the

Bland Altman method used to assess concordance

between each eGFR equation and mGFR [10].

Accuracy was determined as the proportion of eGFR

values that fell within 30% of mGFR (P30) and those

within 50% of mGFR (P50). Stata10 software package

was used.

Results

A total of 148 patients met the inclusion criteria,

91 (61.5%) of African ancestry and 57 (38.5%) of

Indian ancestry. Mean age of the study population

was 41.4 ± 13.1 years, and 62.8% of patients were

women. The major causes of CKD were glomerulo-

nephritis and hypertension, accounting for 39.2 and

34.4%, respectively. Other causes were tubulointer-

stitial nephritis (8.8%), diabetic nephropathy (7.4%),

and autosomal dominant polycystic kidney disease

(6.8%), and etiology was unknown in 3.4% of

patients. None of the patients had human immuno-

deficiency virus (HIV) infection. Before the wide-

spread government antiretroviral treatment program

began in 2007, HIV-positive patients with CKD were

often not followed up at our clinic as they were

excluded from renal replacement therapy. Two-thirds

of patients (100/148) had mGFR \ 60 ml/min/

1.73 m2, in keeping with a prevalence of CKD stages

3 5 of 70.3% in African patients and 63.2% in Indian

Table 1 The demographic, clinical, and laboratory characteristics of the 148 patients studied

Parameter African South Africans

n 91

Indian South Africans

n 57

P value

Age (years) 41.4 ± 13.1 41.5 ± 14.9 0.488

Systolic blood pressure (mmHg) 133.6 ± 20.2 130.1 ± 20.6 0.349

Diastolic blood pressure (mmHg) 79.5 ± 17.6 74.6 ± 14.4 0.084

Hemoglobin (g/dl) 12.1 ± 2.3 11.7 ± 2.0 0.267

Serum albumin (g/l) 32.5 ± 8.2 34.5 ± 8.6 0.164

Urea (mmol/l)a 9.8 (10.5) 9.1 (13.4) 0.634

Serum creatinine (lmol/l)a 155.5 (195) 187 (282) 0.257

Radioisotope mGFR (ml/min/1.73 m2)a 37 (38) 41 (49) 0.573

CG eGFR (ml/min/1.73 m2)a, b 45 (77) 40.5 (46) 0.052

MDRD eGFR with correction factor

of 1.212 (ml/min/1.73 m2)a
48 (58) Not applicable

MDRD eGFR without correction factor

of 1.212 (ml/min/1.73 m2)a
40 (48.5) 44.2 (60.7) 0.232

a Non normal data expressed as median (interquartile range)
b Weight unknown in 4 subjects, therefore, in calculating CG eGFR n 88 for African patients and n 56 for Indian patients
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patients (P = 0.36). Overall median mGFR was

38.5 (44) ml/min/1.73 m2. Demographic, clinical,

and laboratory characteristics were similar in the two

ethnic groups (Table 1). Body weight was not

available in 4 patients; thus, CG-eGFR was calcu-

lated in only 88/91 (96.7%) African patients and

56/57 (98.2%) Indian patients.

Prediction equations showed a strong statistically

significant linear relationship with mGFR in both

groups. The Spearman correlation coefficient (r) values

in the African group were 0.86, 0.86, and 0.87 for CG,

MDRD with correction factor, and MDRD without

correction factor, respectively. For the Indian group, the

r values were 0.77 and 0.82 for CG and MDRD,

respectively, without any ethnicity adjustment in cal-

culating MDRD-eGFR. Bland Altman plots showed

greater agreement between eGFR and mGFR when

GFR was\60 ml/min/1.73 m2 for all equations, while

concordance was poorer at higher GFR levels (Fig. 1).

Table 2 shows eGFR performance in the African

group. In patients with advanced CKD (stages 4 5

CKD or mGFR \30 ml/min/1.73 m2), all 3 equations

underestimated mGFR. CG-eGFR showed the best

prediction with the smallest median difference of -1.0

(10.0) ml/min/1.73 m2 (percent difference = 4.8%) as

well as the highest P30 of 69.6% and P50 of 91.3%.

In those with stage 3 CKD (mGFR 30 59 ml/min/

1.73 m2), the best estimate was observed when the

MDRD was used without correcting for ethnicity,

where eGFR overestimated mGFR by 2.0 (16.0) ml/

min/1.73 m2, (percent difference of 5.3%) with a P30

and P50 of 65.2 and 82.6%, respectively, while CG and

MDRD adjusted for ethnicity overestimated mGFR to

a greater degree. All equations overestimated mGFR

when mGFR was C60 ml/min/1.73 m2 (stages 1 2

CKD), with the best prediction observed when the

MDRD equation was used without adjusting for black

ethnicity (Table 2).

In Indian patients (Table 3), both CG and MDRD

underestimated mGFR in those with CKD stages 3 5,

with CG outperforming MDRD. In stage 4 5 CKD,

CG-eGFR was 6.5 (11.3) ml/min/1.73 m2 lower than

mGFR (percent difference = 27%), while MDRD-

eGFR was 12 (11.0) ml/min/1.73 m2 or 46.2% lower

than mGFR. Similarly, accuracy by P30 and P50 was

much lower with MDRD than with CG. Performance

was better in stage 3 CKD patients than in stages

4 5, with CG-eGFR being 4.4% lower than mGFR

and MDRD-eGFR 35.5% lower. Both equations

overestimated mGFR in patients with stages 1 2

CKD (Table 3).

Discussion

The CG and MDRD prediction equations are the

recommended methods for estimating GFR in the

South African CKD early detection and management

guidelines, with the ethnicity factor of 1.212 included

when using the MDRD equation in those of African

ancestry (black South Africans), while it is omitted in

other ethnic groups. However, validation studies are

few in sub-Saharan Africa and the equations have not

been validated in a multiethnic cohort of stable CKD

outpatients in South Africa. Using 99mTc-DTPA

mGFR as the gold standard, our data showed that

CG and MDRD equations overestimated mGFR in

black South Africans with CKD stages 1 3, and this

was exaggerated threefold when the correction factor

that was derived in African-Americans was included

in the MDRD with MDRD-eGFR being 17.1 and

5.3% higher than mGFR in patients with stage 3 CKD

with and without the correction factor, respectively.

In stage 1 2 Indian patients, eGFR was also shown to

overestimate mGFR. The study cited earlier that was

performed in black African patients from a single

center in Gauteng, one of the provinces of South

Africa, did not include other ethnic groups. That

study reported that the predictive performance of the

4-variable MDRD equation was better when the black

ethnicity correction factor of 1.212 was omitted [6].

The authors cited their heterogeneous study popula-

tion that included hospitalized patients, HIV-infected

patients, and potential kidney donors as a limitation.

Our observations provide further evidence that the

African-American-derived correction factor is not

required in black South Africans. The need for a new

equation that will be more suitable for the lean

populations of sub-Saharan Africa was suggested in a

recent publication from Ghana [7]. Eastwood et al.

reported that in rural Ghanaians, the 4-variable

MDRD as well as CKD Epidemiology Collaboration

(CKD-EPI) equations overestimated 24-h creatinine

clearance and CG-eGFR when the African-American-

derived correction factors of 1.212 and 1.159 were

included in the respective equations with improved

accuracy when the ethnicity correction factors were

omitted [7]. Filtration markers were not used, and
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higher GFR levels as shown in healthy potential

kidney donors [11 15]. Consequently, current recom-

mendations are to report eGFR as C60 ml/min/

1.73 m2 for values above 60 ml/min/1.73 m2 and

only report the specific value when eGFR is\60 ml/

min/1.73 m2 [16]. Therefore, it is not surprising that

in African patients in our study agreement between

eGFR and mGFR was poorer when mGFR was

C60 ml/min/1.73 m2. The findings in Indian patients

were contrary, in that agreement tended to be better in

those with stages 1 2 CKD compared to stages 3 5.

Lower accuracy for eGFR equations has also been

reported in patients with advanced CKD (stages 4 5)

as well as variable performance according to GFR

level within the same population [17, 18]. In ESRD

patients, MDRD-eGFR underestimated mGFR by

inulin clearance (Cin) when Cin was [8 ml/min/

1.73 m2 but overestimated it when Cin was \8 ml/

min/1.73 m2 [18]. A more recent multi-center study

of 2208 subjects reported better accuracy for CG-

eGFR and MDRD-eGFR compared with Cin at higher

GFR levels with a decline in accuracy with each

consecutive lower mGFR group [19]. In that study,

P30 for mGFR \ 60 ml/min/1.73 m2 was 59.1% for

CG and 63.2% for MDRD, while the proportions for

both equations were higher at 78.8 and 72.9%,

respectively, at mGFR levels C60 ml/min/.73 m2.

In the subgroups with advanced CKD (stages 4 and

Table 2 Performance of GFR prediction equations in 91 black South African CKD patients compared to 99mTc DTPA measured

GFR

eGFR (ml/min/1.73 m2) n Median 99mTc DTPA GFR

(IQR) [ml/min/1.73 m2]

Median difference

(IQR) [ml/min/1.73 m2]

Percent

difference

P30% P50%

CGa

\30 23 21.0 (8.0) 1.0 (10.0) 4.8 69.6 91.3

30 59 31 34.0 (12.0) 6.0 (15.0) 17.7 56.7 77.7

C60 34 71.5 (37.0) 37.5 (36.5) 52.5 35.3 47.1

MDRD with correction factor (1.212)

\30 30 24.0 (10.5) 7.0 (9.0) 29.2 53.3 86.7

30 59 24 35.5 (18.3) 6.0 (17.5) 17.1 62.5 79.2

C60 37 71.0 (36) 27.0 (28.0) 38.0 35.1 62.2

MDRD without correction factor (1.212)

\30 36 25.5 (15.0) 10.0 (9.0) 39.2 36.1 66.7

30 59 23 38.0 (19.0) 2.0 (16.0) 5.3 65.2 82.6

C60 32 72.5 (36.3) 14.0 (36.3) 19.3 68.8 78.1

a Weight unknown in 3 subjects, therefore, n 88 for CG eGFR

Table 3 Performance of GFR prediction equations in 57 Indian South African CKD patients compared to 99mTc DTPA measured

GFR

eGFR (ml/min/1.73 m2) n Median 99mTc DTPA GFR

(IQR) [ml/min/1.73 m2]

Median difference

(IQR) [ml/min/1.73 m2]

Percent

difference

P30% P50%

CGa

\30 20 24.0 (9.8) 6.5 (11.3) 27.0 45.0 70.0

30 60 21 45.0 (30.5) 2.0 (27.0) 4.4 52.4 76.2

C60 15 87.0 (30) 12.0 (34.6) 13.8 80.0 86.7

MDRD without correction factor

\30 27 26.0 (11.0) 12.0 (11.0) 46.2 29.6 48.1

30 60 13 59.0 (31.0) 21.0 (6.5) 35.6 23.1 92.3

C60 17 80.0 (27.5) 5.0 (12.5) 6.3 76.5 94.1

a Weight unknown in 1 subject, therefore, n 56 for CG eGFR
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5), accuracy was much lower at 31.5 54.9 and

40.8 56.0% for CG and MDRD, respectively, being

lowest in stage 5 patients [19]. This trend was

observed in the patients of Indian ancestry in our

study. The poorer performance and low accuracy of

eGFR at advanced CKD stages was also evident in

our Indian patients with both CG-eGFR and MDRD-

eGFR underestimating mGFR (P30 = 45% for CG

and 29.6% for MDRD). Similarly, MDRD-eGFR

performed poorly in those of African ancestry;

however, CG-eGFR, while it still underestimated

mGFR, surprisingly showed better predictive perfor-

mance in advanced than in earlier CKD patients from

this ethnic group. The relatively better performance

by CG may be because CG-eGFR underestimated

mGFR to a lesser degree than MDRD, since it

measures creatinine clearance, which overestimates

mGFR [9].

The underestimation of mGFR by eGFR in

advanced (stages 4 5) CKD patients in our study

suggests that serum creatinine levels may be dispro-

portionately higher than expected for a given mGFR

level, thus raising speculation of increased muscle

catabolism in this group. Muscle catabolism has been

well documented as a frequent complication in

uraemic patients for over 40 years [20, 21]. More

recent studies have shown that low protein intake and

metabolic acidosis worsen this muscle protein loss

[22]. These factors were not evaluated in our study.

This is the first study to evaluate the performance of

eGFR equations in Indian South African patients.

Studies in different Asian populations have shown poor

predictive performance of various eGFR equations,

including the MDRD equation, when evaluated against

mGFR [15, 23 25]. MDRD-eGFR was reported to

underestimate mGFR in the Chinese population, while

it overestimated mGFR in Japanese patients, and

performance significantly improved with addition of

a coefficient derived specifically for each ethnic group

resulting in lower bias, as well as higher accuracy (P30

values [ 70%) [25, 26]. CG and MDRD equations

overestimated 24-h creatinine clearance in South

Asians from Pakistan, with a tendency toward greater

overestimation by the MDRD [24].

The reported ethnic differences in predictive

performance of eGFR equations illustrate a major

limitation of serum creatinine-based eGFR equations

because factors other than GFR affect serum creat-

inine levels such as muscle mass and dietary protein.

Creatinine generation has been shown to be low in

people with low muscle mass and those on low-

protein diets, resulting in serum creatinine levels that

are lower than expected for a given GFR level [27].

Muscle mass may be lower in black South Africans as

their ancestry differs from that of African-Americans.

Dietary protein intake has been reported to be lower

in black South Africans compared to their white

counterparts and African-Americans [28, 29]. Thus,

we speculate that in early CKD creatinine generation

may be low, resulting in low serum creatinine levels

and spuriously higher eGFR levels, overestimating

mGFR. The overestimation is further exaggerated

when the ethnicity correction factor of 1.212 is

included, as it adjusts for a higher GFR in African-

Americans. We propose the same explanation for the

overestimation observed in Indian South Africans

with stage 1 2 CKD as well, since their muscle mass

may also be lower than in the populations used in

developing the eGFR equations and vegetarian diets

are likely to be more prevalent in this ethnic group.

Performance of CG and MDRD equations has also

been evaluated by assessing the proportion of patients

correctly classified into their ‘‘true’’ measured GFR

category. Proportions correctly classified vary with

each equation and in the different CKD stages, with

misclassification reported in 30 50% of patients [19].

We did not measure this in our study; however, it is

likely that the different subject numbers observed for

each GFR subgroup with each equation were due to

differences in classification of patients into their

mGFR group.

This study provides further evidence to the two

previously cited reports from sub-Saharan Africa [6,

7] that the current practice of including the African-

American correction factor in Africans is not justi-

fied. Furthermore, using the MDRD unadjusted as in

Caucasians in Indian patients may also be inappro-

priate. The strength of the study is that stable CKD

outpatients were studied; thus, their creatinine gen-

eration was presumably stable. Selection bias may

have occurred with inclusion of only patients with

available mGFR results, but we expect this to be

minimal since mGFR is available and often routinely

performed annually in the follow-up care in our

clinic. The study limitations are (i) The small sample

size; (ii) IDMS was not used and serum creatinine

levels were not re-calibrated and standardized to

MDRD values; (iii) The fact that we included patients
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seen over a 2-year period could have resulted in bias

from undetected serum creatinine assay drift over

time; (iv) The potential for selection bias still exists

as the study was retrospective and the CKD popula-

tion followed up at our clinic was highly selected, as

seen with exclusion of HIV-infected patients at that

time, which fortunately no longer applies; (v) Mis-

classification bias may have occurred between the

eGFR equations.

Our results underscore the importance of validation

studies prior to implementing measurement tools

developed in different populations and provide further

evidence that an alternative equation is required for

Africans. A prospective design is required to investi-

gate the relationship between muscle catabolism,

creatinine generation as well as their effect on GFR

estimation in our population. In the meantime, we

suggest using the MDRD omitting the African-Amer-

ican correction factor in black South Africans until

further evaluation data including the CKD-EPI equa-

tion become available. Furthermore, we suggest for the

first time that using the current MDRD in South

Africans of Indian ancestry may not be appropriate and

that a correction factor or a new equation is needed to

improve prediction in this ethnic group as well.
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Abstract 

Background 

Existing serum creatinine-based estimated glomerular filtration rate (eGFR) equations are 

inaccurate in sub-Saharan Africans. African-American derived black ethnicity coefficients in 

currently-used eGFR equations result in GFR overestimation. The objective of this study was to 

develop a GFR estimating equation in Africans by modifying the Modification of Diet in Renal 

Disease (MDRD) equation to improve GFR prediction. 

 

Methods 

We enrolled 76 adult black African chronic kidney disease (CKD) patients. Technicium-99- 

diethylenetriaminepentaacetic acid (99mTc-DTPA) clearance was used as the gold standard GFR 

method. GFR prediction equations were developed from multivariable linear regression analysis 

models using the whole dataset for training and testing. Variables used in the 6-variable MDRD 

equation were modelled, namely age, gender, serum creatinine, urea, albumin, except ethnicity. 

Bias, precision and accuracy were calculated to evaluate concordance between 99mTc-DTPA-

GFR and eGFR. 

 

Results 

Mean 99mTc-DTPA-GFR was 51.3 ± 22.6 ml/min/1.73m2 and 89.6% had CKD. The modified 

MDRD equation for Africans showed the best GFR prediction, with the lowest bias (95% CI) of 

-0.72 (-5.17, 3.73) ml/min/1.73m2 and root mean square error, 13.4 ml/min/1.73m2 as well as 

highest accuracy within 30% of measured GFR of 75%. MDRD-eGFR performance was 6.21 

(2.75, 9.67) ml/min/1.73m2, 18.1 ml/min/1.73m2 and 51.3% and by Chronic Kidney Disease 

Epidemiology Collaboration (CKD-EPI) eGFR, 3.56 (0.27, 6.82) ml/min/1.73m2, 17.1 

ml/min/1.73m2 and 63.2% for bias, RMSE and accuracy, respectively.  

 

Conclusion 

GFR prediction was improved by using an equation developed in Africans. An African modified 

equation may overcome the inaccuracy experienced with MDRD-eGFR and CKD-EPI eGFR. 
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Background 

Serum creatinine remains the most widely used marker to estimate kidney function in clinical 

practice in CKD monitoring and remission programs. Methods considered as the gold standard 

for measuring GFR include clearance of exogenous markers such as inulin, technicium-99m-

diethylenetriaminepentaacetic acid (99mTc-DTPA), chromium-51-ethylenediaminetetraacetic acid 

(51Cr-EDTA), iodine-125-iothalamate (125I-iothalamate) and iohexol; however, their use in 

routine patient care is not practical. Thus, Kidney Disease Improving Global Outcomes 

(KDIGO) guidelines recommend using a serum creatinine-based prediction equation for the 

initial assessment of glomerular filtration rate (GFR) and a further confirmatory test like cystatin 

C or a clearance method when estimated GFR (eGFR) is less accurate (1). Commonly used 

serum creatinine-based GFR prediction equations are: Cockcroft-Gault (CG), Modification of 

Diet in Renal Disease (MDRD) and Chronic Kidney Disease Epidemiology Collaboration 

(CKD-EPI) equations as shown in Table 1 (2-4). The CG equation was developed in European 

patients while the MDRD and CKD-EPI equations were developed in Americans.  

 

Validation studies have shown these equations to be inaccurate in predicting kidney function in 

Africans. All 3 equations showed poor performance in predicting GFR in a study of black South 

Africans in Gauteng province compared to 51Cr-EDTA-GFR (5, 6). Similarly, poor predictive 

performance was reported in a Ghanaian community where both MDRD and CKD-EPI equations 

overestimated 24-hour creatinine clearance (7). Similar findings were reported in a study at our 

institution where MDRD-eGFR performance was evaluated against 99mTc-DTPA (8). Low 

accuracy of eGFR equations and their overall poor performance was also reported in various 

Asian populations while predictive performance was improved when a modified coefficient was 

included, which was specifically derived in each of these populations (9-13). Measures that are 

commonly used in most validation studies to evaluate the predictive performance of eGFR 

equations have included bias, defined as the average difference between eGFR and mGFR, root 

mean square error (RMSE) defined as the standard deviation of the differences, as well as 

accuracy within 30% (P30), which is the percentage of GFR estimates within 30% of mGFR (14, 

15). The study aim was to develop a GFR prediction equation in South Africans of African 

ancestry by modifying a currently used serum creatinine-based prediction equation.  
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Methods 

Study setting and population 

Participants in this cross-sectional study were recruited from participants in a screening study for 

CKD and associated complications at the King Edward VIII Hospital General Internal Medicine 

outpatients’ clinic, which provides care to adults with various chronic diseases including those 

known to be associated with CKD, such as hypertension, diabetes, atherosclerotic cardiovascular 

disease (CVD) and HIV. Data collected included age, gender, height, weight, blood 

investigations for serum creatinine, urea and albumin as well as urine albumin: creatinine ratio. 

Patients found to have CKD based on MDRD-eGFR <60 ml/min/1.73m2 and/or albuminuria ≥3 

mg/mmol, according to KDIGO guidelines (1), were eligible to participate in this sub-study and 

were included if aged ≥18 years and of African ethnicity, following informed consent. Exclusion 

criteria were patients with: age <18 years old, acute intercurrent illness, acute kidney injury, use 

of drugs like trimethoprim and cimetidine, pregnancy as well as those who could not undergo 
99mTc-DTPA measured GFR (mGFR). All tests were performed at King Edward VIII hospital 

laboratory, which is part of the National Health Laboratory Services (NHLS) in South Africa. 

Serum creatinine was measured using the isotope dilution mass spectrometry (IDMS)-traceable 

alkaline picrate assay (Roche Diagnostics, Germany) adopted by the NHLS in line with global 

recommendations to improve the accuracy of serum creatinine measurements (16).  

Measurement of renal function  

Radioisotope GFR measurement was performed according to a standard protocol routinely used 

in the Medical Physics Unit of the Radiology Department - at the same hospital. Briefly, an 

intravenous injection of 100Ci of 99mTc-DTPA was administered to well hydrated subjects. 

Subsequently, subjects underwent dual plasma sampling, with heparinized venous blood taken at 

90 and 180 minutes. Radioactivity counts in the plasma were used to calculate GFR and results 

were normalized to body surface area. Existing serum creatinine based equations were used to 

calculate eGFR, namely CG, MDRD as well as CKD-EPI equations. The African American 

ethnicity coefficient was omitted in the latter two thus implying the ethnicity factor of 1.0. The 

CG equation was adjusted to body surface area (BSA) using the formula: CG x 1.73m2/BSA. 
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Statistical analysis  

Descriptive analysis 

Univariate analysis was performed to describe the data and the Shapiro-Wilk test used to test 

numerical data for normality. Categorical data was described as proportions and numerical data 

summarized using mean ± standard deviation (SD) or median (interquartile range) (IQR) for 

non-normal data. To evaluate differences between groups, the chi-square test was used for 

categorical variables and t-test used for numerical data or Mann-Whitney test, when appropriate.  

Multivariable regression analysis 

Multiple linear regression analysis was performed. Variables included in the model were: age, 

gender as well as log-transformed values of serum creatinine, urea and albumin, which were re-

transformed back to their original units in the multiplicative model for the final equation, using 

the approach by Levey et al. in the development of the original MDRD equation (17). We 

excluded ethnicity as a variable, as the study was performed on a homogenous ethnic sample. 

Training and testing were done in the same dataset as was undertaken in other studies (2, 17-19). 

Three phases of regression modelling were performed using five of the variables that were 

included in the original 6-variable MDRD equation. In the first phase, training was done using 

the whole dataset to produce the prediction equation (equation 1), which was tested on the whole 

study dataset then further testing done on male and female subsets separately. In the second 

phase, the dataset was divided into male and female subsets with training carried out separately 

in each subset to produce two further equations. The regression equation developed using the 

male subset as the training set (equation 2) was tested using the female subset as the test set and 

also tested using the whole dataset. A third equation was developed using females as the training 

subset and tested on the male subset as well as on the whole dataset (equation 3). In the third 

phase, the equation 1 from the first phase and equations 2 and 3 from the second phase were 

tested on the whole dataset to optimize the final prediction equation.  

Assessment of the relationship as well as concordance between mGFR and eGFR  

Correlation between mGFR and eGFR was assessed. To evaluate agreement between each eGFR 

equation and mGFR, we used the Bland Altman method, which regress the difference between 

eGFR and mGFR against the average of the two (20). The measures of concordance calculated 

were bias, RMSE and P30. Precision was expressed as RMSE and the width of the 95% 

confidence limits of agreement was also documented. Statistical analysis was performed using 
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Intercooled Stata version 11 (Texas, USA) software. MATLAB R2014b Statistics Toolbox 

(MathWorks, USA) was used for developing the GFR prediction equation.  

 

Results 

Patient characteristics 

Of 104 eligible patients, 76 black African participants were enrolled and 53 (69.7%) were 

female. Sixty-eight (89.6%) patients had mGFR <60 ml/min/1.73 m2. Mean 99mTc-DTPA mGFR 

was 51.3 ± 22.6 ml/min/1.73m2. Hypertension was present in 89.6%, diabetes mellitus in 35.1%, 

glomerulonephritis (HIV-negative) in 14.3%, HIV (13%) and tubulointerstitial diseases in 2.6%. 

Table 3 shows patient clinical and laboratory data as well as distribution by gender. As expected, 

serum creatinine levels were higher in males than females, however GFR levels were similar 

between the two genders. Almost 59% (31/53) of females were obese using the WHO BMI cut-

off of >30 kg/m2 compared with 17.4% (4/23) of males while 12/53 (22.6%) females and 14/23 

(60.9%) males were overweight (p = 0.002). There were no other gender differences observed. 

 

Modification of the MDRD equation for African populations  

Equations 1, 2 and 3 obtained during the 3-phase development stage are shown in Table 3. The 

best prediction was obtained when the whole dataset (n = 76) was used for training (equation 1). 

To further improve the equation, the constant was adjusted while a coefficient for female gender 

was included. Thus, the final modified MDRD equation for Africans obtained is as follows: 

African modified MDRD-eGFR =  

94.6324 x serum creatinine-0.2814 x age-0.2929 x urea-0.2908 x albumin0.4845 (x 0.9512 if female) 

Predictive performance of the modified equation and comparison with existing equations 

Using the African modified equation, mean eGFR was 52.0 ± 17.1 ml/min/1.73 m2. Figure 1 

shows good correlation of eGFR with mGFR for all equations (correlation coefficient, r = 0.7 to 

0.81). Analysis of concordance between eGFR and mGFR showed that the African modified 

MDRD equation had the lowest bias (relative bias of 1.4%), RMSE, 95% limits of agreement 

and highest P30 accuracy of all the equations (Table 4, Figure 2). The lowest performance 

occurred with CG; although this improved when CG was adjusted for body surface area, it 

remained poor. CG_BSA, MDRD and CKD-EPI equations, all underestimated mGFR at lower 

GFR levels while they overestimated mGFR at higher levels (Table 5).   
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Discussion 

Using data from African CKD patients, we developed a serum creatinine-based eGFR equation 

for Africans by modifying the original MDRD equation. The African modified equation showed 

the lowest bias, best precision, highest accuracy and correlation against 99mTc-DTPA mGFR of 

all equations evaluated in this patient cohort. Our proposed equation provides a significant step 

in addressing the need for a more accurate GFR-prediction equation for use in Africans. By using 

demographic variables (age and gender) as well as readily available biochemical markers, the 

equation offers a potential alternative to the currently used CG, MDRD and CKD-EPI equations 

that have been shown to be inaccurate in African populations (5-8, 21). Our earlier observation 

that MDRD-eGFR underestimated GFR at lower levels and overestimated it at higher levels was 

again confirmed (8), while a similar trend occurred with CKD-EPI eGFR in the present study.  

 

Urea and albumin were included as in the original 6-variable MDRD equation although these 

were later omitted in the simplified abbreviated MDRD, after it was shown to perform as well as 

the original equation (3, 17). In developing the MDRD equation, the best performance was 

observed when demographic variables (age and gender), serum variables (creatinine and urea) 

plus urine urea nitrogen were included, however serum albumin was used to substitute urine urea 

nitrogen in the final 6-variable MDRD equation (17). Both urea and albumin are influenced by 

dietary protein, which was not measured in this study. Dietary protein intake was previously 

reported to be lower in black South Africans compared to African-Americans (22), and thus is 

likely to be lower in our study population than in the MDRD population. Dietary protein is 

known to modulate renal function and should be assessed in defining the normal renal function 

range in populations as differences in protein intake may account for differences in GFR (23, 

24). Serum albumin was also included and considered a proxy for nutritional status (25). The 

prevalence of malnutrition was found to be high in our institution in previous studies of ESRD 

patients (26). While other markers of nutritional status were not analysed in the present study, 

mean serum albumin was low (normal range 35 – 42 g/l).  

 

We encountered only one other published eGFR equation developed in Africans, which used 

data from black South African patients, n = 50 in the training dataset and n = 50 for validation 

against 51Cr-EDTA-GFR (6). GFR prediction by the serum creatinine-based equation developed 
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in that study was comparable with the abbreviated MDRD and CKD-EPI equations (black 

ethnicity coefficients excluded in both) when GFR was <60 ml/min/1.73 m2 while a serum 

cystatin C-based equation was shown to be more precise with mGFR ≥60 ml/min/1.73 m2 (6). 

Comparison between the two studies is not possible due to differences in the methods used such 

as the GFR clearance methods and study subjects (<50% of patients had mGFR <60 ml/min/1.73 

m2 vs almost 90% in the present study). 

 

An unexpected finding in developing the equation was the female coefficient of 0.9512. The 

female coefficient in existing GFR equations is 15% to 25% lower than in males, in the case of 

CG (2) and MDRD (17), respectively, reflecting lower muscle mass in females. A potential 

reason for the higher female coefficient (5% lower than males) observed in our study, is the 

substantially high proportion of overweight and obese patients (>80% of females). This is in 

keeping with the high prevalence, especially in women, of overweight/obesity of 70% to 90% 

reported in some studies from our province of KwaZulu-Natal (27, 28). Extremes of body size, 

including obesity as well as malnutrition are among the well-documented sources of error 

encountered when using serum creatinine to estimate GFR, along with extremes of muscle mass, 

muscle wasting, dietary protein and other non-GFR determinants of serum creatinine (1). The 

influence of these factors on the final equation is unclear in the present study.  

 

The main strengths in this study include the use of the clearance of an exogenous substance as a 

reference GFR method. Although inulin clearance is the gold standard for GFR measurement, 
99mTc-DTPA is a well-established alternative. The use of the same laboratory, medical physics 

unit and clinical staff for all participants minimized observer as well as information bias, which 

is another strength. The major limitation is the small sample size used for equation development 

and testing. A large-scale study with participating centres is needed to further improve the 

proposed modified MDRD equation. The selection of patients with CKD is a source of bias as 

the equation is likely to perform differently in those with higher GFR levels or normal kidney 

function. Future studies that include normal individuals would ensure better prediction across the 

full range of GFR levels. Notwithstanding these limitations, we conclude that our results suggest 

that GFR prediction from serum creatinine could be improved in African CKD (≥G3) patients 

beyond the performance obtained from existing equations while maintaining low costs. More 
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Table 1. Prediction equations used to estimate glomerular filtration rate in adults 

eGFR, estimated glomerular filtration rate; BSA, body surface area; MDRD, Modification of 
Diet in Renal Disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration. 
  

Prediction equation 

Cockcroft-Gault equation (2) corrected to ml/min/1.73 m2 

eGFR (mL/min/1.73m2) = [(140 – age) × weight (kg) × 0.85 (if female) × 1.73 m2] / [serum 

creatinine (μmol/L) × 0.814 × BSA (m2)] 

Four-variable MDRD equation (3) 

eGFR (mL/min/1.73 m2) = 175 × (Scr (μmol/L) / 88.4) -1.154 × (age) -0.203 × 0.742 (if  

female) × 1.212 (if African American) 

CKD-EPI equation (4) 

eGFR = 141 × min (Scr /κ, 1)α × max (Scr /κ, 1)-1.209 × 0.993Age × 1.018 (if female) × 1.159 (if 

African American) 

where: 

Scr is serum creatinine in µmol/L 

κ is 61.9 for females and 79.6 for males 

α is -0.329 for females and -0.411 for males  

min indicates the minimum of Scr /κ or 1  

max indicates the maximum of Scr /κ or 1 
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Table 2. Prediction equations obtained during the 3-phase development stages 

Equation 

1  86.8689 x Scr-0.2814 x Age-0.2929 x Urea-0.2908 x Alb0.4845 

2 27.3769 x Scr-0.2439 x Age-0.0667 x Urea-0.3076 x Alb0.5728 

3 106.4100 x Scr-0.3239 x Age-0.3851 x Urea-0 2621 x Alb0.5134 

GFR, glomerular filtration rate; Scr, serum creatinine; Alb, serum albumin. 
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Table 3. Clinical and laboratory characteristics 

Parameter Total (n=76) Male (n=23) Female (n=53) P-value 

Age (years) 56 ± 14 55 ± 14 57 ± 14 0.677 

Female, n (%) 53 (69.7) ---- ---- ---- 

Waist circumference (cm) 100.3 ± 13.7 98.4 ± 11.1 101 ± 14.6 0.446 

Body mass index (kg/m2) 31.0 ± 7.2 28.7 ± 7.5 32.0 ± 6.9 0.065 

Systolic blood pressure 

(mmHg) 

137.5 ± 23.4 132.7 ± 26.7 139.6 ± 21.7 0.239 

Diastolic blood pressure 

(mmHg) 

74.2 ± 15.8 74.3 ± 17.3 74.2 ± 15.3 0.993 

*Glucose (mmol/l) 5.6 (2.6) 12.4 (3.1) 5.5 (2.3) 0.773 

*Serum creatinine (µmol/l) 118 (79.5) 161 (118) 104 (53) <0.001 

*Urea (mmol/l) 7.1 (5.5) 8.1 (9.8) 7.0 (4.0) 0.178 
99mTc-DTPA-mGFR 

(ml/min/1.73m2) 

51.3 ± 22.6 45.4 ± 18.7 53.9 ± 23.8 0.102 

MDRD-eGFR 

(ml/min/1.73m2) 

45.1 ± 24.4 39.2 ± 18.1 47.6 ± 26.4 0.112 

CKD EPI-eGFR 

(ml/min/1.73m2) 

47.8 ± 24.4 41.4 ± 20.4 50.5 ± 25.6 0.107 

CG_BSA-eGFR 

(ml/min/1.73m2) 

56.8 ± 30.2 

 

46.4 ± 21.5 

 

61.2 ± 32.4 

 

0.021 

CG-eGFR 

(ml/min) 

63.6 ± 34.7 

 

53.3 ± 27.8 

 

68.1 ± 36.7 

 

0.059 

*Urine ACR (mg/mmol)  9.1 (85.1) 20 (86.1) 8.5 (84.5) 0.977 

Serum albumin (g/l) 36.0 ± 5.5 36.7 ± 5.9 35.8 ± 5.3 0.522 

*Non-normal data summarized as median (IQR). 99mTc-DTPA; technicium-99m-

diethylenetriaminepentaacetic acid; mGFR, measured glomerular filtration rate; eGFR, estimated 

glomerular filtration rate; MDRD, Modification of Diet in Renal Disease; CKD-EPI, Chronic 

Kidney Disease Epidemiology Collaboration; CG, Cockcroft-Gault (*in ml/min); BSA, body 

surface area; ACR albumin: creatinine ratio. 
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Table 4. Agreement between estimated and measured glomerular filtration rate  

eGFR equation Mean bias (95% CI) 

(ml/min/1.73m2) 

RMSE 

(ml/min/1.73m2) 

95% limits of 
agreement 

P30 (%) 

*CG -12.31 (-20.09, -4.54) 23.55 -58.46, 33.84 47.3 

CG_BSA -5.45 (-9.22, -1.68) 19.74 -44.1, 33.2 54.0 

MDRD 6.21 (2.75, 9.67) 18.11 -29.29, 41.70 51.3 

CKD-EPI 3.552 (0.27, 6.82) 17.10 -29.96, 37.06  63.2 

Equation 1 1.79 (-0.78, 4.35) 13.41 -24.51, 28.08 78.95 

Equation 2 2.40 (-0.33, 5.13) 14.26 -25.57, 30.37 72.37 

Equation 3 1.66 (-0.89, 4.22) 13.36 -24.52, 27.84 75.00 

African modified 
MDRD 

-0.72 (-5.17, 3.73) 13.44 -27.06, 25.63  75.00 

eGFR, estimated glomerular filtration rate; mGFR, measured glomerular filtration rate; CG, 

Cockcroft-Gault (*in ml/min); BSA, body surface area; MDRD, Modification of Diet in Renal 

Disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; RMSE, root mean 

square error; P30, proportion of eGFR that fall within 30% of mGFR. 
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Table 5. Agreement between estimated and measured glomerular filtration rate in patients 
with different glomerular filtration rate categories 

eGFR  
(ml/min/1.73m2) 

N Mean bias  
(ml/min/1.73m2) 

RMSE  
(ml/min/1.73m2) 

*CG 
Overall 76 -12.31 (-20.09, -4.54) 23.55 

<30 12 8.43 (2.46, 14.40) 9.40 

30-60 29 -0.28 (-4.80, 4.24) 11.89 

≥60 35 -29.39 (37.09, 21.69) 22.42 

CG_BSA adjusted 
Overall 76 -5.45 (-9.22, -1.68) 19.74 

<30 13 9.16 (4.11, 14.2) 8.36 

30-60 28 0.60 (-4.63, 5.8) 12.35 

≥60 35 -15.30 (-23.04, 7.57) 22.51 

MDRD 
Overall 76 6.21 (2.75, 9.67) 18.11 

<30 20 12.60 (9.60, 15.60) 6.41 

30-60 48 6.92 (2.33, 11.51) 15.81 

≥60 8 -14.0 (-42.21, 14.21) 33.73 

CKD-EPI 
Overall 76 3.55 (0.27, 6.82) 17.10 

<30 19 12.37 (9.08, 15.67) 6.83 

30-60 38 4.34 (-0.45, 9.13) 14.57 

≥60 19 -6.84 (-18.02, 4.33) 23.19 

African modified 
Overall 76 -0.72 (-3.79, 2.35) 13.44 

<30 7 0.83 (-3.57, 5.22) 4.75 

30-60 48 -0.52 (-4.41, 3.38) 13.42 

≥60 21 -1.70 (-.8.83, 5.43) 15.67 

eGFR, estimated glomerular filtration rate; mGFR, measured glomerular filtration rate; N, 
number; CG, Cockcroft-Gault (*in ml/min); BSA, body surface area; MDRD, Modification of 
Diet in Renal Disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; RMSE, 
root mean square error.   
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Figure 2. Agreement between measured and estimated glomerular filtration rate by CG, 

CKD-EPI, MDRD as well as African modified MDRD equations. 

 

CG, Cockcroft-Gault (*in ml/min); BSA, body surface area; MDRD, Modification of Diet in 

Renal Disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration. 
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CHAPTER 8 

DISCUSSION AND CONCLUSION 
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8.1. SYNTHESIS OF KEY FINDINGS 

The work presented in this thesis provides an observational profile of CKD patients  

at two regional (secondary) level hospital sites outside of a tertiary level nephrologist-run setting. 

Each chapter presents novel findings on aspects of the epidemiology of CKD at earlier stages, 

before dialysis is reached, adding substantially to the understanding of non-dialysis dependant 

CKD in a patient population that has not been widely studied. Chapters 2-5 comprise studies of 

risk factors and complications, while chapters 6 and 7 investigated diagnostic methods. 

8.1.1. RISK FACTORS ASSOCIATED WITH CHRONIC KIDNEY DISEASE AND 

CARDIOVASCULAR DISEASE 

Chapter 2 describes patients presenting at a regional level hospital-based outreach CKD clinic in 

rural northern KwaZulu-Natal. Chapters 3-5 describe patients at a regional hospital-based clinic 

serving urban and peri-urban areas of Durban. About 90% of patients were of African ancestry, 

reflecting hospital patient demographics at both study sites and two-thirds were female. Patients 

with CKD in our setting are young (<60 years old). The profile of these cohorts resembles CKD 

in poor urban vulnerable populations in the US public health system who are also young (59 ± 

13.8 years), mainly non-white and at greater risk for CKD progression (74). 

Hypertension, diabetes mellitus and HIV were the major CKD risk factors in both rural and 

urban sites thus, CKD is largely associated with modifiable risk factors in our population. We 

reaffirmed the observation by others of the leading role of hypertension as the commonest CKD 

risk factor in South Africa, which was observed in 75% in northern KwaZulu-Natal and 73% in 

the Durban site; with prevalence of 50% in those with eGFR ≥90 ml/min/1.73m2 that increased 

with each subsequent CKD stage to 90% when eGFR was <30 ml/min/1.73m2. Diabetes was 

found in 30% of patients (29.8% and 27.6% in northern KwaZulu-Natal and Durban, 

respectively). Therefore, our hypothesis that diabetes would be the commonest contributor to the 

CKD burden, based on global data, was rejected in both cohorts. Nonetheless, its emergence as 

the second commonest risk factor is significant as it heralds the potential future increase in the 

burden of diabetic ESRD. The rising trend is well under way, as diabetes accounted for 12.4% of 

ESRD cases in the latest South African Renal Registry Report (19) versus the 1994 Report (6) 

that made no reference to diabetes.  
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We expected HIV infection to be a major contributor to the CKD burden owing to its high 

prevalence in the province of KwaZulu-Natal as the HIV epicentre in South Africa. Its 

emergence as the third commonest CKD risk factor could mark a shift in the role of infections in 

the pathogenesis of CKD locally. Prevalence of HIV infection was higher in the northern 

KwaZulu-Natal outreach cohort (30%) vs <20% in the Durban cohort, suggesting an 

association between HIV infection and rural location. Although HIV prevalence in this region is 

well-documented, data on the burden of CKD in HIV are lacking. A primary level healthcare 

study in northern KwaZulu-Natal found CKD in 14.4% of HIV patients but <1.5% had severe 

CKD or eGFR <30 ml/min/1.73m2 (75). In our outreach cohort (Chapter 2), HIV was a strong 

independent predictor of severe CKD. Prospective studies assessing CKD progression rates in 

HIV patients are needed to establish causality. While antiretroviral therapy will reduce the 

incidence of HIVAN, the CKD burden in HIV is likely to rise in South Africa as hypertensive as 

well as diabetic CKD increase due to improved patient survival and treatment-related adverse 

cardiometabolic effects.  

Glomerulonephritis unrelated to HIV was uncommon at both rural and urban sites, except in the 

eGFR validation study (Chapter 7) where 40% of patients had glomerulonephritis, as the most 

prevalent CKD cause. The high prevalence in that group reflects the study setting, which was a 

specialist nephrologist clinic as well as the practice of referring glomerulonephritis patients to 

nephrologists for renal biopsy and management. Another highly prevalent modifiable risk factor 

was obesity, with >80% of females and almost 60% males in the northern KwaZulu-Natal as 

well as the Durban site, overweight/obese. This was similar to the high population prevalence 

reported in rural (76) and urban (77) KwaZulu-Natal as well as in high CVD risk patients studied 

elsewhere in South Africa (78). The data reflect the epidemiological transition into diseases of 

lifestyle occurring in South Africa as in other developing countries. The distribution of CKD, 

CVD or other CVD risk markers associated with obesity, showed no gender preponderance; only 

dyslipidaemia was twice as common in females than in males in the northern KwaZulu-Natal 

cohort but not in the Durban cohort.  
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8.1.2. RISK FACTORS FOR PROGRESSION OF CHRONIC KIDNEY DISEASE  

Chapters 2 and 3 also showed that albuminuria was highly prevalent (>40% of patients), which 

together with hypertension, are major risk factors for CKD progression while treatment of both is 

renoprotective (79-82). Based on evidence for this central role in CKD progression, KDIGO 

guidelines recommend ACE inhibitor or ARB use and blood pressure control in patients with 

albuminuria (2). Sixty percent of patients at both sites were on either an ACE inhibitor or ARB at 

presentation to secondary healthcare level. Both drug classes are available at primary healthcare 

level in South Africa and are included in the South African Hypertension Guidelines as first line 

therapy, with CKD an added indication for their use (83). Notwithstanding the availability of 

these renoprotective drugs, >70% of patients at the outreach site and almost 40% at the Durban 

site had CKD stage ≥3 at initial visit. Thus, prospective studies are needed to investigate causal 

factors particularly, rapid CKD progression or delayed referral from primary level healthcare.  

8.1.3. COMPLICATIONS ASSOCIATED WITH CHRONIC KIDNEY DISEASE  

Chapter 3 evaluated CKD and CVD risk factors in the Durban patients. This study presents 

further novel findings in a South African cohort, of highly prevalent hyperuricaemia, with central 

obesity, declining eGFR as well as albuminuria as strong independent predictors. Although 

hyperuricaemia is well-recognized as a consequence of CKD, its presence in 16.7% of patients 

with eGFR ≥90 ml/min/1.73m2 is of particular interest as this group might be at risk for incident 

CKD and may need follow-up. Interventional studies of urate-lowering therapy with allopurinol 

in such patients are needed to evaluate the potential benefits of urate-lowering on primary or 

secondary CKD prevention since evidence on renal outcomes remains unclear. Prevalence of 

hyperuricaemia, in association with gout, is increasing globally, in parallel to the obesity 

epidemic (39, 84, 85). Interestingly, hyperuricaemia in our cohort was associated with a low, 

rather than high, gout prevalence and African ancestry was seemingly protective against gout. 

This unique finding was unexpected and contrary to observations in African Americans who 

have a high risk for both (39). The low prevalence in our cohort might reflect lower protein 

intake since dietary protein intake was found to be lower in indigenous South Africans compared 

to African Americans (86). High protein intake is among the factors implicated in the rising 

prevalence of hyperuricaemia and gout with Western lifestyles (87). However, our study did not 

evaluate dietary intake. 
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In the study of CKD-related metabolic and endocrine abnormalities (Chapter 4), we found a high 

frequency of metabolic acidosis (21%), anaemia (19%), hyperphosphataemia (14%) as well as 

hypocalcaemia (5%) compared to observations in CKD patient cohorts in other published 

studies. Some, like hyperuricaemia, were prevalent even at high eGFR levels. The finding of 

disorders usually associated with later CKD stages, in early CKD in our patient population, has 

not been reported in South Africans previously and is similar to findings in African Americans 

and European Africans. This implies a need for the training of non-nephrologists in tertiary CKD 

prevention strategies in our setting and extending access to specific pharmacological therapies 

for these disorders to patients at regional level clinics managed by non-nephrologists. As 

expected, prevalence of each disorder increased significantly as eGFR declined, and more so 

when eGFR was <45 ml/min/1.73m2. The risk for adverse outcomes rises sharply below this 

GFR level, hence the need for close monitoring once patients reach stage 3b CKD.  

Another complication of CKD that is strongly associated with adverse outcomes is PEW. We 

postulated that PEW would be common in our patient population following previously cited 

findings in South Africans that dietary protein intake, a component of the PEW syndrome, was 

low in healthy volunteers (86) and prevalence of malnutrition was high in CAPD patients (88). 

Chapter 5 evaluated the association of markers of PEW with 99mTc-DTPA mGFR, for the first 

time in an African cohort of non-dialysis CKD patients and showed that males had significantly 

lower lean and fat mass at lower mGFR levels (CKD stage ≥3b), which was not seen in females. 

This and the disproportionately higher risk of malnutrition in males in the cited CAPD study, 

implies that serial longitudinal evaluation of body composition changes over time is needed to 

confirm lean mass as well as fat loss and that nutritional surveillance must be considered early in 

the course of CKD in males.  

8.1.4. ESTIMATION OF GLOMERULAR FILTRATION RATE FOR DETECTION OF 

CHRONIC KIDNEY DISEASE 

Primary, secondary and tertiary prevention to reduce complications in CKD, requires cost-

effective tools for CKD screening and diagnosis, hence the reliance on serum creatinine-based 

equations for GFR estimation in routine clinical decision-making. These equations were 

developed in Europe and North America therefore require validation in other populations. We 

undertook such a validation study (Chapter 6) by evaluating eGFR performance in predicting 
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99mTc-DTPA-mGFR. Our results confirmed the findings of two prior studies that 

eGFR equations were inaccurate in Africans and overestimated mGFR (72) or 24-hour

creatinine clearance (73), with better prediction after omitting the African American derived 

correction factors for black ethnicity, which we also found.  

These data prompted our effort to develop an equation in patients of African ancestry 

from demographic and biochemical variables using methods described in developing the 

MDRD equation as presented in Chapter 8. We postulated that this new equation would 

predict 99mTc-DTPA-mGFR better than the CG, MDRD and CKD-EPI equations (64, 65, 

67), which we subsequently showed as the new equation had the lowest bias, best precision, 

highest accuracy and correlation to mGFR compared to existing equations. This African 

equation is a novel and significant advance towards achieving more accurate GFR prediction 

in black Africans thus, it holds great promise as a tool for CKD diagnosis in future. 

Prediction of GFR by the existing 3 equations was comparable in this study with that of 

prior studies. Interestingly, our previous observation that eGFR underestimated mGFR in 

stages 4 and 5 CKD (Chapter 6) were again evident in this study, further raising the possibility 

of increased muscle catabolism and creatinine generation in severe CKD in this patient 

population that awaits future investigation. 

8.2. STUDY LIMTATIONS 

The cross-sectional design used in the studies contained in this thesis was useful in 

the evaluation of key epidemiological aspects of CKD in our study patient population, in the 

absence of population data. Various associations were reported and several hypotheses for 

future studies were generated. However, causal inferences cannot be made from the 

observed associations, which is the major limitation of this study design. Selection bias is a 

potential limitation of the study setting in hospital-based clinics since the study 

participants are unlikely to be representative of the general population. Misdiagnosis in 

assigning comorbidities might have occurred with the use of self-reported diagnosis, current 

medication, prior clinical and pharmacy records. Another potential source of misclassification 

is the use of eGFR equations, leading to errors in CKD staging. The small sample size of the 

studies and absence of appropriate control groups in each of the studies, as a consequence of 

limited funding, might affect the reliability of the results thus, are further limitations. Future 

studies are needed, with sufficient power and control groups, e.g. healthy controls as well as 

rural/urban patients to overcome the identified limitations. 
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8.3. CONCLUSIONS AND RECOMMENDATIONS 

This work provides evidence that CKD affects relatively young patients and is associated with 

multiple comorbidities in adults seen at two regional hospital-based clinics, with limited access 

to nephrologists, cardiologists or diabetologists or other subspecialists. We confirmed that 

hypertension remains the commonest CKD risk factor, which is prevalent across the CKD 

spectrum, often with comorbidities like diabetes, HIV, CVD and obesity. This calls for 

intensified efforts aimed at early diagnosis and effective management of hypertension. Lessons 

could be obtained from the successful National Blood Pressure Education Program in USA, a 

private-public partnership designed to motivate the public, physicians, nurses, pharmacists and 

other health workers to do a better job of managing hypertension, which resulted in markedly 

improved hypertension awareness, treatment and control as well as reduced mortality (89). 

Diabetes and HIV were shown to be emerging in our setting as important contributors to the 

CKD burden. Both are likely to change the epidemiology of ESRD in future due to recent 

favourable changes in RRT acceptance criteria in South Africa, which are now more inclusive of 

diabetic and HIV patients.   

We have also shown that CKD-related metabolic and endocrine complications were prevalent, 

mainly from CKD stage ≥3b but also at normal GFR levels, with patients often untreated for 

these complications. This could either reflect resource-management policies that restrict 

treatment availability only to subspecialty clinics or lack of awareness of treatment and/or the 

resultant benefits, except in the case of hyperuricaemia, where evidence on the benefits of urate-

lowering is inconclusive. The observed unexpected negative association of gout with African 

ancestry needs further evaluation. We further suggest PEW as another complication that might 

occur early, especially in males, who were found to have reduced lean and fat mass from CKD 

stage ≥3b however, we could not assess longitudinal changes in lean and fat mass with the 

present study design.  

This observation in males as well as that of mGFR underestimation by eGFR in stages 4 and 5 

CKD patients in the two GFR estimation studies, raises a possibility of increased catabolism in 

our population that could affect GFR estimation; a potential subject for future research. In 

addition, we found that eGFR overestimated mGFR in earlier CKD stages in both studies. These 

extremes in GFR estimation were substantially minimized, by the equation that was developed in 
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Africans, albeit not eliminated. Nevertheless, we have concluded that the improved accuracy 

seen with the new equation, which showed better GFR prediction than existing ones, warrants 

more effort to further develop and validate it in a large study sample comprising a wide range of 

GFR values. Attempts to build on this innovation by establishing a network of investigators and 

planning a large multicentre study of Africans are underway. A major hurdle is the unavailability 

of radioisotope studies in many public healthcare centres in South Africa and lack of uniformity 

in the clearance agent used in the few that offer radioisotope GFR. This will necessitate 

collaboration with the private healthcare sector and researchers in other African countries.  

The antiretroviral therapy roll-out program provides a practical framework through which 

training of primary healthcare doctors and nurses was performed successfully in South Africa. 

The program, based at primary healthcare level with minimal specialist/subspecialist support, has 

delivered much needed treatment to multitudes of HIV patients many of whom likely had 

complex co-existing diseases, including infections and malignancies. We recommend adoption 

of a similar national strategy to train primary and regional level healthcare practitioners in 

primary, secondary as well as tertiary prevention, which we plan to propose to relevant health 

stakeholders to reduce the impact of CKD. Specialist outreach programs bring valuable expertise 

to primary healthcare practitioners and patients; hence it is commendable that outreach services 

to northern KwaZulu-Natal by specialists from both public and private healthcare sector in 

Durban have slowly gained traction over the last two years. Lobbying of health authorities, to 

extend provision of effective therapies to lower levels of care is indeed warranted, especially to 

areas without specialists/subspecialists or where there is no option for up-referral and/or RRT.  

Lastly, the data presented underscore a need for population studies and registries to provide data 

on the various aspects of CKD. Studies of high-risk individuals are valuable to obtain 

epidemiological data, to understand disease patterns and distribution as well as guide resource 

allocation, where population studies are not feasible. A diagnostic method developed and 

validated in the population in which it will be used is necessary to provide a more accurate 

estimate of the GFR level.  
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PROFILE OF CKD IN KWAZULU-NATAL 
DATA COLLECTION SHEET 

Hospital: ___________________ Date………………………1st renal clinic visit 

I. Demographic data

Study ID no. ____________________ Patient Hospital no.______________________ 

Age (yrs): ____________________ Gender:  Male �  Female � 

Occupation: Scholar Unemployed  Employed specify work________ 

Referral Source: _______________________________ (name of hospital/ clinic) 

Residence: ____________________________________________________________ 

Cigarette smoking:   Yes / No   Alcohol use:   Yes / No  

II. Clinical data (History & examination)

History of CKD risk factors (circle where applicable): 

Hypertension   Type II diabetes  Analgesic regular use (specify ASA/NSAID) 

HIV     SLE   Other (specify) ________________________ 

Examination: 

Weight _____________ kgs Height _____________ cms BMI ____________ 

Waist circumference _____________ cms Finger-prick glucose __________mmol/l 

Systolic BP__________ mmHg  Diastolic BP___________ mmHg (sitting) 

Systolic BP__________ mmHg  Diastolic BP___________ mmHg (erect) 

Urine dipstick: 

Proteinuria:   nil trace 1+ 2+ 3+ 4+ 

Haematuria:   nil trace 1+ 2+ 3+ 4+ 

Leucocyturia   nil trace 1+ 2+ 3+ 4+ 

Renal presenting problem: 

CKD   ESRD  Nephrotic syndrome  Acute nephritis ARF 

CKD aetiology _________________________________________________ 
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III. Laboratory data

Blood 

Serum creatinine ____________ µmol/l Urea ______________ mmol/l 

Na ______ mmol/l K ______ mmol/l Chloride _______ mmol/l HC03 _____ mmol/l 

Blood glucose _________ mmol/l Urates _______ mmol/l 

Hgb _______ g/dl   MCV ________ fl  MCH _______ pg 

Tot cholesterol ______ mmol/l Triglycerides ______ mmol/l   LDL _____ HDL ______ 

Calcium ___________ mmol/l Phosphate ________ mmol/l Alb ___________g/l 

Urine 

Urine albumin/ creatinine ratio ____________ Urine protein/ creatinine ratio _________ 

24-hr urine protein excretion rate __________ g/day

GFR 

isotope GFR _______________  ml/min normalized for area __________ ml/min 

eGFR _____________________ ml/min or creat clearance ___________ ml/min 

Radiology 

Kidney size (U/S or CT scan) Right ________ cm Left ___________ cm 

IV. Pharmacological data – Current treatment

Name  or equivalent Daily dose 

Antihypertensives 

Enalapril 

Valsartan 

Hydrochlorothiazide 

Furosemide 

Amlodipine 

Prazosin 

Atenolol 

Hydralazine 

Other anti-HPTs: Methyldopa, Minoxidil, 
Spironolactone, etc. 

Atorvastatin 

Allopurinol 

OHAs 

Insulin 
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III. Examination

Measurements: 

Weight _____________ kgs  Height _____________ cms BMI ____________ kg/m
2

Waist circumference _____________ cms Finger-prick glucose ____________ mmol/l 

Systolic BP____________ mmHg Diastolic BP___________ mmHg (sitting) 

Systolic BP____________ mmHg Diastolic BP___________ mmHg (erect) 

Urine dipstick: 

Proteinuria: nil trace 1+ 2+ 3+ 4+ 

Haematuria: nil trace 1+ 2+ 3+ 4+ 

Leucocyturia nil trace 1+ 2+ 3+ 4+ 

IV. Routine laboratory tests

Blood: 

Serum creatinine ____________ µmol/l Urea ______________ mmol/l eGFR ______ ml/min 

Na _______ mmol/l K ______ mmol/l  Chloride ______ mmol/l  HC03 ______ mmol/l 

Urates  _______ mmol/l Bld glucose _________ mmol/l If diabetic, HbA1c________ % 

Hgb _______ g/dl  MCV ________ fl MCH _______ pg C-reactive protein________ U/l

Tot cholesterol ________ mmol/l    Triglycerides _______ mmol/l LDL _______ mmol/l HDL _______ mmol/l 

Calcium ___________ mmol/l Phosphate   _______ mmol/l  Alb ________ g/l 

Urine: 

Urine albumin/ creatinine ratio ____________ OR Urine protein/ creatinine ratio ______________ 

V. Radiology (if available)

Kidney Ultrasound: 

Normal (10-12 cm)  Bordeline (9-9.9 cm) Large (>12 cm) Small (<9 cm) 

Right ___________ cm Left ___________ cm 

Dexa scan: 

Body Fat % _________

VI. Glomerular filtration rate (GFR)

Radioisotope GFR (GFR subjects only) _______________  ml/min normalized for area ____________ ml/min 

MDRD eGFR ___________ml/min CKD-EPI eGFR ____________ ml/min  CG eGFR ____________ ml/min 

VII. Specialized laboratory tests (1 red top, 2 purple top for research study purposes only)

Cystatin C (GFR subjects only) ____________________ Beta trace protein (GFR subjects only) _________________ 

Interleukin 6 (subjects & controls) _________________ Interleukin 18                        _________________ 
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CHRONIC KIDNEY DISEASE STUDY 

DATA SHEET FOR DEXA SCAN 

1. Name: ………………………………………………………………………………………………………….…… 

2. Study No.: ………………………………………………………………………………………………………………. 

3. Hospital No.: ……………………………………………………………………………………………………………….

4. Have you had any X-rays in the past ten (10) days? Yes No

If Yes, which body areas were X-rayed? …………..…………………………………………………….…

…….…………………………………………………………………………………………….………………………………………….. 

5. Have you had a GFR test done at Medical Physics GFR? Yes No

If Yes, when? (give an approximation, e.g. 2 months ago/Jan) ……….…..………………

(if recent, re-schedule DEXA appointment to 2 weeks after GFR) 

6. Have you been injected with other dye, barium or radioactive material?

Yes No

(if Yes, re-schedule DEXA appointment to 2 weeks after GFR) 

7. Height 888888.8 m Weight 888.888.. kg  

8. Menopause Yes If yes, when? (give approximation)88888.. 

No If no, give LMP date: 88888888...88..

Thank you for participating. 

Dr N. Madala/ Sr N. Zungu  

DIVISION OF INTERNAL MEDICINE 

Nelson R Mandela School of Medicine 
College of Health Sciences 
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