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ABSTRACT 

BACKGROUND: 

Renal dysfunction is an increasingly recognized co-morbidity among HIV-infected patients on 

HAART. Progression to end stage renal disease impacts negatively on morbidity and mortality. I 

evaluated factors for the development and progression of renal disease, and estimated the 

incidence and prevalence of CKD stage 3 or worse at an HIV clinic in Johannesburg. 

 

METHODS: 

A retrospective study was conducted involving two cohorts of HIV-infected adults on HAART 

attending Themba Lethu Clinic in Johannesburg, South Africa, from June 2010 to May 2012. 

The first cohort, the incident cohort, involved patients initiated on HAART between June 2010 

and May 2012 with normal baseline renal function. The primary outcome from this study cohort 

was doubling of serum creatinine from baseline or development of end stage renal disease. The 

second cohort (prevalent cohort) analysis included HIV-infected patients on HAART during the 

period under study. Patient data was extracted from Therapy Edge, an electronic database. 

 

RESULTS: 

From the incident cohort, 2424 patients met entry criteria, of whom 93 (3.8%) developed renal 

dysfunction after initiation of HAART, with an incidence of acute renal disease and chronic 

kidney disease of 2.9% and 0.9% respectively. A total of 28 (1.2%) patients developed either end 

stage renal disease requiring dialysis or doubled serum creatinine from the baseline. The mean 
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duration for development of end stage renal disease or doubling of serum creatinine was 10.21 

months (range of two weeks to 38 months). 

From the prevalent cohort, 2500 HIV-infected adults met the inclusion criteria, of whom 58 had 

CKD, with a prevalence of 2.3% (95% CI 0.02- 0.03).  

Male sex, hypertension, low body mass index, low CD4 count and TDF based regimen were 

predictors of decline in renal function. 

 

CONCLUSION: 

Doubling of serum creatinine or development of end stage renal disease after initiation of 

HAART was an uncommon finding and the overall incidence and prevalence of chronic kidney 

disease was low. Screening for evidence of renal dysfunction in HIV-infected patients and 

treatment of traditional risk factors for CKD are still important for preventing further renal 

damage.  
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CHAPTER ONE 

1.1 INTRODUCTION AND BACKGROUND OF THE STUDY 

 

Nephropathy is defined as pathological abnormalities or markers of damage, including 

abnormalities in blood or urine tests, or imaging studies1. It has become an important co-

morbidity among Human Immunodeficiency Virus (HIV) infected patients whose presentation 

can be acute renal disease (ARD) or chronic kidney disease (CKD)2. Studies demonstrate that 

African Americans are at greater risk of developing ESRD than their white counterparts in the 

USA3,4. It has been further demonstrated that HIV-associated nephropathy (HIVAN) among 

blacks between the ages of 20 and 64 years is a third leading cause of end stage renal disease4. 

The estimated prevalence of HIVAN is 3.5% among African-Americans living with HIV5. In 

pre-Highly Active Antiretroviral Therapy (HAART) era, HIVAN was characterized by rapid 

deterioration of renal function and ESRD requiring dialysis. With the availability HAART, there 

has been significant reduction in the burden as well as deaths associated with HIV infection6-8. 

 

Tenofovir disoproxil fumarate (TDF) is a widely prescribed antiretroviral medication in patients 

living with HIV with 70% of the patients initiated on TDF based regimen9. In a retrospective 

study conducted between April 2004 and September 2009 in Johannesburg, showed that in 890 

HIV-infected patients initiated on TDF, 21(2.4%) experienced nephrotoxicity {was defined as 

any decline in kidney function from the baseline (acute or chronic) that is secondary to toxins 

including drugs}10. 
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Appropriate management and prompt referral of patients with early renal disease depends on 

identification of renal dysfunction by the physician. Serum creatinine level is routinely used as a 

screening test to assess renal function11-13. However, in clinical trials, ESRD or doubling of 

serum creatinine from baseline, and death are commonly used endpoints14. Doubling of serum 

creatinine is a commonly used endpoint because it reflects a sustained change in renal function, 

and predicts patients who may develop ESRD. It is conveniently used as a surrogate endpoint for 

progression of renal disease14. 

 

I conducted a retrospective cohort study to evaluate risk factors for reaching renal end points 

among HIV-infected patients on HAART at Themba Lethu Clinic (TLC), Helen Joseph Hospital, 

Johannesburg in South Africa. Data was obtained from Therapy Edge, an electronic database.  

The incidence and prevalence of chronic kidney disease was also estimated among HIV-infected 

patients on HAART. 

 

1.2  Problem statement 

  

HIV remains a burden in Southern Africa region, including South Africa. About 6% of people 

living with HIV in South Africa develop chronic kidney disease (CKD)15. Even with HAART, 

CKD remains a problem among patients living with HIV with prevalence varying from 3.3% to 

8.4% according to several studies16-18.  Renal dysfunction can be caused directly by HIV 

infection itself, co-infections, co-morbidities, toxic effects of antiretroviral therapy, or 

opportunistic infections and their treatments as well as other co-morbidities such as hypertension 

and diabetic mellitus19. Progression to ESRD impacts negatively on morbidity and mortality. 
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1.3  Significance of the study 

  

Despite potential benefits of antiretroviral therapy on survival of patients with kidney disease, 

progression to ESRD still occurs20. The ability to predict renal outcome and take appropriate 

interventions such as identifying and screening for CKD among those at risk, and treatment of 

co-morbid conditions may slow the progression of kidney dysfunction and delay the onset of 

renal failure21. 

 

The main aim of the study is to look at the incidence and prevalence of CKD stage 3 or worse in 

HIV infected patients on HAART, and evaluate risk factors associated with the development of 

renal disease. 
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1.4  LITERATURE REVIEW 

 

1.4.1 HIV Burden  

 

At the end of 2010, about 34 million people were living with HIV worldwide, which represents 

an increase of 17% from 200122. Majority of these HIV-infected patients (68%) were living in 

sub-Saharan Africa22.  

 

In South Africa, the estimated total number of HIV-infected patients increased from 4.1 million 

in 2001 to 5.24 million by 2010 representing 10.5% of the total population23. The estimated 

prevalence of HIV in Gauteng province is 10.3%24. Among all the provinces, Gauteng has the 

fifth largest number of people living with HIV after Kwazulu Natal, Mpumalanga, the Free State 

and North West provinces24. Over 1 million people living with HIV are estimated to be on  

HAART in South Africa with Gauteng province having the second largest number of patients on 

HAART, with over 207,000 estimated to be treated at various sites by end of  March 201025. 

 

1.4.2 HIV infection and kidney disease 

 

HIV infected patients are at risk of developing either acute renal dysfunction or CKD. In 

assessing patients with renal dysfunction, it is important to distinguish acute kidney disease from 

chronic kidney disease as this may have an impact on management.  
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1.4.2.1 Acute kidney disease (AKD) 

 

AKD is defined as acute kidney injury (AKI) or GFR<60ml/min per 1.73m2 for <3 months or 

decrease in GFR by >35% or increase in serum creatinine by >50% for < 3months or structural 

kidney damage for <3months26. While AKI is defined as an abrupt (within 48 hours) reduction in 

kidney function  based on an elevation in serum creatinine level, a reduction in urine output, the 

need for renal replacement therapy (dialysis), or a combination of these factors27.  

 

AKI is a common finding among people living with HIV and is associated with advanced stages 

of HIV infection as well as traditional risk factors for AKI, such as old age, diabetes, pre-existing 

CKD and hepatitis co-infection28,29. In a prospective study conducted among 754 ambulatory 

HIV-infected patients, of whom 61% were blacks, reported an incident rate of acute kidney 

injury of 5.9 per 100 person-years29. However, in hospitalized patients, an incidence of 14.8% 

has been reported among HIV-infected patients using RIFLE criteria for AKI, a decline from 

18% as previously reported30, 31.  

 

In 2004, the Acute Dialysis Quality Initiative (ADQI) workgroup developed a classification 

system for AKI abbreviated RIFLE (Risk of renal dysfunction, Injury to the kidney, Failure or 

Loss of kidney function, and End-stage kidney disease) as shown in Table 1.132. RIFLE is 

increasingly used in research32. 

 

 

 



6 

 

Table 1.1: Classification for acute kidney injury (AKI) using RIFLE criteria 

 

Category GFR Criteria Urine Output (UO) Criteria 

Risk Increased creatinine x1.5 or GFR decrease 

> 25% 

Urine output < 0.5ml/kg/h x 6 hr 

Injury Increased creatinine x2 or GFR decrease > 

50% 

Urine output < 0.5ml/kg/h x 12 hr   

Failure Increase creatinine x3 or GFR decrease > 

75% 

Urine output < 0.3ml/kg/h x 24 hr 

or Anuria x 12 hrs 

Loss Persistent ARF = complete loss of kidney function > 4 weeks 

ESRD End Stage Renal Disease (> 3 months) 

 

ARF, Acute Renal Failure. 

 

1.4.2.2 Chronic Kidney Disease (CKD) 

 

CKD is defined as abnormalities of kidney structure or function, present for >3 months, with  

implications for health26. Criteria for definition of CKD according to 2012 KDIGO guidelines is 

as shown below in Table 1.2. 
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Table 1.2: Criteria for CKD (either of the following present for >3 months) 

 

Markers of kidney damage (one or more) Albuminuria (AER >30 mg/24 hours; ACR >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 

 

The US National Kidney Foundation’s Kidney Disease Outcomes Quality Initiative (K/DOQI) 

published its classification of five stages of chronic kidney disease based on GFR in table 1.333: 

 

Table 1.3: Stages of CKD 

 

Stage  Description  GFR (mL/min/1.73 m2) 

1 Kidney damage with normal or 
increased GFR 

 >90 

2 Mild reduction in GFR  60-89 

3 Moderate reduction in GFR  30-59 

4 Severe reduction in GFR  15-29 

5 Kidney failure  < 15 or dialysis 
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1.4.3 HIV- related CKD burden in Africa 

 

Unlike in developed countries, chronic kidney disease is 3–4 times more common in Africa34.  

CKD is among the important potential chronic complication of HIV in sub-Saharan Africa35.   

Studies have also demonstrated that HIV-associated nephropathy (HIVAN) is more common 

among HIV-infected patients of African descent36.   

 

1.4.3.1 Apolipoprotein L1 (APOL 1) and risk 

 

Studies have identified specific genetic variants within the APOL1 gene as a major contributor to 

these ethnic differences, rather than MYH9 gene on chromosome 22 as previously thought37,38. 

The G1 and G2 variants of APOL 1 are predominately found in people of African descent38. 

Studies show that these variants are believed to be responsible for the disparities in rates of 

ESRD observed between black patients and white patients38,39.  

  

The APOL 1 variants are fatal to Trypanosoma brucei rhodesiense, a parasite that causes African 

sleeping sickness, conferring a survival advantage to carriers40. Thus there is an increased 

prevalence of these variants in affected populations (predominately in Southern and East Africa). 

 

APOL1 normally cause glomerulosclerosis by various mechanisms41. It associates with high-

density lipoprotein (HDL) particles in the circulation, and the APOL 1 variants may bind less 

tightly to the circulating HDL, undergo glomerular filtration and proximal tubular resorption, 

thereby causing kidney disease. Renal disease may also be caused by circulating APOL1 variant 
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proteins, either free in circulation or bound to HDL which may be filtered by the kidney42. 

Endogenous APOL1 in the renal epithelium-like cell may cause apoptosis or autophagic cell 

death43. APOL1 variants have the capacity to induce podocyte injury which is further augmented 

by adverse host factors such as hydrogen peroxide, hypoxia, tumour necrosis factor-α, and 

puromycin aminonucleoside44. HIV-1 infected cells release cytokines such as IFN-γ and TNF- α 

that promote APOL-1 expression in endothelial cells45.  

 

Studies demonstrate that the absence of risk alleles strongly predicts lesions other than Focal 

Segmental Glomerulosclerosis (FSGS). About 76% of those with biopsy-proven FSGS carried 

two risk alleles46. However, there is no direct role of the APOL1 risk variants in the pathogenesis 

of HIV-associated immune complex glomerulonephritis46. 

 

1.4.3.2 Other risk factors 

 

This racial predilection for ESRD in HIV infection is consistent with the epidemiology of ESRD 

in the general population, for which the risk of progression from CKD to ESRD has been 

reported as 4-fold higher in blacks compared with whites47. The risk of ESRD in persons infected 

with HIV appears to be due to traditional risk factors associated with CKD such as hypertension, 

cardiovascular disease, diabetes, dyslipidaemia, as well as HIV disease severity48. Markers of 

HIV disease severity include a CD4 cell count of less than 200 cells/µL and a high viral 

burden48. A retrospective study of 22,156 people living with HIV without pre-existing ESRD 

showed that patients with low CD4 counts (less than 200 cells/µL) incurred a 50% increase in 
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ESRD risk, whereas those with CD4 lymphocyte counts of 200-350 cells/µL did not have 

increased risk48. Similarly, having a HIV viral load of more than 30,000 copies/mL, hepatitis C 

co-infection or hypoalbuminemia each were associated with a 2-fold increase in ESRD risk48.  

 

1.4.4 HIVAN 

 

In pre-HAART era, HIVAN was characterized by acute deterioration of kidney failure and end 

stage renal disease requiring dialysis. Antiretroviral therapy has reduced the morbidity and 

mortality associated with HIV infection, as well as leading to a substantial decline in 

HIVAN 49,50.  

 

A case study of a 28 years old HIV-1 positive African American with HIVAN requiring 

haemodialysis showed that a few months after starting HAART, dialysis was not required, and 

serum creatinine and proteinuria improved51. 

 

HIVAN is characterized by worsening renal disease, usually associated with proteinuria and 

enlarged, echogenic kidneys on ultrasound scan52.The pathogenesis of HIVAN may be due to 

direct HIV-1 infection of epithelial cells in the kidneys with resultant expression of nef and vpr 

genes which induce podocyte dysfunction and apoptosis of renal epithelial cells in genetically 

predisposed individuals53,54. In HIVAN, podocytes exhibit a dysregulated phenotype {loss of 

regulatory protein Wills tumor-1 (WT-1)} characterized by increased proliferation, apoptosis and 

dedifferentiation53,54,55. Podocytes in HIVAN also have reduced expression of synaptopodin and 
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WT-1 while the expression of desmin, which forms part of intermediate filaments is increased. 

The expression of WT-1 down-regulates proliferation56. 

 

The commonest histological finding in HIVAN is a collapsing variant of FSGS 57,58. Diagnosis of 

HIVAN is based on the presence of the following typical features on renal biopsy; focal 

segmental glomerulosclerosis in its collapsing variant, absence of immune deposit by 

immunofluorescence and tubules with microcystic changes and proteinaceous casts in the 

lumen58. However, HIV seropositive individuals may present with a variety of other glomerular 

lesions such as arterionephrosclerosis, pyelonephritis, interstitial nephritis, diabetic nephropathy, 

IgA nephropathy, cryoglobulinemia, amyloidosis, a lupus like immune complex glomerulopathy 

and HIV-associated thrombotic microangiopathy 58, 59,60. 

 

Renal biopsy is required for differentiating HIVAN from other diseases responsible for kidney 

disease. Indications for renal biopsy in patients with HIV infection may include significant 

proteinuria, evidence of progressive disease, unexplained acute renal failure or an acute nephritic 

syndrome61. 

 

1.4.5 Effects of drugs on renal function 

 

1.4.5.1 HAART 

 

HAART has resulted in significant decline in HIVAN, however, HAART may directly induce 

for kidney dysfunction62. Most of these drugs are metabolized and excreted by the kidney. 
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Studies have shown that major predictors of eGFR decline in patients on HAART are 

hypertension, hyperlipidaemia, proteinuria, use of tenofovir or stavudine and higher viral load63. 

Several antiretrovirals are associated with renal dysfunction thus it is important to monitor renal 

function and adjust the dosage based on eGFR. 

 

The South African Antiretroviral Treatment Guidelines of 2010 and those updated in 2013,  

recommend the use of a combination of three antiretroviral agents which including 

nucleoside/nucleotide reverse transcriptase inhibitors and a non nucleoside reverse transcriptase 

inhibitor as a first line regimen or two reverse transcriptase inhibitors plus protease inhibitor as 

second line64,65. TDF nephrotoxicity predominantly occurs in patients with underlying kidney 

disease, the elderly, with prolonged use, an elevated baseline creatinine, African American 

ethnicity, CD4 <200cells/µL and concomitant administration of nephrotoxic drugs66. 

 

If TDF is combined with protease inhibitors such as lopinavir/ritonavir the risk of renal toxicity 

increases. Protease inhibitors indirectly cause renal toxicity by increasing TDF concentrations in 

plasma and renal tubular epithelium, thereby increasing the risk of TDF toxicity, because they 

decrease renal clearance of TDF by 17.5%, by inhibiting its transport across renal tubules67,68. 

Patients with low-body weight may have high TDF concentrations, therefore they are at 

increased risk of kidney impairment69. The most common manifestation of TDF nephrotoxicity 

is proximal tubular dysfunction, sometimes causing Fanconi’s syndrome which is characterized 

by proximal tubular acidosis, hypophosphatemia, hypouricemia, glycosuria in absence of 

hyperglycemia, and proteinuria69.  
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Diagnostic criteria of TDF nephrotoxicity are based on evidence of TDF use at the time of 

presentation, histological findings of mitochondrial tubulopathy, an acute renal dysfunction 

without alternative causes of acute decline in renal function70. The outcome after discontinuation 

of TDF is good, however, a small number of patients continue to have impaired renal function 

for more than 6 months after TDF discontinuation71.  

 

1.4.5.2 Other drugs 

 

Several non-antiretroviral drugs such as amphotericin B, pentamidine and acyclovir, may cause 

renal toxicity 72. These drugs are usually used in the treatment of opportunistic infections. 

 

1.4.6 Screening for renal disease 

 

The importance of prevention of CKD in HIV-infected individuals should not be underestimated. 

Screening for renal diseases in HIV infected individuals has been recommended in high risk 

groups for CKD such as individuals of black ethnicity, those with diabetes, hypertension, 

hepatitis C virus co-infection, CD4 cell counts less than 200 cells/mm3, or HIV RNA levels 

greater than 4000 copies/Ml73. Baseline screening tests at initial HIV documentation may include 

urine analysis for proteinuria, serum creatinine with eGFR73. If baseline screening tests are 

abnormal, then further investigations such as urine protein-creatinine ratio (urine PCR) and renal 

ultrasound should be performed. Those who are at risk of developing CKD with normal baseline 

screening tests should be rescreened annually73.  
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1.4.6.1 Determining GFR 

 

The gold standard methods for determining GFR include inulin and iothalamate clearance (IC), 

but these tests are expensive, time-consuming, highly dependent on collection accuracy and thus 

not routinely performed in clinical practice74,75. Serum creatinine concentration is the most 

frequently used test of renal function because of its availability and affordability. Furthermore, 

creatinine clearance (CrCl) or eGFR can be easily estimated from serum creatinine levels and 

other variables76. However, serum creatinine is not a reliable estimate of GFR because its 

concentration is affected by several factors such as age, weight, muscle mass, race, various 

medications and extraglomerular elimination. Studies demonstrate that among patients with 

creatinine levels within normal range, between 11.6% (108 out of 928 patients) and 15.2% (387 

out of 2543 patients) were found to have decreased GFR77-80. 

 

In clinical practice, creatinine-based equations, such as the Cockcroft-Gault (CG), the 

Modification of Diet in Renal Disease (MDRD), and Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPI) equations are commonly used to evaluate kidney function81-83. 

Halving of GFR assessed as doubling of creatinine level has been accepted by The US Food and 

Drug Administration as a surrogate endpoint for development of kidney failure84. Halving of 

kidney function sustained over a period of time will likely proceed to dialysis or renal 

transplantation and thus is felt to reflect a sustained reduction in GFR and hence progression to 

ESRD85 86. 
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1.4.7 Conclusion 

 

Renal disease is an important co-morbid condition among HIV-infected patients. It occurs in a 

wide clinical spectrum which includes potentially reversible AKD and CKD. Causes of 

nephropathy are diverse and usually multifactorial. Several factors are associated with renal 

disease which include traditional risk factors for CKD, HIV disease severity, HAART and 

nephrotoxic drug use. In post HAART era, there has been reduction in morbidity and mortality 

associated with HIV infection as well as reduction in HIVAN. A variety of glomerular lesions 

may be found on histological examination but HIVAN remains common among black 

Africans87,88. Measurements of proteinuria and eGFR are important in assessing renal function. 

In clinical trials doubling of serum creatinine, ESRD, and death are commonly used end points. 

 

 

 

 

 

 

 



16 

 

CHAPTER TWO 

2.1 OBJECTIVES 

 2.1.1 Broad objective 

To evaluate the relevance of defined variables that may be associated with the development and 

progression of renal disease in HIV-infected individuals on HAART attending Themba Lethu 

Clinic in Johannesburg from June 2010 to May 2012. 

 

2.1.2 Specific objectives 

1. To evaluate factors associated with doubling of serum creatinine as a marker of significant 

renal damage or the development of end stage renal disease in HIV-infected patients on HAART. 

 

 2. To determine the mean duration for doubling of serum creatinine or developing end stage 

renal disease. 

 

3. Describe the incidence and prevalence of CKD stage 3 or worse in HIV-infected patients on 

HAART at an HIV clinic in Johannesburg. 
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2.2 RESEARCH DESIGN AND METHODOLOGY 

2.2.1 Population and study sample 

 

This was a retrospective cross-sectional study conducted at Themba Lethu Clinic (TLC). TLC is 

the biggest government antiretroviral treatment site in South Africa. The clinic is situated at 

Helen Joseph Hospital in Johannesburg. About 30,000 HIV-infected patients have been enrolled 

into the HIV care and treatment programme since its inception in April 2004, with over 21,000 

patients initiated on HAART9. The majority of the cohort at the clinic are of African ethnicity 

(93%) and are predominately female (64%)9.  

 

TLC follows the National HAART Treatment Guidelines. Patients are seen at least every 3 

months. Serum creatinine level is taken at baseline, three months, six months then yearly if the 

patient is on TDF, so as to detect TDF toxicity. Data fields collected routinely at TLC include 

demographic, clinical visit, laboratory, medication and clinical data as shown in Table 2.19. 
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Table 2.1: Data fields collected routinely on patients at TLC 

 

 

2.2.2 Study population 

 

In this study, about 5,000 HIV-infected persons on HAART attending TLC between June 2010 

and May 2012 were targeted. The study population was divided into incident and prevalent 

cohorts. Patients were screened from the data base to identify those with documented HAART 

use. The target for each cohort was 2,500 HIV- infected patients. 

Data fields Variable list 
Demographics Name, national ID number, contact details, 

gender, date of birth, employment status, 
alcohol use, smoking history, ethnicity and 
education level 

Clinical visit data Date of visit (scheduled and actual), TB 
screening, urine analysis, vital signs, height, 
weight, description and duration of new 
symptoms and systems-based clinical 
examination 
(e.g. cardiology, neurology, and respiratory) 

Laboratory results ART initiation and monitoring bloods, 
including CD4 count, HIV viral load, full 
blood counts, liver function tests, renal 
function tests, TB microscopy and culture 
results, lactate levels and glucose and lipid 
profiles 

Medication history Date of start and stop of ART and non-ART 
medications, reasons for treatment 
discontinuation and self-reported treatment 
adherence 

Clinical diagnoses Pregnancy, opportunistic infections including 
TB, hepatitis, PCP, AIDS-related 
malignancies including Kaposi sarcoma, 
ART toxicities including peripheral 
neuropathy, anaemia, hyperlactataemia/ 
lactic acidosis and lipoatrophy 
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2.2.2.1 Incident cohort 

 

These patients were initiated on ART between June 2010 and May 2012, were greater than 18 

years of age, had documented baseline weight, height, CD4 count and serum creatinine recorded 

prior to initiation of HAART and had been followed up at the clinic after initiation of HAART 

with laboratory monitoring of renal function for at least 6 months. These patients had normal 

renal function (eGFR >60 mL/min/1.73 m2 at initiation of HAART). Patients with missing 

demographic information and baseline blood tests were excluded from the study. 

 

On each patient, the following information was obtained; gender, age, ethnicity, body mass 

index, blood pressure and concomitant use of nonsteroidal anti-inflammatory drugs (NSAIDs), 

amphotericin B, acyclovir, aminoglycosides and ACE inhibitors which may be potentially 

nephrotoxic drugs. The use of antiretroviral medications such as tenofovir based regime with or 

without protease inhibitors including other regimens were recorded. Laboratory data including 

serum creatinine, eGFR was obtained (Appendix 1).  

 

2.2.2.2 Prevalent cohort 

 

To describe the burden of CKD, 2500 patients who were on antiretroviral therapy during the 

period under study (regardless of when they were started on HAART) were targeted. This 

included patients who were initiated on HAART before June, 2010 and those who were started 

on HAART between June 2010 and May 2012. The baseline demographic information obtained 
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included sex, age, race as well as BMI. Two consecutive measures of eGFR taken at least three 

months apart were obtained (Appendix 2). 

 

2.3 Data Sources and Management 

 

Patient data was extracted from Therapy Edge, an electronic database after fulfilling the Clinical 

HIV Research Unit (CHRU) Standard Operating Procedure (SOP). Data was managed using 

Excel and SPSS. 

 

2.4 Definition of Study Variables 

 

i) Hypertension: 

� Was defined as blood pressure greater than 140/90 mmHg on three separate occasions89, 

or use of antihypertensive medications. 

 

ii)  TDF based regimen was defined by documentary evidence of TDF use, while TDF use with 

protease inhibitor was defined as use of TDF with either indinavir or lopinavir/ritonavir. 

 

iii)  Nephrotoxic drug use was defined as documented use of NSAID, amphotericin B, acyclovir, 

aminoglycosides and/or ACE (angiotensin-converting-enzyme) inhibitors. 

iv) Gender was defined as male or female. 
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v) Body mass index (BMI): Was calculated as weight in kilograms divided by the square of 

height in meters: underweight, normal weight, and overweight were defined as BMI less than 

18.50kg/m2, BMI between 18.5kg/m2- 24.99kg/m2 and BMI ≥25.0kg/m2 respectively. 

 

vi) Elderly was defined as patients greater than 65 years of age. 

 

vii)   Ethnicity was defined as black or other races. 

 

viii)  High viral load was be defined as viral load >30,000 copies/ml48
. 

 

ix) CD4 count nadir was defined as CD4 count less than 200 cells/µL29. 

 
x) Doubling of serum creatinine was defined as two fold increase in serum creatinine from 

baseline. 

 
xi) Normal renal function was based on eGFR >60 ml/min per 1.73 m2. 

 
xii)  Acute Kidney Disease (AKD) was defined as GFR <60 ml/min per 1.73 m2 for <3 months26. 

 
xiii) CKD stage 3 or worse was defined as two consecutive measures of GFR <60 ml/min per 

1.73 m2 over ≥ 3 months.  

 
xiv) ESRD was defined as CKD stage 5. 
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2.5 Evaluation of renal function 

 

Renal function was evaluated using serum creatinine and eGFR. eGFR was  calculated by using 

4-variable Modification of Diet in Renal Disease (MDRD) formula as shown below81: 

 

eGFR (ml/min/1.73 m2) = 175 × {[plasma creatinine (µmol/l) / 88.4] −1.154} × age (years) −0.203 × 

0.742 (if female). 

 

 2.6 CKD 

 

Patients with eGFR of less than 60 ml/min/1.73 m2 were categorised as having renal dysfunction 

while measurement of eGFR over a 3-month or greater period was used to establish CKD stage 3 

or worse. At least two consecutive readings of eGFR 3 or months apart were used to define CKD 

in prevalent population. Proteinuria is a marker of progression of CKD. It can be evaluated by 

measurement of urine albumin-to-creatinine ratio (ACR) and urine protein-to-creatinine ratio 

(PCR)26. 

  

2.7 Variable Outcome 

 

The primary variable outcome was doubling of serum creatinine from the baseline, or 

development of end stage renal disease (ESRD). Trends were analysed from their baseline serum 

creatinine before initiation of antiretroviral therapy. Doubling of serum creatinine was defined as 
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a twofold increase in serum creatinine concentration from baseline while ESRD was defined as 

CKD stage 5. 

 

2.8 Statistical Analysis 

 

Statistical analysis included descriptive, bivariate and multivariate analyses. Characteristics of all 

laboratory tests done were entered in excel sheet as well as patients’ demographic characteristics, 

nephrotoxic drugs and HAART regime.  

To measure the association between explanatory variables and outcome variable for categorical 

values, Pearson Chi-Square and Fisher’s Exact Test were used for analysis. Binary linear logistic 

regression was used to establish the risk associated with defined variables to development of 

variable outcome. A value of p<0.05 was set to be statistically significant with confidence 

interval of 95%. All p-values were two tailed. 

 

Population data for the period under study constituted the denominator for CKD incidence and 

prevalence estimations. For numerators new cases, and new and old cases, were used to calculate 

incidence and prevalence respectively. Analysis was performed using SPSS statistics 19. 

 

2.9 Ethical Consideration 

 

Ethical clearance to conduct the study was obtained from the Human Research Ethics Committee 

(Medical) of University of the Witwatersrand (Appendix 3). Permission to conduct the study was 
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also sought from the Regulatory Manager at the CHRU, Department of Internal Medicine, Helen 

Joseph Hospital (Appendix 4). Patients were not directly involved in the study as data was 

obtained from an electronic data base. Confidentiality was respected as no patient identifiers 

were used in data collection, analysis and reporting. 
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CHAPTER THREE 

3.0  RESULTS 

 

3.1 Incident cohort 

 

A total of 2,424 out of 2,500 HIV-infected patients who were started on HAART between June 

2010 and May 2012 were included for study analysis, 76 patients did not meet inclusion criteria 

for the study because they were either missing baseline information or had impaired renal 

function prior to initiation of HAART.  There were 1,564 females (64.5%), the median age was 

36.8years (range 18 – 69years) years with majority of the patients being Africans (black) 

(94.9%), Table 3.1. 

 

Among patients with recorded BMI, 10.6% were underweight, 41.5% had normal weight while 

24.3% were overweight with BMI of < 18.5kg/m2, 18.5kg/m2 to 24.9kg/m2 and > 25kg/m2 

respectively. 

TDF based regimen was the commonly prescribed first line regimen at initiation (76.5%). 

Among the study cohort, 68.1% had a CD4 nadir of <200 cells/ µL at initiation but only 3% of 

the patients had their viral load test done prior to initiation of HAART.  

The proportion of hypertensive patients among this study group was 23.7%. Only 6.5% of the 

patients were recorded as having a history of nephrotoxic drugs use.  
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Of 2,424 patients with normal baseline renal function, 93 (3.8%) developed renal dysfunction 

(eGFR less than 60 ml/min/1.73m2 based on eGFR estimation using MDRD equation) after 

initiation of HAART. Of 93 patients with renal dysfunction, 70 (2.9%) developed ARD after 

initiation of HAART while 23 developed CKD stage 3 or worse, representing an incidence of 

0.9% (Figure 1).  

Across the entire cohort, 28 (1.2%) developed either ESRD or doubled serum creatinine from the 

baseline after initiation of HAART. When these data were stratified for the use of a specific 

antiretroviral, there was strong correlation between doubling of serum creatinine and use of a 

tenofovir based regimen (p=0.039). Patients with a low BMI were more likely to double serum 

creatinine than those with normal weight (p=0.012). There was also a positive correlation 

between CD4 count and development of ESRD or doubling of serum creatinine with a p= 0.044. 

There was no significant relationship between sex, hypertension, the use of nephrotoxic drugs, 

and the development of ESRD or doubling of serum creatinine.  

 

Proteinuria is an important marker of kidney disease, but this was not recorded in the data base at 

the clinic therefore no results were available for analysis. 

Significant variables were further analysed using a linear logistic regression model as shown in 

Table 3.2. 

 

The mean duration for the development of ESRD or doubling of serum creatinine was 10.21 

months with a range of two weeks to 38 months. 
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Table 3.1: Incidence cohort showing baseline characteristics and bivariate analysis of factors associated with renal 

                  dysfunction and doubling of serum creatinine or development of end stage renal disease 

 Frequency Bivariate 

 

Characteristic 

 

n1 = 2424 

Renal dysfunction ESRD or Doubling of serum 

creatinine 

n2=93 

(3.8%) 

p-value n3=28 (1.2%) p-value 

Demographics 

Sex 

 

Female 1564 (64.5%) 47  

0.004 

15  

0.223 Male 860 (35.5%) 46 13 

Race Black African 2301 (94.9%) 90  

0.627 

27  

1.000 Other races 123 (5.1%) 3 1 

Age in years Median 36.8(range 18.2- 

69) 

  

 

 

0.068 

  

 

 

1.000 

< 65 2399 (99.0%) 90 28 

≥ 65 25 (1.0%) 3 0 

HIV related factors 

HAART Regimen 1 (TDF based) 1855 (76.5%) 65  

 

 

 

0.455 

22  

 

 

0.039 

2(TDF+ Lopinavir) 54 (2.2%) 3 0 

3 (Lopinavir with 

other) 

32 (1.3%) 2 2 

4 (other) 483 (19.9%) 23 4 

CD4  nadir at initiation of 

HAART(cells/uL) 

< 200 1651 (68.1%) 78  

0.001 

24  

0.044 ≥ 200 773 (31.9%) 15 4 

Viral load at initiation  of 

HAART (copies/ml) 

≥ 30,000 72 (3%) 3  

 

0.815 

1  

 

1.000 

< 30,000 5 (0.2%) 0 0 

Missing 2347 (96.8%) 90 27 
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Table 3.1: (Continued) 

 

n1, total number of HIV infected patients on HAART 

n2, renal dysfunction after initiation on HAART 

n3, Variable outcome, doubling of serum creatinine or development of end stage renal disease 

 

 Frequency Bivariate 

 

Characteristic 

 

n1 = 2424 

Renal dysfunction ESRD or Doubling of serum 

creatinine 

n2=93 

(3.8%) 

p-value n3=28 (1.2%) p-value 

Concurrent medical conditions and drug use 

 

Baseline BMI(kg/m2) 

<18.5 

(underweight) 

257 (10.6%) 11  

 

 

 

 

 

0.931 

6  

 

 

 

 

0.012 

18.5to24.9 

(normal) 

1007 (41.5%) 40 12 

>25.0 

(overweight) 

588 (24.3%) 22 1 

Missing 572 (23.6%) 20 9 

Hypertension Yes 574 (23.7%) 34  

0.005 

8  

0.593 No 1791(73.9%) 59 20 

No 521 (90.8%) 31 6 

Nephrotoxic  use Yes 157 (6.5%) 7  

0.675 

2  

0.702 No 2267 (93.5%) 86 26 
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Figure 1:  Flow diagram of incident cohort  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2424 patients (Incident cohort) with 

normal renal function (eGFR > 

60ml/min/1.73m
2
) before initiation of 

HAART. 

93 patients with renal dysfunction 

after initiation of HAART (eGFR < 

60ml/min/1.73m
2
). 

 

2331 patients with normal 

renal function after initiation 

of HAART (eGFR > 

60ml/min/1.73m
2
). 

23 patients with chronic 

kidney disease (CKD). 

 

70 patients with acute 

kidney disease (AKD). 

 

28 patients with either 

ESRD or doubling of 

serum creatinine from 

the baseline. 
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Table 3.2: Incident cohort showing Multivariate logistic regression of explanatory variables     

associated with doubling of serum creatinine or development of end stage renal disease. 

 

Variable Odds ratio 95% confidence interval 

HAART Regimen 

CD4 <200 cells/uL 

0.989 

2.825 

0.715-1.369 

0.771-8.218 

HAART Regimen 

Baseline BMI 

1.215 

0.358 

0.850-1.737 

0.176-0.727 

Baseline BMI 

CD4 <200 cells/uL 

0.376 

2.910 

0.184-0.768 

0.665-12.727 
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3.2 Prevalent Cohort 

 

Of the 2,500 HIV-infected patients on HAART, the median age was 36.3years (range: 18 – 

70years), 66.9% were female, 97% were black African, were included for analysis as shown in 

Table 3.3. 

The results show that 34.5% of the patients were on TDF based regimen lower than the incident 

group (76.5%). Among patients with a recorded BMI, 12.3% were underweight, 48.2% had 

normal weight while 23.6% were overweight 

Across the cohort, 58 patients had CKD stage 3 or worse representing a prevalence of 2.3% 

(95% CI 0.02 - 0.03). 

Of all patients with CKD stage 3 or worse, 44 (75.9%) had a moderate reduction in eGFR (30-59 

mL/min/1.73 m2), 8 (13.8%) had a severe reduction in Egfr (15-29 mL/min/1.73 m2) and 6 

(10.3%) had ESRD (eGFR less than 15 mL/min/1.73 m2) as shown in Figure 2. 

Similarly to the incident cohort, there was unfortunately no recording of proteinuria in the TLC 

database. 

In multivariate model, the risk factor for CKD were TDF based regimen and low BMI (Table 

3.4).   
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Table 3.3:  Prevalent cohort showing baseline characteristics of CKD stage 3 or worse 

 

 

 

 

 

VARIABLE Number (n=2500) CKD 

n=58 (2.3%) 

CKD stage 

3 4 5 

Sex 

 

Female 1672 (66.9%) 23 19 2 2 

Male 828 (33.1) 35 25 6 4 

Ethnicity Black or African 2424 (97%) 51 43 8 6 

Other races 76 (3.0%) 1 1 0 0 

HAART Regimen 1 (TDF based) 862 (34.5%) 5 5 0 0 

2 (TDF + Lopinavir) 35 (1.4%) 1 1 0 0 

3 (Lopinavir with other) 104 (4.2%) 0 0 0 0 

4 (other) 1499 (60%) 52 38 8 6 

Baseline BMI(kg/m2) < 18.5 (under weight) 307 (12.3%) 11 7 4 0 

18.5 to < 25.0 (normal) 1204 (48.2%) 21 16 3 2 

≥ 25.0 (overweight) 589 (23.6%) 16 14 1 1 

Missing 400 (16%) 10 - - - 
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Table 3.4: Prevalent cohort showing multivariate logistic regression of factors associated with 

CKD stage 3 or worse in the prevalent cohort 

 

Variable Odds ratio 95% confidence 

interval 

p-value 

HAART Regimen 

Body Mass Index (BMI) 

1.981 

0.978 

1.384-2.835 

0.623-1.535 

<0.05 

0.92 

Body Mass Index (BMI) 

Sex 

1.182 

3.608 

0.737-1.895 

1.958-6.645 

<0.05 

<0.05 

Sex 

HAART Regimen 

3.378 

1.877 

1.977-5.771 

1.386-2.542 

<0.05 

<0.05 
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CHAPTER FOUR 

4.1 DISCUSSION 

4.1.1 Incident cohort 

 

The important endpoint of this study was doubling of serum creatinine or development of ESRD. 

From this study cohort, ESRD or doubling of serum creatinine after initiation of antiretroviral 

therapy was infrequent. Factors associated with doubling of serum creatinine or development of 

ESRD in HIV-infected patients initiated on HAART included CD4 nadir <200 cells/uL, TDF 

based regimen and low body mass index. 

Regarding lower CD4 nadir count, the study findings were consistent with other studies showing 

that HIV-patients with low CD4 are at more risk of developing kidney disease independent of 

other risk factors48. Early diagnosis and treatment of HIV-infected patients would avoid 

occurrence of low CD4 counts thus possibly preventing additional kidney disease. 

High viral load, a marker of advanced HIV disease, is associated with an increased risk of renal 

dysfunction48. However, in this study, there was no significant difference in doubling of serum 

creatinine or development of ESRD among individuals with viral load > 30,000copies /ml or 

<30,000 copies/ml. The possible reason for this may be explained by fewer patients 77 (3.2%) 

who had a viral load test done prior to initiation of HAART. 

This study showed no significant difference in the development of ESRD or doubling of serum 

creatinine among HIV-infected patients older or younger than 65 years. This is in contrast with 

other studies that have demonstrated that old age is a risk factor for the development of renal 
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dysfunction66. This inconsistent finding may be attributed to the fact that my study cohort was 

predominately younger than 65 years of age with only 1% of the cohort older than 65years.  

The study findings showed that was no difference in development of ESRD or doubling of serum 

creatinine with respect to patient ethnicity, however the cohort was predominantly of black 

African origin. This is in contrast to the data reported from other studies that demonstrated that 

CKD in people living with HIV is more prevalent in black populations and are more likely to 

progress to ESRD36,47. 

 The study findings show that there was a statistical difference in patients with hypertension and 

those who developed renal dysfunction which was consistent to other reported data63. However, 

there was no association between hypertension and ESRD or doubling of serum creatinine from 

baseline. 

The findings of this study demonstrate that there was strong correlation between doubling of 

serum creatinine or development of ESRD and TDF based regimen which was consistent to other 

reported data that decline in renal function was associated with TDF use10,62. However, studies 

show that discontinuation of TDF may lead to recovery of renal dysfunction10, 71. In a study 

conducted predominantly among Caucasians and African Americans, showed that the female 

gender, black race, and a CD4 count of <200 cells/uL were factors associated with renal 

dysfunction after initiation of tenofovir57. It was noted that the use of nephrotoxic drugs was not 

significantly correlated with doubling of serum creatinine or development of ESRD. This is 

discordant with other studies that demonstrated that use of nephrotoxic drugs or therapy factors 

are related to decline in eGFR72.  
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The mean duration for doubling of serum creatinine or development of ESRD was 10.2 months 

with a range of two weeks to 38 months. Studies have shown that more than 50% of patients 

develop acute renal disease within three months after commencement of HIV care (such as 

antiretroviral therapy and prophylaxis against opportunistic infections) and incidence of AKD 

decreased more than 10-fold in patients who had been on HIV care for more than three months90. 

This demonstrates that HIV-infected patients are at risk of developing renal dysfunction 

regardless of the duration they have been on HAART. 

 

Out of the 2,424 patients with normal baseline renal function, 93(3.8%) developed renal 

dysfunction (defined as GFR < 60ml/mim/1.73m2) after starting HAART with an incidence of 

AKD of 2.9%. This is lower than 14.8% reported in hospitalized HIV-infected patients30. This 

was expected as hospitalized patients are more likely to have other co-morbidities that may 

contribute to renal dysfunction. The findings of the study showed that male sex, low CD4 and 

hypertension were predictors of renal dysfunction which is consistent with data reported from 

other studies 26,28,91. 

.  

The incidence of CKD stage 3 or worse among incident cohort was 0.9%. The incidence of CKD 

was low which was consistent with that found in other studies (1.5 per 100 person years and 1.45 

per 100 person years)92,93.  
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4.1.2 Prevalent cohort  

 

The prevalence of CKD stage 3 and among the prevalent cohort was 2.3%. The prevalence is 

lower than that previously reported in South Africa ( 6%) but was consistent with that published 

in other study (2.4%)15,94 . The possible reason for this may be due to improved access to HIV 

services leading to reduction in nephropathy attributable to advanced HIV infection.  

 

In the prevalent cohort, predictors associated with development of CKD included lower CD4 

nadir, the use of a TDF based regimen, and low BMI which is consistent with previous 

studies48,63,69. Studies have shown that there is marked racial predilection for development of 

chronic kidney disease in blacks compared to other races35, 36. Evaluation of  racial differences as 

possible risk factor for development of CKD stage 3 or worse  was not conducted because the 

study’s cohort was predominately black (97%). 

 

This study further demonstrated that CKD stage 3 or worse was more prevalent in patients on a 

TDF based regimen then other regimens. This is concordant with other studies which 

demonstrate that tenofovir use is a potential risk factor for renal impairment.   

Studies have shown that patients who concomitantly used tenofovir and a lopinavir boosted 

protease inhibitor had a significant deterioration in kidney function as opposed to those who 

received other regimens such as non-nucleoside reverse transcriptase inhibitors with tenofovir67, 

68,95. However, this was not demonstrated in this study possibly due to the small number of 

patients (1.4%) that were on a TDF and protease inhibitor based regimen.  
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From this study, it was noted that ESRD was uncommon among patients with CKD stage 3 and 

worse. Of 58 patients with CKD, only 6(10.3%) had CKD stage 5. 

 

4.2 LIMITATION OF THE STUDY  

 

The study had several limitations which include 

 
• It was a retrospective study. 

• Some patients had missing data. 

• Proteinuria was not looked at because it was not recorded in the database. 

 

4.3 CONCLUSION 

 

The doubling of serum creatinine from the baseline or development of ESRD, as the primary end 

point, after initiation of HAART was an uncommon finding in the incident cohort. Renal 

dysfunction, although uncommon, was seen to occur at any time during the course of 

antiretroviral therapy. The overall incidence and prevalence of chronic kidney disease was low, 

supporting the current change in the epidemiology of kidney disease in post HAART era with 

fewer causes of nephropathy due to HIV disease severity. Among patients with renal 

dysfunction, decline in estimated GFR more attributable to traditional risk factors for CKD, TDF 

based regimen and low CD4 count. 
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 Screening for evidence of renal dysfunction among patients on antiretroviral therapy and 

treatment of traditional risks factors for CKD is important for preventing further renal damage.  

 

4.4 Disclosure statement 

There are no conflicts of interest. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



41 

 

REFERENCE 

  

(1)  Levey AS,  Coresh J,  Balk E ,  Kausz AT,  Levin A. National Kidney Foundation Practice  

guidelines for chronic kidney disease: Evaluation, classification, and stratification. Ann Intern  

Med. 2003; 139:137-47. 

(2) Fabian J, Naicker S. HIV infection and the kidney. SAJHIVMED. 2008: 9–12. 

(3) Lucas GM, Lau B, Atta MG, Fine DM, Keruly J, Moore RD. Chronic kidney disease 

incidence, and progression to end-stage renal disease, in HIV-infected individuals. J Infect Dis. 

2008; 197(11):1548–57. 

(4) Winston J, Burns G, Klotman PE. HIV-associated nephropathy and the AIDS epidemic. 

 Semin Nephrol. 1998; 18:373–77. 

(5) Ahuja TS, Borucki M, Funtanilla M, Shahinian V, Hollander M, Rajaraman S. Is the     

prevalence of HIV –associated nephropathy decreasing? AM J Nephrol. 1999; 19:655-59. 

(6) Lucas GM, Eustace JA, Sozio S, Mentari EK, Appiah KA, Moore RD. Highly active    

antiretroviral therapy and the incidence of HIV-1–associated nephropathy: A 12-year cohort 

study. AIDS. 2004; 18:541–46. 

(7) Ross MJ, Klotman PE. HIV-associated nephropathy. AIDS. 2004; 18:1089-99. 

(8) Montaner JSG, Lima VD, Harrigan PR, Lourenc L¸ Yip B, Nosyk B et al. Expansion of 

HAART coverage is associated with sustained decreases in HIV/AIDS morbidity, mortality and 



42 

 

HIV transmission: The ‘‘HIV treatment as prevention’’ experience in a Canadian setting. PLOS 

ONE. 2014; 9(2):1-10.  Available from: www.plosone.org. (Accessed 10th July, 2015].             

(9) Fox MP, Maskew M, MacPhail P, Long L, Brennan AT, Westreich D, et al. Cohort profile: 

The Themba Lethu Clinical Cohort, Johannesburg, South Africa. Int J Epidemiol. 2013; 

42(2):430-9. 

(10) Brennan A, Evans D, Maskew M,  Naicker S, Ive P, Sanne I, et al. Relationship between 

renal dysfunction, nephrotoxicity and death among HIV adults on tenofovir. AIDS. 2011; 

25:1603–09. 

(11) Brenner BM, Cooper ME, de Zeeuw D, Keane WF, Mitch WE, Parving HH, et al. Effects of 

losartan on renal and cardiovascular outcomes in patients with type 2 diabetes and nephropathy. 

N Engl J Med. 2001; 345(12):861–69. 

(12) Lewis EJ, Hunsicker LG, Clarke WR, Berl T, Pohl MA, Lewis JB. Renoprotective effect of 

the angiotensin-receptor antagonist irbesartan in patients with nephropathy due to type 2 

diabetes. N Engl J Med. 2001; 345(12):851–60. 

(13) Lambers Heerspink HJ, Fowler MJ, Volgi J, Reutens AT, Klein I, Herskovits TA, et al. 

Rationale for and study design of the sulodexide trials in type 2 diabetic, hypertensive patients 

with  microalbuminuria or overt nephropathy. Diabet Med. 2007; 24(11):1290–95. 

(14) Lambers Heerspink HJ, Perkovic V, de Zeeuw D. Is doubling of serum creatinine a valid 

clinical ‘hard’ endpoint in clinical nephrology trials? Nephron Clin Pract. 2011; 119(3):195–99. 



43 

 

(15) Fabian J, Naicker S. HIV and kidney disease in Sub-Saharan Africa. Nat Rev Nephrol. 

2009; 5:591–98. 

(16) Mocroft A, Kirk O, Gatell J, Reiss P, Gargalianos P, Zilmer K, et al. Chronic renal failure  

among HIV-1 infected patients. AIDS. 2007;  21:1119-27. 

(17) Menezes AM, Torelly J Jr, Real L, Bay M, Poeta J, Sprinz E. Prevalence and risk factors 

associated to chronic kidney disease in HIV-infected patients on HAART and undetectable viral 

load in Brazil. PLoS ONE. 2011; 6(10). Available from: www.plosone.org/. [Accessed 13th July, 

2015].  

(18) Mocroft A, Kirk O, Reiss P, De Wit S, Sedlacek D, Beniowski M. Estimated glomerular 

filtration rate, chronic kidney disease and antiretroviral drug use in HIV-positive patients. AIDS.  

2010; 24:1667–78. 

(19) Roling J, Schmid H, Fischereder M, Draenert R, Goebel FD. HIV associated renal diseases 

and highly active antiretroviral therapy– induced nephropathy. Clin Infect Dis. 2006; 42:1488–

95. 

(20) Schwartz EJ, Szczech L, Winston AJ, Klotman PE. Effect of HAART on HIV-associated 

nephropathy [abstract A0882]. J Am Soc Nephrol. 2000; 11:165.  

(21) Estrella MM, Fine DM.  Screening for chronic kidney disease in HIV-infected patients.   

Adv Chronic Kidney Dis. 2010; 17(1):26. 

 



44 

 

(22) UNAIDS. World AIDS day report 2011. Available from: www.unaids.org/unaids 

publication/2011/JC2216. [Accessed  14th November, 2012]. 

(23) Statistics South Africa. Midyear Population estimates 2010; Statistical release P0302.      

Available from: http://www.statssa.gov.za. [Accessed 14th November, 2012]. 

(24) Shisana O, Rehle T, Simbayi L, Zuma K, Jooste S, Pillay-van-Wyk V et al. South African 

National HIV prevalence, incidence, behaviour and communication survey 2008: A turning tide 

among teenagers? Cape Town: HSRC Press, 2009. Available from: www.health-e.org.za/. 

[Accessed on 14th November, 2012]. 

(25) Department of Health, Republic of South Africa. National strategic plan for HIV and 

AIDS/CCMT monthly statistics. Pretoria: South African Department of Health, April 2010. 

(26) KDIGO 2012. Clinical practice guideline for the evaluation and management of chronic 

kidney disease. Kidney Int. Suppl. 2013; 3(1):1-163. 

(27) Rahman M, Shad F, Smith MC. Acute Kidney Injury: A guide to diagnosis and 

management. Am Fam Physician. 2012; 86(7):621-39. 

(28) Wyatt CM, Arons RR, Klotman PE, Klotman ME. Acute renal failure in hospitalized 

patients with HIV: risk factors and impact on in-hospital mortality. AIDS. 2006; 20:561–565. 

(29) Franceschini N, Napravnik S, Eron JJ Jr, Szczech LA, Finn WF. Incidence and etiology of 

acute renal failure among ambulatory HIV infected patients. Kidney Int. 2005; 67:1526–31. 

 



45 

 

(30) Lopes JA, Melo MJ, Raimundo M, Fragoso A, Antunes F. Long-term risk of mortality for 

acute kidney injury in HIV-infected patients: a cohort analysis. BMC Nephrology. 2013; 14(32). 

Available from: http://www.biomedcentral.com. [Accessed 11th February 2014]. 

(31) Lopes JA, Melo MJ, Viegas A, Raimundo M, Câmara I, Antunes F, et al.  Acute kidney 

injury in hospitalized HIV-infected patients: a cohort analysis. Nephrol Dial Transplant. 2011; 

26:3888–94. 

(32) Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P. Acute Dialysis Quality Initiative 

workgroup. Acute renal failure – information technology needs: the Second International 

Consensus Conference of the Acute Dialysis Quality Initiative (ADQI) Group. Crit Care. 2004; 

8(4):204-12. 

(33National Kidney Foundation. K/DOQ1 clinical practice guideline for CKD evaluation, 

classification and stratification kidney disease outcome quality initiative. Am J Kidney Dis. 

2002; 39(2-1):1–266. 

(34) Naicker S. End-stage renal disease in sub-Saharan Africa. Ethn Dis. 2009; 19(Suppl):S13-

S15. 

(35) Stanifer J, Jing B, Tolan S, Helmke N, Mukerjee R, Naicker S, et al. The epidemiology of  

 chronic kidney disease in sub-Saharan Africa: a systematic review and meta-analysis. The  

Lancet Global Health. 2014; 2:e174-e181. Available from: www.sciencedirect.com, [Accessed 

22nd September 2015]. 

(36) Gerntholtz TE, Goetsch SWJ, Katz I.HIV-related nephropathy: A South African 

perspective. Kidney Int. 2006; 69:1885–91. 



46 

 

(37) Kronenberg F. APOL1 variants and kidney disease. There is no such thing as a free lunch. 

Nephrol Dial Transplant. 2011; 26(3):775–78. 

(38) Parsa A, Kao L, Xie D, Astor BC, Li M, Hsu C, et al. APOL1 risk variants, race, and 

progression of chronic kidney disease. New Engl J Med. 2013; 369(23):2183-96. 

(39) Kopp JB, Nelson GW, Sampath K, Johnson RC, Genovese G, An P, et al. APOL1 genetic 

variants in focal segmental glomerulosclerosis and HIV-associated nephropathy. J Am Soc 

Nephrol. 2011; 22:2129-37. 

(40) Genovese G, Friedman DJ, Ross MD, Lecordier L, Uzureau P, Freedman BI, et al. 

Association of trypanolytic APOL1 variants with kidney disease in African Americans. Science. 

2010; 329:841–45. 

(41) Reeves-Daniel AM, DePalma JA, Bleyer AJ, Rocco MV, Murea M, Adams PL, et al. The 

APOL1 gene and allograft survival after kidney transplantation. Am J Transplant. 2011:1025–30. 

(42) Freedman BI, Langefeld CD, Murea M, Ma L, Otvos JD, Turner J, et al. Apolipoprotein L1 

nephropathy risk variants associate with HDL subfraction concentration in African Americans. 

Nephrol Dial Transplant. 2011:1–6. 

(43) Zhaorigetu S, Wan G, Kaini R, Jiang Z, Hu CA. ApoL1, a BH3-only lipid binding protein, 

induces autophagic cell death. Autophagy. 2008; 4(8):1079–82. 

(44) Lan X, Jhaveri A, Cheng K, Wen H , Saleem MA, Mathieson PW, et al. APOL1 risk variants 

enhance podocyte necrosis through compromising lysosomal membrane permeability. Am J Physiol. 

2014; 326-36. 



47 

 

(45) Ray PE, Hu CA. Advances in our understanding of the pathogenesis of HIV-1 associated 

nephropathy in children. Future Virol. 2011; 6:883–94. 

(46) Fine DM, Wasser WG, Estrella MM, Atta MG, Kuperman M, Shemer R, et al. APOL1 risk 

variants predict histopathology and progression to ESRD in HIV related kidney disease. J Am 

Soc Nephrol. 2012;23: 343–50. 

(47) Hsu CY, Lin F, Vittinghoff E, Shlipak MG. Racial differences in the progression from 

chronic renal insufficiency to end stage renal disease in the United States. J Am Soc Nephrol. 

2003; 14(11):2902-07. 

(48) Jotwani V, Li Y, Grunfeld C, Choi AI, Shlipak MG. Risk factors for ESRD in HIV-infected 

individuals: Traditional and HIV-related factors. Am J Kidney Dis. 2012; 59(5):628–35. 

(49) Winston JA, Klotman ME, Klotman PE. HIV-associated nephropathy is a late, not early, 

manifestation of HIV-1 infection. Kidney Int. 1999; 55:1036-40. 

(50) Atta MG, Gallant JE, Rahman MH, Nagajothi N, Racusen LC, Scheel PJ, Fine DM.  

Antiretroviral therapy in the treatment of HIV-associated nephropathy. Nephrol Dial Transplant 

 . 2006; 21:2809–13. 

(51) Vasquez GA, Brar I, Abbud CA, Faber M. Case reports reversal of dialysis-dependent renal 

failure in a patient with HIV-associated nephropathy. Infect Dis Clin Prac. 2007; 15(6):415- 18. 

(52) Wyatt MC, Klotman PE, D’Agati VD. HIV-associated nephropathy: Clinical presentation, 

pathology, and epidemiology in the era of antiretroviral therapy. Semin Nephrol. 2008; 

28(6):513–22. 



48 

 

(53) Medapalli RK, He JC, Klotman PE. HIV- associated nephropathy: Pathogenesis. Curr Opin 

Nephrol Hypertension. 2011; 20(3):306–11. 

(54) Nagata M, Nakayama K, Terada Y, Hoshi S, Watanabe T. Cell cycle regulation and 

differentiation in the human podocyte lineage. Am J Pathol. 1998; 153:1511–20. 

(55) Zuo Y, Matsusaka T, Zhong J, Ma J, Ma L, Hanna Z, et al. HIV-1 Genes vpr and nef 

synergistically damage podocytes, leading to glomerulosclerosis. J Am Soc Nephrol. 2006; 17: 

2832–43. 

(56) Barisoni L, Kopp JB. Modulation of podocyte phenotype in collapsing glomerulopathies. 

Microsc Res Tech. 2002; 57(4):254–62. 

(57) Rao TK, Fillippone  EJ, Nicastri AD, Landesman SH, Frank E, Chen CK, et al. Associated 

focal and segmental glomerulosclerosis in the acquired immunodeficiency syndrome. N. Engl J 

Med. 1984; 310(11):669-73. 

(58) D’Agati V, Suh JI, Carbone L, Cheng JT, Appel G. Pathology of HIV-associated 

nephropathy: a detailed morphologic and comparative study. Kidney Int. 1989; 35:1358–70. 

(59) Nochy D, Glotz D, Dosquet P, Pruna A, Guettier C, Weiss L, et al. Renal disease associated 

with HIV infection: a multicentric study of 60 patients from Paris hospitals. Nephrol Dial  

Transplant. 1993; 8:11–19.  

(60) Wyatt CM,  Morgello S, Katz-Malamed R, Wei C, Klotman ME,  Klotman PE, et al. The  

spectrum of kidney disease in patients with AIDS in the era of antiretroviral therapy. Kidney Int.  

2009; 75(4): 428–34. 



49 

 

(61) Richards NT, Darby S, Howie AJ, Adu D, Michael J. Knowledge of renal histology alters 

patient management in over 40% of cases. Nephrol Dial Transplant. 1994; 9:1255–59.  

(62) Kalyesubula R, Perazella MA. Nephrotoxicity of HAART. AIDS Res Treat. 2011; 1-11. 

(63) Overton ET, Nurutdinova D, Freeman J, Seyfried W, Mondy KE. Factors associated with 

renal dysfunction within an urban HIV-infected cohort in the era of highly active antiretroviral 

therapy. HIV Med. 2009; 10(6):343–50. 

(64) National Department of Health, Republic of South Africa. Clinical Guidelines for the 

Management of HIV & AIDS in Adults and Adolescents. South African Department of Health, 

2010.  Available from: www.fidssa.co.za/. [Accessed 10th February, 2013]. 

(65) National Department of Health, Republic of South Africa. The South African Antiretroviral 

Treatment Guidelines 2013. Available from: www.sahivsoc.org. [Accessed 10th February, 2013]. 

(66) Crum-Cianflone N, Ganesan A, Teneza-Mora N, Riddle M, Medina S, Barahona I, et al. 

Prevalence and factors associated with renal dysfunction among HIV-infected patients. AIDS 

Patient Care and STDs. 2010; 24(6):353-60. 

(67) Zimmermann AE, Pizzoferrato T, Bedford J, Morris A, Hoffman R, Braden G. et al. 

Tenofovir-associated acute and chronic kidney disease: a case of multiple drug interactions. Clin 

Infect Dis. 2006; 42(2):283–90. 

(68) Kiser JJ, Carten ML, Aquilante CL, Anderson PL, Wolfe P, King TM, et al. The effect of 

lopinavir/ritonavir on the renal clearance of tenofovir in HIV infected patients. Clin Pharmacol 

Ther. 2008; 83(2):265-72. 



50 

 

(69) Barrios A, Garcia-Benayas T, Gonzalez-Lahoz J, Soriano V. Tenofovir-related  

nephrotoxicity in HIV- infected patients. AIDS. 2004; 18(6):960-63. 

(70) Kohler J, Hosseini S, Hoying-Brandt A, Green E, Johnson DM, Russ R, et al. Tenofovir 

renal toxicity targets mitochondria of renal proximal tubules. Lab Invest. 2009; 89(5):513–19. 

(71) Woodward CLN, Hall AM, Williams IG, Madge S, Copas A, Nair D, et al. Tenofovir-  

associated renal and bone toxicity. HIV Med. 2009; 10:482–87. 

(72) Kalim S, Szczech LA, Wyatt CM. Acute kidney injury in HIV- infected patients  

Semin Nephrol. 2008; 6:556–62. 

(73) Gupta SK, Eustace JA, Winston JA, Boydstun II, Ahuja TS, Rodriguez RA, et al. 

Guidelines for the management of chronic kidney disease in HIV infected patients: 

Recommendations of the HIV Medicine Association of the Infectious Diseases Society of 

America. Clin Infect Dis. 2005; 40(11):1559– 85. 

(74) Blaufox MD, Aurell M, BubeckB,  Fommei E, Piepsz A, Russell C, et al. Report of the 

radionuclides in Nephrology Committee on renal clearance. J Nucl Med. 1996; 37(11):1883-90. 

(75) Fleming JS, Zivanovic MA, Blake GM Burniston M, Cosgriff PS, et al. Guidelines for the 

measurement of glomerular filtration rate using plasma sampling. Nucl Med Commun. 2004; 

25(8):759-69. 

(76) Post FA, Wyatt CM, Mocroft A. Biomarkers of impaired renal function. Curr Opin HIV 

AIDS. 2010; 5(6):524-30. 

(77) Kannapiran M, Nisha M, Madhusudhana Rao A. Underestimation of impaired kidney 

function with serum creatinine. Ind J Clin Biochem. 2010; 25(4):380–84. 



51 

 

(78) Duncan L. Heathcote J. Djurdjev O. Levin A. Screening of renal disease using creatinine: 

Who are we missing? Nephrol Dial Transplant. 2001; 16(5):1042-46. 

(79) Levey AS, Perrone RD, Madias NE: Serum creatinine and renal function. Annu Rev Med. 

1988; 39:465-90. 

(80) Shemesh O, Golbetz H, Kriss JP, Myers BD: Limitations of creatinine as filtration marker in 

glomerulopathic patients. Kidney Int. 1985; 28(5):830-36. 

(81) Stevens LA,  Schmid CH, Greene T, Zhang Y, Beck GJ, Froissart M, Hamm LL, et al. 

Comparative performance of the CKD epidemiology collaboration (CKD- EPI) and the 

modification of diet in renal disease (MDRD) study equations for estimating GFR levels above 

60 mL/min/1.73m2. Am J Kidney Dis. 2010; 56(3):486–95. 

(82) Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum creatinine. 

Nephron. 1976; 16:31–41. 

(83) Levey AS,  Stevens  LA, Schmid CH, Zhang Y, Castro III AF, Feldman HI, et al. New 

equation to estimate glomerular filtration rate, the Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPI). Ann Intern Med. 2009; 150(9):604-13.  

(84) Levey AS, Inker LA, Matsushita K, Greene T,  Willis K, Lewis E, et al. GFR Decline as an  

end point for clinical trials in CKD: a scientific workshop sponsored by the National Kidney  

Foundation and the US Food and Drug Administration. Am J Kidney Dis. 2014; 64(6):821-35. 

(85) Coresh J, Turin TC, Matsushita K,  Sang Y, Ballew SH, Appel LJ, Steven J et al. Decline in  

estimated glomerular filtration rate and subsequent risk of end-stage renal disease and mortality. 

 JAMA. 2014; 311(24):2518-31. 



52 

 

(86) Takeuchi N, Takenoshita E, Kato F, Terajima T, Ogawa M, Suzuki S, et al. Doubling of 

serum creatinine: Is it appropriate as the endpoint for CKD? Proposal of a new surrogate 

endpoint based on reciprocal of serum creatinine. Clin Exp Nephrol. 2011; 15(1):100-07. 

(87) Wearne N, Swanepoel CR, Boulle A, Duffield MS, Rayner BL. The spectrum of renal  

histologies seen in HIV with outcomes, prognostic indicators and clinical correlations. Nephrol 

 Dial Transplant. 2012; 27(11):4109-18. 

(88) Han TM, Naicker S, Ramdial PK, Assounga AG. A cross-sectional study of HIV-

seropositive patients. Kidney Int. 2006; 69:2243–50. 

(89)  Seedat YK, Rayner BL. South African Hypertension Guideline 2011. S Afr Med J.  

2012; 102:57-84. 

(90) Roe J, Campbell LJ, Ibrahim F, Hendry BM, Post FA. HIV care and the incidence of acute 

renal failure. Clin Infect Dis. 2008; 47(2):242–49. 

(91) Li Y, Shlipak MG, Grunfeld C, Choi AI. Incidence and risk factors for acute kidney injury 

in HIV infection.  Am J Nephrol. 2012; 35:327–34. 

(92) Mocroft A, Kirk O, Reiss P, De Wit S, Sedlacek D, Beniowski M, et al. Estimated   

glomerular  filtration rate, Chronic kidney disease and antiretroviral drug use in HIV-positive  

patients. AIDS. 2010; 24:1667-78. 

(93) Shamu T, Wellington M, Pascoe M, Gwanzura L, Ndhlovu CE. Incidence of nephropathy 

in HIV-infected patients receiving highly active antiretroviral therapy at Newlands clinic: A  

retrospective study. World J AIDS. 2015;  5:113-23.  

(94) Campbell LJ, Ibrahim F, Fisher M, Holt SG, Hendry BM, Post FA. Spectrum of chronic  

kidney disease in HIV-infected patients. HIV Med. 2009; 10:329–36. 



53 

 

(95) Goicoechea  M, Liu S, Best B, Sun S, Jain S, Kemper C, et al. Greater tenofovir-associated 

renal function decline with protease inhibitor-based versus nonnucleoside reverse-transcriptase 

inhibitor-based therapy. J Infect Dis. 2008; 197:102–08. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



54 

 

Appendix 1: Incident cohort data collection sheet  

 

Demographics 

Sex  Male   

Female   

Age in years 

 

<65  

≥65  

 

Race 

Black African  

Other races  

Concurrent medical condition and drug use 

 

BMI(Kg/m2) 

<18.5(underweight)  

18.5to24.9(normal)  

>25.0(overweight)  

Hypertension  

 

Yes   

No  

Nephrotoxic drug use 

 

Yes   

No   

HIV related factors 

CD4  nadir at initiation 
of HAART(cells/uL) 

<200  

≥ 200  

Viral load at initiation  of 
HAART (copies/ml) 

<30,000  

≥ 30,000  

 

HAART Regimen 

TDF based  

TDF+ Lopinavir  

Lopinavir with   
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Other combination 

 Other   

Baseline serum 
creatinine mmol/l 

  

Serum creatinine after 
initiation of HAART 

  

Baseline eGFR   

eGFR after initiation of 
HAART 

  

End point (ESRD or 
doubling of serum 
creatinine from the 
baseline) 

Yes   

No   

Duration in weeks  of 
reaching end point 
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Appendix 2: Prevalent cohort data collection sheet   

 

Demographics 

Sex  

 

Male   

Female   

Age in years 

 

<65  

≥65  

Race 

 

Black African  

Other races  

Concurrent medical condition  

 

 

BMI(Kg/m2) 

<18.5(underweight)  

18.5to24.9(normal)  

>25.0(overweight)  

Renal function ( first and second eGFR  taken at least 3 months apart) 

 

eGFR 

First   

Second    

CKD stage 3 or 
worse 

Yes   

No  
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