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ABSTRACT

BACKGROUND:

Renal dysfunction is an increasingly recognizedrmmobidity among HIV-infected patients on
HAART. Progression to end stage renal disease impactsivedgan morbidity and mortality. |
evaluated factors for the development and progvessif renal disease, and estimated the

incidence and prevalence of CKD stage 3 or wors@ &1V clinic in Johannesburg.

METHODS:

A retrospective study was conducted involving tvebarts of HIV-infected adults on HAART
attending Themba Lethu Clinic in Johannesburg, ISdtica, from June 2010 to May 2012.
The first cohort, the incident cohort, involved ipats initiated on HAART between June 2010
and May 2012 with normal baseline renal functione primary outcome from this study cohort
was doubling of serum creatinine from baseline @retbopment of end stage renal disease. The
second cohort (prevalent cohort) analysis includéd-infected patients on HAART during the

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

RESULTS:

From the incident cohort, 2424 patients met entitega, of whom 93 (3.8%) developed renal
dysfunction after initiation of HAART, with an indénce of acute renal disease and chronic
kidney disease of 2.9% and 0.9% respectively. Al tof 28 (1.2%) patients developed either end

stage renal disease requiring dialysis or doubéedrs creatinine from the baseline. The mean



duration for development of end stage renal diseasiubling of serum creatinine was 10.21

months (range of two weeks to 38 months).

From the prevalent cohort, 2500 HIV-infected adufist 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, low4dGdunt and TDF based regimen were

predictors of decline in renal function.

CONCLUSION:

Doubling of serum creatinine or development of estage renal disease after initiation of
HAART was an uncommon finding and the overall ircide and prevalence of chronic kidney
disease was low. Screening for evidence of renafudygtion in HIV-infected patients and
treatment of traditional risk factors for CKD argllsmportant for preventing further renal

damage.
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CHAPTER ONE

1.1INTRODUCTION AND BACKGROUND OF THE STUDY

Nephropathy is defined as pathological abnormalite markers of damage, including
abnormalities in blood or urine tests, or imagirigd&s. It has become an important co-
morbidity among Human Immunodeficiency Virus (HIWifected patients whose presentation
can be acute renal disease (ARD) or chronic kidfiesgase (CKD) Studies demonstrate that
African Americans are at greater risk of developiEfgRD than their white counterparts in the
USA®*” It has been further demonstrated that HIV-assediamephropathy (HIVAN) among
blacks between the ages of 20 and 64 years igdilézdding cause of end stage renal disease
The estimated prevalence of HIVAN is 3.5% amongiciin-Americans living with HIV. In
pre-Highly Active Antiretroviral Therapy (HAART) ar HIVAN was characterized by rapid
deterioration of renal function and ESRD requirchglysis. With the availability HAART, there

has been significant reduction in the burden as$ asetleaths associated with HIV infecfién

Tenofovir disoproxil fumarate (TDF) is a widely pogibed antiretroviral medication in patients
living with HIV with 70% of the patients initiatedn TDF based regiménin a retrospective

study conducted between April 2004 and Septemb@® 20 Johannesburg, showed that in 890
HIV-infected patients initiated on TDF, 21(2.4%)pexienced nephrotoxicity {was defined as
any decline in kidney function from the baselineufa or chronic) that is secondary to toxins

including drugs}®.



Appropriate management and prompt referral of p#tievith early renal disease depends on
identification of renal dysfunction by the physiticserum creatinine level is routinely used as a
screening test to assess renal funétibh However, in clinical trials, ESRD or doubling of
serum creatinine from baseline, and death are carynsed endpointd Doubling of serum
creatinine is a commonly used endpoint becaussfléats a sustained change in renal function,
and predicts patients who may develffpRD. It is conveniently used as a surrogate emndpoi

progression of renal dised&e

I conducted a retrospective cohort study to evaluek factors for reaching renal end points
among HIV-infected patients on HAART at Themba lLe@linic (TLC), Helen Joseph Hospital,

Johannesburg in South Africa. Data was obtainenh fidnerapy Edge, an electronic database.
The incidence and prevalence of chronic kidneyadisavas also estimated among HIV-infected

patients on HAART.

1.2 Problem statement

HIV remains a burden in Southern Africa region,lumiing South Africa. About 6% of people
living with HIV in South Africa develop chronic kitty disease (CKBJ. Even with HAART,
CKD remains a problemamong patients living with HIV with prevalence viny from 3.3% to
8.4% according to several stud®¥. Renal dysfunction can be caused directly by HIV
infection itself, co-infections, co-morbidities, xio effects of antiretroviral therapy, or
opportunistic infections and their treatments al{ asother co-morbidities such as hypertension

and diabetic mellitdS. Progression to ESRD impacts negatively on morpatid mortality.



1.3 Significance of the study

Despite potential benefits of antiretroviral theragn survival of patients with kidney disease,
progression to ESRD still occdfs The ability to predict renal outcome and takerappate

interventions such as identifying and screeningG@&D among those at risk, and treatment of
co-morbid conditions may slow the progression afnkly dysfunction and delay the onset of

renal failuré.

The main aim of the study is to look at the inciceand prevalence of CKD stage 3 or worse in
HIV infected patients on HAART, and evaluate rigktbrs associated with the development of

renal disease.



1.4 LITERATURE REVIEW

1.4.1 HIV Burden

At the end of 2010, about 34 million people wekenky with HIV worldwide, which represents
an increase of 17% from 2081 Majority of these HIV-infected patients (68%) wdiving in

sub-Saharan Afri¢a

In South Africa, the estimated total number of Hi\ected patients increased from 4.1 million
in 2001 to 5.24 million by 2010 representing 10.6%the total populaticfi. The estimated
prevalence of HIV in Gauteng province is 103%A\mong all the provinces, Gauteng has the
fifth largest number of people living with HIV aft&wazulu Natal, Mpumalanga, the Free State
and North West provincgs Over 1 million people living with HIV are estineat to be on
HAART in South Africa with Gauteng province havitige second largest number of patients on

HAART, with over 207,000 estimated to be treatedaatous sites by end of March 2610

1.4.2 HIV infection and kidney disease

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

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

chronic kidney disease as this may have an impaatanagement.



1.4.2.1 Acute kidney disease (AKD)

AKD is defined as acute kidney injury (AKI) or GFB8mMI/min per 1.73m2 for <3 months or
decrease in GFR by >35% or increase in serum omeatby >50% for < 3months or structural
kidney damage for <3montfisWhile AKI is defined as an abrupt (within 48 hsureduction in

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

need for renal replacement therapy (dialysis), corabination of these factdfs

AKIl is a common finding among people living withVHBand is associated with advanced stages
of HIV infection as well as traditional risk factofor AKI, such as old age, diabetes, pre-existing
CKD and hepatitis co-infectiéfi*® In a prospective study conducted among 754 arttoyla
HIV-infected patients, of whom 61% were blacks,amr@d an incident rate of acute kidney
injury of 5.9 per 100 person-yeatsHowever, in hospitalized patients, an incidentd4€8%
has been reported among HIV-infected patients uBili_E criteria for AKI, a decline from

18% as previously report&d>:

In 2004, the Acute Dialysis Quality Initiative (ADQRworkgroup developed a classification
system for AKI abbreviated RIFLE (Risk of renal flysction, Injury to the kidney, Failure or
Loss of kidney function, and End-stage kidney disaas shown in Table $21 RIFLE is

increasingly used in researéh



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

Category GFR Criteria Urine Output (UO) Criteria

Risk Increased creatinine x1.5 or GFR decreddene output < 0.5ml/kg/h x 6 hr
> 25%

Injury Increased creatinine x2 or GFR decreaseéJrine output < 0.5ml/kg/h x 12 hr
50%

Failure Increase creatinine x3 or GFR decreas&Jrine output < 0.3ml/kg/h x 24 hr
75% or Anuria x 12 hrs

Loss Persistent ARF = complete loss of kidney fiamct 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 structoréunction, present for >3 months, with

implications for healtfi. Criteria for definition of CKD according to 2012 KGO guidelines is

as shown below in Table 1.2.



Table 1.2: Criteria for CKD (either of the follovgrpresent for >3 months)

Markers of kidney damage (one or more)

Albumin@&R >30 mg/24 hours; ACR >30
mg/g B3 mg/mmol])
Urine sediment abnormalities
Electrolyte and other abnormalities due to tubu
disorders
Abnormalities detected by histology
Structural abnormalities detected by imaging
History of kidney transplantation

Decreased GFR

GFR <60 ml/min/1.73 m

lar

The US National Kidney Foundation’s Kidney Dise&atcomes Quality Initiative (K/DOQI)

published its classification of five stages of aficokidney disease based on GFR in tablé®1.3

Table 1.3: Stages of CKD

Stage Description GFR (mL/min/1.73)m
1 Kidney damage with normal or >90
increased GFR
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




1.4.3HIV-reated CKD burdenin Africa

Unlike in developed countries, chronic kidney dseis 3—4 times more common in Afrita
CKD is among the important potential chronic corrgtion of HIV in sub-Saharan Afrita
Studies have also demonstrated that HIV-associaggthropathy (HIVAN) is more common

among HIV-infected patients of African desc&nt

1.4.3.1 Apolipoprotein L1 (APOL 1) and risk

Studies have identified specific genetic varianithivw the APOL1 gene as a major contributor to
these ethnic differences, rather than MYH9 genetoomosome 22 as previously thougfit
The G1 and G2 variants of APOL 1 are predominatelynd in people of African descéft
Studies show that these variants are believed teeggonsible for the disparities in rates of

ESRD observed between black patients and whitemafi*°

The APOL 1 variants are fatal to Trypanosoma brdoedesiense, a parasite that causes African
sleeping sickness, conferring a survival advantemgearrieré’. Thus there is an increased

prevalence of these variants in affected populat{predominately in Southern and East Africa).

APOL1 normally cause glomerulosclerosis by variouschanismis. It associates with high-
density lipoprotein (HDL) particles in the circutat, and the APOL 1 variants may bind less
tightly to the circulating HDL, undergo glomerulitration and proximal tubular resorption,

thereby causing kidney disease. Renal disease lsaya caused by circulating APOL1 variant



proteins, either free in circulation or bound to HWhich may be filtered by the kidn&y
Endogenous APOLL1 in the renal epithelium-like calhy cause apoptosis or autophagic cell
deattf®. APOLL1 variants have the capacity to induce potoyjury which is further augmented
by adverse host factors such as hydrogen peroxigeoxia, tumour necrosis factar-and
puromycin aminonucleoside HIV-1 infected cells release cytokines such d$-fFand TNF-a

that promote APOL-1 expression in endothelial é&lls

Studies demonstrate that the absence of risk sll®ngly predicts lesions other than Focal
Segmental Glomerulosclerosis (FSGS). About 76%hote& with biopsy-proven FSGS carried
two risk allele&®. However, there is no direct role of the APOLXknsriants in the pathogenesis

of HIV-associated immune complex glomerulonepHfitis

1.4.3.2 Other risk factors

This racial predilection for ESRD in HIV infectias consistent with the epidemiology of ESRD
in the general population, for which the risk obgression from CKD to ESRD has been
reported as 4-fold higher in blacks compared wittiteg'’. The risk of ESRD in persons infected
with HIV appears to be due to traditional risk tastassociated with CKD such as hypertension,
cardiovascular disease, diabetes, dyslipidaemiayelisas HIV disease severffy Markers of
HIV disease severity include a CD4 cell count ddslehan 200 cells/uL and a high viral
burderf®. A retrospective study of 22,156 people livingtwHlIV without pre-existing ESRD
showed that patients with low CD4 counts (less th@@ cells/uL) incurred a 50% increase in

9



ESRD risk, whereas those with CD4 lymphocyte cowft200-350 cells/uL did not have
increased risk. Similarly, having a HIV viral load of more tha®,800 copies/mL, hepatitis C

co-infection or hypoalbuminemia each were assatiafi¢h a 2-fold increase in ESRD rf8k

1.44HIVAN

In pre-HAART era, HIVAN was characterized by acdggerioration of kidney failure and end
stage renal disease requiring dialysis. Antiretaviherapy has reduced the morbidity and
mortality associated with HIV infection, as well dsading to a substantial decline in

HIVAN #4950

A case study of a 28 years old HIV-1 positive Admnc American with HIVAN requiring
haemodialysis showed that a few months after sgaHAART, dialysis was not required, and

serum creatinine and proteinuria improved

HIVAN is characterized by worsening renal diseassyjally associated with proteinuria and
enlarged, echogenic kidneys on ultrasound ¥cEime pathogenesis of HIVAN may be due to
direct HIV-1 infection of epithelial cells in thadneys with resultant expression of nef and vpr
genes which induce podocyte dysfunction and apaptafsrenal epithelial cells in genetically
predisposed individuai® In HIVAN, podocytes exhibit a dysregulated phemet {loss of
regulatory protein Wills tumor-1 (WT-1)} characteed by increased proliferation, apoptosis and

dedifferentiation®**® Podocytes in HIVAN also have reduced expressfasypaptopodin and

10



WT-1 while the expression of desmin, which formst pd intermediate filaments is increased.

The expression of WT-1 down-regulates proliferation

The commonest histological finding in HIVAN is allepsing variant of FSG3*® Diagnosis of
HIVAN is based on the presence of the followingitgb features on renal biopsy; focal
segmental glomerulosclerosis in its collapsing aatri absence of immune deposit by
immunofluorescence and tubules with microcysticngfes and proteinaceous casts in the
lumerr®. However, HIV seropositive individuals may preseith a variety of other glomerular
lesions such as arterionephroscleropigelonephritis, interstitial nephritis,iatletic nephropathy,
IgA nephropathy, cryoglobulinemia, amyloidosisupaus like immune complex glomerulopathy

and HIV-associated thrombotic microangiopathy®

Renal biopsy is required for differentiating HIVAIRom other diseases responsible for kidney
disease. Indications for renal biopsy in patientth IV infection may include significant
proteinuria, evidence of progressive disease, uagygud acute renal failure or an acute nephritic

syndromé.

1.4.5 Effects of drugson renal function

1451 HAART

HAART has resulted in significant decline in HIVAMpwever, HAART may directly induce

for kidney dysfunctioff. Most of these drugs are metabolized and excrbtedhe kidney.

11



Studies have shown that major predictors of eGFRlirge in patients on HAART are
hypertension, hyperlipidaemia, proteinuria, uséeabfovir or stavudine and higher viral I§ad
Several antiretrovirals are associated with regafuthction thus it is important to monitor renal

function and adjust the dosage based on eGFR.

The South African Antiretroviral Treatment Guides of 2010 and those updated in 2013,
recommend the use of a combination of three ardiedl agents which including
nucleoside/nucleotide reverse transcriptase irdmbiand a non nucleoside reverse transcriptase
inhibitor as a first line regimen or two reversanscriptase inhibitors plus protease inhibitor as
second 1in&® TDF nephrotoxicity predominantly occurs in pateemith underlying kidney
disease, the elderly, with prolonged use, an eteldiaseline creatinine, African American

ethnicity, CD4 <200cells/pL and concomitant admitaison of nephrotoxic dru§s

If TDF is combined with protease inhibitors suchl@sinavir/ritonavir the risk of renal toxicity
increases. Protease inhibitors indirectly causalrexicity by increasing TDF concentrations in
plasma and renal tubular epithelium, thereby irgirgpthe risk of TDF toxicity, because they
decrease renal clearance of TDF by 17.5%, by itihipits transport across renal tub§le%
Patients with low-body weight may have high TDF aemrations, therefore they are at
increased risk of kidney impairmé&htThe most common manifestation of TDF nephrotayici
is proximal tubular dysfunction, sometimes caudiagconi’s syndrome which is characterized
by proximal tubular acidosis, hypophosphatemia, coyjgemia, glycosuria in absence of

hyperglycemia, and proteinufta

12



Diagnostic criteria of TDF nephrotoxicity are basea evidence of TDF use at the time of
presentation, histological findings of mitochondrtabulopathy, an acute renal dysfunction
without alternative causes of acute decline in Iréurection’®. The outcome after discontinuation
of TDF is good, however, a small number of patieustinue to have impaired renal function

for more than 6 months after TDF discontinuatfon

1.4.5.2 Other drugs

Several non-antiretroviral drugs such as amphateB¢ pentamidine and acyclovir, may cause

renal toxicity’>. These drugs are usually used in the treatmemppdrtunistic infections.

1.4.6 Screening for renal disease

The importance of prevention of CKD in HIV-infectedlividuals should not be underestimated.
Screening for renal diseases in HIV infected indlngls has been recommended in high risk
groups for CKD such as individuals of black ethtyicithose with diabetes, hypertension,
hepatitis C virus co-infection, CD4 cell countssiéban 200 cells/mi or HIV RNA levels
greater than 4000 copies/fIBaseline screening tests at initial HIV documgatamay include
urine analysis for proteinuria, serum creatininghweGFR>. If baseline screening tests are
abnormal, then further investigations such as ypino¢ein-creatinine ratio (urine PCR) and renal
ultrasound should be performed. Those who aresktofi developing CKD with normal baseline

screening tests should be rescreened anrfdially

13



1.4.6.1 Determining GFR

The gold standard methods for determining GFR ohelinulin and iothalamate clearance (IC),
but these tests are expensive, time-consuming|yhdgpendent on collection accuracy and thus
not routinely performed in clinical practiéd”. Serum creatinine concentration is the most
frequently used test of renal function becausastvailability and affordability. Furthermore,
creatinine clearance (CrCl) or eGFR can be easiynated from serum creatinine levels and
other variable€. However, serum creatinine is not a reliable estémof GFR because its
concentration is affected by several factors suchage, weight, muscle mass, race, various
medications and extraglomerular elimination. Steddemonstrate that among patients with
creatinine levels within normal range, between %4 (@08 out of 928 patients) and 15.2% (387

out of 2543 patients) were found to have decre@&de® " 2°

In clinical practice, creatinine-based equationschs as the Cockcroft-Gault (CG), the
Modification of Diet in Renal Disease (MDRD), andirGnic Kidney Disease Epidemiology

Collaboration (CKD-EPI) equations are commonly usedvaluate kidney functi6h®:

Halving of GFR assessed as doubling of creatiremellhas been accepted by The US Food and
Drug Administration as a surrogate endpoint forelepment of kidney failuf&. Halving of
kidney function sustained over a period of timelWikely proceed to dialysis or renal
transplantation and thus is felt to reflect a susth reduction in GFR and hence progression to

ESRD® %

14



1.4.7 Conclusion

Renal disease is an important co-morbid conditimoreg HIV-infected patients. It occurs in a
wide clinical spectrum which includes potentiallgversible AKD and CKD. Causes of
nephropathy are diverse and usually multifactorgdveral factors are associated with renal
disease which include traditional risk factors oKD, HIV disease severity, HAART and
nephrotoxic drug use. In post HAART era, there Ib@sn reduction in morbidity and mortality
associated with HIV infection as well as reductinorHIVAN. A variety of glomerular lesions
may be found on histological examination but HIVANmMains common among black
Africang”® Measurements of proteinuria and eGFR are impbitaassessing renal function.

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

15



CHAPTER TWO

2.1 OBJECTIVES

2.1.1 Broad objective
To evaluate the relevance of defined variables et be associated with the development and
progression of renal disease in HIV-infected indidals on HAART attending Themba Lethu

Clinic in Johannesburg from June 2010 to May 2012.

2.1.2 Specific obj ectives
1. To evaluate factors associated with doublingerum creatinine as a marker of significant

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

2. To determine the mean duration for doublingsefum creatinine or developing end stage

renal disease.

3. Describe the incidence and prevalence of CKQestaor worse in HIV-infected patients on

HAART at an HIV clinic in Johannesburg.

16



2.2 RESEARCH DESIGN AND METHODOL OGY

2.2.1 Population and study sample

This was a retrospective cross-sectional study wcted at Themba Lethu Clinic (TLC). TLC is
the biggest government antiretroviral treatmeng git South Africa. The clinic is situated at
Helen Joseph Hospital in Johannesburg. About 30H0®Binfected patients have been enrolled
into the HIV care and treatment programme sincénitsption in April 2004, with over 21,000

patients initiated on HAART The majority of the cohort at the clinic are offidan ethnicity

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

TLC follows the National HAART Treatment GuidelineBatients are seen at least every 3
months. Serum creatinine level is taken at baseliiree months, six months then yearly if the
patient is on TDF, so as to detect TDF toxicitytdfelds collected routinely at TLC include

demographic, clinical visit, laboratory, medicatiamd clinical data as shown in Table%2.1

17



Table 2.1: Data fields collected routinely on patientsat TLC

Data fields Variablelist

Demographics Name, national ID number, contactildeta
gender, date of birth, employment status,
alcohol use, smoking history, ethnicity and
education level

Clinical visit data Date of visit (scheduled andtuat), 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 obds,

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 ARTdaron-ART
medications, reasons for  treatment
discontinuation and self-reported treatment
adherence

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

2.2.2 Study population

In this study, about 5,000 HIV-infected personsHoRART attending TLC between June 2010
and May 2012 were targeted. The study populatios digided into incident and prevalent
cohorts. Patients were screened from the data tbaskentify those with documented HAART

use. The target for each cohort was 2,500 HIV-diefe patients.
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2.2.2.1 Incident cohort

These patients were initiated on ART between JWi® 2nd May 2012, were greater than 18
years of age, had documented baseline weight, h&@ count and serum creatinine recorded
prior to initiation of HAART and had been followegb at the clinic after initiation of HAART
with laboratory monitoring of renal function for kgast 6 months. These patients had normal
renal function (eGFR >60 mL/min/1.73%nat initiation of HAART). Patients with missing

demographic information and baseline blood testew&cluded from the study.

On each patient, the following information was afed; gender, age, ethnicity, body mass
index, blood pressure and concomitant use of noyided anti-inflammatory drugs (NSAIDs),
amphotericin B, acyclovir, aminoglycosides and A@thibitors which may be potentially
nephrotoxic drugs. The use of antiretroviral metiices such as tenofovir based regime with or
without protease inhibitors including other regirmemere 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 whoewsn antiretroviral therapy during the
period under study (regardless of when they weagtest on HAART) were targeted. This

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

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

months apart were obtained (Appendix 2).

2.3 Data Sour ces and M anagement

Patient data was extracted from Therapy Edge, estrehic database after fulfilling the Clinical
HIV Research Unit (CHRU) Standard Operating Proced$OP). Data was managed using

Excel and SPSS.

2.4 Definition of Study Variables

i) Hypertension:
> Was defined as blood pressure greater than 140/8Bgron three separate occasfins

or use of antihypertensive medications.

i) TDF based regimen was defined by documentary ev&eh TDF use, while TDF use with

protease inhibitor was defined as use of TDF wiitee indinavir or lopinavir/ritonavir.
iii) Nephrotoxic drug use was defined as documentediusS&AID, amphotericin B, acyclovir,

aminoglycosides and/or ACE (angiotensin-convergngyme) inhibitors.

iv) Gender was defined as male or female.
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v) Body mass index (BMI): Was calculated as weighkilngrams divided by the square of
height in meters: underweight, normal weight, andraveight were defined as BMI less than

18.50kg/mi, BMI between 18.5kg/fa 24.99kg/mMand BMI>25.0kg/nf respectively.

vi) Elderly was defined as patients greater than 65syafaage.

vii) Ethnicity was defined as black or other races.

viii) High viral load was be defined as viral load >30,000iesnl*.

ix) CD4 count nadir was defined as CD4 count less 2éncells/p E°.

x) Doubling of serum creatinine was defined as twal fmicrease in serum creatinine from

baseline.

xi) Normal renal function was based on eGFR >60 mlfoeinl.73 .

xii) Acute Kidney Disease (AKD) was defined as GFR <&0nin per 1.73 rfifor <3 month&’.

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

1.73 nt 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 creatiantteGFR. eGFR was calculated by using

4-variable Modification of Diet in Renal DiseaseRD) formula as shown beld

eGFR (ml/min/1.73 ) = 175 x {[plasma creatiningufol/l) / 88.4] >4 x age (years)’**®x

0.742 (if female).

2.6 CKD

Patients with eGFR of less than 60 ml/min/1.73xmre categorised as having renal dysfunction
while measurement of eGFR over a 3-month or grgeeod was used to establish CKD stage 3
or worse. At least two consecutive readings of e@GFR months apart were used to define CKD
in prevalent population. Proteinuria is a markepuadgression of CKD. It can be evaluated by
measurement of urine albumin-to-creatinine rati€€f and urine protein-to-creatinine ratio

(PCRY®.

2.7 Variable Outcome

The primary variable outcome was doubling of serareatinine from the baseline, or
development of end stage renal disease (ESRD)d$neere analysed from their baseline serum

creatinine before initiation of antiretroviral tla@y. Doubling of serum creatinine was defined as
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a twofold increase in serum creatinine concentnatiom baseline while ESRD was defined as

CKD stage 5.

2.8 Statistical Analysis

Statistical analysis included descriptive, bivagiahd multivariate analyses. Characteristics of all
laboratory tests done were entered in excel siseeel as patients’ demographic characteristics,

nephrotoxic drugs and HAART regime.

To measure the association between explanatorghlas and outcome variable for categorical
values, Pearson Chi-Square and Fisher’'s ExactWarst used for analysis. Binary linear logistic
regression was used to establish the risk assdciwith defined variables to development of
variable outcome. A value of p<0.05 was set to tagissically significant with confidence

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

Population data for the period under study coristitihe denominator for CKD incidence and
prevalence estimations. For numerators new casdsy@w and old cases, were used to calculate

incidence and prevalence respectively. Analysis pes®ormed using SPSS statistics 19.

2.9 Ethical Consideration

Ethical clearance to conduct the study was obtaired the Human Research Ethics Committee

(Medical) of University of the Witwatersrand (Appbx 3). Permission to conduct the study was
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also sought from the Regulatory Manager at the CHB¢partment of Internal Medicine, Helen
Joseph Hospital (Appendix 4). Patients were notadly involved in the study as data was
obtained from an electronic data base. Confidetytiaéas respected as no patient identifiers

were used in data collection, analysis and repgrtin
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CHAPTER THREE

30RESULTS

3.1 Incident cohort

A total of 2,424 out of 2,500 HIV-infected patiemi#o were started on HAART between June
2010 and May 2012 were included for study analy&spatients did not meet inclusion criteria
for the study because they were either missing lineséenformation or had impaired renal
function prior to initiation of HAART. There werg564 females (64.5%), the median age was
36.8years (range 18 — 69years) years with majaftythe patients being Africans (black)

(94.9%), Table 3.1.

Among patients with recorded BMI, 10.6% were unde=ght, 41.5% had normal weight while
24.3% were overweight with BMI of < 18.5kg/m18.5kg/mi to 24.9kg/m and > 25kg/rh

respectively.

TDF based regimen was the commonly prescribed lingt regimen at initiation (76.5%).
Among the study cohort, 68.1% had a CD4 nadir di0<@ells/ pL at initiation but only 3% of

the patients had their viral load test done panttiation of HAART.

The proportion of hypertensive patients among $igly group was 23.7%. Only 6.5% of the

patients were recorded as having a history of ra@pkic drugs use.
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Of 2,424 patients with normal baseline renal funttio93 (3.8%) developed renal dysfunction
(eGFR less than 60 ml/min/1.78hased on eGFR estimation using MDRD equation) after
initiation of HAART. Of 93 patients with renal dysiction, 70 (2.9%) developed ARD after
initiation of HAART while 23 developed CKD stageo8 worse, representing an incidence of

0.9% (Figure 1).

Across the entire cohort, 28 (1.2%) developed ei#&RD or doubled serum creatinine from the
baseline after initiation of HAART. When these datare stratified for the use of a specific
antiretroviral, there was strong correlation beteeubling of serum creatinine and use of a
tenofovir based regimen (p=0.039). Patients witbva BMI were more likely to double serum

creatinine than those with normal weight (p=0.01Phere was also a positive correlation
between CD4 count and development of ESRD or dogldf serum creatinine with a p= 0.044.
There was no significant relationship between $gpertension, the use of nephrotoxic drugs,

and the development of ESRD or doubling of serusatonine.

Proteinuria is an important marker of kidney diggdsit this was not recorded in the data base at
the clinic therefore no results were availabledoalysis.
Significant variables were further analysed usifmear logistic regression model as shown in

Table 3.2.

The mean duration for the development of ESRD arbting 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 charitics and bivariate analysis of factors asgediavith renal

dysfunction and doubling of seramaatinine or development of end stage renal déesea

Frequency Bivariate
Renal dysfunction ESRD or Doubling of sery
Characteristic n' = 2424 creatinine
n°=93 p-value n=28 (1.2%) p-value
(3.8%)
Demographics
Sex Female 1564 (64.5%) a7 15
Male 860 (35.5%) 46 0.004 13 0.223
Race Black African 2301 (94.9%) 90 27
Other races 123 (5.1%) 3 0.627 1 1.000
Age in years Median 36.8(range 18/2-
69)
<65 2399 (99.0%) 90 28
>65 25 (1.0%) 3 0.068 0 1.000
HIV related factors
HAART Regimen 1 (TDF based) 1855 (76.5%) 65 22
2(TDF+ Lopinavir)| 54 (2.2%) 3 0
3 (Lopinavir with| 32 (1.3%) 2 2
other) 0.039
4 (other) 483 (19.9%) 23 0.455 4
CD4 nadir at initiation of <200 1651 (68.1%) 78 24
HAART (cells/uL) > 200 773 (31.9%) 15 0.001 4 0.044
Viral load at initiation of| > 30,000 72 (3%) 3 1
HAART (copies/ml) < 30,000 5 (0.2%) 0 0
Missing 2347 (96.8%) 90 0.815 27 1.000
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Table 3.1: (Continued)

Frequency Bivariate
Renal dysfunction ESRD or Doubling of seru
Characteristic n' = 2424 creatinine
n°=93 p-value n=28 (1.2%) p-value
(3.8%)
Concurrent medical conditionsand drug use
<185 257 (10.6%) 11 6
Baseline BMI(kg/m) (underweight)
18.5t024.9 1007 (41.5%) 40 12
(normal)
>25.0 588 (24.3%) 22 1
(overweight) 0.012
Missing 572 (23.6%) 20 0.931 9
Hypertension Yes 574 (23.7%) 34 8
No 1791(73.9%) 59 0.005 20 0.593
No 521 (90.8%) 31 6
Nephrotoxic use Yes 157 (6.5%) 7 2
No 2267 (93.5%) 86 0.675 26 0.702

m

n', total number of HIV infected patients on HAART

n? renal dysfunction after initiation on HAART

n®, Variable outcome, doubling of serum creatininelevelopment of end stage renal disease
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Figure 1: Flow diagram of incident cohort

HAART.

2424 patients (Incident cohort) with
normal renal function (eGFR >
60ml/min/1.73m?) before initiation of

BN

93 patients with renal dysfunction
after initiation of HAART (eGFR <
60ml/min/1.73m?).

2331 patients with normal
renal function after initiation
of HAART (eGFR >
60ml/min/1.73m?).

ZP patients with chronic 70 patients with acute
kidney disease (CKD). 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 iktge regression of explanatory variables

associated with doubling of serum creatinine oreflgyment of end stage renal disease.

Variable Odds ratio 95% confidence interval
HAART Regimen 0.989 0.715-1.369

CD4 <200cells/uL 2.825 0.771-8.218

HAART Regimen 1.215 0.850-1.737

Baseline BMI 0.358 0.176-0.727

Baseline BMI 0.376 0.184-0.768

CD4 <200cells/uL 2.910 0.665-12.727
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3.2 Prevalent Cohort

Of the 2,500 HIV-infected patients on HAART, the die age was 36.3years (range: 18 —
70years), 66.9% were female, 97% were black Afrieere included for analysis as shown in

Table 3.3.

The results show that 34.5% of the patients wer&DR based regimen lower than the incident
group (76.5%). Among patients with a recorded BWR®,3% were underweight, 48.2% had

normal weight while 23.6% were overweight

Across the cohort, 58 patients had CKD stage 3 ansevrepresenting a prevalence of 2.3%

(95% CI 0.02 - 0.03).

Of all patients with CKD stage 3 or worse, 44 (P5)%had a moderate reduction in eGFR (30-59
mL/min/1.73 nf), 8 (13.8%) had a severe reduction in Egfr (15A29min/1.73 nf) and 6

(10.3%) had ESRD (eGFR less than 15 mL/min/1.7Ba® shown in Figure 2.

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

database.

In multivariate model, the risk factor for CKD wel®F based regimen and low BMI (Table

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

VARIABLE Number (n=2500) | CKD CKD stage
n=58 (2.3%) |3 |4 | 5
Sex Female 1672 (66.9%) 23 12 | 2
Male 828 (33.1) 35 256 | 4
Ethnicity Black or African 2424 (97%) 51 438 | 6
Other races 76 (3.0%) 1 1 0 (
HAART Regimen 1 (TDF based) 862 (34.5%) 5 5 1|0
2 (TDF + Lopinavir) 35 (1.4%) 1 1 0 O
3 (Lopinavir with other)| 104 (4.2%) 0 Q 0 d
4 (other) 1499 (60%) 52 38 | 6
Baseline BMI(kg/m) | < 18.5 (under weight) 307 (12.3%) 11 7 |4
18.5t0 < 25.0 (normal)| 1204 (48.2%) 21 1% | 2
> 25.0 (overweight) 589 (23.6%) 16 14 |1
Missing 400 (16%) 10 - - -
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Figure 2: Stages of CKD in prevalent cohort
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Table 3.4: Prevalent cohort showing multivariatgidtic regression of factors associated with

CKD stage 3 or worse in the prevalent cohort

Variable Odds ratio 95% confidencg-value
interval

HAART Regimen 1.981 1.384-2.835 <0.05
Body Mass Index (BMI) 0.978 0.623-1.535 0.92
Body Mass Index (BMI) 1.182 0.737-1.895 <0.05
Sex 3.608 1.958-6.645 <0.05
Sex 3.378 1.977-5.771 <0.05
HAART Regimen 1.877 1.386-2.542 <0.05
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CHAPTER FOUR

4.1 DISCUSSION

4.1.1 Incident cohort

The important endpoint of this study was doublifigerum creatinine or development of ESRD.
From this study cohort, ESRD or doubling of serumatinine after initiation of antiretroviral
therapy was infrequent. Factors associated wittblifoy of serum creatinine or development of
ESRD in HIV-infected patients initiated on HAARTcinded CD4 nadir <200ells/uL, TDF

based regimen and low body mass index.

Regarding lower CD4 nadir count, the study findimgse consistent with other studies showing
that HIV-patients with low CD4 are at more risk dgveloping kidney disease independent of
other risk factor®. Early diagnosis and treatment of HIV-infected igrts would avoid

occurrence of low CD4 counts thus possibly prevenéidditional kidney disease.

High viral load, a marker of advanced HIV diseasegssociated with an increased risk of renal
dysfunctiorf®. However, in this study, there was no significdifterence in doubling of serum
creatinine or development of ESRD among individuaigh viral load > 30,000copies /ml or
<30,000 copies/ml. The possible reason for this &explained by fewer patients 77 (3.2%)

who had a viral load test done prior to initiat@miHAART.

This study showed no significant difference in tievelopment of ESRD or doubling of serum
creatinine among HIV-infected patients older or yger than 65 years. This is in contrast with

other studies that have demonstrated that old a@erisk factor for the development of renal
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dysfunctiofi®. This inconsistent finding may be attributed te fact that my study cohort was

predominately younger than 65 years of age witly @b of the cohort older than 65years.

The study findings showed that was no differencéewelopment of ESRD or doubling of serum
creatinine with respect to patient ethnicity, hoarethe cohort was predominantly of black
African origin. Thisis in contrast to the data reported from other istuthat demonstrated that

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

progress to ESRI*’

The study findings show that there was a stasistidference in patients with hypertension and
those who developed renal dysfunction which wasistent to other reported d&taHowever,
there was no association between hypertension &RDEor doubling of serum creatinine from

baseline.

The findings of this study demonstrate that thees \strong correlation between doubling of
serum creatinine or development of ESRD and TDEdasgimen which was consistent to other
reported data that decline in renal function waseisited with TDF us&®? However, studies
show that discontinuation of TDF may lead to recpvef renal dysfunctiof” "% In a study
conducted predominantly among Caucasians and Afrioaericans, showed that the female
gender, black race, and a CD4 count of <200 céllsiere factors associated with renal
dysfunction after initiation of tenofovit. It was noted that the use of nephrotoxic drugs mat
significantly correlated with doubling of serum ati@aine or development of ESRD. This is
discordant with other studies that demonstratetluba of nephrotoxic drugs or therapy factors

are related to decline in eGER
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The mean duration for doubling of serum creatiranelevelopment of ESRD was 10.2 months
with a range of two weeks to 38 months. Studieshshown that more than 50% of patients
develop acute renal disease within three monther abmmencement of HIV care (such as
antiretroviral therapy and prophylaxis against appastic infections) and incidence of AKD
decreased more than 10-fold in patients who had beeHIV care for more than three moriths
This demonstrates that HIV-infected patients arerisk of developing renal dysfunction

regardless of the duration they have been on HAART.

Out of the 2,424 patients with normal baseline kenaction, 93(3.8%) developed renal
dysfunction (defined as GFR < 60ml/mim/1.73rafter starting HAART with an incidence of
AKD of 2.9%. This is lower than 14.8% reported ioshitalized HIV-infected patients This
was expected as hospitalized patients are moréy likehave other co-morbidities that may
contribute to renal dysfunction. The findings oé tbtudy showed that male sex, low CD4 and
hypertension were predictors of renal dysfunctidricW is consistent with data reported from

other studie®?®°!

The incidence of CKD stage 3 or worse among ingidehort was 0.9%. The incidence of CKD
was low which was consistent with that found inestbtudies (1.5 per 100 person years and 1.45

per 100 person yearéy>
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4.1.2 Prevalent cohort

The prevalence of CKD stage 3 and among the pretvateghort was 2.3%. The prevalence is
lower than that previously reported in South Afr{cd%6) but was consistent with that published
in other study (2.4%Y°*. The possible reason for this may be due to irgmcaccess to HIV

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

In the prevalent cohort, predictors associated wekelopment of CKD included lower CD4
nadir, the use of a TDF based regimen, and low BWiich is consistent with previous
studie§®®*® Studies have shown that there is marked racidilection for development of
chronic kidney disease in blacks compared to athees> *° Evaluation of racial differences as
possible risk factor for development of CKD stager3worse was not conducted because the

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

This study further demonstrated that CKD stage @anse was more prevalent in patients on a
TDF based regimen then other regimens. This is adiant with other studies which

demonstrate that tenofovir use is a potential faskor for renal impairment.

Studies have shown that patients who concomitamdlyd tenofovir and a lopinavir boosted
protease inhibitor had a significant deteriorationkidney function as opposed to those who
received other regimens such as non-nucleosidesewanscriptase inhibitors with tenofdVir

%895 However, this was not demonstrated in this stpdysibly due to the small number of

patients (1.4%) that were on a TDF and proteasbitohbased regimen.
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From this study, it was noted that ESRD was uncomaraong patients with CKD stage 3 and

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

42LIMITATION 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 marded in the database.

4.3 CONCLUSION

The doubling of serum creatinine from the basetindevelopment of ESRD, as the primary end
point, after initiation of HAART was an uncommomding in the incident cohort. Renal
dysfunction, although uncommon, was seen to ocduargy time during the course of
antiretroviral therapy. The overall incidence amdvalence of chronic kidney disease was low,
supporting the current change in the epidemiologkidney disease in post HAART era with
fewer causes of nephropathy due to HIV disease risgvéAmong patients with renal
dysfunction, decline in estimated GFR more attabig to traditional risk factors for CKD, TDF

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

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

4.4 Disclosur e statement

There are no conflicts of interest.
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Appendix 1: Incident cohort data collection sheet

Demographics

Sex Male
Female
Age in years <65
>65
Black African
Race Other races

Concurrent medical condition and drug use

<18.5(underweight)

BMI(Kg/m?)

18.5t024.9(normal)

>25.0(overweight)

Hypertension Yes
No
Nephrotoxic drug use | Yes
No
HIV related factors
CD4 nadir at initiatior] <200
of HAART (cells/uL) =500
Viral load at initiation off <30,000
HAART (copies/ml) =30,000
TDF based

HAART Regimen

TDF+ Lopinavir

Lopinavir with
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Other combination

Other

Baseline serum
creatinine mmol/I

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

<18.5(underweight)

18.5t024.9(normal)

BMI(Kg/m?
(Kg/m®) >25.0(overweight)

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

First

eGFR Second

CKD stage 3 orYes

worse
No
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