ASSESSING RENAL FUNCTION AND ITS ASSOCIATION WITH
CARDIOVASCULAR RISK FACTORS AMONG HUMAN IMMUNODEFICIENCY
VIRUS-INFECTED PATIENTS

by
CHOSHI JOEL MABAKANE

A DISSERTATION SUBMITTED IN FULFILMENT OF THE REQUIREMENT FOR
THE DEGREE OF

MASTER OF SCIENCE
in
PHYSIOLOGY

in the

FACULTY OF SCIENCE AND AGRICULTURE
(School of Molecular and Life Sciences)
at the

UNIVERSITY OF LIMPOPO

SUPERVISOR: Dr. S Hanser
CO-SUPERVISOR: Dr. B Flepisi (University of Pretoria)

2021



DECLARATION

| declare that ASSESSING RENAL FUNCTION AND ITS ASSOCIATION WITH
CARDIOVASCULAR RISK FACTORS AMONG HUMAN IMMUNODEFICIENCY
VIRUS-INFECTED PATIENTS is my own work and that all the sources that | have
used or quoted have been indicated and acknowledged by means of complete
references and that this work has not been submitted before for any other degree at

any institution.

Choshi Joel Mabakane 25 October 2021

NAME DATE




ACKNOWLEDGEMENTS

| would like thank God the Almighty for being with me throughout my studies and
making it possible for me to complete this project.

| am grateful to my parents, for their unfailing moral support. | am forever indebted.

| thank my supervisors, Dr Sidney Hanser and Dr Brian Flepisi, for their guidance,
support, motivation, and encouragement.

| also would like to thank Mr Vincent Khosa, the National Research Foundation
(NRF) Research intern, for assisting with data collection and analyses.

| also would like to extent my gratitude to the Department of Health and Social
Welfare of the Limpopo province, for granting me permission to conduct this study.

I would like to thank the nurses and HIV counsellors at the Mankweng hospital and
referral clinics for their willingness to assist in recruiting patients.

My sincere gratitude also goes to the patients at the Mankweng Hospital and referral
clinics, for their willingness to participate in this study.

A special thank you to Mrs L Tladi (nurse) who assisted with blood collection.

I would like to acknowledge the Medical Science Department (University of Limpopo)
for allowing us to run blood tests in their laboratories.

Finally, I acknowledge the Medical Immunology Department (University of Pretoria),

for allowing us to analyse the blood samples at their laboratory.



ABSTRACT

The purpose of this study was to investigate the effect of CART on renal function and
assess the association between renal function and cardiovascular risk factors in a
black rural HIV-positive population in Limpopo Province, Mankweng district. We
have conducted a cross-sectional study which included both male and female cART-
treated patients (n=84), cART-naive patients (n=27) and HIV-negative controls
(n=44). We have measured biomarkers of renal function (plasma cystatin C,
clusterin, retinol binding protein 4 [RBP4]) and determined the estimated glomerular
filtration rate (eGFR) using the chronic kidney disease-epidemiology collaboration
formula (CKD-EPI). We have also measured blood pressure (BP), body mass index
(BMI) and fasting blood glucose (FBG). The prevalence of renal dysfunction was
similar among the study groups. A significant difference in RBP4 was found among
the groups after controlling for covariates (age, gender, alcohol consumption, BMI,
systolic blood pressure and FBG) (F (2, 146) = [4.479], p=0.010). The significant
difference in RBP4 was specifically observed between the cART-treated and cART-
naive groups (p=0.008). Cystatin C, clusterin and eGFR were not significantly
different among the study groups after controlling for the covariates. The
cardiovascular risk factors age ($=0.207; p=0.039), CD4* T-cell count ($=-0.236;
p=0.040), and duration of cART ($=0.232; p=0.043) were independently associated
with cystatin C. The use of cART independently associated with RBP4 ($=0.282;
p=0.004). Age (B=-0.363; p=0.001), CD4* T-cell count (p=0.222; p=0.034) and
duration of cART (B=-0.230; p=0.034) independently associated eGFR. Renal
dysfunction is common in this HIV-positive population, with similar rates as the HIV-
negative population. Plasma cystatin C as a promising alternative renal biomarker
need to be re-evaluated in this HIV-positive population. RBP4 may be a more
promising renal function biomarker in the HIV-positive population. Cardiovascular
risk factors are associated with renal dysfunction in this rural HIV-positive population

and CD4* T-cell count may be an independent predictor for renal function.
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CHAPTER 1: INTRODUCTION

1.1. BACKGROUND

More than 35 years have passed since the first case of human immunodeficiency
virus and acquired immunodeficiency syndrome (HIV/AIDS) was reported in
humans, and many countries continue to battle this disease that is now a major
global health burden (World Health Organisation [WHO], 2020). The human
immunodeficiency virus (HIV) adversely affects the immune system by infecting and
destroying immune cells, rendering the host immunocompromised and thus unable
to fight off other infections (AIDSinfo, 2016; Statista, 2020). Although there is
currently no cure for HIV/AIDS, combination antiretroviral therapy (CART) has proven
to effectively control the virus and prevent disease progression to AIDS (Carrion et
al., 2018).

In the cART era, HIV infection has become a manageable chronic disease and those
infected with HIV are living longer because of reductions in AIDS-related illnesses
(Adih et al., 2011; Deeks et al., 2013; Eyawo et al., 2017). The Joint United Nations
Programme on HIV/AIDS (UNAIDS) had estimated that 38 million people globally
are living with HIV where 25.4 million people are on cART (UNAIDS, 2020). In 2019,
globally, 1.7 million people were diagnosed with HIV and 690 000 people died of
AIDS-related illnesses (UNAIDS, 2020). More than two-thirds of the global HIV
infections are in Sub-Saharan Africa (SSA) with the latest statistics indicating that

approximately 26 million people are living with HIV in this region (WHO, 2020).

South Africa (SA) has one of the highest prevalence rates of HIV infections in the
world, with an estimated prevalence of 19% in adults aged 15-49 years and ranking
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4t after Eswatini (27%), Botswana (36%), and Lesotho (23%) (Statista, 2020). The
national prevalence is currently estimated to be at 13.0%, which translates to 7.9
million South Africans currently living with HIV (Johnson et al., 2017; Statistics South
Africa [StatsSA], 2020). Furthermore, over 50% of the HIV-population in SA receives
cART (UNAIDS, 2020). Thirty-five years after the discovery of HIV, the HIV epidemic
is still on the rise in SA, which is a cause for concern, as more people are initiated
onto the nephrotoxic cART (Yedla et al., 2015; Simbayi et al., 2019).

The burden of renal (kidney) dysfunction in the ageing HIV-positive population is
escalating, where HIV, cART, and co-morbidities such as hypertension and diabetes
are implicated (Naicker et al., 2015; Fiseha and Gebreweld, 2021). The kidney
performs several functions including the metabolism and excretion of drugs (da
Rocha et al., 2015). The kidneys are constantly exposed to ARV drugs among HIV
populations. Studying the toxic effects of CART is important as it aids in the scrutiny
of the safety and efficacy of ARV drugs to make more informed decisions (Carr,
2002). Regular renal assessment is particularly important for HIV-positive patients
starting cART to help prevent renal dysfunction and its complications (Yombi et al.,
2015).

A plethora of research studies were conducted to understand the effects of CART on
renal function (Mouton et al., 2016; Diana and Naicker, 2016; Baynes et al., 2017;
Fulgence et al., 2021). Generally, cART is beneficial for renal function, however,
certain ARV drugs are associated with renal dysfunction (Naicker et al., 2015;
Mocroft et al., 2016; Ojeh et al., 2018; Debeb et al., 2021). Initial clinical trials and
observational studies have demonstrated an improvement in renal function following
CART use (Winston et al., 2001; Cosgrove et al., 2002; Atta et al., 2006; Lucas et
al., 2004; Mpondo et al., 2004; Peters et al., 2008; Reid et al., 2009).
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In observational studies, CART was beneficial among patients with pre-existing HIV-
associated nephropathy (HIVAN) and advanced HIV stage (Kalayjian et al., 2008;
Cooper and Tonelli, 2011). Other studies have reported an improvement in renal
function in cART-treated patients in the absence of baseline renal impairment and
advanced HIV stage (Leport et al., 2009; Kwantwi et al., 2017).

Conversely, other observational studies reported increased incidence and
prevalence of renal dysfunction following cART use (Mocroft et al., 2010; Flanre et
al., 2011; Scherzer et al., 2012; Ryom et al., 2013; Bonjoch et al., 2014; Ojeh et al.,
2018; Debeb et al., 2021). Specific ARV drugs such as tenofovir disoproxil fumarate
(TDF), ritonavir-boosted ritonavir (LPV/r), atazanavir (ATV) and zidovudine (AZT)
were implicated. Furthermore, several cardiovascular risk factors such as older age,
hypertension, diabetes, and obesity were linked to renal dysfunction (Overton et al.,
2009; Msango et al., 2011; Morlat et al., 2013; Okpa et al., 2019).

Cardiovascular disease (CVD) is one of the major causes of death among HIV-
positive populations (Martin-lguacel et al., 2015). Compared with the HIV-negative
individuals, HIV-positive patients have a higher risk of CVD due to a combination of
traditional and HIV-related cardiovascular risk factors (Blanco et al., 2010; Bocarra
et al.,, 2013; Martin-lguacel et al., 2015; Touloumi et al., 2020). These includes
smoking, hypertension, HIV-related inflammation, immune activation and treatment-
related cardiometabolic abnormalities such as diabetes and dyslipidaemia (Anne-
Lise et al., 2015; Blanco et al., 2010; Bocarra et al., 2013). It has been reported that
these cardiovascular risk factors are also associated with increased risk of renal
dysfunction among HIV-positive populations (Ryom et al., 2013; Ryom et al., 2014,
Lee et al., 2017; Hou and Nast, 2018; Pallela et al., 2018).

About two-thirds of global HIV infections occur in SSA which suggest that most HIV

populations in this region (SA in particular) are predisposed to HIV-related
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cardiovascular risk factors and higher risk of renal dysfunction. Therefore, it is
imperative to address cardiovascular risk factors in the cART-treated HIV-positive
population when evaluating renal function. A thorough assessment of renal function
in the HIV population must take into consideration the cardiovascular risk factors to
better manage renal dysfunction (Luyckx et al., 2017). The inconsistency on the
impact of CART on renal function underpins the need to assess renal function and
its association with cardiovascular risk factors in HIV-positive populations,
particularly in the Sub-Saharan African region and hence the current study. Routine
renal monitoring is a challenge in SSA (Salome et al., 2016).

1.2. PROBLEM STATEMENT

The kidneys in the HIV-positive population are continuously exposed to CART and
this may cause renal dysfunction. The cardiovascular risk factors in the HIV-positive
populations occur frequently and may further increase the risk of renal dysfunction
(Nsagha et al., 2015; Pallela et al., 2018). In addition, the drugs used for
cardiometabolic disease may also contribute to renal dysfunction. The high
prevalence of renal dysfunction in the HIV-positive population has serious clinical
and economic implications (Ekrikpo et al., 2018). The clinically recommended serum
creatinine-based method of evaluating renal function has limitations as it is
influenced by factors such as age, gender, muscle mass, HIV infection and
medications (citimedine, antibiotics, ARV drugs). Further, it has been less sensitive
and specific, and these limitations can lead to misdiagnosis of renal dysfunction
(Botev et al., 2011; Gagneux-Brunon et al., 2012; Thomas et al., 2017). There is a
lack of data on the impact of cCART on renal function in the rural HIV-positive
population of Mankweng District in Limpopo Province. Therefore, it is important to
investigate the impact of CART on renal function in this HIV-positive population of

Mankweng District using alternative biomarkers.
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1.3. AIM AND OBJECTIVES

1.3.1. Aim

To investigate the effect of cCART on renal function and its association with
cardiovascular risk factors among in a rural black HIV-positive population living in
the Mankweng District of Limpopo Province, South Africa.

1.3.2. Objectives

i.  To measure cardiovascular risk factors: cluster of differentiation 4 (CD4") T-
cell count, body mass index, waist circumference, fasting blood glucose and
blood pressure.

i. To measure the plasma levels of cystatin C, retinol-binding protein 4 and
clusterin, to determine renal function.

lii. To estimate glomerular filtration rate (GFR) using plasma cystatin C to
determine renal function.
iv.  To determine the association between cardiovascular risk factors and renal

function.

1.4. OUTLINE OF SUBSEQUENT CHAPTERS

Chapter 2 Literature Review: Includes detailed background information of current

literature.

Chapter 3 Methodology: Includes discussions on methods and materials employed

to collect and analyse data.

Chapter 4 Results: Present and describe the findings of the study.
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Chapter 5 Discussion: Interprets and explains the main findings and compares with

similar studies. This chapter also highlights the limitations of the study.

Chapter 6 Summary, Recommendations, and Conclusion: Includes a summary of
the main findings and highlights their significance with recommendations for future
research.
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CHAPTER 2: LITERATURE REVIEW

2.1. INTRODUCTION

The term AIDS describes the advanced stage of HIV where the immune cells are
severely depleted, and the immune function is severely impaired thus giving rise to
opportunistic infections (Center for Disease Control and Prevention [CDC], 2021).
HIV is a type of lentivirus that causes slowly progressing disease (Acheson, 2011,
Whiteside, 2016). Lentiviruses are a subfamily within the retroviruses family that has
the distinctive characteristic of reverse transcription by which the retrovirus
ribonucleic acid (RNA) is converted into double-stranded deoxyribonucleic acid
(DNA) (Acheson, 2011).

This fully formed double-stranded DNA is ultimately replicated within the infected cell
by the host cellular enzymatic machinery (Acheson, 2011). HIV infects humans
through sexual contact or blood exchange with an infected person (Harden and
Fauci, 2012; Dobra et al., 2017). Upon infection, the virus targets and destroys
immune cells called CD4* T-lymphocytes that play a key role in adaptive immunity
resulting in impaired immune function and increased susceptibility to opportunistic
infections (WHO, 2021).

There are two known strains of HIV in humans called HIV type 1 (HIV-1) and HIV
type 2 (HIV-2) (Faria et al., 2014, Visseaux et al., 2016). HIV type 1 affects most of
the world’s population and it is responsible for causing the global AIDS pandemic
(Sharp et al., 2011; Freed and Martin, 2013; Faria et al., 2014). In contrast, HIV-2 is
a rare strain that is mainly predominant in West Africa (Visseaux et al., 2016). Unlike

many retroviruses, HIV has a unique ability to rapidly mutate and establish latent
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reservoirs that can persist and remain undetectable in humans (Nomaguchi et al.,
2018). Thus, making it impossible to eliminate the virus with the current ARV
treatment (Churchill et al., 2016). New infections continue to rise in both developed
and developing countries despite the advancement in ARV therapy (Gokengin et al.,
2016; Girum et al., 2018).

2.2. HUMAN IMMUNODEFICIENCY VIRUS AND CURRENT ANTIRETROVIRAL
THERAPY PRACTICE IN SOUTH AFRICA

2.2.1. Human immunodeficiency virus epidemic

South Africa (SA) has the worst HIV epidemic with an estimated prevalence of 13%
(StatsSA, 2020). The number of HIV-positive people in the country has reached a
staggering 7.9 million, representing nearly 20% of global HIV infections (UNAIDS
special analysis, 2020; StatsSA, 2020). The HIV epidemic in SA is described as
nonhomogeneous whereby there are variations in the prevalence and incidence at
provincial, district, and local levels (Simbayi et al., 2019; Johnson and Dorrington,
2019). The HIV prevalence and incidence also vary by age, sex, race, and

socioeconomic status (Shisana et al., 2014; Simbayi et al., 2019).

The HIV prevalence in persons aged 15-49 years ranged from 10.3-27.4% across
the provinces in 2018, with Western Cape (WC) recording the lowest prevalence and
Kwazulu-Natal (KZN) recording the highest (Johnson and Dorrington, 2019). The
Limpopo Province displayed an HIV prevalence of 14.5% in persons aged 1549
years (Johnson and Dorrington, 2019). There has been a steady rise in HIV
prevalence observed in all nine provinces albeit provinces such as KZN,
Mpumalanga (MP), Free State (FS), and North West (NW) have reached the highest
prevalence (Johnson and Dorrington, 2019). The HIV prevalence in persons

between the ages of 15-49 years seem to be growing rapidly in LP, WC, and Eastern
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Cape (EC) provinces in comparison with other provinces which is a grave concern
(Johnson and Dorrington, 2019). A high HIV burden has serious clinical and

economic implications.

With regards to racial differences, black South Africans are disproportionately
affected by HIV compared to the coloured, white, and Indian racial groups (Simbayi
et al., 2019). The HIV prevalence in black Africans, coloureds, whites, and Indians
was found to be 16,6%, 5.3%, 1.1%, and 0.8%, respectively (Simbayi et al., 2019).
On the other hand, there was a HIV incidence 0.59% in Black Africans and 0.10% in
other races combined, which translates to approximately 220 500 new infections in
Black Africans and 10 600 new infections in other races combined (Simbayi et al.,
2019). One previous study attributed the differences in HIV prevalence and
transmission between the racial groups to differences in sexual behaviours,
prevalence of concurrency and number of sexual partners (Kenyon et al., 2013).
Compared to other racial groups, black South Africans have a higher prevalence of
concurrency and multiple sexual partners with whom they engage in risky sexual

behaviours (Kenyon et al., 2013).

In terms of geographical variation, populations living in urban areas have a higher
HIV incidence (0.58%) compared to those living in rural areas (0.23%) (Simbayi et
al., 2019). With regards to sex, new infections were higher in females than in males,
particularly in adolescents and young women (Naicker et al., 2015; Topazian et al.,
2020). In SA, the HIV epidemic disproportionately affects women more than men,
where it was reported that the incidence rates aged 1549 years for females and
males were 0.93% and 0.69%, respectively (Simbayi et al., 2019). Young black
females between the ages 15-24 years particularly have a higher incidence rate
(1.51%) compared to males of the same age group with an incidence rate (0.49%)
(Simbayi et al., 2019). The high HIV burden in females may be attributed to
behavioural, biological, social, cultural, and economic factors (Naicker et al., 2015;

Sia et al.,, 2016; UNAIDS, 2018). For example, females are more likely to be

26



unemployed and poor which promote risky behaviours such as engaging in
transactional sex with casual partners and without protection (Bandali, 2011; Mojola,
2011).

The overall incidence of HIV among South Africans has declined in the last decade
(Simbayi et al., 2019). Furthermore, trends have showed a steady decline in the HIV
incidence among people aged 15—-49 years in most provinces since the late 1990s
(Johnson and Dorrington, 2019). The success of SA in reducing new HIV infections
IS attributed to several interventions put in place by the public health sector (Simbayi
et al., 2019). The interventions include amongst others educational awareness
programs, scaling-up of HIV testing, condom provision, preventative treatment of
high-risk groups, and expansion of the cART programme (Republic of South Africa
National Department of Health [NDoH], 2015; Simbayi et al., 2019). The number of
people receiving cART rapidly increased since the country rolled out one of the

largest HIV treatment programmes (Mukumbang et al., 2016).

2.2.2. Combination antiretroviral therapy coverage

The provision of cCART in SA has greatly improved in the past decade (Osler et al.,
2018; Burger et al., 2019). All nine SA provinces continue to ensure that maximum
CART access is attained for HIV-positive people in their various communities. Almost
every public health facility has an HIV testing centre and offers cCART services for
individuals diagnosed with HIV. In LP province, over 500 public health facilities offer
CART services, and this has enabled many communities to have access to HIV

treatment closer to their homes (Limpopo Provincial AIDS council, 2017).

The national cCART coverage was 62% in 2019 and it is one of the largest CART
coverage in the world (WHO, 2020). However, this is not surprising considering the
number of HIV infections currently in the country. Approximately 5.3 million South
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Africans living with HIV receive cART which is more than half of the country’s HIV-
positive population (UNAIDS, 2020). The cART coverage at the provincial level
ranged from 51-75%, the lowest being NW and the highest being NC (Johnson and
Dorrington, 2019). In 2016, the UNAIDS committed to ending the HIV epidemic by
establishing what is called the 90-90-90 treatment target strategy (UNAIDS, 2017).
The strategy called for 90% of HIV-positive people to be diagnosed by 2020, 90% of
whom will be on cART and 90% of whom will have viral suppression. SA appear to
have made considerable progress especially at achieving the first indicator where
93% of HIV-positive people now know their status but it is still behind with second
indicator with ART coverage that is 20% point below the target (Marinda et al., 2020;
Nyasulu et al., 2021). Although 87% of those on cART are virally suppressed, the
second indicator may reflect problems with adherence to treatment (Marinda et al.,
2020). Although guidelines on the use of cART were developed, adherence to

treatment remains key to managing HIV (WHO, 2021).

2.2.3. Guidelines and recommendations for using combination antiretroviral

therapy

In 2013, WHO recommended that all people diagnosed with HIV should be initiated
onto cART regardless of the CD4* T-cell count (WHO, 2013). The goal of cCART is to
attain and maintain full viral suppression, which will restore and preserve immune
function as well as reduce HIV-related morbidity, thus prolonging life expectancy,
and improving quality of life (Raper and Cobbs, 2016; Meintjes et al., 2017). The
therapy generally consists of several classes of ARV drugs that suppress viral
replication by inhibiting one of the key stages of the HIV life cycle, namely, reverse
transcription, integration, and maturation (Figure 2.1, Table 2.1) (Laskey and
Siliciano, 2014; AIDSinfo, 2016; Raper and Dobbs, 2016). These stages are
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accomplished by three HIV enzymes called reverse transcriptase, protease, and

integrase (Laskey and Siliciano, 2014; Meintjes et al., 2017).

Reverse transcriptase catalyses the process of reverse transcription, which makes
a copy of viral DNA from single-stranded viral RNA (Figure 2.1) (Karch, 2017).
Integrase and protease are responsible for the insertion or integration of proviral
DNA copy into the host genome and the growth or maturation of viral particles
(Figure 2.1) (Karch, 2017). A typical cART consists of ARV drugs from at least two
drug classes which include nucleoside or nucleotide reverse transcriptase inhibitors
(NRTIsS/NtRTIS), non-nucleoside reverse transcriptase inhibitors (NNRTIs), or
protease inhibitors (PIs) (Table 2.1) (AIDSinfo, 2016; Raper and Dobbs, 2016).

Reverse transcriptase inhibitors (RTIs) are inhibitors of reverse transcriptase (Raper
and Dobbs, 2016; Karch, 2017). In contrast, Pls inhibit the activity of the protease
enzyme, resulting in immature viral particles which become destroyed by enzymes
(Raper and Dobbs, 2016; Karch, 2017). Other ARV classes are integrase inhibitors
(INIs) that inhibit the integration of HIV into host cell chromosomes, and fusion
inhibitors (FIs) that inhibit the fusing of viral and host cell membranes (Table 2.1)
(Laskey and Siliciano, 2014; Raper and Dobbs, 2016; Karch, 2017).

Table 2.1: Classes of antiretroviral drugs

NRTIs NNRTIs Pls Fls INIs
Lamivudine (3TC) Efavirenz (EFV) Indinavir (IDV) Enfuvirtide (T-20) | Raltegravir (RAL)
Zidovudine, (AZT/ Rilpivirine (RVP) Lopinavir (LPV) Dolutegravir (DTG)
ZDV) Nevirapine (NVP) Ritonavir (RTV)

Emtricitabine (FTC) Etravirine (ETR) Atazanavir (ATV)
Abacavir (ABC) Doravirine (DOR) Tipranavir (TPV)

Tenofovir disoproxil Saquinavir (SQV)
fumarate (TDF) Darunavir (DRV)

Stavudine (d4T)

United States Food and drug administration [FDA], 2020
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Figure 2.1: Schematic representation of stages of HIV life cycle targeted by

antiretroviral drugs. HIV: human immunodeficiency virus; NRTIs:
nucleoside reverse transcriptase inhibitors; NNTRIs: nonnucleoside
reverse transcriptase inhibitors; InSTIs: integrase strand transfer
inhibitors; ALLINIs: Allosteric HIV-1 integrase inhibitors; CD4: cluster
of differentiation 4; CCR5: CC chemokine receptor type 5; CXCRA4:

CXC chemokine receptor type 4; Env: envelope glycoprotein.

In line with WHO guidelines, the NDoH recommends TDF+3TC+DTG (in fixed-dose

combination) as the preferred first-line regimen for all patients starting CART in SA

(NDoH, 2019). Dolutegravir is an INI recently incorporated as a first-line agent
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(WHO, 2019). Before DTG, EFV was part of the preferred first-line regimen and now
forms part of an alternative first-line regimen with RTIs (Meintjes et al., 2017; WHO,
2019). The change from EFV to DTG was due to the DTG-based regimen offers
higher viral suppression than the EFV-based regimen, has a lower risk for drug-drug
interactions and development of viral drug resistance (WHO, 2019). Another
alternative first-line regimen is TDF+ FTC/3TC+RPV which is used if the viral load
(VL) is <100 000 copies/millilitres (ml) (Meintjes et al., 2017).

The United States Department of Health and Human Services (HHS) defines viral
load (VL) as a measure of the viral content in a blood sample (HHS, 2018). A
patient’s VL indicates viral suppression and patient adherence to treatment and thus
reflects the success of cCART (WHO, 2021). A VL of <50 copies/ml is considered
undetectable (virally suppressed) and indicates good adherence whereas a VL of
>50 copies/ml for at least 6 months is a sign of poor adherence and indicates a need
for intervention through the change of regimen type to improve adherence (Meintjes
etal., 2017; WHO, 2021). Thus, virological monitoring is an integral part of evaluating
the success of CART and poor adherence to cART leads to virological failure (WHO,
2013). If a patient experiences virological failure with a first-line regimen, second-

line therapy is initiated.

A typical second-line regimen consists of two NRTIs and a ritonavir-boosted PI (Pl/r)
such as ritonavir-boosted atazanavir (ATV/r), ritonavir-boosted lopinavir (LPV/r), or
ritonavir-boosted darunavir (DRV/r) (WHO, 2020). A second-line PI therapy with
ATV/r was suggested as the preferred option when switching from first to second-
line regimen due to better tolerability, favourable lipid profile, and once-daily dose

compared with LPV/r-based therapy (Meintjes et al., 2017).

A third-line regimen is initiated if a virological failure occurs with the second-line

regimen, however, this step requires careful consideration (WHO, 2013; Meintjes et
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al., 2017). The patient must have experienced virological failure with a Pl-based
second-line regimen (and be over one year on therapy) with identified PI resistance
(NDoH, 2015). The choice of regimen is guided by a medical expert based on
evidence provided of PI resistance, cART history, and adherence to treatment
(Meintjes et al., 2017). Despite the success of cART in controlling HIV, various side

effects of the treatment have been reported (Penkalski, 2017).

2.2.4. Side effects of combination antiretroviral therapy

While the treatment prolongs the lifespan of people living with HIV, substantial
evidence has also linked it to various side effects which includes skin rashes,
hypersensitivity reactions, liver disease, dyslipidaemia, diabetes, renal dysfunction
and CVD (Braithwaite et al., 2005; Moreno-Cuerda et al., 2006; Peck et al., 2014;
Nsagha et al., 2015; Penkalski, 2017). Renal dysfunction is of particular concern as
the kidney are constantly exposed to the highly active nephrotoxic ARV drugs.
Moreover, HIV itself also plays a key role in the pathogenesis of renal impairment

among HIV-positive patients (Seegmiller et al., 2018).

2.3. OTHER RISK FACTORS FOR RENAL DYSFUNCTION

CART is not the only cause of renal dysfunction in the HIV-positive population. There
is a complex interplay between multiple factors such as ageing, HIV, immune
function, hypertension, obesity and metabolic abnormalities such as hyperglycaemia
(diabetes) and dyslipidaemia (Ejerblad et al., 2006; Kazancioglu, 2013; Swanepoel
et al., 2018; Calza et al., 2019). The metabolic abnormalities can be induced by both
HIV and cART (Bune et al., 2020). HIV-associated nephropathy (HIVAN),
hypertension, and diabetes are the major underlying cause of impairment and these
conditions tend to co-exist in the adult HIV-positive population (Winston, 2010; US
Renal Data System, 2013; Swanepoel et al., 2018). Studies have pointed out that
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older age is a single major risk factor for renal dysfunction (Calza et al., 2019; Sun
et al., 2019). There is an age-related decline in renal function in both the general and
HIV-positive populations which is caused by increased levels of oxidative stress
resulting in structural and functional changes (Liu et al., 2012; Glassock and Rule,
2016; Gekle, 2017).

2.3.1. Human immunodeficiency virus-induced hyperglycaemia

Compared with the general population, the prevalence of hyperglycaemia,
particularly diabetes is higher among HIV-positive patients and it is associated with
both HIV and cART toxicity (Noubissi et al., 2018). A previous study conducted on
animal model has shown direct involvement of HIV in causing glucose metabolism
derangement (Non et al., 2017). The HIV protein called viral protein R (vpr) protein
inhibits the intracellular proliferator-activated receptors-gamma (PPAR-Y) which act
as a transcriptional factor during adipocyte differentiation resulting in fatty acid
accumulation. The accumulation of fatty acids causes lipotoxicity which results in
insulin resistance (IR), hypertriglyceridaemia and fatty acid liver disease (Gavrilova
et al., 2003; Shrivastav et al., 2008; Non et al., 2017). The IR leads to abnormally
high blood glucose concentrations referred to as hyperglycaemia (Gutierrez and
Balasubramanian, 2012). The IR is a state in which insulin (a hormone secreted by
pancreas) is unable to stimulate the uptake of glucose into insulin-sensitive tissues
such as the adipose tissue, skeletal muscle, and liver tissue tissues cells resulting in
abnormally elevated insulin and glucose in the blood (Freeman and Pennings, 2021).

2.3.2. Antiretroviral drug-induced hyperglycaemia

Protease inhibitors are known to cause IR (Ergin et al., 2020). There is substantial
evidence showing the link between PIs and the development of IR, however, the
mechanism of action is not completely understood (Noor et al., 2001; Hruz et al.,
2002; Monier and Wilcox, 2004; Ergin et al., 2020). It was suggested that Pls disrupt
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the insulin signaling pathway by specifically targeting GLUT4, the transporter that
facilitates insulin-stimulated glucose uptake (Murata et al., 2000). Indinavir (IDV) is
the first Pl to be implicated in IR and glucose intolerance (Hruz et al., 2002). Indinavir
inhibits glucose uptake by adipocytes without affecting GLUT4 translocation (Murata
et al., 2000).

Nelfinavir was found to have a profound impact than IDV by disrupting key steps in
the insulin signaling pathway in addition to inhibiting glucose uptake into adipocytes
(Rudich et al., 2001). The mechanisms of action of nelfinavir involve the inhibition of
PKB/Akt activation in the insulin-signaling pathway which initiates a cascade of
events leading to GLUT4 translocation and impaired glucose transport (Rudich et
al.,, 2001). Consistent with this phenomenon, other studies demonstrated the
inhibition of PI3-k activation by nelfinavir which led to impaired GLUT4 migration,
glucose entry into adipocytes. This results in hyperglycaemia (Ben-Romano et al.,
2004; Rudich et al., 2005). High glucose levels in the kidneys can induce structural

and functional changes leading to renal impairment (Fakhruddin et al., 2017).

2.3.3. Hyperglycemic-induced renal dysfunction

Diabetic nephropathy (DN) is a major complication of type 2 diabetes and
hyperglycaemia was implicated in its pathogenesis and progression (Schrijvers et
al., 2004; Elmarakby and Sullivan, 2012). Diabetic nephropathy is characterized by
histopathological and functional abnormalities in the kidney which include glomerular
hypertrophy and hyperfiltration, increased basement membrane thickness (BMT),
tubular dilatation, glomerulosclerosis, proteinuria, and renal function decline
(Schrijvers et al., 2004).

Elmarakby and Sullivan explained that hyperglycaemia induces oxidative stress in
renal cells thus causing glomerular and tubular tissue damage (Elmarakby and

Sullivan, 2012). Since the uptake of glucose is high in the renal tissue in a diabetic
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kidney, it exacerbates damage compared to the other tissues in the body (Coward
et al., 2005; Forbes et al., 2008).

A study that investigated the effect of transient hyperglycaemia on renal cell injury
using both HIV-infected human podocytes and experimental mouse models with
HIVAN showed that hyperglycaemia worsened renal cell injury by downregulating
vitamin D receptors (VDR) expression (Rai et al.,, 2015). This resulted in the
activation of the renin-angiotensin system (RAS) and the generation of reactive
oxygen species (ROS), thereby causing oxidative-induced DNA damage (Rai et al.,
2015).

It is well established that HIV activates RAS and triggers the formation of ROS in the
renal cells which may lead to the development of DN and HIVAN (Durvasula and
Shankland, 2008; Salhan et al., 2012; Chandel et al., 2013). Glucose accelerates
the damage by suppressing VDR expression and enhancing the activation of RAS
which causes accelerated DNA damage and renal injury which results in renal
dysfunction (Rai et al., 2015).

2.3.4. Obesity

Obesity is a serious pandemic affecting virtually all age groups and it increases the
risk of diabetes and CVD (WHO, 2020). The WHO statistics indicated that more than
650 million adults worldwide are obese and over 1.9 billion are overweight (WHO,
2020). Developed countries have the highest overall prevalence of overweight and
obesity than developing countries (WHO, 2020). The overall prevalence of
overweight and obesity were 62.5% and 28.6% respectively among the adult
western populations while in the adult African population the prevalence of
overweight and obesity were 31.1% and 10.6% respectively (WHO, 2020).
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Overweight and obesity are also major concerns in SA, where it was reported that
53.8% of the adult population is overweight (WHO, 2020).

The prevalence of overweight or obesity among people living with HIV has risen over
the years and concerns are risen that it is increasing the incidence of diabetes
(Hanttu et al., 2021). Although comparative studies on the prevalence of overweight
or obesity among HIV-positive population with general population are scarce (Hanttu
et al., 2021). Overweight and obesity are collectively defined as excessive body fat
accumulation associated with health risks. BMI which is defined as body mass in
kilograms (kg) divided by square meter of height and is a common tool used to
determine both overweight and obesity (WHO, 2020). Although BMI is a commonly
used tool, it does not exclusively measure body fatness due to muscle weight

contributing to total body mass (Dagan et al., 2013).

Waist circumference (WC) is an alternative tool that provides a simple measure of
abdominal obesity (visceral obesity) and it is strongly associated with the risk of
diabetes and CVD (Vasiljevic et al., 2017; Ross et al., 2020). Abdominal obesity in
men is defined by a WC of more than 102 cm whereas in women it is confirmed
when the WC is greater than 88 cm (Hall et al., 2014). Increased adiposity has been

associated with renal impairment (Hall et al., 2019).

2.3.6. Obesity-induced renal dysfunction

Hall et al. (2014) explained that the causal link between obesity and renal
dysfunction is mediated by obesity-induced hypertension. Hypertension is defined
as persistently elevated blood pressure of above 140/90-millimeter mercury (mmHQ)
(Kaplan, 2010). The upper number is systolic blood pressure which is the maximum
pressure in the arteries when the heart contracts. The lower number is diastolic blood
pressure which is the minimum pressure in the arteries when the heart relaxes
(Sherwood, 2015). Both the prevalence of obesity and hypertension among HIV-

positive population are high which raises concern about renal function.
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According to Hall et al. (2014), obesity increases tubular reabsorption of sodium and
impairs the mechanism of sodium excretion. In response to increased sodium
reabsorption, renal vasodilation and glomerular hyperfiltration occur to compensate
for increased sodium reabsorption leading to maintenance of sodium balance.
Excessive fat accumulation over time leads to failure of the compensatory
mechanisms to counteract increased sodium reabsorption which results in
hypertension. Hypertension causes glomerular damage and renal dysfunction (Hall
et al., 2014).

Obesity can also impair renal function by inducing inflammation and oxidative stress.
Although obesity-induced high blood pressure (hypertension) and diabetes are
major driving mechanistic links for the development of renal dysfunction (Sherwood,
2015; Hall et al., 2014). The kidneys perform important functions in the human body

including the metabolism and elimination of drugs.

2.4. RENAL FUNCTION

2.4.1. Function of the kidney

The kidneys are a pair of bean-shaped organs that lie between the upper rear part
of the abdominal cavity and back muscles (Gueutin et al., 2012). Both kidneys
maintain homeostasis by regulating acid-base balance, electrolyte concentrations,
and extracellular fluid (ECF) volume (Gueutin et al.,, 2012). By adjusting the
electrolyte content and ECF compartment, the kidney contributes to the long-term
regulation of blood pressure (BP) in the human body (Gueutin et al.,, 2012;
Raghavendra and Vidya, 2013). The kidney also performs other functions such as
urine formation, metabolic wastes excretion (urea, uric acid, ammonia, creatinine),
and hormone production such as erythropoietin, aldosterone, renin, anti-diuretic
hormone (ADH) amongst others (Gueutin et al., 2012; Raghavendra and Vidya,
2013).

37



Each kidney has a functional unit called the nephron that carries out most of the
kidney’s functions through three major processes called glomerular filtration, tubular
reabsorption, and secretion (Inui et al., 2000; Sherwood, 2015; Raghavendra and
Vidya, 2013). With its high-capacity transport systems, the kidney can prevent loss
of essential substances such as nutrients and electrolytes that were filtered by the
glomerulus while simultaneously facilitating secretion of wastes and xenobiotics (Inui
et al., 2000).

Glomerular filtration is defined as the passive transfer of blood components including
water, proteins, ions, and nutrients from the blood into the renal tubule. Reabsorption
and secretion involve the transfer of substances either by active or passive transport
between the proximal tubular lumen and peritubular capillary blood (Gueutin et al.,
2012; Raghavendra and Vidya, 2013). These processes accomplish the kidney’s
main function which is to maintain homeostasis (Ferguson and Waikar, 2012). A
variety of methods such as biopsy, urinalysis and blood tests are used to evaluate

renal function (Filler et al., 2014).

2.4.2. Markers of renal function

2.4.2.1. Glomerular filtration rate

Glomerular filtration rate (GFR) describes the amount of filtrate passing through the
kidney glomeruli per unit time (Kaufmann et al., 2019). The GFR is regarded as the
best measure of overall renal function globally (Estrella and Fine, 2010; Schaeffner,
2017). Direct measurement of GFR, referred to as the “gold standard”, is
accomplished by measuring the urinary clearance of an exogenous substance such
as inulin or iothalamate (Berg et al., 2014; Delanaye et al., 2016). Although it is a
gold standard, measuring GFR directly is expensive, time-consuming, and
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cumbersome (Hsu and Bansal, 2011). As a result, the technique has limited use in

clinical practice in resource limited settings (Delanaye et al., 2016).

Alternatively, renal function can be estimated by using an endogenous substance
measurable in a biological specimen such as serum or plasma (Estrella and Fine,
2010; van Veldhuisen et al.,, 2016). The endogenous substance is termed a
biomarker and it is mainly used to diagnose disease progression or therapeutic drug
monitoring (Lemley, 2007; Khan and Pandey, 2014). In the context of renal function,
both serum and urinary biomarkers are useful in the evaluation of renal function
although urinary biomarkers are ideal for evaluating drug-induced damage
(Fernando et al., 2019). Creatinine is a commonly used serum renal biomarker for
estimating GFR (Delanaye et al., 2017).

2.4.2.2. Creatinine

Serum creatinine is a widely used endogenous biomarker for estimating GFR and it
is recommended by the National Kidney Foundation (NKF) for clinical renal function
assessment (NKF, 2020). Creatinine is the end-product of muscle catabolism
generated from conversion of creatine and phosphocreatine (Gagneux-Brunon et
al., 2012; Thomas et al., 2017). Several equations were developed to estimate GFR
and the two most used are CKD-EPI and Modification of diet in renal disease
(MDRD) (Levey and Inker, 2017). Other studies use the Cockcroft-Gault formula to
determine creatinine clearance; however, this method requires a 24-hour timed
collection of urine which may be inconvenient (Levey et al., 2003; Stevens et al.,
2006; Estrella and Fine, 2010).

Serum creatinine is used to estimate GFR to evaluate renal function in daily clinical
practice and research (NKF, 2020). However, reports have showed that creatinine
has several limitations (Gagneux-Brunon et al., 2012; Delanaye et al., 2017; Thomas
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et al., 2017). Serum creatinine is impacted by other factors such as dietary protein,

muscle mass, gender, and age (Thomas et al., 2017; NKF, 2020).

Moreover, certain medications such as cimetidine, cisplatin, antibiotics, and ARV
drugs have been shown to decrease creatinine excretion by inhibiting tubular
secretion (Delanaye et al., 2017; Thomas et al., 2017). This results in elevated levels
of blood creatinine which will lead to false estimation of GFR (Stevens and Levey,
2007). Thus, the use of serum creatinine to evaluate renal function especially in
clinical practice raise concerns about its reliability. Other studies conducted in HIV-
positive populations showed that serum creatinine is also affected by the infection
itself (Maia et al., 2005; Gagneux-Brunon et al., 2012). For example, the wasting
syndrome associated with advanced HIV stage and cART-related mitochondrial
toxicity reduces the lean mass and production of creatinine (Gagneux-Brunon et al.,
2012).

A study also reported that serum creatinine is a non-specific and insensitive to renal
damage which only detects when a significant loss of nephrons has occurred (De
Oliveira et al., 2019). Although the equation used to estimate GFR take in
consideration age, gender, race, and body surface area, it is uncertain whether
serum creatinine can be a reliable tool to determine renal function in the HIV-positive
population. Therefore, these limitations prompt for alternative biomarkers for renal
function evaluation that will be of clinical value. Cystatin C seems to be a better
alternative to creatinine and there has been a growing interest in the use of plasma

cystatin C (Gagneux-Brunon et al., 2012; Gupta et al., 2014).

2.4.2.3. Cystatin C

Cystatin C is a small-sized protein (13 kilodaltons) produced at a constant rate by
nuclear cells (Vaidya et al., 2008). Cystatin C is freely filtered and completely
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metabolised by the kidneys following glomerular filtration and it is not subjected to
extra-renal excretion or tubular secretion as in the case of creatinine (Inker et al.,
2018). Plasma cystatin C is also not affected by muscle mass, and it is very sensitive
in detecting early renal impairment (Murty et al., 2013; Ebert and Shlipak, 2020; John
et al., 2020). Thus, plasma cystatin C is considered superior to creatinine as a
marker of GFR and it has been recommended for use in clinical practice (Grubb,
2017; Ebert and Shlipak, 2020).

However, certain factors such as current smoking, inflammation and viral loads have
an impact on plasma cystatin C (Bagshaw and Bellomo, 2010; Overton et al., 2012;
Longenecker et al., 2015). In terms of age and gender, previous studies have
reported little or no effect on serum cystatin C (Finney et al., 2000; Weinert et al.,
2010; Murty et al., 2013; Ebert and Shlipak, 2020). Cystatin C may therefore be a
useful alternative biomarker. There are other available useful biomarkers which
include retinol-binding protein 4 (RBP4) and clusterin (Murata et al., 2009; Henze et
al., 2010; Anderson et al., 2014).

2.4.2.4. Retinol-binding protein 4

Retinol-binding protein 4 is a carrier protein that originates from the liver and its
function is to transport vitamin A from the liver to the peripheral tissues (Fiseha and
Gebreweld, 2016). The RBP4 is filtered by the glomerulus and reabsorbed by the
proximal tubular epithelial cells which in turn becomes catabolized (Vaidya et al.,
2008). Serum RBP4 is sensitive to change in GFR (Ni et al., 2018). Compared to
serum RBP4, urinary RBP4 is sensitive to drug-induced tubular toxicity (Mahfouz et
al., 2016). Increased serum RBP4 levels were correlated with renal function decline
(eGFR) among diabetic patients with renal dysfunction (Murata et al., 2009; Mahfouz
et al., 2016; Domingos et al., 2017). Patients with renal dysfunction were reported to

have elevated levels of serum RBP4 (Frey et al., 2008; Henze et al., 2010; Fernando
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et al., 2019). Although increased serum RBP4 indicates renal dysfunction, data also

showed that elevated serum RBP4 may be associated with obesity (Liu et al., 2016).

2.4.2.5. Clusterin

Clusterin is a glycoprotein that plays an important role in the reproductive system.
Clusterin derived its name from its ability to cluster Sertoli cells (Adiyanti and Loho,
2012). It also plays a role in immune function, and it is important for cell regression
and cell aggregation (Redondo et al., 2008). It was reported that renal disease
caused by toxicant-induced renal injury results in the expression of clusterin in the
kidney and urine (Davis Il et al., 2004; Kharasch et al., 2006).

The expression of clusterin on tubular cells was also seen in polycystic kidney
disease and renal cell carcinoma (Zellweger et al., 2001). When a renal injury
occurs, clusterin mMRNA becomes translated into clusterin in the renal tubular
epithelium (Khan and Pandey, 2014). A post-translation process converts clusterin
into a and B subunits and the a-subunit is excreted while B-subunit accumulates in
the tubular cell cytoplasm (Saunders et al., 1994). The upregulation of both clusterin
MRNA and protein levels is a potential indicator of nephrotoxicity (Girton et al.,
2002).

Studies demonstrating a change in blood clusterin with renal function are currently
lacking. In one study nine renal biomarkers in HIV-uninfected AKI and CKD patients
were measured (Anderson et al., 2014). Serum clusterin and cystatin C were
significantly elevated in the CKD group as compared to the control group (Anderson
et al., 2014). The study also observed serum cystatin C and other biomarkers
significantly differed between AKI and CKD groups (Anderson et al., 2014). There is

no literature demonstrating how blood clusterin level changes with renal function in
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the HIV population. Various transporters on the renal tubular cells play an important

role in the reabsorption and secretion of drugs (Wang, 2016).

2.4.3. Renal transport of drugs

Renal drug transporters are predominantly expressed on the basolateral and apical
membranes of proximal tubules and are selective based on the charge of the drug
(cationic or anionic) (International transporter consortium et al., 2010; Morrissey et
al., 2013). Studies have shown that the secretion of anionic drugs in humans is
mediated by organic anion transporters 1 and 3 (OAT-1 and OAT-3) situated on the
basolateral membrane and multidrug resistance-associated proteins 2 and 4 (MRP2
and MRP4) situated on the apical membrane (Figure 2.2) (Masereeuw and Russel,
2001; Morrissey et al., 2013).

On the other hand, cationic drugs are secreted by organic cation transporter 2 (OCT-
2) on the basolateral membrane and multidrug and toxin extrusion proteins 1 and 2-
K (MATE1 and MATE2-K) on the apical membrane (Figure 2.2) (Masereeuw and
Russel, 2001; Morrissey et al., 2013). The secretion of larger and more hydrophobic
cations is mediated by P-glycoprotein (P-gp) on the apical membrane (Figure 2.2)
(Yin and Wang, 2016). Several other transporters on the tubular epithelium have
also been found to play a role in renal handling of drugs and metabolic wastes (Yin
and Wang, 2016).
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Figure 2.2: Major drug transporters involved in renal handling of drugs in human
renal proximal tubule cells. ADP: adenosine diphosphate; ATP:
adenosine triphosphate; DC: dicarboxylate; OH: hydroxide; OA: organic
anion; and OC: organic cation; hOCT: human organic cation transporter;
hOAT: human organic anion transporters; hMATE: human multidrug and
toxin extrusion proteins; P-gp: P-glycoprotein; hMRP: human multidrug
resistance-associated proteins. pH: potential of hydrogen; and H:

hydrogen.

2.4.4. The effects of antiretroviral drugs on renal drug transporters

Several ARV drugs and pharmacoenhancers (ritonavir or cobicistat) have inhibitory

effects on the basolateral and apical membrane transporters of proximal tubule cells
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(Figure 2.3). These inhibitory effects tend to affect the secretion of other drugs
thereby increasing their plasma concentrations or intracellular concentrations
leading to tubular toxicity (Yombi et al., 2014). In addition, tubular secretion of
creatinine is also affected by some of the ARV drugs and pharmacoenhancers which
reduces renal clearance (Jotwani et al., 2017).

The secretion of creatinine is mediated by OCT2 and OCT3, and possibly OAT2 and
OAT-3 on the basolateral membrane and by MATE-1 on the apical membrane
(Jotwani et al., 2017). Dolutegravir (DTG) and RPV inhibit OCT2 and thus, creatinine
transport into tubule cells causing high plasma concentrations (Yombi et al., 2014;
Jotwani et al., 2017). On the other hand, ritonavir and cobicistat inhibit MATE-1 and
consequently creatinine secretion on the apical side (Jotwani et al., 2017). Renal
drug toxicity was also linked with inhibitory effects of ritonavir on MRP-2 and MRP-
4, and polymorphisms in these apical membrane transporters (Yombi et al., 2014).
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Figure 2.3: Schematic representation of inhibitory effects of antiretroviral drugs and

pharmacoenhancers on renal membrane transporters. 3TC: lamivudine;

ddl: didanosine; DTG: dolutegravir; LPV: lopinavir; MATE: multidrug and

toxin extrusion protein; MRP: multidrug resistance protein; NVP:

nevirapine; OAT: organic anion transporter; OCT: organic cation

transporter; P-gp: P-glycoprotein; SQV: saquinavir; TFV: tenofovir.

2.5. THE
FUNCTION

IMPACT OF HUMAN

IMMUNODEFICIENCY VIRUS ON RENAL

2.5.1. Human immunodeficiency virus-associated renal diseases

Renal dysfunction can manifest as HIVAN, HIV immune complex kidney disease

(HIVICK), acute kidney injury (AKI), chronic kidney disease (CKD), or treatment-

related nephrotoxicity (Wyatt, 2017). In the context of this study, renal dysfunction is

46



defined as an estimated glomerular filtration rate (GFR) of <60 mL/min/1.73m? (also
referred to as CKD) (Kidney Disease: Improving Global Outcomes [KDIGO] CKD
Work Group, 2013). The HIVAN develops during advanced HIV stages, and it is
characterised by focal segmental glomerulosclerosis (FSGS) with tubular microcysts
formations, interstitial fibrosis, and inflammation (Atta et al., 2006; Wyatt et al., 2008;
Hughes et al.,, 2021). Moreover, HIVAN is associated with proteinuria and a
reduction in GFR that progresses to end-stage renal disease (ESRD) within weeks
to months (Wyatt et al., 2008; Swanepoel et al., 2018).

2.5.2. Prevalence and incidence of renal diseases in human immunodeficiency

virus populations

The epidemiology of renal diseases among the HIV population around the world and
in Africa is not well studied. The true incidence and prevalence of HIVAN are still
unknown. Data has shown that the prevalence of HIVAN ranged from 38-48.5%
globally (Naicker et al., 2015; Diana and Naicker, 2016). Evidence shows that HIVAN
is becoming a less frequent entity among the HIV-positive population in the era of
CART (Wyatt, 2017).

With the scale-up of cART, the rates of HIVAN have seen a significant drop
(Swanepoel et al., 2018). In one observational study, cART reduced the risk of
HIVAN by 60% in HIV-positive African Americans and none of the patients who
started cCART at CD4"* T-cell counts >200 cells/mm? developed HIVAN (Lucas et al.,
2004). Thus, demonstrating the beneficial role of cART in reducing HIVAN (Lucas et
al., 2004). This suggests that HIV is less likely to contribute to renal dysfunction in
the cART-treated HIV-positive patients compared to untreated HIV-positive patients.
Thus, untreated HIV-positive populations are particularly at a higher risk of
developing HIV-related renal disease.
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Despite the decline in HIVAN incidence rates due to cART, the HIV-positive black
population still has a 6-fold higher risk of ESRD than their white counterparts partly
due to genetic susceptibility (Abraham et al., 2015). It was suggested that the racial
disparity in HIVAN and associated ESRD is driven by susceptibility risk variants
called Apolipoprotein L1 variants which are found mainly in people of African descent
(Kopp et al., 2011; Fine et al., 2012; Parsa et al., 2013).

This was supported by a study from SA that found the HIV-positive black CART-naive
patients with two Apolipoprotein L1 variants have an 89-fold higher risk of developing
HIVAN compared with the HIV-positive controls (Kasembeli et al., 2015). The
evidence from human and animal studies showed that the risk variants, which are
highly expressed in glomeruli podocytes, interacted with HIV to induce pathological
changes characteristic of HIVAN (Chan et al., 2009; Tzur et al., 2010; Ma et al.,
2015).

2.5.3. Pathogenesis of Human immunodeficiency virus-associated renal

disease

The pathogenesis of HIVAN begins with the infection of renal glomeruli and tubular
epithelial cells (Rosenberg et al., 2015; Li et al., 2017). It is not completely
understood how HIV enters the renal epithelial cells as they do not express viral CD4
receptors or CC chemokine receptor type 5 (CCR5)/CXC chemokine receptor type
4 (CXCR4) co-receptors, but a few mechanisms were proposed (Husain et al.,
2018). Ray and colleagues explained the infection of human renal tubular epithelial
cells (RTEs) by HIV isolate via a CD4 independent pathway, and cell-cell transfer of

HIV between infected mononuclear cells and RTEs (Ray et al., 1998).

Other studies have proposed what is generally accepted to be a more efficient way
of virus transfer which involves T-lymphocytes to RTEs with direct cell-cell contact
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and no involvement of CD4 receptors (Figure 2.4) (Hubner et al., 2009; Chen et al.,
2011). The virological synapses between T-lymphocytes and RTEs allow HIV uptake
and subsequently gene expression in the RTEs (Chen et al., 2011).

The new mechanism involving infection of glomeruli epithelial cells (podocytes) was
recently described by Li and colleagues (Li et al., 2017). According to this novel
mechanism, a transmembrane tumour necrosis factor-alpha (TNF-a) promotes HIV
entry into podocytes and subsequent integration into host DNA (Li et al., 2017).
When HIV enters the renal epithelial cell, gene expression occurs leading to cell
cycle dysregulation, cytoskeletal dysregulation, inflammation, and cell death. Renal
epithelium injury and death result in collapsing glomerulosclerosis, tubular
microcysts, and interstitial fibrosis, characteristic of HIVAN (Rednor and Ross,
2018).

Polymorphisms in the apolipoprotein gene explain the excess risk of HIVAN in
people of African ancestry although the role of apolipoprotein L1 risk variants in
promoting renal injury in the context of HIV infection is not well studied (Rednor and
Ross, 2018). Studies are needed to elucidate the mechanisms by which the
apolipoprotein risk alleles in the presence of HIV induce renal injury particularly in

people of African ancestry.
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Figure 2.4: Schematic representation of the proposed mechanism of HIV transfer

from T-lymphocytes to renal tubular epithelial cells. HIV: human

immunodeficiency virus.

The HIVICK has not received much attention as HIVAN and the causal relationship
between HIV infection and HIVICK is not well studied. The role of cCART on reducing
HIVICK risk and other forms of renal disease is also less clear than on HIVAN (Wyatt,
2017). Although cART decreases HIVAN risk in the HIV-positive population, certain
ARV drugs have been associated with renal dysfunction and risk of progression to
ESRD (Mocroft et al., 2010; Wyatt, 2017; McMahon et al., 2018).
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2.6. THE IMPACT OF COMBINATION ANTIRETROVIRAL THERAPY ON RENAL
FUNCTION

2.6.1. The beneficial role of combination antiretroviral therapy on renal

function

The impact of cART on renal function was studied in diverse settings. The cART is
generally considered beneficial on renal function, however, certain ARV drugs such
as TDF, ATV, ATVIr, or LPV/r are associated with renal dysfunction (Mocroft et al.,
2010; Flanre et al., 2011; Scherzer et al., 2012; Ryom et al., 2013; Bonjoch et al.,
2014; Ojeh et al., 2018; Debeb et al., 2021). The beneficial effect of CART on renal
function was demonstrated in initial randomised clinical trials (RCTs), observational
studies, and case reports (Betjes and Verhagen, 2002; Chemlal et al., 2000;
Kirchner, 2004; Scheurer, 2004; SMART Study Group, 2006; Kalayjian et al., 2008).
Recent findings also show that cART improves renal function in HIV-positive
populations (Kwantwi et al., 2017; Adedeji et al., 2019; Bani et al., 2020).

In many observational studies, cCART improved renal function among HIV
populations with HIVAN, impaired baseline renal function, advanced HIV stage, and
low CD4* T-cell counts (Winston et al., 2001; Cosgroove et al., 2002; Atta et al.,
2006; Mpondo et al., 2014). However, other findings showed cART improved renal
function in HIV-positive patients with normal baseline renal function (and CD4* T-
cell count > 200 cells/mm?) and that renal function remained stable after 16 months
for up to 7 years (Leport et al., 2009; Kwantwi et al., 2017).

It was suggested that cCART improves renal function by reducing HIV viremia and
increasing CD4* T-cell count among patients with HIVAN (Choi et al., 2009;
Kalayjian et al., 2012). Combination antiretroviral therapy may slow down the

progression of HIVAN by suppressing HIV replication in the kidneys thereby reducing
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the pathological effects and leading to renal function recovery (Barisoni et al., 2001,
Winston et al., 2001; Atta et al., 2006; Choi et al., 2009). On the contrary, CART was
associated with renal dysfunction in other HIV-positive populations (Baynes et al.,
2017; Calza et al., 2019).

2.6.2. Evidence of combination antiretroviral therapy-associated renal

dysfunction

Substantial evidence has emerged showing that ARV drugs such TDF, ATV, ATV/r,
LPV/r, and IDV are associated with renal dysfunction. This includes AKI, renal
function decline, CKD, renal tubular dysfunction, nephrolithiasis, and in severe
cases, Falconi syndrome (Schmid et al., 2007; Mocroft et al., 2010; Rockwood et al.,
2011; Hamada et al., 2012; Scherzer et al., 2012; Campo et al., 2013; Mwafongo et
al., 2013; Zolopa et al., 2013; Ryom et al., 2013; Jose et al., 2014; Ojeh et al., 2018;
Debeb et al., 2021).

cART-induced renal dysfunction may be caused by direct tubular toxicity, crystal-
induced obstruction, interstitial nephritis, or indirectly by metabolic disorders such as
hyperglycaemia diabetes or dyslipidaemia (Karras et al.,, 2003; Brewster and
Perazella, 2004; Anderson et al., 2007; lzzedine et al., 2007; Crane et al., 2007,
Overton et al., 2009; Herlitz et al., 2010; Ryom et al., 2014). Although these
mechanisms are not yet completely understood. Substantial evidence shows that
TDF is mostly implicated (Ryom et al., 2013; Ryom et al., 2014; Scherzer et al.,
2012). Although there is a new prodrug called tenofovir alafenamide fumarate (TAF)
that provides better renal safety and switching from TDF to TAF results in improved
renal function (Mills et al., 2016; Gupta et al., 2019). However, the long-term renal
safety of TAF still needs to be elucidated (Mills et al., 2016).
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Tenofovir disoproxil fumarate is a highly effective NRTI that is commonly used as a
backbone agent in several first-line regimens (Wearne et al., 2020). Although initial
randomised control trials (RCTs) have demonstrated the efficacy and renal safety of
TDF reporting no or minimal nephrotoxicity for periods up to 34 months, substantial
evidence of TDF-associated renal dysfunction emerged from observational studies
and case reports (Fux et al., 2007; GoicoecheaM et al., 2008; Flanre et al., 2011;
Bonjoch et al., 2014; Kumarasamy et al., 2018; Ojeh et al., 2018; Debeb et al., 2021).

This is a call for concern especially in SSA and many other countries where TDF is
a part of the preferred first-line regimen. In resource-limiting settings such as SSA
routine renal screening is not possible which may therefore lead to the advancement
of renal complications among the HIV population. The limitations presented in the
commonly used serum creatinine-based eGFR method in determining renal function
may further increase renal complication. It is therefore imperative to conduct studies
to assess renal function in cART-exposed populations in SA, particularly in the

Limpopo province where data is scant.

The concurrent use of TDF and PI/r such as ATV/r or LPV/r leads to greater renal
dysfunction compared to TDF with NNRTIs (Buchacz et al., 2006; Goicoechea et al.,
2008; Kiser et al., 2008; Calza et al., 2011; Albini et al., 2012; Young et al., 2012;
Baxi et al., 2014). Several risk factors such as older age, diabetes, hypertension,
high BMI, low CD4* T-cell counts or high VLs, prolonged treatment exposure, and
concomitant use of Pl were previously implicated in renal dysfunction (Calza et al.,
2011; Msango et al., 2011; Kazancioglu, 2013; Morlat et al., 2013; Ryom et al., 2013;
Yimbi et al., 2014; Kalayjian et al., 2012; Calza et al., 2019; Okpa et al., 2019).

Despite the extensive evidence, the extent to which cART causes renal dysfunction
is regarded as mild-to-moderate, and severe renal dysfunction is not common (Reid
et al., 2009; Ryom et al., 2013; Laprise et al., 2013; Mulenga et al., 2014). While
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some evidence pointed out that the loss of renal function due to CART occurs mostly
during the first 12 months, others have reported a continuous renal function loss for
up to 5-6 years, thus implying that the effects of TDF are cumulative (Gallant and
Moore, 2009; Nishijima et al., 2014; Mocroft et al., 2016). It seems that prolonged
exposure to TDF poses a risk to renal failure. Evidence shows that TDF causes renal

dysfunction by inducing mitochondrial toxicity (Perazella, 2010).

2.6.3. Tenofovir disoproxil fumarate induced nephrotoxicity and renal

dysfunction

The mechanism of TDF-induced nephrotoxicity is not completely understood. Animal
model data showed that tenofovir (TFV), an active absorbable metabolite, causes
mitochondrial DNA (mtDNA) depletion and mitochondrial dysfunction in the renal
proximal tubule cells (Figure 2.5) (Perazella, 2010). The TDF is eliminated almost
exclusively by the kidneys via a combination of glomerular filtration (70-80%) and
tubular secretion (20—30%) (Ryom et al., 2014). After oral intake, TDF is converted
to TFV in the gut (Jackson et al., 2013).

In the proximal tubule cell, TFV uptake occurs via OAT-1 and OAT-3 whereas
extrusion or efflux occurs via MRP4 and MRP-2 (Figure 2.5) (Ray et al., 2006;
Imaoka et al., 2007). Disturbances in the transport pathway of TFV due to increased
OAT-1 activity or reduced MRP efflux activity can result in TFV accumulation in the
tubule cells which then cause mtDNA depletion resulting in mitochondrial
dysfunction (Figure 2.5). Mitochondrial dysfunction results in the deficit of energy
molecule adenosine triphosphate (ATP) in the proximal tubule cell leading to
impaired cell function and cell injury or death. This ultimately results in proximal
tubulopathy and dysfunction (Perazella, 2010). In one study, proximal tubular
dysfunction was associated with GFR decline, of which the mechanism of action has

not been elucidated (Swanepoel et al., 2018).
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Figure 2.5: Renal handling of tenofovir, an active metabolite of both tenofovir
disoproxil fumarate and tenofovir alafenamide (TAF), in the proximal
tubule cells. (A) TDF is converted to TNF within the plasma. TNF is
transported into tubule cells via OAT-1 and OAT-3 on the basolateral
membrane. The TNF efflux into urine space occurs via MRP-2 and
MRP-4 on the apical membrane. Intracellular accumulation of TNF
causes mitochondrial dysfunction and tissue hypoxia. (B) TAF is stable
within plasma and conversion of TAF to TNF largely occurs within

tubular cells, resulting in lower plasma concentrations and risk of

tubular damage.
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Polymorphisms on MRP-4 and MRP-2 and the inhibitory effects of ritonavir on MRP-
2 and MRP-4 were associated with high TFV toxicity (Yombi et al., 2014). Some Pl/r
have shown out to slow down the renal clearance of tenofovir leading to increased
plasma exposure by 20-30% which could explain the greater risk of nephrotoxicity
associated with TDF and Pl/r combination (Kearney et al., 2006; Gilead Sciences,
2007).

2.7. SUMMARY

Since the kidneys are constantly exposed to cART in the HIV-positive patients and
the commonly used serum creatinine has significant limitations, it would be
imperative to investigate the effect of cART on renal function in this specific
population using alternative markers. There is substantial evidence of cardiovascular
risk in the HIV-positive population and therefore, it is equally important to assess its

association with renal function.
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CHAPTER 3: METHODOLOGY

3.1. INTRODUCTION

This chapter describes the methods and materials employed to obtain and analyse

data. The ethical considerations are also discussed towards the end of the chapter.
3.2. STUDY DESIGN

This was a cross-sectional study enrolling adult HIV-positive and HIV-negative
subjects. The patients were recruited from February—May 2018.

3.3. STUDY POPULATION AND SETTING

A total of 155 subjects including 84 HIV-positive patients on cART (CART-treated
group), 27 HIV-positive cART-naive patients (CART-naive group), and 44 HIV-
negative subjects (healthy control) were recruited from Mankweng Hospital and
referral clinics, situated in the Polokwane Municipality under Capricorn district in LP
province, SA. The referral clinics included: Makanye, Nobody, Evelyn Lekganyane,
Molepo, Mothiba, and Sebayeng. Males and females were 52 and 108, respectively.
HIV-positive patients received cART for at least 2 months (2-151 months). All the

subjects were black Africans.
3.4. ELIGIBILITY CRITERIA

The eligible groups consisted of adult subjects who were HIV-positive on CART, HIV-
positive CART-naive, and HIV-negative (HIV-free). All the subjects should not have
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been diagnosed with any of the conditions before the initiation of the study: renal
dysfunction, history of kidney transplant or dialysis, Tuberculosis (TB) or urinary tract
infections (UTIs), history of diabetes, CVD such as coronary artery disease or acute
myocardial ischemia and hypertensive taking long-term medications other than
CART. The subject must have fasted on the previous night before visiting the clinic

and not be pregnant or breastfeeding if female.
3.5. SAMPLING STRATEGY AND SAMPLE SIZE CALCULATION
3.5.1. Sampling strategy

A consecutive sampling method was employed whereby patients who met the
eligibility criteria and signed informed consent forms criteria were selected to
participate in the study. These patients were categorised into strata based on their
HIV and cART status.

3.5.2. Sample size calculation

The sample size was determined on a formula considering the prevalence of HIV
among the people of Limpopo province (Day and Gray, 2012), confidence interval
(CI) of 95%, and margin error of 5%. The formula has been described below. This

was also verified by the statistician.

t> x p(1—p)
n=——————
m2

n = calculated sample size
t = confidence level at 95% (standard value of 1.96)
p = estimated prevalence of HIV of 11.4% (0.114)

m = margin of error at 5% (standard value of 0.05)
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_(1.96) x 0.114(1 — 0.114)
n= (0.05)2

= 155.21~155

3.6. ORGANISATIONAL PROCEDURE

The researchers visited the clinics and informed relevant stakeholders including
clinic managers and matrons about the study. Potential participants were identified
by the nurse/counsellor who arranged the dates with the researcher for collection of
data. The clinic nurses and HIV counsellors assisted with the recruitment of patients.
On the day of data collection, the participants were informed about the study verbally
and through consent letters written in Sepedi and English (Appendix A). An informed
consent form that was also written in Sepedi and English was given to participants
to sign (Appendix B). The interviews were conducted using the questionnaires to
confirm eligibility and capture data (Appendix C). The patient’'s medical files were
screened to collect relevant information, blood was collected by the registered nurse
(Appendix D), and anthropometric measurements were taken. The blood samples
were analysed at the University of Limpopo (UL) Medical laboratory (Appendix E)
and the University of Pretoria (UP) Department of Immunology (Appendix F).

3.7. DATA COLLECTION

3.7.1. Questionnaire and medical files

A structured questionnaire was customised according to the study objectives to
collect data which included sociodemographic characteristics, medical information
and history, and anthropometric data. The questionnaire was written in English.
Medical information retrieved from the medical files included HIV status, year of HIV
diagnosis, treatment status, specific regimen, and duration of CART. To confirm the

reliability and validity of the information, it was collected from the participants for first
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time at the start of data collection and second time at a later stage. The medicals

files were checked for corresponding information obtained during the interview.

3.7.2. Blood pressure

The systolic blood pressure (SBP) and diastolic blood pressure (DBP) were
measured using the digital automatic Omron M2 blood pressure monitor (Omron
Healthcare, Japan) following the manufacturer’s instructions. Measurements were
taken in a quiet room when the participant was in a relaxed, upright seated position.
Thick or tight clothing was removed from the patient’s right upper arm where the cuff
was accurately wrapped and then the arm placed on the table to ensure that the
same level is maintained between the cuff and participant’s heart. Upon applying the
cuff and ensuring that the air plug and main unit were connected, the reading was
taken. The BP was measured twice on the right arm at a 5-minute interval and the
average was calculated. Both the SBP and DBP were classified as normal, optimal,
high normal, and hypertensive according to the South African HT practice guidelines
(Seedat et al., 2014) (Appendix G).

3.7.3. Blood collection and preparation

Approximately 3—5ml of venous blood was withdrawn from the median cubital vein
and was transferred into EDTA and BD vacutainer tubes (Beckton Dickinson, New
Jersey, United States). These vacutainer tubes containing blood were placed on ice
to avoid clotting. The samples were taken to the laboratory where it was centrifuged
into serum and plasma samples using the Allegra X-30 benchtop centrifuge
(Beckman Coulter, Indianapolis, United States) at 3000 revolutions per minute
(RPM) and 18°C for 20 minutes. Following centrifugation, the plasma and serum
samples were aliquoted into labelled Eppendorf tubes and subsequently stored in
the bio-freezer at -80°C until further analysis.
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3.7.4. Biochemical analyses

3.7.4.1. Human immunodeficiency virus testing

The HIV was tested using Alere Determine™ HIV-1/2 antigen/antibody combo
(Orgenics, lIsrael). This is an immunochromatographic test for simultaneous and
separate detection of free HIV-1 p24 antigen and antibodies to HIV-1 and HIV-2. The
device is a laminated strip that consists of a sample pad that contains monoclonal
biotinylated anti-HIV-1 p24 antibody and conjugate pad that contains monoclonal
anti-HIV-1 p24 antibody-colloidal selenium with HIV-1 and HIV-2 recombinant
antigen-colloidal selenium, and a nitrocellulose membrane containing an
immobilised mixture of recombinant and synthetic peptide HIV-1 and HIV-2 antigens
in the lower test area, immobilised streptavidin in the upper test area, and an
immobilised mixture of anti-HIV-1 antibodies, HIV-1/2 antigens, and HIV-1 p24
recombinant antigen and anti-HIV-1 monoclonal antibody in the control area
(Orgenics, 2014).

A 50uL of serum was applied to the sample pad which moved through the conjugate
pad and nitrocellulose membrane. HIV in the sample binds with the monoclonal
biotinylated anti-HIV-1 p24 antibody from the sample pad and then with monoclonal
anti-HIV-1 p24 antibody-colloidal selenium from the conjugate pad to form a
complex. This complex moves through the solid phase until it reaches the upper test
area where it is captured by immobilised streptavidin labelled antigen thus forming
a single pink/red antigen line. The formation of the pink/red antigen line confirms the
presence of HIV. In the absence of HIV-1 antigens, the pink/red antigen line does
not form. When HIV-1/2 antibodies are present in the sample, they bind with
recombinant gp41 (HIV-1) and gp36 (HIV-2) antigen-colloidal selenium conjugate
pad. This complex moves through the solid phase until it reaches the lower test area
labelled antibody where it is captured by immobilised HIV-1 and HIV-2 synthetic

peptide antigens and recombinant gp41 antigen forming a single pink/red antibody
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line. The pink/red antibody line is not formed in the absence of HIV antibodies. A
procedural control line containing a mixture of HIV-1/2 antigens, anti-HIV-1 antibody,
and HIV-1 p24 recombinant antigen and anti-HIV-1 p24 monoclonal antibody is
incorporated in the nitrocellulose membrane to ensure assay validity (Orgenics,
2014).

3.7.4.2. Cluster of differentiation 4 count determination

The CD4*" T-count was determined using the factory-calibrated Alere PIMA™
analyser (Alere Technologies GmbH, Germany). The PIMA test consisted of a
disposable test cartridge that contains dried reagents coded with CD3* and CD4*
detection antibodies, and a PIMA analyser that analyse blood samples. The test
specifically determines the absolute count of CD4* T-cells in whole blood. At the
start, a test with PIMA bead standard was run to confirm device functionality. A Pima
test cartridge containing 25uL of whole blood sample was then inserted in the
analyser which processed the sample. Upon completion, the cartridge was removed
from the analyser and the test results were retrieved and captured. The CD4" count
was classified into various categories according to WHO immunological
classification (WHO, 2006) (Appendix G).

3.7.4.3. Fasting blood glucose determination

Serum glucose was analysed using the Cobas Integra® 400 plus analyser (Roche
Holding AG, Basel, Switzerland) based on the hexokinase (HK) colorimetric method.
In the hexokinase colorimetric method, glucose is phosphorylated by HK with
phosphate from ATP in the presence of magnesium ions forming glucose-6-
phosphate (G-6-P) and ADP. Glucose-6-phosphate is subsequently oxidized to 6-
phosphogluconate by glucose-6-phosphate dehydrogenase (G6P-DH) with the
simultaneous conversion of nicotinamide adenine dinucleotide phosphate (NADP®)
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to reduced nicotinamide adenine dinucleotide phosphate (NADPH). The amount of
NADPH formed at an increase in absorbance at 340 nanometres (nm) is in direct
proportion to the glucose concentration of the sample. Glucose was classified as
normal, prediabetes or diabetes using the American Diabetes Association (ADA)
reference ranges (ADA, 2019) (Appendix G).

3.7.4.4. Luminex immunoassay

Luminex 200™ instrument system with xPonent 4.2 software (Merck KGaA,
Germany) was used to analyse plasma concentrations of cystatin C in ng/mL,
clusterin in ng/mL, and RBP4 in (ng/mL). The Milliplex® map human kidney injury

magnetic bead panel 6 assay was used (Merck Group, 2021).

A. Principle of Luminex

The Luminex sorts pre-coated analyte-specific beads (same size) which are ligated
with specific mean fluorescence intensities (different concentrations of the red dye).
Luminex 200 has two lasers to examine the pre-coated analyte-specific beads. The
lasers examine the spectral property (the concentration of the red dye content) of

the beads and the reaction around the analyte (antibody) of the specific bead.

B. Assay procedure

Three antibody-bead vials (for each of the three selected biomarkers) were
sonicated and vortexed. Approximately 150uL of each antibody-bead vial was then
pipetted into mixing bottle and mixed with 450pL of bead diluent to make the final
volume of 3mL. Two quality controls (labelled 1 & 2) were reconstituted with 250uL
of deionised water then vortexed and left to sit for 10 minutes. A wash buffer was

subsequently prepared by mixing 540mL of deionised water with 60mL wash buffer
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in a graduated cylinder. Kidney Injury panel standard 6 was prepared by
reconstituting with 250mL deionised water in a vial labelled standard 6. Five working
standards (labelled 1-5) were also prepared in polypropylene microfuge tubes by

serial dilutions by adding 50pL reconstituted standard 6 to standard tube 5-1.

Approximately 200uL of prepared assay buffer was added into 96-well sample plate
which was then sealed with foil and placed on the plate shaker for 10 minutes. After
10 minutes, the plate was removed from the shaker and the assay buffer was
decanted. The remnants of assay buffer were further removed by tapping the plate
against an absorbent towel. Then 25uL of each prepared standard and control was
added in appropriate plate wells followed by 25uL of assay buffer. 25uL of diluted
plasma samples (dilution factor of 1:3000) was added in appropriate wells in
duplicates. The mixing bottle containing antibody-immobilised beads was vortexed
followed by inoculation of 25uL of the mixed beads in appropriate wells. The sample
plate was then sealed with foil and incubated overnight at 4°C. After incubating, the
plate was washed on an automatic magnetic plate washer. 25uL of biotinylated
detection antibodies was also added in every well. The sample plate was sealed and
incubated for 1 hour at room temperature. After incubating, 25uL of the streptavidin-
Phycoerythrin conjugate was added in wells containing detection antibodies. The
sample plate was sealed with foil and incubated for 30 minutes. After 30 minutes of
incubating, the contents were removed off and the plate was washed on the
magnetic plate washer. 25uL of sheath fluid was then added in all wells and the
beads were resuspended on a plate shaker for 5 minutes. Subsequently, the plate

was analysed on Luminex 200 analyser.

On running the samples, the analyser was pre-warmed for 30 minutes prior to the
analysis. The probe height was adjusted to a 96-well plate. The start-up routine was
performed with maintenance using a reagent-filled automatic maintenance plate
(distilled water and 70% ethanol). A test protocol was created with standard curves

on the xPonent software. After creating the protocol, the samples were analysed,
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and results were captured. After completing the analysis, the last automatic

maintenance was performed.

3.7.4.5. Determination of estimated glomerular filtration rate

The eGFR was determined with an online GFR calculator, which excludes the race
factor (NKF, 2020). CKD-EPI formula was used to estimate GFR with plasma
cystatin C. This formula considers age, sex, race and is adjusted for body surface
area (Levey et al., 2009). The CKD-EPI formula was chosen for this study as it is
more accurate than the MDRD equation in estimating GFR and it is currently
recommended by the NKF (Stevens and Levey, 2010). The eGFR was classified into
various stages according to NKF Kidney Disease Outcomes Quality Initiative (NKF
KDOQI) criteria (NKF, 2020) (Appendix G). Renal dysfunction was defined as eGFR
<60mL/min/1.73m? (also called CKD).

3.8. CARDIOVASCULAR RISK FACTORS

3.8.1. Body mass index

The BMI was calculated using weight and height with the formula below. The BMI
was classified as underweight, normal weight, overweight or obese using the WHO
and National Institute for Health and Clinical Excellence (NICE) cut-off points (WHO,
1995; NICE, 2006) (Appendix G).

_ Weight (kg)

BMI =
Height (m?)
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3.8.1.1. Weight

The weight was measured using the electronic body weight scale (Pee Electricals;
Delhi, India) according to the International Standards for Anthropometric
Assessment of the International Society for Advancement of Kinanthropometry
(ISAK) (ISAK, 2001). The patient was wearing minimal clothing and barefooted when
the measurement was taken with the weight scale placed on the flat floor. The

measurement was recorded in kilograms (kg).

3.8.1.2. Height

The height was measured using the stadiometer (Seca gmbh & co. kg, Germany)
according to ISAK guidelines (ISAK, 2001). The patient was in an upright position
without shoes on the stadiometer which was placed on the flat floor in a vertical
position. The head was positioned in Frankfort horizontal plane as the patient stood
upright with feet and heels parallel together on the stadiometer base as well as
buttocks and upper part of the back including the head touching the stadiometer.

The measurement was recorded in metres (m).

3.8.2. Waist circumference

The WC was measured with the circumference tape measurer (Seca gmbh & co. kg,
Germany) following the WHO measurement protocol (WHO, 2008). The tape
measurer was placed around the participant’s waist between the top of the iliac crest
and the lowermost rip bone at the level of umbilicus in the midaxillary line. The
measurement was recorded in cm. The WC was classified as normal and abnormal
according to the WHO cut-off points (WHO, 2008) (Appendix G).
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3.9. ETHICAL CONSIDERATIONS

The present study was approved by the research committees from the School of
Molecular and Life Science (reference number SMLS/SRC/2019/03; Appendix H)
and Faculty of Science and Agriculture (proposal number 92 of 2019; Appendix ).
The ethical clearance was granted by the Turfloop Research Ethics Committee
(TREC) of the UL (project number TREC/315/2019: PG; Appendix J). The
permission to do the research in the hospital and clinics were requested and granted
by the Limpopo Department of Health, Primary Health Care, and Social
Development (Appendix K&L).

The study was conducted in accordance with the Declaration of Helsinki. Informed
written consent was obtained from study participants before taking part in the study.
Participation was completely voluntary. The potential risks and benefits of the study
were explained to participants before the start of data collection. To protect
participants from harm, a registered nurse collected blood samples. Standardised
procedures were adhered to throughout data collection. Questionnaires were treated
with strict confidentiality. Unique codes were assigned to each patient to maintain
strict confidentiality and anonymity. One patient was interviewed at a time to adhere
to privacy. Any participant who experienced emotional discomfort during data
collection was referred to a registered counsellor in the clinic. All patients were given

feedback on the results.

3.10. STATISTICAL ANALYSIS

Statistical analysis was conducted with the use of the statistical package for social
science (SPSS) software version 26. The data was cleaned prior to analysing. Codes
were assigned to individual study participants. A normality test was conducted to
ensure all variables were normally distributed. Normality was confirmed with Shapiro

Wilk test and gaussian distribution curves. Descriptive statistics were performed to
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characterise the study population. The results were presented as mean (x) and
standard deviation (SD) for continuous variables, and as frequencies (n) and

percentages (%) for categorical variables.

Comparisons between the study groups for continuous variables were done using
One-Way Analysis of Variance (ANOVA) (with Bonferroni post-hoc test]. The
independent sample T-test was used to compare significant differences between the
cART-treated and cART-naive groups. The Chi-square test was for comparisons of
categorical data between the study groups. Comparisons of renal biomarker levels
were also done with Analysis of covariance (ANCOVA) by adjusting for age, gender,
alcohol consumption, BMI, SBP and FBG, CD4* T-cell count. Graphs and pie-charts

were constructed in excel SPSS and GraphPad prism.

Pearson correlation and multiple linear regression analysis were performed to
determine associations between cardiovascular risk factors and renal function for
the cART-treated group, HIV-positive group, and control groups. For the CART-naive
group, no Pearson correlation and multiple regression were not performed because
of the small sample size (n=27). The independent variables for multiple stepwise
regression analysis were selected by statistical methods. The renal function markers
and CVD risk factors were converted into standardised scores before running the
multiple regression. For the cCART-treated group, the independent variables included
age, gender, alcohol consumption, duration of cART, BMI, SBP and FBG and CD4*
T-cell count. For the HIV-positive group, the independent variables included age,
gender, alcohol, BMI, SBP, FBG, CD4* T-cell count and cART use. For the control
group, the independent variables included age, BMI, SBP and FBG. The level of
significance was set at a probability value (p-value) of <0.05.
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CHAPTER 4: RESULTS

4.1. SOCIODEMOGRAPHIC CHARACTERISTICS

The study population consisted of cART-treated patients (n = 84), cART-naive
patients (n=27) and HIV-negative controls (n = 44). In terms of age, the mean %
standard deviation (x + SD) of the total population was 40.50 + 12.62 years (Table
4.1). There was a significant difference in age across the three study groups (p=0.027,
Table 4.1), however, further analysis showed that the age of the cCART-treated group
(42.96 + 10.51) was significantly higher compared to the control group (37.07 + 16.40)
(p=0.035, Table 4.1). A significant difference in participant age groups was further
found among the three study groups (p<0.01, Table 4.1). In the total study population,
most participants were in the age group of 30-39 years (32.2%) (Table 4.1). The age
group 40-49 years had most HIV-positive participants on cART (34.5%) as compared
to other age groups while the age group 30-39 years had the most HIV-positive
participants that were cART-naive (33.3%) as compared to other age groups (Table
4.1). The control group consisted mostly of young adults aged 18-29 years (40.9%)
(Table 4.1). The total population consisted predominantly of females (66.5%) as
compared to males (33.5%) (Table 4.1). Females had the highest percentage of
participants across the HIV-positive groups (Table 4.1). There was no significant
difference in terms of education level, however, secondary education had the highest
percentage of participants across the study population (Table 4.1).
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Table 4.1: Sociodemographic characteristics. cART: combination antiretroviral

therapy; N: number of participants; P: significance level; x: mean; SD:

standard deviation.

TOTAL
N=155
Age (years), x+ SD 40.50 + 12.62
AGE GROUP, n (%)
18-29 32 (20.6)
30-39 50 (32.3)
40-49 40 (25.8)
50-59 20 (12.9)
=60 13 (8.4)
GENDER, n (%)
Female 103 (66.5)
Male 52 (33.5)
EDUCATION LEVEL, n (%)
No formal education 8 (5.2)
Primary 21 (13.5)
Secondary 109 (70.3)
Tertiary 17 (11.0)

CART-

TREATED

N=84

42.96 + 10.51

7 (8.3)
27 (32.2)

29 (34.5)
14 (16.7)
7 (8.3)

58 (69.0)
26 (31.0)

6 (7.1)
13 (15.5)

56 (66.7)
9 (10.7)

cART-NAIVE CONTROL P-VALUE
N=27 N=44
38.44 + 10.09 37.07 + 0.027*
16.40
7 (26.0) 18 (40.9) 0.001*
9(33.3) 14 (31.8)
8 (29.6) 3(6.8)
2 (7.4) 4(9.1)
1(3.7) 5 (11.4)
16 (59.3) 29 (65.9) 0.642
11 (40.7) 15 (34.1)
1(3.7) 1(2.3) 0.719
2(7.4) 6 (13.6)
22 (81.5) 31 (70.5)
2(7.4) 6 (13.6)

Bonferroni post hoc: Age significant with p=0.035 between cART-treated and control groups. *
Significant at p<0.05. ™ Significant at p<0.01.

4.2. CLINICAL CHARACTERISTICS

There was no significant difference in terms of weight among the three study groups,

however, the highest weight was observed in the control group (71.25 + 15.91) as
compared to the cCART-treated group (67.92 + 15.05) and cART-naive group (64.46 +

14.88) (Table 4.2). There was no significant difference in terms of height among the

three study groups, however, height was higher in the cCART-naive group (1.64 = 0.07)

as compared to the cART-treated group (1.61 + 0.11) and control group (1.61 + 0.09)

(Table 4.2).
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There was a significant difference in CD4* T-cell count between the cCART-treated and
the cART-naive groups and it was significantly higher in the cART-treated group
(440.25 + 221.60) as compared to cART-naive group (319.22 + 284.72; p=0.034;
Table 4.2).

Overall, a significant difference was observed in the WHO clinical stages between the
CART-treated group and the cART-naive groups (p<0.01, Table 4.2). The cART-
treated group had majority of participants in WHO clinical stage | (35.1%) whereas
the cART-naive group had most participants in WHO clinical stage 1V (47.8%) (Table
4.2). The percentage of HIV-positive participants with WHO clinical stage iv (known
as AIDS) was higher in the cART-naive group (47.8%) as compared to the CART-
treated group (14.3%) (Table 4.2).

The cART-treated group was approximately 57.09 + 41.35 months on cART.
Furthermore, most patients in the cCART-treated group were on the first-line regimen
(81%) which comprised mainly of TDF+FTC+EFV (95%), followed by AZT+3TC+NVP
(3%) and ABC+3TC+EFV (2%) (Figure 4.1A and 4.1B). The second-line regimen
(which accounted for 19% in the line of regimen) comprised mainly of
AZT+3TC+LPV/r users (94%), and TDF+FTC+LPV/r (6%) (Figure 4.1A and 4.1C).
Most cART-treated patients were using a TDF-based regimen (78%).
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Table 4.2: Clinical characteristics. cART: combination antiretroviral therapy; N:

number of participants; P: significance level; x: mean; SD: standard

deviation; CDA4*:

organisation.

TOTAL
N=155
Weight (kg), ¥+ SD 68.26 + 15.34
Height (m), ¥+ SD 1.62 +0.10
CDA4* T-cell count 412.41 + 241.52
(cells/ul), x £ SD
Duration on cART 57.09 + 41.35

(months), x + SD
WHO CLINICAL STAGE, n (%)

| (= 500 cells/pl) 32 (32.0)
I (350-499 cells/pl) 25 (25.0)
11 (200-349 cells/pl) 21 (21.0)
IV (<200 cells/pl) 22 (22.0)

CART-TREATED
N=84
67.92 + 15.05
1.61+0.11

440.25 + 221.60

57.09 +£41.35

27 (35.1)
22 (28.5)

17 (22.1)
11 (14.3)

* Significant at p<0.05. ™ Significant at p<0.01.
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cART-NAIVE
N=27
64.46 + 14.88
1.64 £ 0.07

319.22 +
284.72

5 (21.8)
3 (13.0)

4 (17.4)
11 (47.8)

CONTROL
N=44
71.25+15.91

1.61 +£0.09

Cluster of differentiation 4; WHO: world health

P-VALUE

0.186
0.569
0.034*

0.008**



A Line of cART regimen B  First-line regimens

2%
I

\

95%

= Firstline  Second line TDF, FTC.EFV =AZT 3TC NVP
» ABC 3ITCEFV

C  Second-line regimens D Specific combination

6%

. «TDF,FTC.EFV  3TC,AZT,LPVIT
AZT.3TCLPVIr = TDF.FTC,LPVIr S AZTSTC NVP  « 1DEETCLPVI

«EFV, 3TC, ABC

Figure 4.1: The distribution of the different lines of regimen and specific
combinations. (A) First- and second-line regimen (B) Specific
combinations of the first-line regimen. (C) Specific combinations of
second-line regimen. (D) Specific combinations general
combination antiretroviral therapy. TDF: Tenofovir disoproxil
fumarate; FTC: Emtricitabine; EFV: Efavirenz; 3TC: Lamivudine;
AZT: Zidovudine; LPV/r: Lopinavir/ritonavir; NVP: Nevirapine; ABC:

Abacavir.

4.3. CARDIOVASCULAR RISK FACTORS

There was no significant difference in BMI among the three study groups, however,

BMI was higher in the control group (27.51 + 6.07) as compared to the cART-
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treated group (26.27 + 6.12) and cART-naive group (24.22 + 5.77) (Table 4.3). In
terms of the BMI categories, no significant difference was observed among the
three study groups. However, the prevalence of obesity was higher in the control
group (38.6%) as compared to the cART-treated group (26.2%) and the cART-
naive group (7.4%) (Table 4.3).

Waist circumference showed a marginally significant difference among the three
study groups (p=0.052, Table 4.3). The WC was higher in the control group (88.13
+ 13.22) as compared to the cART-treated group (84.46 + 11.47) and cART-naive
group (81.35 + 9.66) (p=0.052, Table 4.3) There was no significant difference in
the WC categories among the three groups, however, the prevalence of abnormal
WC (abdominal obesity) was higher in the control group (40.9%) as compared to
the cART-treated group (28.6%) and cART-naive group (14.8%) (Table 4.3).

No significant difference was found for FBG levels among the three study groups,
however, FBG level was higher in the cART-treated group (5.49 + 1.80) as
compared to the cART-naive group (5.10 + 1.43) and control group (4.99 + 0.97)
(Table 4.3). There was also no significant difference in the FBG categories among
the three study groups. However, the prevalence of prediabetes was higher in the
CART-treated group (31.0%) as compared to the control group (22.7%) and the
CcART-naive group (7.4%) (Table 4.3). Furthermore, the prevalence of diabetes
was higher in the cART-naive group (11%) as compared to the cCART-treated group
(4.8%) and the control group (2.3%).

Systolic blood pressure (SBP) was higher in the cART-treated group (120.87 +
20.02) as compared to the cART-naive group (118.07 £ 14.25) and control group
(117.95 £ 14.13) (Table 4.3) (non-significant). In terms of diastolic blood pressure
(DBP), no significant difference was found among the three study groups.
However, DBP was higher in the cCART-treated group (75.18 + 10.36) as compared
to the cART-naive group (73.19 £ 9.63) and control group (74.18 + 8.75) (Table
4.3). No significant difference was observed in terms of the blood pressure

categories among the three study groups. The prevalence of hypertension was
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higher in the cART-treated group (17.9%) as compared to the cART-naive group

(11.1%) and control group (9.1%) (Table 4.3).

Table 4.3: The cardiovascular risk factors of the study population. cART:

combination antiretroviral therapy; N: number of participants; P:

significance level; x: mean; SD: standard deviation; BMI: body mass

index; WC: waist circumference; SBP: systolic blood pressure; DBP:

diastolic blood pressure.

TOTAL
N=155
BMI (kg/m?), X + SD 26.27 £ 6.11
WC (cm), x+ SD 84.97 +11.87
FBG (mmol/l), x + 5.28 £1.55
SD
SBP (mmHg), x + 119.55 + 17.55
SD
DBP (mmHg), x + 7455 +9.77
SD
BMI CATEGORY, n (%)
Underweight 9(5.8)
Normal weight 62 (40.0)
Overweight 43 (27.7)
Obesity 41 (26.5)
WC CATEGORY, n (%)
Normal 109 (70.3)
Abnormal 46 (29.7)
FBG CATEGORY, n (%)
Normal 109 (70.3)
Prediabetes 38 (24.5)
Diabetes 8(5.2)
BLOOD PRESSURE CATEGORY, n (%)
Normotension 81 (52.3)
Optimal 29 (18.7)
High normal 23 (14.8)
Hypertension 22 (14.2)

CART-TREATED

N=84
26.27 £6.12

84.46 +11.47
5.49 +1.80

120.87 £ 20.02

75.18 +10.36

6 (7.1)
31(36.9)
25 (29.8)
22 (26.2)

60 (71.4)
24 (28.6)

54 (64.2)
26 (31.0)
4 (4.8)

44 (52.3)
14 (16.7)
11 (13.1)
15 (17.9)
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CART-NAIVE
N=27

2422 £5.77

81.35+9.66
5.10 +£1.43

118.07 £ 14.25

73.19 +9.63

2(7.4)
14 (51.9)
9 (33.3)

2 (7.4)

23 (85.2)
4 (14.8)

22 (81.5)
2(7.4)
3(11.1)

14 (51.9)
5 (18.5)
5 (18.5)
3(11.1)

CONTROL
N=44

27.51 +£6.07

88.13 + 13.22
4.99 +£0.97

117.95 +
14.13

74.18 £ 8.75

1(2.3)
17 (38.6)
9 (20.5)
17 (38.6)

26 (59.1)
18 (40.9)

33 (75.0)
10 (22.7)
1(2.3)

23 (52.3)

10 (22.7)
7(15.9)
4(9.1)

P-VALUE

0.088

0.052
0.187

0.601

0.629

0.127

0.062

0.080

0.833



4.4. THE EFFECT OF COMBINATION ANTIRETROVIRAL THERAPY ON
RENAL FUNCTION

4.4.1. The estimated glomerular filtration rate of the study population

There was no significant difference in the level of eGFR2= 60 mL/min/1.73m? among
the three study groups (Figure 4.2). However, the level of eGFR= 60
mL/min/1.73m? was higher in the control group (97.7%) as compared to the CART-
naive group (96.3%) and cART-treated group (88.1%) (Figure 4.2). There was also
no significant difference in the level of eGFR<60 mL/min/1.73m?2. However, the
level of eGFR<60 mL/min/1.73m? was higher in the cART-treated group (11.9%)
as compared to the cART-naive group (3.7%) and control group (2.3%) (Figure
4.2).
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Figure 4.2: Estimated glomerular filtration rate levels
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4.4.2. Biomarkers of renal function

There was no significant difference observed in cystatin C levels among the three
study groups, however, cystatin C levels were higher in the cCART-treated group
(0.89 £ 0.60) as compared to the cART-naive group (0.77 £ 0.61) and control group
(0.71 £ 0.22) (Table 4.4, Figure 4.3A). A significant difference in RBP4 levels was
observed among the three study groups (F (2,152) = [5.340], p<0.01, Table 4.4).
Further analysis showed that RBP4 levels were significantly higher in the cART-
treated group (20218.59 = 13949.49) as compared to the cART-naive group
(11559.94 £ 6935.99) (p<0.01;Table 4.4, Figure 4.3B). No significant difference in
terms of clusterin levels was found among the three study groups, however,
clusterin level was higher in the cART-treated group (3682947.30 + 13399114.26)
as compared to the cART-naive (1018749.38 + 473416.39) and control group
(1031887.89 + 316234.36) (Table 4.4, Figure 4.3C). The eGFR levels initially
showed a significant difference among the three study groups (F (2, 152) = [3.242],
p=0.042, Table 4.4). The eGFR was lower in the cART-treated group (104.18 +
37.09) as compared to the cCART-naive group (119.81 + 38.62) and control group
(117.64 + 27.69). Further analysis showed that the eGFR level was the lower in
the cART-treated group (104.18 + 37.09) as compared to the cART-naive group
(119.81 + 38.62) and control group (117.64 + 27.69), however, non-significant
(Table 4.4, Figure 4.3D).
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Table 4.4: Biomarkers and the stages of glomerular filtration rate. cART:
combination antiretroviral therapy; N: number of participants; P:
significance level; X: mean; SD: standard deviation; RBP4: retinol-

binding protein 4; eGFR: estimated glomerular filtration rate.

TOTAL CART- cART-NAIVE CONTROL P-VALUE
N=155 TREATED N=27 N=44
N=84

Cystatin C 0.82 £ 0.52 0.89 £ 0.60 0.77£0.61 0.71+0.22 0.185
(mg/l), x+ SD
RBP4 (ng/ml), 18006.64 + 20218.59 + 11559.94 + 17739.77 = 0.006**
X+ SD 12327.33 13949.49 6935.99 10189.38
Clusterin 2466302.41 + 3682947.303 + 1018749.38 + 1031887.89 0.254
(ng/ml), x+ SD 9929323.01 13399114.26 473416.39 + 316234.36
eGFR 110.72 £ 35.48 104.18 + 37.09 119.81 + 38.62 117.64 0.042*
(ml/min/1.73m?) 27.69
,X+SD
eGFR CATEGORY, n (%)
Normal or high 119 (76.8) 57 (67.8) 22 (81.5) 40 (90.9) 0.309
Mildly 24 (15.5) 17 (20.2) 4 (14.8) 3(6.8)
decreased
Mildly to 6 (3.9) 5 (6.0) 0 (0.0) 1(2.3)
moderately
decreased
Moderately to 2(1.3) 2(2.4) 0 (0.0) 0 (0.0)
severely
decreased
Severely 1(0.6) 1(1.2) 0 (0.0) 0 (0.0)
decreased
Renal failure 3(1.9) 2(2.4) 1(3.7) 0(0.0)

Bonferroni post hoc: RBP4 significant with p=0.004 between cART-treated and cCART-naive groups.
* Significant at p<0.05. ** Significant at p<0.01.
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Figure 4.3: The renal function marker levels. RBP4: retinol-binding protein 4;

eGFR: estimated glomerular filtration rate.

There was no significant difference in cystatin C levels among the three study
groups after adjusting for covariates (age, gender, alcohol consumption, BMI, SBP
and FBG) (Table 4.5). However, cystatin C levels remained higher in the cCART-
treated group (0.88 + 0.60) as compared to the cART-naive (0.77 £ 0.61) and
control group (0.71 £ 0.22) (Figure 4.4A). A significant difference in RBP4 levels
was observed among the three study groups after adjusting for the above-
mentioned covariates (F (2, 146) = [4.749], p=0.010, Table 4.5). The RBP4 level
was specifically significantly higher in the cART-treated group (20218.59 =*
13949.49) as compared to the cART-naive group (11559.94 + 6935.99) after
adjusting for covariates (p<0.01, Table 4.5, Figure 4.4B). In terms of clusterin
levels, no significant difference was observed among the three groups after

adjusting for the above-mentioned covariates. However, clusterin levels remained
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higher in the cART-treated group (3682947.303 + 13399114.26) as compared to
the cCART-naive group (1018749.38 + 473416.39) and control group (1031887.89
+ 316234.36) (Table 4.5, Figure 4.4C). The eGFR levels did not significantly differ
among the three study groups after adjusting for the above-mentioned covariates.
However, the eGFR level remained lower in the cART-treated group (104.18 +
37.09) as compared to the cCART-naive group (119.81 £ 38.62) and control group
(117.64 + 27.69) (Table 4.5, Figure 4.4D).

Table 4.5: Renal function markers levels after adjusting for age, gender, alcohol
consumption, body mass index, systolic blood pressure, and fasting
blood glucose. cCART: combination antiretroviral therapy; N: number of
participants; P: significance level; X: mean; SD: standard deviation;

RBP4: retinol-binding protein 4; eGFR: estimated glomerular filtration

rate.
CART-TREATED CART-NAIVE CONTROL P-VALUE
N=84 N=27 N=44
Cystatin C (mg/l), x + 0.88 £ 0.60 0.77 £ 0.61 0.71+0.22 0.223
SD
RBP4 (ng/ml), x £ SD 20218.59 = 11559.94 + 17739.77 £ 0.010*
13949.49 6935.99 1018.38
Clusterin (ng/ml), x £ 3682947.303 £ 1018749.38 £ 1031887.89 + 0.235
SD 13399114.26 473416.39 316234.36
eGFR 104.18 £ 37.09 119.81 + 38.62 117.64 £+ 27.69 0.240
(ml/min/1.73m?), x +
SD

RBP4 significant at p=0.008 between cART-treated and cART-naive groups. *Significant at
p<0.05.
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Figure 4.4: Renal function markers levels after adjusting for age, gender, alcohol
consumption, body mass index, systolic blood pressure and fasting
blood glucose. cART: combination antiretroviral therapy; eGFR:
estimated glomerular filtration rate; RBP4: retinol-binding protein 4; p:

significance level.

Further analysis showed that there was no significant difference in cystatin C levels
between the cART-treated and cART-naive groups after adjusting for covariates
(age, gender, alcohol consumption, BMI, SBP, FBG, and CD4* T-cell count).
However, the cystatin C level was higher in the cART-treated group (0.88 * 0.60)
as compared to the cCART-naive group (0.77 £ 0.61) (Table 4.6, Figure 4.5A). There
was a significant difference in RBP4 levels between the cART-treated group and
the cART-naive group after adjusting for age, gender, alcohol consumption, BMI,
SBP, FBG, and CD4* T-cell count (F (1, 91) = [6.665], p=0.011, Table 4.6). The
RBP4 level remained significantly higher in the cART-treated group (20218.59 +
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13949.49) as compared to the cART-naive group (11559.94 + 6935.99) after
adjusting for covariates (Table 4.6, Figure 4.5B).

No significant difference was found for clusterin between the cART-treated group
and the cART-naive group after adjusting for age, gender, alcohol consumption,
BMI, SBP, FBG, and CD4* T-cell count. Clusterin remained higher in the cART-
treated group (3682947.303 + 13399114.26) as compared to the cART-naive
group (1018749.38 £ 473416.39) (non-significant) (Table 4.6, Figure 4.5C). The
eGFR showed no significant difference between the cART-treated and CART-naive
groups after adjusting for age, gender, alcohol consumption, BMI, SBP, FBG, and
CD4* T-cell count. However, eGFR remained lower in the cART-treated group
(104.18 = 37.09) as compared to the cART-naive group (119.81 + 38.62) (Table
4.6, Figure 4.5D).

Table 4.6: Renal function markers levels between combination antiretroviral
therapy-treated and combination antiretroviral therapy-naive groups
after adjusting for age, gender, alcohol consumption, body mass
index, systolic blood pressure and fasting blood glucose and CD4*
T-cell count. cART: combination antiretroviral therapy; N: number of
participants; P: significance level; x: mean; SD: standard deviation;

RBP4 retinol-binding protein 4; eGFR: estimated glomerular filtration

rate.
CART-TREATED cART-NAIVE P-VALUE
N=84 N=27
Cystatin C (mg/l), x+ SD 0.88 % 0.60 0.77 £ 0.61 0.698
RBP4 (ng/ml), ¥+ SD 20218.59 + 13949.49 11559.94 + 6935.99 0.011*
Clusterin (ng/ml), x + SD 3682947.303 + 1018749.38 + 0.446
13399114.26 473416.39
eGFR (ml/min/1.73m?), x + 104.18 + 37.09 119.81 + 38.62 0.385

SD
*Significant at p<0.05
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Figure 4.5: Renal function markers levels between combination antiretroviral
therapy-treated and combination antiretroviral therapy-naive groups
after adjusting for age, gender, alcohol consumption, body mass
index, systolic blood pressure, fasting blood glucose, and CD4* T-
cell count. cART: combination antiretroviral therapy; eGFR:
estimated glomerular filtration rate; RBP4: retinol-binding protein 4.

p: significance level.

4.4.3. Biomarkers of renal function among first-line regimen, second-line

regimen, and combination antiretroviral therapy-naive groups

The renal marker levels were also compared among the participants on the first-
line regimen, second-line regimen, and the cART-naive group as shown in table
4.7 and figure 4.6. There was no significant difference in cystatin C levels among
the participants on the first-line regimen, second-line regimen, and the cCART-naive
group. Although no significant difference was observed, cystatin C was higher in
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the participants on second-line regimen (0.93 + 0.38) as compared to the first-line
regimen (0.87 + 0.64) and cART-naive group (0.77+£0.61) (Table 4.7, Figure 4.6A).

The RBP4 was found to be significantly different among the participants on the
first-line regimen, second-line regimen, and the cART-naive group (F (2, 108)=
[4.951], p<0.01, Table 4.7). Further analysis showed that RBP4 was significantly
higher in the participants on the first-line regimen (19814.55 + 14394.36) as
compared to the cART-naive group (11559.94 + 6935.99) (p=0.015, Table 4.7,
Figure 4.6B). Furthermore, it was observed that RBP4 was also significantly higher
among participants on the second-line regimen (21935.75 = 12138.95) as
compared to the cART-naive group (11559.94 + 6935.99) (p=0.032, Table 4.7,
Figure 4.6B).

There was no significant difference in clusterin levels among the participants on
the first-line regimen, second-line regimen, and the cART-naive group. However,
clusterin was higher among participants on the first-line regimen (4259691.20 +
14852493.72) as compared to the second-line regimen (1231785.72 + 431236.80)
and cART-naive group (1018949.38 + 473416.39) (Table 4.7, Figure 4.6C). In
terms of eGFR levels, no significant difference was found among participants on
the first-line regimen, second-line regimen, and the cART-naive group. However,
the eGFR level was lower in the second-line regimen (93.38 + 34.11) as compared
to the cCART-naive group (119.81 + 38.62) and first-line regimen (106.72 + 37.54)
(Table 4.7, Figure 4.6D).
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Table 4.7: Renal function markers among participants on the first-line regimen,

second-line regimen, and combination antiretroviral therapy-naive

group. CART: combination antiretroviral therapy; N: number of

participants; P: significance level; X: mean; SD: standard deviation;

RBP4: retinol-binding protein 4; eGFR: estimated glomerular filtration

rate.

Cystatin C (mg/l), x +
SD
RBP4 (ng/ml), x+ SD
Clusterin (ng/ml), x =
SD

eGFR (ml/min/1.73m?),
x+SD

FIRST LINE SECOND LINE
N=68 N=16
0.87+0.64 0.93+0.38
19814.55+14394.36 = 21935.75+12138.95
4259691.20+£14852 = 1231785.72+431236.

493.72 80

106.72+37.540 93.38+34.11

CART-NAIVE P-VALUE
N=27
0.77+0.61 0.652
11559.94+6935.99 0.009**
1018949.38+473416. 0.385
39
119.81+38.62 0.078

Bonferroni post hoc: RBP4 significant at p=0.015 between first line and cART-naive groups.
RBP4 significant at p=0.032 between second line and cART-naive groups. *Significant at p<0.05.

™ Significant at p<0.01.
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Figure 4.6: Renal function marker levels among participants on the first-line
regimen, second-line regimen and combination antiretroviral therapy-
naive group. RBP4: retinol-binding protein 4, eGFR: estimated
glomerular filtration rate; RBP4: retinol-binding protein 4; p:

significance level.

4.4.4. The association between duration on combination antiretroviral

therapy and renal function biomarkers

A significant positive association was observed between the duration of cART and
cystatin C (r=0.23, p=0.046, Figure 4.7A). There was a non-significant positive
association between the duration of cCART and RBP4 (r=0.11, Figure 4.7B). There
was a non-significant negative association between the duration of cART and
clusterin (r=-0.06, Figure 4.7C). A significant negative association was found
between the duration of cART and eGFR (r=-0.32, p=0.004, Figure 4.7D).
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Figure 4.7: Scatter plots for association between duration on cART and renal
function. cART: combination antiretroviral therapy; eGFR: estimated

glomerular filtration rate.
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4.5. ASSOCIATION BETWEEN CARDIOVASCULAR RISK FACTORS AND
RENAL FUNCTION

4.5.1. Pearson correlations

The associations between cardiovascular risk factors and renal function were
determined using Pearson correlation and multivariate regression analysis. The
Pearson correlation analysis for the cART-treated group (n=84) showed a
significant negative association between age and eGFR (r=-0.387, p<0.01, Table
4.8). There was a significant positive association between duration on cART and
cystatin C (r=0.255, p=0.046, Table 4.8). Furthermore, a significant negative
association was found between duration on cART and eGFR (r=-0.323, p<0.01,
Table 4.8). A significant negative association was observed between CD4* T-cell
count and cystatin C (r=-0.240, p=0.035, Table 4.8). Furthermore, a significant
positive association was observed between CD4* T-cell count and clusterin
(r=0.236, p=0.039, Table 4.8) as well as between CD4* T-cell count and eGFR
(r=0.227, p=0.047, Table 4.8).
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Table 4.8: Pearson correlation of cardiovascular risk factors with biomarkers of
renal function in the cART-treated group. CART: combination
antiretroviral therapy; N: number of participants; CD4* T-cell count:
cluster of differentiation 4 cell count; BMI: body mass index; SBP:
systolic blood pressure; FBG: fasting blood glucose; eGFR:
estimated glomerular filtration rate; r: correlation coefficient; p:

significance level; RBP4: retinol-binding protein 4.

CART-TREATED (N=84)

Cystatin C RBP4 Clusterin eGFR
Age R 0.207 0.159 -0.072 -0.387
P 0.067 0.149 0.518 0.000**
Gender R 0.168 0.152 -0.098 -0.151
P 0.126 0.168 0.374 0.171
Alcohol R 0.076 0.078 0.079 -0.069
consumption P 0.493 0.479 0.476 0.535
Duration of CART R 0.225 0.110 -0.062 -0.323
P 0.046* 0.335 0.589 0.004**
CD4* T-cell R -0.240 -0.193 0.236 0.227
count P 0.035* 0.092 0.039* 0.047*
BMI R 0.040 0.053 -0.052 0.004
P 0.721 0.632 0.639 0.974
SBP R -0.085 -0.042 -0.031 -0.011
P 0.441 0.706 0.781 0.919
FBG R 0.049 0.072 -0.050 -0.111
P 0.658 0.517 0.650 0.315

*Correlation significant at p<0.05. ** Correlation is significant at p<0.01.

Pearson correlation analysis was also performed for the HIV-positive group
(n=111) which consisted of a combination of participants from the cCART-treated
group (n=111) and the cART-naive group (n=27) (Table 4.9). The HIV-positive
group was created due to the small sample size of the cART-naive group. A
significant negative association was found between age and eGFR (r=-0.374,
p<0.01, Table 4.9). There was a significant positive association between cART
use and RBP4 (r=0.284, p<0.01, Table 4.9). A significant positive association was
observed between the duration of cART and cystatin C (r=0.255, p=0.046).
Further, a significant negative association was found between duration on CART
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and eGFR (r=-0.323, p<0.01, Table 4.9). The CD4* T-cell count had a significant
positive association with clusterin (r=0.210, p=0.036, Table 4.9).

Table 4.9: Pearson correlation of cardiovascular risk factors with biomarkers of
renal function in the HIV-positive group. cART: combination
antiretroviral therapy; N: number of participants; CD4* T-cell count:
cluster of differentiation 4 cell count; BMI: body mass index; SBP:
systolic blood pressure; FBG: fasting blood glucose; eGFR:
estimated glomerular filtration rate; r: correlation coefficient; p:
significance level. HIV: human immunodeficiency virus. RBP4:

retinol-binding protein 4.

HIV-POSITIVE (N=111)

Cystatin C RBP4 Clusterin eGFR

Age r 0.191 0.188 -0.041 -0.374
P 0.045 0.048 0.671 0.000**

CART use R 0.082 0.284 0.098 -0.178
P 0.393 0.002** 0.305 0.062

Gender R 0.061 0.046 -0.095 -0.021
P 0.527 0.633 0.321 0.827

Alcohol R 0.094 0.072 0.068 -0.092
consumption P 0.328 0.452 0.477 0.336
Duration of R 0.225 0.110 -0.062 -0.323
CART P 0.046* 0.335 0.589 0.004**
CD4* T-cell R -0.109 -0.039 0.210 0.049
count P 0.282 0.700 0.036* 0.627
BMI R 0.108 0.133 -0.028 -0.114
P 0.258 0.163 0.772 0.235

SBP R -0.041 -0.009 -0.021 -0.051
P 0.667 0.927 0.826 0.596

FBG R 0.052 0.069 -0.034 -0.142
P 0.587 0.476 0.724 0.137

*Correlation significant at p<0.05. ** Correlation is significant at p<0.01.
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For the control group (n=44), the Pearson correlation analysis did not reveal
significant associations between the cardiovascular risk factors and renal function

as seen in Table 4.10.

Table 4.10: Pearson correlation of cardiovascular risk factors with biomarkers of
renal function in the control group. N: number of participants; BMI:
body mass index; SBP: systolic blood pressure; FBG: fasting blood
glucose; eGFR: estimated glomerular filtration rate; r. correlation

coefficient; p: significance level. RBP4: retinol-binding protein 4.

CONTROL (N=44)

Cystatin C RBP4 Clusterin eGFR

Age R 0.117 0.151 0.181 0.274
P 0.449 0.328 0.328 0.072

Gender R 0.098 -0.038 0.095 0.179
P 0.526 0.809 0.540 0.244

Alcohol R 0.167 0.231 0.192 -0.229
consumption P 0.278 0.131 0.213 0.134
BMI R -0.222 -0.234 0.095 0.088
P 0.147 0.126 0.541 0.580

SBP R 0.194 0.128 -0.042 -0.212
P 0.207 0.407 0.785 0.167

FBG R 0.203 0.078 0.224 -0.251
P 0.185 0.616 0.143 0.100

4.5.2. Multiple regression analysis

The multiple-adjusted stepwise analysis for the cART-treated group showed that
CD4* T-cell count independently negatively associated cystatin C ($=-0.236,
p=0.040, Table 4.11). Age was independently negatively associated with eGFR
(B=-0.363; p<0.01, Table 4.11). The duration on cART was independently
positively associated with cystatin C ($=0.232, p=0.043, Table 4.11) and
independently negatively associated with eGFR (3=-0.230, p=0.034, Table 4.11).
The CD4* T-cell count independently positively associated with both clusterin
(B=0.263, p=0.025, Table 4.11) as well as eGFR ($=0.222, p=0.034, Table 4.11).
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Table 4.11: Multiple stepwise analysis of cardiovascular risk factors and renal function biomarkers in the combination

antiretroviral therapy-treated group. cART: combination antiretroviral therapy; N: number of participants; adj. R?:

adjusted R square; CD4* T-cell count: cluster of differentiation 4; Cl. confidence interval; eGFR: estimated

glomerular filtration rate; P: significance level: B: standardised beta weight.

Model 1

(adj. R?=0.044; p=0.041)
CD4* T-cell count
Model 2

(adj. R?=0.086; p=0.016)
CD4* T-cell count
Duration on Cart

Model 1

(adj. R?=0.162; p=0.000)
Age

Model 2

(adj. R?=0.203; p=0.000)
Age

CDA4* T-cell count
Model 3

(adj. R?=0.243; p=0.000)
Age

CD4* T-cell count
Duration on Cart

*Correlation significant at p<0.05. ** Correlation is significant at p<0.01.

CART-TREATED (N=84)

Cystatin C

B (95% CI)

-0.240 (-0.366; -0.007)

-0.236 (-0.329; -0.008)
0.232 (0.005; 0.299)

eGFR
B (95% CI)

-0.417 (-29.288; -9.355)

-0.422 (-29.255; -9.809)
0.227 (0.766; 19.085)

-0.363 (-26.616; -7.003)
0.222 (0.767;18.633)
-0.230 (-17.623; -0.715)

0.041*

0.040*
0.043*

0.000**

0.000**
0.034*

0.001**
0.034*
0.034*

Clusterin
B (95% CI)
Model 1

(adj. R?=0.056; p=0.025)
0.263 (568847.071; 8029033.546)
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The stepwise regression analysis for the HIV-positive group showed that age independently positively associated with cystatin
C (B=0.207, p=0.039, Table 4.12). The use of cART independently positively associated with RBP4 (=0.282, p<0.01, Table
4.12). The CD4* T-cell count independently positively associated with clusterin (=0.210, p=0.036, Table 4.12) whereas age
independently negatively associated with eGFR (=-0.393, p<0.01, Table 4.12).
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Table 4.12: Multiple stepwise regression analysis of cardiovascular risk factors and renal function biomarkers in the HIV-positive

group. cART: combination antiretroviral therapy; N: number of participants; adj.R?: adjusted R square; CD4* T-cell

count: cluster of differentiation 4; Cl. confidence interval, eGFR: estimated glomerular filtration rate; P: significance

level: B: standardised beta weight. HIV: human immunodeficiency virus; RBP4: retinol-binding protein 4.

Model 1

(adj. R?=0.033;
p=0.039)

Age

CART use, yes or no
CD4* T-cell count

Model 1

(adj. R?=0.146;
p=0.000)

Age

HIV-POSITIVE (N=111)

Cystatin C RBP4 Clusterin
B (95% CI) P-VALUE B (95% CI) P-VALUE B (95% CI) P-VALUE
Model 1 Model 1
(adj. R?=0.070; p=0.004) (adj. R>=0.034; p=0.036)

0.207 (0.015; 0.565) 0.039*
- - 0.282 (0.231; 1.223) 0.004**
0.210 (0.018; 0.504) 0.036*
eGFR
B (95% CI) P-VALUE

-0.393 (-0.473; -0.268) = 0.000**

*Correlation significant at p<0.05. ** Correlation significant at p<0.01.

The multiple stepwise analysis for the control group did not reveal any association found between the cardiovascular risk factors

and renal function. However, using the multiple enter regression analysis, the cardiovascular risk factors associated with renal

function (non-significant) (Table 4.13).
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Table 4.13: Multiple (enter method) regression analysis of cardiovascular risk factors and renal function biomarkers in the
control group. cART: combination antiretroviral therapy; N: number of participants; adj.R?: adjusted R square; Cl:
confidence interval; eGFR: estimated glomerular filtration rate; P: significance level: 3: standardised beta weight;

RBP4: retinol-binding protein 4; BMI: body mass index; SBP: systolic blood pressure; FBG: fasting blood glucose.

CONTROL (N=44)

Cystatin C (adj. R?=0.029; p=0.281) RBP4 (adj. R>=-0.008; p=0.466) Clusterin (adj. R>=-0.013; p=0.494)

B (95% Cl) P-VALUE B (95% CI) P-VALUE B (95% Cl) P-VALUE
Age 0.046 (-0.091; 0.122) 0.774 0.142 (-0.120; 0.301) 0.390 0.148 (-0.005; 0.012) 0.373
BMI -0.182 (-0.212; 0.056) 0.245 -0.230 (-0.455; 0.074) 0.153 0.091 (-0.007; 0.013) 0.568
SBP 0.169 (-0.083; 0.261) 0.300 0.056 (-0.283; 0.387) 0.735 -0.044 (-0.015; 0.011) 0.788
FBG 0.198 (-0.080; 0.349) 0.211 0.040 (-0.371; 0.477) 0.802 0.197 (-0.006; 0.026) 0.225

eGFR (adj. R>=0.064; p=0.163)

B (95% CI) P-VALUE
Age -0.188 (-0.304; 0.079) 0.241
BMI 0.050 (-0.201; 0.280) 0.741
SBP -0.178 (-0.482; 0.137) 0.267
FBG -0.228 (-0.669; 0.103) 0.146
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CHAPTER 5: DISCUSSION

5.1. SOCIODEMOGRAPHIC CHARACTERISTICS

In the present study, we found that the mean age was significantly higher in the
cART-treated group as compared to the control group. The cART-treated group
consisted mostly of older adults while the HIV-negative group consisted mostly
of young adults. Evidence shows that South African HIV-positive adults
nowadays have a near-normal life expectancy as the treatment increases CD4+
T-cell count and therefore prolongs survival due to reductions in HIV-related
morbidity and mortality (Meintjes et al., 2017; Johnson et al., 2013). Our finding
showed that CD4* T-cell count of the cART-treated patients was higher which
reflect that the treatment did have a beneficial role in the prolonging survival of
our patients. With good adherence to cART, this population will live longer and

have low death rates.

We observed that in the cART-naive group, most participants were in the age
group 30-39 years which could mean that infection rates are higher among
individuals in their thirties as compared to other age groups. Contrary to our
findings, previous studies reported that HIV transmission is more prevalent in the
age group 15-24 years which may be because the sample of these studies were
taken from a younger group and that younger people are keener to test for HIV
than the older population (Naicker et al.,, 2015; Simbayi et al., 2019). We
speculate that poverty, unemployment, gender-based violence which promote
multiple sexual relationships, non-condom use, intergenerational sex, and other
unsafe sexual practices may have contributed to the high infection rates we found
in the age group 30-39 years. Furthermore, most people in SA get married
between the ages of 30-39 years and this group was reported to have lower
condom use and high male infidelity rates which encourage risky sexual
behaviours and predispose to HIV infection (Hallett and Abu-Raddad, 2012;
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Shisana et al. 2014; StatsSA, 2021). The age group 30-39 years is the working
class which implies that the high HIV infection rate in this group will result in many

of them not being able to go to work which will negatively affect the economy.

We found that HIV infection was more prevalent in the female gender in the
present study population which may be because females are more likely to test
for HIV than men meaning that they were readily available. Another possible
reason for the higher HIV prevalence among females may be that the majority
were unable to further their tertiary education or dropped out of school at the
secondary level due to financial constraints. These social ills drive unemployment
and poverty which increase promiscuous or risky sexual behaviours and unsafe
sexual practices that result in a higher prevalence of HIV among women. Oliveira
et al. (2017) and Simbayi et al. (2019) reported similar findings where the
prevalence of HIV was higher among women as compared to men. Females bear
the high burden of HIV which will consequently impact the country’s economy.
The high prevalence of HIV among females also raises concerns about HIV
transmission to new-borns which will have implications on the overall HIV

prevalence.

5.2. CLINICAL CHARACTERISTICS

There was a significant difference in CD4* T-cell count, and it was significantly
higher in the cART-treated group as compared to the cART-naive group which
suggest the role of CART suppressing HIV and improving immune function. This
is consistent with Behera et al. (2021) who reported a significantly higher CD4*
T-cell count among cART-treated patients as compared to CART-naive patients.
This is attributed to the fact that treatment with cCART results to viral suppression
and restoration of immune function which leads to improvement in CD4* T-cell
count (Smith et al., 2014; WHO, 2021). Although we found a statistical
significance, there was not a big difference in CD4" T-cell count which may be
attributed poor adherence to treatment and that some of the cART-naive patients

were newly diagnosed with CD4* T-cell counts above 500 cells/pl. The findings
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of this study, therefore, reiterate the importance of CART use among the HIV-
positive populations, especially among the newly diagnosed HIV-positive

individuals.

5.3. CARDIOVASCULAR RISK FACTORS

5.3.1. Prevalence of obesity

We used BMI to assess obesity, but it is not a reliable measure of health as it
does account for body fat percentage or body fat distribution. The prevalence of
obesity among our three study groups was similar, which is in line with previous
findings of Crum-Cianflone et al. (2008) and Nsagha et al. (2015). However, our
finding contradicts with that of Ogunmola et al. (2014) Rwegerera et al. (2021)
and Hanttu et al. 2021). The levels of obesity among our HIV-positive patients
seem to have reached similar levels as that of the HIV-negative individuals. This
is indicative of inheriting poor lifestyle factors prior HIV infection and the
commencement of CART. Furthermore, we speculate that both our HIV-positive
and HIV-negative patients may be genetically predisposed to obesity. The
prevalence of obesity is rising in the general population and among people living
with HIV globally (Hanttu et al., 2021), and our finding support this trend of the
rising obesity prevalence among HIV-positive cART-treated and cART-naive
patients. The lack of significance in our study, however, does not show the link
between the prevalence of obesity, CART and HIV infection. Other studies have
reported an association between high obesity levels and cART use among HIV-
infected patients (Anuurad et al., 2010) and this discrepancy in findings may be
attributed to different CART regimens, traditional risk factors, and duration of HIV
and treatment. Despite the similar prevalence in this study, obesity seems to be
a growing health problem not only in the general population, but also in the HIV-
positive population. The rising obesity prevalence raise concerns about the

prevalence of diabetes and risk of CVD complications among our populations.

5.3.2. Prevalence of hyperglycaemia
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The prevalence of prediabetes among our three study groups was similar, which
is consistent with previous studies from Botswana and South Africa (Dave et al.,
2016; Rwegerera et al., 2021). Our finding, however, contradicts that of Maganga
et al. (2015) and Levitt et al. (2016) who showed a significant difference in the
prevalence of prediabetes among cART-treated, cCART-naive, and HIV-negative
patients. Although no significant difference was found, it is evident that
hyperglycaemia is a present metabolic disorder among our HIV-positive and HIV-
negative patients. Since our cCART-treated patients were not on first-generation
ART regimens (indinavir, stavudine, didanosine), the modern cART drugs may
have had mild or no effects thus resulting in similar levels of prediabetes.
Compared with the current cART regimens, the first-generation CART regimens
have major adverse effects on glucose, fat and lipid metabolism (Ledergerber et
al., 2007; Lagathu et al., 2019). In addition, we speculate that the high levels of
overweight in the cART-treated patients may have resulted in similar levels of
prediabetes as the control group where the prevalence of obesity and abdominal
obesity were high. It is known that overweight and obesity are major risk factor
for prediabetes (Arafath et al., 2018; Nansseu et al., 2018). Hyperglycaemia has
become an increasingly prevalent comorbidity among HIV populations globally
(Arafath et al., 2018) and our study supports the presence of this cardiovascular
risk factor in the HIV-positive population in our region. The results of our study
demonstrate that hyperglycaemia exists in both our general population and HIV-
positive population, which imply that these populations are particularly at a higher
risk of progressing to type 2 diabetes, raising concerns about CVD and related

complications.

5.3.3. Prevalence of hypertension

The prevalence of hypertension in the HIV-positive population has risen over the
years (Fahme et al., 2018). In the present study, the prevalence of hypertension
among our three study groups was similar, which is consistent with previous
findings (Bergesen et al., 2003; Ogunmola et al., 2014; Mashinya et al., 2016).
Contrary to our finding, Nsagha et al. (2015), Pangmekeh et al. (2019) and Ekun
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et al. (2021) have reported a significantly higher prevalence of hypertension in
the cART-treated patients compared to cART-naive patients. Our finding is
indicative of inheriting poor cardiometabolic profile and lifestyle factors (smoking,
increased stress levels and salt intake) prior the infection and commencing of
CART. We speculate that our HIV-positive patients were already predisposed to
high hypertension risk before the infection and initiation of CART. For example,
overweight/obesity is known as strong risk factor for hypertension, and it was
common in both our cART-treated and control groups. We also speculate that
older age in the control group, a major risk factor for hypertension (Masenga et
al., 2019), may have resulted in similar levels of hypertension as we observed
that 11.4% in the control group was 260 years compared to 8.4% in the cART-
treated and 3.7% in the cART-naive group. Although cART is associated with a
high prevalence of hypertension among HIV-positive populations globally
(Masenga et al., 2019), the lack of significance in our study does not show the
link between hypertension, cCART and HIV. This may be attributed to the fact that
only specific regimens affect the blood pressure but causing a low to moderate
increase. Despite the similar prevalence of hypertension, it is evident this is a
comorbidity in our HIV-positive and HIV-negative populations, which is a cause
for concern. This cardiovascular risk factor will increase the risk of CVDs and

contribute to the high morbidity and mortality in the HIV-positive population.

5.4. THE EFFECT OF COMBINATION ANTIRETROVIRAL THERAPY ON
RENAL FUNCTION

5.4.1. The prevalence of renal dysfunction

The prevalence of renal dysfunction among people living with HIV has risen over
the years (Heron et al., 2020). The prevalence of renal dysfunction among people
living with HIV has been extensively studied in the Western countries; however,
a lot has not been done in SSA in the rural context, particularly here in SA. In the
present study, the prevalence of renal dysfunction was similar in cCART-treated,

cART-naive and control patients. There are few studies comparing the
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prevalence of renal dysfunction among cART-treated, cART-naive and HIV-
negative patients. We did not find a previous study with similar finding as our
study. Contrary to our finding, previous studies from African countries have
reported a significance difference in the prevalence of renal dysfunction among
CART-treated, cART-naive, and HIV-negative patients (Kwantwi et al., 2017;
Nforbugwe et al., 2020; Ekun et al., 2021). The lack of significance in our study
suggests that there is no association between renal dysfunction prevalence,
CART and HIV infection in our HIV population. Our study shows that the use of
TDF-based regimen in our HIV population is not associated with high renal
dysfunction prevalence, which supports the recommendation of the WHO on the
use of TDF as first-line regimen (WHO, 2013). It is possible that we did not
observe a significance difference because only small percentage of our cCART-
treated patients (3%) used TDF regimen concomitantly with LPV/r, as 70% of
TDF nephrotoxicity is observed with concomitant use of low-dose ritonavir
(Izzedine et al., 2009). As a result, cART may have caused mild renal effects in
our HIV population. The presence of traditional renal risk factors including
obesity, prediabetes and hypertension in all our study groups may also account
for the similar prevalence of renal dysfunction in this study. The results of our
study shows that renal dysfunction exist, and it will become a major health

problem particularly among those on cART leading to high mortality rates.

5.4.2. Biomarkers of renal function

The kidney plays an important role in the metabolism and excretion of drugs
(Miners et al., 2017). We compared cystatin C, RBP4, clusterin and eGFR among

the different study groups to evaluate renal function.

5.4.2.1. Cystatin C

We did not find a significant difference in mean cystatin C levels among the three
study groups. To the best of our knowledge, studies comparing plasma cystatin
C in cART-treated, cART-naive, and HIV-negative individuals are lacking. One
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previous study had reported conflicting findings where serum cystatin C levels
were significantly higher in cART-naive participants compared to HIV-negative
participants (Glaser et al., 2016). Jaroszewicz et al. (2006) reported a decrease
in serum cystatin levels after cART initiation, reflecting renal function
improvement. In our study, the lack of significance suggests that there is no
association between plasma cystatin C levels, HIV infection and cART. This could
mean the cART regimens used by cART-treated patients do not have adverse or
profound effect on the glomerular function, which is further supported by the
similar prevalence of renal dysfunction we observed. The mean cystatin C levels
remained similar among the three groups after controlling for CVD risk factors
(age, gender, alcohol consumption, BMI, SBP and FBG). This further indicate
that cART may not be associated with significant change in renal function, despite
controlling for the impact of these CVD risk factors on plasma cystatin C. Further
adjustment for CVD risk factors and CD4* T-cell count, cystatin C levels were not
significant different between the cART-treated and cART-naive groups. These

findings therefore do not reflect increased renal dysfunction with CART use.

5.4.2.2. Retinol-binding protein 4

In terms of RBP4, the mean RBP4 levels were significantly different among the
three study groups. To the best of our knowledge, no study has evaluated renal
function with plasma RBP4 among HIV-positive (CART-treated and cART-naive)
and HIV-negative patients. The mean RBP4 levels in our study were significantly
higher in the cART-treated group as compared to the cART-naive group, which
may reflect that renal dysfunction occur more among cART-treated patients. This
may be attributed to the effect of CART on causing reduction in glomerular
filtration. The findings also demonstrate the potential of plasma RBP4 as a renal
function biomarker among HIV patients. The mean RBP4 remained significantly
different and higher in the cART-treated group as compared to the cART-naive
group after controlling for CVD risk factors (age, gender, alcohol consumption,
BMI, SBP and FBG). This indicates that even when controlling for the effect of

CVD risk factors on plasma RBP4, renal dysfunction is more increased in the
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cART-treated group, which suggest the possible role of cART nephrotoxicity.
After further adjustments for CVD risk factors and CD4* T-cell count, there was
still a significant difference in the mean RBP4 between the cART-treated and
cART-naive groups. The mean RBP4 levels were significantly higher in the cCART-
treated group as compared to the CART-naive group, which therefore reflect renal
function dysfunction in the cART-group. These findings demonstrate that plasma
RBP4 may serve as an independent biomarker of renal function and be used as

an alternative measuring tool of clinical importance in this rural HIV population.

5.4.2.3. Clusterin

We found no significant difference in mean clusterin levels among the three study
groups, which means all groups were similar in mean clusterin levels. There is no
available literature comparing mean clusterin levels in cART-treated, cART-
naive, and HIV-negative patients. Our finding may indicate that CART that there
is not link between clusterin levels and cART. This may suggest that cART does
not cause significant damage in the kidneys, thus, the clusterin levels in the
CART-treated group are similar levels with those of the cART-naive and control
patients. Even after controlling for CVD risk factors (age, gender, alcohol
consumption, BMI, SBP and FBG), the mean clusterin levels were not
significantly different among the three study groups. We still found no significant
difference in mean clusterin between the cART-treated and cART-naive groups
after controlling for CVD risk factors, CD4* T-cell count included. These findings
further indicate that CART may not be associated with renal disease when

possible confounding factors are controlled.

5.4.2.4. Estimated glomerular filtration rate

In the present study, eGFR was estimated using cystatin C which was not
significantly different among the three groups. The mean eGFR was, however,
significantly different among the three study groups. With further analysis, no
significant difference in mean eGFR was found between any two groups, which
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is not in agreement with previous findings (Glaser et al., 2016). This mean that
mean eGFR was similar among the three study groups, which may suggest that
cART does not cause a significant damage and decline in renal function in our
HIV population. This may be attributed to the fact that only small percentage of
our cART-treated patients used TDF concurrently with LPV/r (3%), which is
known to account for 70% of reported cases of TDF nephrotoxicity (Izzedine et
al., 2009). We also observed that the median CD4* T-cell count in our cART-
naive group was not below 200 cells/pl known as the advanced HIV stage that is
associated with renal dysfunction (Sarfo et al., 2013), thus resulting to similar
levels of mean eGFR. The mean eGFR was not significantly different among the
three groups after controlling for CVD risk factors (age, gender, alcohol
consumption, BMI, SBP and FBG). After further adjustment for CVD risk factors
and CD4* T-cell count, the mean eGFR remained similar among the three
different groups. There seem to be no strong association between mean eGFR
levels, cCART and HIV infection in our HIV population, despite controlling for the
impact of CVD risk factors. cCART does not seem to be associated with reductions
in renal function among HIV-positive patients in this region. The findings of this
study therefore do not encourage discontinuation or switching from TDF-based

regimens.

5.4.3. The effect of lines of regimen on biomarkers of renal function

The levels of cystatin C, RBP4, clusterin and eGFR were compared among
patients on first-line regimen, second-line regimen and cART-naive. The first-line
regimen consisted of TDF+FTC+EFV (95%), AZT+3TC+EFV (3%) and
ABC+3TC+EFV (2%). The second-line regimen consisted of AZT+3TC+LPV/r
(94%) and TDF+FTC+LPV/r (6%). There was no significant difference in mean
cystatin C levels among the three different groups, which suggest that there is no
link between the line of regimen and renal dysfunction. In terms of RBP4 levels,
there was a significant difference and patients in the second-line regimen had
significantly higher mean RBP4 levels as compared to those in first-line regimen

and cART-naive group. This is reflective of increased renal dysfunction among
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patients on second-line regimen, possibly due to TDF and LPV/r nephrotoxicity.
As explained by previous studies, cART-treated patients on TDF/LPVr
combination more likely experience renal dysfunction than those on TDF/NNRTIs
combination (Albini et al., 2012; Young et al., 2012). The mean eGFR levels were
not significantly different among the different groups, which suggest that there is

no association between eGFR level and line of CART regimen.

5.4.4. The effect of duration of combination antiretroviral therapy on

biomarkers of renal function

We observed a significant positive association between the duration of CART and
cystatin C, which may indicate that the longer the duration on cART is associated
with increase in cystatin C levels and reflect gradual decline in renal function. The
finding that cystatin C increases with a longer duration on cART has not been
previously reported and contradicts that of Jaroszewicz et al. (2006) who reported
that longer duration on cART is associated with a decrease in cystatin C levels.
This discrepancy may be attributed to different CART regimens and viral loads.
We found no association between the duration of cCART and RBP4. There was
also no association between duration of cART and clusterin. There was a
significant negative association between the duration of cCART and eGFR, which
is in line with previous findings (Kanabusa, 2009; Nishijima et al., 2017).
However, contradicts with the finding of Nforbugwe et al. (2020) who reported no
association between the duration of CART and eGFR. Our finding indicate that
longer duration of cART is significantly associated with decline in renal function
over time in the treated HIV-positive patients. Prolonged exposure to CART may

be causing gradual loss of renal function which can lead to renal dysfunction.

5.5. CARDIOVASCULAR RISK FACTORS AND RENAL FUNCTION

In an HIV population, cardiovascular risk factors are prevalent and may further
increase the risk of renal dysfunction. We assessed the association between

cardiovascular risk factors and renal function.
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5.5.1. cART-treated group

We observed that age significantly negatively associated with eGFR which
indicate that age is independently associated with renal function decline among
CART-treated patients. This suggests that age is an independent cardiovascular
risk factor for renal dysfunction among cART-treated patients, which is in line with
previous findings (Calza et al., 2019 and Sun et al., 2019). Renal function
declines with age among our cART-treated patients which is a common trend

also in the general population.

The duration of CART was significantly negatively associated with cystatin C while
significantly negatively with eGFR which indicates that longer duration of CART
is independently associated with renal dysfunction in this rural black cART-
treated HIV population. Our findings suggest that duration of cART is an
independent predictor for renal dysfunction among cART-treated patients, which
is in line with previous findings (Crum-Cianflone et al., 2010; Nishijima et al.,
2017). Continuous use of CART is associated with gradual loss of renal function,
which can progressively lead to end-stage renal disease. This clearly indicates
that cART may have cumulative deleterious effect on the kidney among our HIV
population on cART.

The CD4* T-cell count showed a significant positive association with eGFR which
indicate that CD4* T-cell count is independently associated with renal function
improvement. Kwantwi et al. (2017) reported similar findings where the CD4* T-
cell count was significantly associated with eGFR improvement. This was
attributed to cART in its role of suppressing the viral load which subsequently
attenuates the HIV-induced renal damage (Okuonghae et al., 2011). In terms of
cystatin C, we observed that CD4* T-cell count showed a significant positive
association with cystatin C which indicates that CD4* T-cell count is
independently associated with renal function improvement. These findings
suggest that CD4* T-cell count may be an independent cardiovascular predictor

of renal function among this South African HIV population on cART.
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5.5.2. HIV-positive group

In the HIV-positive group, age significantly associated negatively with eGFR
which indicates that age is independently associated with renal dysfunction
among our HIV-positive population regardless of the cART status. The duration
of CART was significantly positively associated with cystatin C while significantly
negatively associated with eGFR which is an indication that longer duration of
CART in this rural black HIV population is independently associated with renal

dysfunction.

We observed a significant positive association between cART use and RBP4,
which is an indication that cART is independently associated with renal
dysfunction among our HIV-positive population. cCART seem to be strongly
associated with renal dysfunction among our HIV population which is a cause for

concern.

There was a significant positive association between CD4* T-cell count and
eGFR which indicates that CD4* T-cell count is independently associated with
renal function improvement. This suggest that CD4* T-cell count may serve as
an indicator of better renal function status among this HIV-positive population.
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CHAPTER 6: CONCLUSION

6.1. CONCLUSION

The focus of this study centred on the effects of CART on cardiovascular risk
factors, renal function, and the association between cardiovascular risk factors
and renal function among a rural black South African population. Combination
antiretroviral therapy is known to be associated with cardiovascular risk factors
among HIV-positive populations globally. In the present study no difference was
observed in the prevalence of obesity, prediabetes and hypertension among the
CART-treated, cART-naive and control participants. This may be reflective of

inheriting poor lifestyle factors prior to HIV infection and cART initiation.

The prevalence of renal dysfunction among HIV-positive and HIV-negative
patients is similar in the Mankweng District. Renal biomarkers which include
plasma cystatin C, RBP4 and clusterin were measured. Plasma RBP4 was
significantly higher in the cART-treated group compared to the cART-naive and
control participants. Furthermore, eGFR was the lowest in the cART-treated
group after controlling for CVD risk factors. This study therefore gathered
sufficient evidence that renal dysfunction is present among the cART-treated
participants. In the present study we further demonstrated that RBP4 may serve
as alternative biomarker for eGFR, or renal function and it may be of clinical
importance as a measuring tool in this HIV-positive population. Further studies
are needed to elucidate on cystatin C as a promising renal biomarker in this HIV

positive population.

The present study demonstrated that long-term exposure to CART is associated
with progressive loss of renal function in our HIV population which is a serious
concern. We further demonstrated that RBP4 strongly correlated with the second-

line regimen (TDF+LPV/r combination). This study supports previous findings that
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TDF+LPV/r combination is associated with nephrotoxicity and can adversely
affects renal function. Despite conflicting findings regarding the effect of CART on
renal function, this study succeeded in providing information on the impact of

CART on renal function in HIV-positive patients living in the Mankweng District.

The present study demonstrated that age, CART use, duration of cART and CD4*
T-cell count were the only CVD risk factors that independently associated renal
function among other CVD risk factors in this HIV-positive population. We found
that age, CART use, duration of CART emerged as the strongest predictors for
renal dysfunction, which corroborates previous findings. The CD4* T-cell count is
a strong CVD predictor of better renal function outcome presently in this HIV-
positive population. We highlighted that a higher CD4" T-cell count in our HIV-
positive population can serve as an indicator of normal (healthy) or improved
kidney function. Further studies are needed to elucidate on this finding. Our study
provide evidence that multiple factors independently contribute to renal

dysfunction in this aging cART-treated HIV population.

6.2. LIMITATIONS OF THE STUDY

This study is limited by its cross-sectional nature which means conclusions on
the causation cannot be drawn. There was a disparity in the sample size among
our study groups which could have influenced the outcome of this study. Our
study was conducted in a single district of Mankweng and therefore the findings
cannot be generalisable to the province of Limpopo. The results of this study were
only limited to black South Africans. The eGFR in this study was measured once
and not three consecutive times as recommended. Thus, our definition of renal
dysfunction (CKD) is limited to a single eGFR measurement. Our definition
criterion of renal dysfunction was limited to eGFR measurement and did not

include proteinuria.
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6.3. RECOMMENDATIONS

Based on the limitations, future studies should employ a larger sample size with
equal number of participants among study groups of interest. We recommended
inclusion of cohorts from multiple districts across the Province to be able to
generalise the findings to the whole province of Limpopo. We also recommend
diversity in racial inclusion to establish variation of the outcome. It is highly
recommended that at least two eGFR measurements should be used to
determine renal dysfunction in future studies. The definition criteria for renal
dysfunction may also include proteinuria analysis. Obesity, prediabetes, and
hypertension are growing health problems in this HIV-positive population which
points out the need for strategic interventions to monitor weight, blood pressure

and glucose levels.

110



REFERENCE

Abraham, A.G., Althoff, K.N., Jing, Y., Estrella, M.M., Kitahata, M.M., Wester,
C.W., Bosch, R.J., Crane, H., Eron, J., Gill, M.J. and Horberg, M.A. 2015.
End-stage renal disease among HIV-infected adults in North
America. Clinical Infectious Diseases, 60: 941-949.

Acheson, N.H. 2011. Fundamentals of molecular virology. 2" edition. John Wiley
& Sons, Inc.

Adedeji, T.A., Adebisi, S.A., Adedeji, N.O., Biliaminu, S.A. and Olanrewaju, T.O.,
2019. Effects of highly active antiretroviral therapy on renal function and
renal phosphate handling in African adults with advanced HIV and
CKD. Infectious Disorders-Drug Targets (Formerly Current Drug Targets-
Infectious Disorders), 19: 88—100.

Adih, W.K., Selik, R.M. and Hu, X. 2011. Trends in diseases reported on US
death certificates that mentioned HIV infection, 1996-2006. Journal of the
International Association of Physicians in AIDS Care, 10: 5-11.

Adiyanti, S. and Loho, T. 2012. Acute kidney injury (AKI) biomarker. The
Indonesian Journal of Internal Medicine, 44: 246-255.

AIDSinfo. 2016. HIV/AIDS: The basics. Available at https://aidsinfo.nih.gov/edu
cation-materials/factsheets/19/45/HIV/AIDS-the-basics. Accessed on 20
May 2021.

Albini, L., Cesana, B.M., Motta, D., Foca, E., Gotti, D., Calabresi, A., Izzo, I.,
Bellagamba, R., Fezza, R., Narciso, P. and Sighinolfi, L. 2012. A
randomized, pilot trial to evaluate glomerular filtration rate by creatinine or
cystatin C in naive HIV-infected patients after tenofovir/emtricitabine in
combination with atazanavir/ritonavir or efavirenz. Journal of Acquired
Immune Deficiency Syndromes, 59: 18-30.

American Diabetes Association (ADA). 2019. Classification and diagnosis of
diabetes: Standards of Medical Care in Diabetes-2019. Diabetes Care, 42:
13-28.

111



Anderson, M., Rynning, M., Fuerstenberg, R. and Schmidt, J. 2014. Multiplex
measurement of human kidney biomarkers in serum using the Magnetic
Luminex® Performance Assay. The Federation of American Societies for
Experimental Biology Journal, 28: 1012-1022.

Anne-Lise, P., Chang, C.C.H., So-Armah, K.A., Butt, A.A., Leaf, D.A., Budoff, M.,
Rimland, D., Bedimo, R., Goetz, M.B., Rodriguez-Barradas, M.C. and
Crane, H.M. 2015. Human immunodeficiency virus infection,
cardiovascular risk factor profile and risk for acute myocardial
infarction. Journal of acquired immune deficiency syndromes (1999), 68:
209-216.

Anuurad, E., Bremer, A. and Berglund, L. 2010. HIV protease inhibitors and
obesity. Current opinion in endocrinology, diabetes, and obesity, 17: 478—
485.

Arafath, S., Campbell, T., Yusuff, J. and Sharma, R. 2018. Prevalence of and risk
factors for prediabetes in patients infected with HIV. Diabetes
Spectrum, 31: 139-143.

Atta, M.G., Gallant, J.E., Rahman, M.H., Nagajothi, N., Racusen, L.C., Scheel,
P.J. and Fine, D.M. 2006. Antiretroviral therapy in the treatment of HIV-
associated nephropathy. Nephrology Dialysis Transplantation, 21: 2809—
2813.

Bagshaw, S.M. and Bellomo, R. 2010. Cystatin C in acute kidney injury. Current
opinion in critical care, 16: 533-539.

Bandali, S. 2011. Exchange of sex for resources: HIV risk and gender norms in
Cabo Delgado, Mozambique. Culture, health & sexuality, 13: 575-588.

Bani, S.B., Obirikorang, C., Danquah, K.O., Owiredu, W.K., Quaye, L., Sakyi,
S.A., Adams, Y., Dapare, P.P.M., Banyeh, M. and Gandau, B.B. 2020.
Effects of Highly Active Antiretroviral Treatment on Liver and Kidney
Functions. International STD Research & Reviews, 9: 8-16.

Barisoni, L., Bruggeman, L.A., Mundel, P., D'agati, V.D. and Klotman, P.E. 2000.
HIV-1 induces renal epithelial dedifferentiation in a transgenic model of

HIV-associated nephropathy. Kidney international, 58: 173-181.

112



Baxi, S.M., Greenblatt, R.M., Bacchetti, P., Scherzer, R., Minkoff, H., Huang, Y.,
Anastos, K., Cohen, M., Gange, S.J., Young, M. and Shlipak, M.G. 2014.
Common clinical conditions—age, low BMI, ritonavir use, mild renal
impairment-affect tenofovir pharmacokinetics in a large cohort of HIV-
infected women. AIDS (London, England), 28: 59-66.

Baynes, H.W., Tegene, B., Gebremichael, M., Birhane, G., Kedir, W. and Biadgo,
B. 2017. Assessment of the effect of antiretroviral therapy on renal and
liver functions among HIV-infected patients: a retrospective
study. HIV/AIDS (Auckland, NZ), 9: 1-7.

Behera, B.K., Acharya, S., Jena, S.K. and Budula, K.C. 2021. Renal Function
among HIV Infected Patients on Combination Antiretroviral Therapy: A
Longitudinal Cohort Study. Journal of Clinical & Diagnostic Research, 15:
1-4.

Bergersen, B.M., Sandvik, L., Dunlop, O., Birkeland, K. and Bruun, J.N. 2003.
Prevalence of hypertension in HIV-positive patients on highly active
retroviral therapy (HAART) compared with HAART-naive and HIV-
negative controls: results from a Norwegian study of 721
patients. European Journal of Clinical Microbiology and Infectious
Diseases, 22: 731-736.

Bethesda, M. 2007. US Renal Data System: USRDS 2007 Annual Data
Report. Atlas of Chronic Kidney Disease and End-Stage Renal Disease in
the United States. National Institutes of Health, National Institute of
Diabetes and Digestive and Kidney Diseases.

Betjes, M.G. and Verhagen, D.W. 2002. Stable improvement of renal function
after initiation of highly active anti-retroviral therapy in patients with HIV-1-
associated nephropathy. Nephrology Dialysis Transplantation, 17: 1836—
1839.

Bonjoch, A., Echeverria, P., Perez-Alvarez, N., Puig, J., Estany, C., Clotet, B. and
Negredo, E. 2016. Prospective study to assess progression of renal
markers after interruption of tenofovir due to nephrotoxicity. BioMed
research international, 2016: DOI: https://doi.org/10.1155/2016/4380845.

113


https://doi.org/10.1155/2016/4380845

Bonjoch, A., Juega, J., Puig, J., Pérez-Alvarez, N., Aiestaran, A., Echeverria, P.,
Pérez, V., Clotet, B., Romero, R., Bonet, J. and Negredo, E. 2014. High
prevalence of signs of renal damage despite normal renal function in a
cohort of HIV-infected patients: evaluation of associated factors. AIDS
patient care and STDs, 28: 524-529.

Botev, R., Mallie, J.P., Wetzels, J.F., Couchoud, C. and Schiick, O. 2011. The
clinician and estimation of glomerular filtration rate by creatinine-based
formulas: current limitations and quo vadis. Clinical Journal of the
American Society of Nephrology, 6: 937-950.

Braithwaite, R.S., Justice, A.C., Chang, C.C.H., Fusco, J.S., Raffanti, S.R.,
Wong, J.B. and Roberts, M.S. 2005. Estimating the proportion of patients
infected with HIV who will die of comorbid diseases. The American journal
of medicine, 118: 890-898.

Brewster, U.C. and Perazella, M.A. 2004. Acute interstitial nephritis associated
with atazanavir, a new protease inhibitor. American Journal of Kidney
Diseases, 44: 81-84

Buchacz, K., Young, B., Baker, R.K., Moorman, A., Chmiel, J.S., Wood, K.C,,
Brooks, J.T. and HIV Outpatient Study (HOPS) Investigators. 2006. Renal
function in patients receiving tenofovir with ritonavir/lopinavir or
ritonavir/atazanavir in the HIV Outpatient Study (HOPS) cohort. Journal of
Acquired Immune Deficiency Syndromes, 43: 626—628.

Buford, T.W. 2016. Hypertension and aging. Ageing research reviews, 26: 96—
111.

Bune, G.T., Yalew, A.W. and Kumie, A. 2020. The extents of metabolic syndrome
among Antiretroviral Therapy exposed and ART naive adult HIV patients
in the Gedeo-zone, Southern-Ethiopia: a comparative cross-sectional
study. Archives of Public Health, 78: 1-10.

Burger, C., Burger, R. and van Doorslaer, E. 2019. The health impact of free
access to antiretroviral therapy in South Africa. Available at SSRN
3506209.

Calza, L., Trapani, F., Tedeschi, S., Piergentili, B., Manfredi, R., Colangeli, V. and
Viale, P. 2011. Tenofovir-induced renal toxicity in 324 HIV-infected,

114



antiretroviral-naive  patients. Scandinavian  journal of infectious
diseases, 43: 656—660.

Campo, R., Delesus, E., Bredeek, U.F., Henry, K., Khanlou, H., Logue, K.,
Brinson, C., Benson, P., Dau, L., Wang, H. and White, K. 2013. SWIFT:
prospective 48-week study to evaluate efficacy and safety of switching to
emtricitabine/tenofovir ~ from  lamivudine/abacavir in  virologically
suppressed HIV-1 infected patients on a boosted protease inhibitor
containing antiretroviral regimen. Clinical infectious diseases, 56: 1637—
1645.

Carr, A. 2002. Improvement of the study, analysis, and reporting of adverse
events associated with antiretroviral therapy. The Lancet, 360: 81-85.

Carrion, A.J., Miles, J.D., Mosley, J.F., Smith, L.L., Prather, A.S., Gurley Jr, M.M.,
Phan, L.D. and Everton, E.C. 2018. Prevention strategies against HIV
transmission: a proactive approach. Journal of pharmacy practice, 31: 82—
90.

Centers for disease control and prevention (CDC). 2019. HIV. U.S. Department
of Health and Human Services. [https://www.cdc.gov/hiv/default.html].
Accessed on 10 August 2021.

Chan, K.T., Papeta, N., Martino, J., Zheng, Z., Frankel, R.Z., Klotman, P.E.,
D'Agati, V.D., Lifton, R.P. and Gharavi, A.G. 2009. Accelerated
development of collapsing glomerulopathy in mice congenic for the
HIVANL locus. Kidney international, 75: 366—-372.

Chandel, N., Sharma, B., Husain, M., Salhan, D., Singh, T., Rai, P., Mathieson,
P.W., Saleem, M.A., Malhotra, A. and Singhal, P.C. 2013. HIV
compromises integrity of the podocyte actin cytoskeleton through
downregulation of the vitamin D receptor. American Journal of Physiology-
Renal Physiology, 304: 1347-1357.

Che Awah Nforbugwe, A., Acha Asongalem, E., Bihnwi Nchotu, R., Asangbeng
Tanue, E., Sevidzem Wirsiy, F. and Nguedia Assob, J.C. 2020. Prevalence
of renal dysfunction and associated risk factors among HIV patients on
ART at the Bamenda Regional Hospital, Cameroon. International journal
of STD & AIDS, 31: 526-532.

115


https://www.cdc.gov/hiv/default.html

Chemlal, K., Nochy, D., Kenouch, S., Joly, V. and Carbon, C. 2000. Dramatic
improvement of renal dysfunction in a human immunodeficiency virus-
infected woman treated with highly active antiretroviral therapy. Clinical
infectious diseases, 31: 805-806.

Chen, P., Chen, B.K., Mosoian, A., Hays, T., Ross, M.J., Klotman, P.E. and
Klotman, M.E. 2011. Virological synapses allow HIV-1 uptake and gene
expression in renal tubular epithelial cells. Journal of the American Society
of Nephrology, 22: 496-507.

Chireshe, R., Naidoo, K. and Nyamakura, R. 2019. Hypertension among human
immunodeficiency virus infected patients on treatment at Parirenyatwa
Hospital: A descriptive study. African journal of primary health care &
family medicine, 11: 1-8.

Choi, A.l., Shlipak, M.G., Hunt, P.W., Matrtin, J.N. and Deeks, S.G. 2009. HIV-
infected persons continue to lose kidney function despite successful
antiretroviral therapy. AIDS (London, England), 23: 2143-2149.

Churchill, M.J., Deeks, S.G., Margolis, D.M., Siliciano, R.F. and Swanstrom, R.
2016. HIV reservoirs: what, where and how to target them. Nature
Reviews Microbiology, 14: 55-60.

Cooper, R.D. and Tonelli, M. 2011. Renal disease associated with antiretroviral
therapy in the treatment of HIV. Nephron Clinical practice, 118: 262—-268.

Cosgroove, C.J., Abu-Alfa, A.K. and Perazella, M.A. 2002. Observations on HIV-
associated renal disease in the era of highly active antiretroviral
therapy. The American journal of the medical sciences, 323: 102-106.

Crane, H.M., Kestenbaum, B., Harrington, R.D. and Kitahata, M.M. 2007.
Amprenavir and didanosine are associated with declining kidney function
among patients receiving tenofovir. AIDS, 21:1431-1439.

Crum-Cianflone, N., Ganesan, A., Teneza-Mora, N., Riddle, M., Medina, S.,
Barahona, I. and Brodine, S. 2010. Prevalence and factors associated with
renal dysfunction among HIV-infected patients. AIDS patient care and
STDs, 24: 353-360.

da Rocha, I.M., Gasparotto, A.S., Lazzaretti, R.K., Notti, R.K., Sprinz, E. and
Mattevi, V.S. 2015. Polymorphisms associated with renal adverse effects

116



of  antiretroviral therapy in a  Southern  Brazilian HIV
cohort. Pharmacogenetics and genomics, 25: 541-547.

Dagan, S.S., Segev, S., Novikov, I. and Dankner, R. 2013. Waist circumference
vs body mass index in association with cardiorespiratory fitness in healthy
men and women: a cross sectional analysis of 403 subjects. Nutrition
journal, 12: 1-8.

Dave, J.A., Levitt, N.S., Ross, I.L., Lacerda, M., Maartens, G. and Blom, D. 2016.
Anti-retroviral therapy increases the prevalence of dyslipidemia in South
African HIV-infected patients. PloS one, 11:DOI:
https://doi.org/10.1371/journal.pone.0151911.

Davis Il, J.W., Goodsaid, F.M., Bral, C.M., Obert, L.A., Mandakas, G., Garner Il,
C.E., Collins, N.D., Smith, R.J. and Rosenblum, 1.Y. 2004. Quantitative
gene expression analysis in a nonhuman primate model of antibiotic-
induced nephrotoxicity. Toxicology and applied pharmacology, 200: 16—
26.

Day, C. and Gray, A. 2012. Health and related indicators: Health information.
South African Health Review, 1: 207-329.

De Oliveira, B.D., Xu, K., Shen, T.H., Callahan, M., Kiryluk, K., D’Agati, V.D.,
Tatonetti, N.P., Barasch, J. and Devarajan, P. 2019. Molecular
nephrology: types of acute tubular injury. Nature Reviews Nephrology, 15:
599-612.

De Oliveira, T., Kharsany, A.B., Graf, T., Cawood, C., Khanyile, D., Grobler, A.,
Puren, A., Madurai, S., Baxter, C., Karim, Q.A., Karim, S.S. 2017.
Transmission networks and risk of HIV infection in KwaZulu-Natal, South
Africa: a community-wide phylogenetic study. The lancet HIV. 4: 41-50.

Debeb, S.G., Muche, A.A., Kifle, Z.D. and Sema, F.D. 2021. Tenofovir Disoproxil
Fumarate-Associated Renal Dysfunction Among Adult People Living with
HIV at the University of Gondar Comprehensive Specialized Hospital,
Northwest Ethiopia, 2019: A Comparative Retrospective Cohort
Study. HIV/AIDS (Auckland, NZ), 13: 491-503.

Deeks, S.G., Lewin, S.R. and Havlir, D.V. 2013. The end of AIDS: HIV infection
as a chronic disease. The Lancet, 382: 1525-1533.

117


https://doi.org/10.1371/journal.pone.0151911

Delanaye, P., Cavalier, E. and Pottel, H. 2017. Serum creatinine: not so
simple! Nephron, 136: 302—-308.

Delanaye, P., Jouret, F., Le Goff, C. and Cavalier, E. 2016. Concordance
Between lothalamate and lohexol Plasma Clearance. American journal of
kidney diseases: the official journal of the National Kidney Foundation, 68:
329-330.

Diana, N.E and Naicker, S. 2016. Update on current management of chronic
kidney disease in patients with HIV infection. International Journal of
Nephrology, 9: 223-234.

Dobra, A., Barnighausen, T., Vandormael, A. and Tanser, F. 2017. Space-time
migration patterns and risk of HIV acquisition in rural South Africa. AIDS
(London, England), 31: 137-145.

Domingos, M.A.M., Queiroz, M., Lotufo, P.A., Bensefior, 1.J. and de Oliveira
Titan, S.M. 2017. Serum RBP4 and CKD: Association with insulin
resistance and lipids. Journal of diabetes and its complications, 31: 1132—
1138.

Durvasula, R.V. and Shankland, S.J. 2008. Activation of a local renin angiotensin
system in podocytes by glucose. American Journal of Physiology-Renal
Physiology, 294. 830-839.

Ebert, N. and Shlipak, M.G. 2020. Cystatin C is ready for clinical use. Current
Opinion in Nephrology and Hypertension, 29: 591-598.

Ekrikpo, U.E., Kengne, A.P., Bello, AK., Effa, E.E., Noubiap, J.J., Salako, B.L.,

Rayner, B.L., Remuzzi, G. and Okpechi, I.G. 2018. Chronic kidney disease
in the global adult HIV-infected population: A systematic review and meta-
analysis. PloS one, 13: DOI: https://doi.org/10.1371/journal.pone.0195443.
Ekun, O.A,, Fasela, E.O., Oladele, D.A., Liboro, G.O. and Raheem, T.Y. 2021.
Risks of cardio-vascular diseases among highly active antiretroviral
therapy (HAART) treated HIV seropositive volunteers at a treatment centre
in  Lagos, Nigeria. The Pan  African Medical Journal, 38:
DOI: 10.11604/pamj.2021.38.206.26791.

118


https://dx.doi.org/10.11604%2Fpamj.2021.38.206.26791

Elmarakby, A.A. and Sullivan, J.C. 2012. Relationship between oxidative stress
and inflammatory cytokines in diabetic nephropathy. Cardiovascular
therapeutics, 30: 49-59.

Eneyew, K., Seifu, D., Amogne, W. and Menon, M.K.C. 2016. Assessment of
renal function among HIV-Infected patients on combination antiretroviral
therapy at Tikur Anbessa Specialized Hospital, Addis Ababa,
Ethiopia. Technology and Investment, 7: 107-122.

Ergin, H.E., Inga, E.E., Maung, T.Z., Javed, M. and Khan, S. 2020. HIV,
antiretroviral therapy, and metabolic alterations: a review. Cureus, 12:
DOI: 10.7759/cureus.8059.

Estrella, M.M. and Fine, D.M. 2010. Screening for chronic kidney disease in HIV-
infected patients. Advances in chronic kidney disease, 17: 26-35.

Eyawo, O., Franco-Villalobos, C., Hull, M.W., Nohpal, A., Samiji, H., Sereda, P.,
Lima, V.D., Shoveller, J., Moore, D., Montaner, J.S. and Hogg, R.S. 2017.
Changes in mortality rates and causes of death in a population-based
cohort of persons living with and without HIV from 1996 to 2012. BMC
infectious diseases, 17: 1-15.

Fahme, S.A., Bloomfield, G.S. and Peck, R. 2018. Hypertension in HIV-infected
adults: novel pathophysiologic mechanisms. Hypertension, 72: 44-55.

Fakhruddin, S., Alanazi, W. and Jackson, K.E. 2017. Diabetes-induced reactive

oxygen species: mechanism of their generation and role in renal
injury. Journal of diabetes research, 2017:
DOI: https://doi.org/10.1155/2017/8379327.

Faria, N.R., Rambaut, A., Suchard, M.A., Baele, G., Bedford, T., Ward, M.J.,
Tatem, A.J., Sousa, J.D., Arinaminpathy, N., Pépin, J. and Posada, D.
2014. The early spread and epidemic ignition of HIV-1 in human
populations. science, 346: 56—61.

Ferguson, M.A. and Waikar, S.S. 2012. Established and emerging markers of
kidney function. Clinical chemistry, 58: 680—689.

Fernando, B.N, Alli-Shaik, A., Hemage, R.K., Badurdeen, Z., Hettiarachchi, T.W.,
Abeysundara, H.T, Abeysekara, T.D., Wazil, A., Rathnayake, S.,
Gunaratne, J. and Nanayakkara, N. 2019. Pilot study of renal urinary

119


https://dx.doi.org/10.7759%2Fcureus.8059
https://doi.org/10.1155/2017/8379327

biomarkers for diagnosis of CKD of uncertain aetiology. Kidney
international reports, 4:1401-1411.

Filler, G., Yasin, A. and Medeiros, M. 2014. Methods of assessing renal
function. Pediatric nephrology, 29: 183-192.

Finney, H., Newman, D.J. and Price, C.P. 2000. Adult reference ranges for serum
cystatin C, creatinine and predicted creatinine clearance. Annals of clinical
biochemistry, 37: 49-59.

Fiseha, T. and Gebreweld, A. 2016. Urinary markers of tubular injury in HIV-
infected patients. Biochemistry research international, 2016: DOI:
https://doi.org/10.1155/2016/1501785.

Fiseha, T. and Gebreweld, A. 2021. Renal function in a cohort of HIV-infected
patients initiating antiretroviral therapy in an outpatient setting in
Ethiopia. PloS one, 16: DOI:
https://doi.org/10.1371/journal.pone.0245500.

Flandre, P. 2011. Atazanavir plus ritonavir or efavirenz as part of a 3-drug
regimen for initial treatment of HIV-1. Annals of internal medicine, 155:
DOI: https://doi.org/10.7326/0003-4819-155-6-201109200-00015.

Flandre, P., Pugliese, P., Cuzin, L., Bagnis, C.l., Tack, I., Cabié, A., Poizot-Matrtin,
l., Katlama, C., Brunet-Francois, C., Yazdanpanah, Y. and Dellamonica,
P. 2011. Risk factors of chronic kidney disease in HIV-infected
patients. Clinical Journal of the American Society of Nephrology, 6: 1700—
1707.

Freed, E.O. and Martin, M.A. 2013. Human immunodeficiency viruses:
replication. Field virology, 2: 1502—-1560.

Freeman, A.M. and Pennings, N. 2021. Insulin resistance. StatPearls
Publishing.Treasure Island. pp: 1-18.

Frey, S.K., Nagla, B., Henze, A., Raila, J., Schlosser, B., Berg, T., Tepel, M.,
Zidek, W., Weickert, M.O., Pfeiffer, A.F. and Schweigert, F.J. 2008.
Isoforms of retinol-binding protein 4 (RBP4) are increased in chronic
diseases of the kidney but not of the liver. Lipids in health and disease, 7:
DOI: https://doi.org/10.1186/1476-511X-7-29.

120


https://doi.org/10.1155/2016/1501785
https://doi.org/10.7326/0003-4819-155-6-201109200-00015
https://doi.org/10.1186/1476-511X-7-29

Fux, C.A., Simcock, M., Wolbers, M., Bucher, H.C., Hirschel, B., Opravil, M.,
Vernazza, P., Cavassini, M., Bernasconi, E., Elzi, L. and Furrer, H. 2007.
Tenofovir use is associated with a reduction in calculated glomerular
filtration rates in the Swiss HIV Cohort Study. Antiviral therapy, 12: 1165—
1173.

Gallant, J.E. and Moore, R.D. 2009. Renal function with use of a tenofovir-
containing initial antiretroviral regimen. AIDS (London, England), 23:
1971-1975.

Gekle, M. 2017. Kidney and aging—a narrative review. Experimental
gerontology, 87: 153—-155.

Gilead Sciences. 2007. Viread (tenofovir disoproxil fumarate) tablets.
[http://www.gilead.com/pdf/viread_pi.pdf].

Girton, R.A., Sundin, D.P. and Rosenberg, M.E. 2002. Clusterin protects renal
tubular epithelial cells from gentamicin-mediated cytotoxicity. American
Journal of Physiology-Renal Physiology, 282: 703—-709.

Girum, T., Wasie, A. and Worku, A. 2018. Trend of HIV/AIDS for the last 26 years
and predicting achievement of the 90-90-90 HIV prevention targets by
2020 in Ethiopia: a time series analysis. BMC infectious diseases, 18: 1—
10.

Glassock, R.J. and Rule, A.D. 2016. Aging and the kidneys: anatomy, physiology,
and consequences for defining chronic kidney disease. Nephron, 134: 25-
29.

Goicoechea, M., Liu, S., Best, B., Sun, S., Jain, S., Kemper, C., Witt, M.,
Diamond, C., Haubrich, R., Louie, S. and California Collaborative
Treatment Group 578. 2008. Greater tenofovir-associated renal function
decline with protease inhibitor-based versus nonnucleoside reverse-
transcriptase inhibitor-based therapy. The Journal of infectious
diseases, 197: 102-108.

Gokengin, D., Doroudi, F., Tohme, J., Collins, B. and Madani, N. 2016. HIV/AIDS:
trends in the Middle East and North Africa region. International Journal of

Infectious Diseases, 44: 66—73.

121



Grubb, A. 2017. Cystatin C is indispensable for evaluation of kidney
disease. Electronic Journal of the International Federation of Clinical
chemistry and laboratory, 28: 268276.

Grubb, A., Bjork, J., Nyman, U., Pollak, J., Bengzon, J., Ostner, G. and Lindstrom,
V. 2011. Cystatin C, a marker for successful aging and glomerular filtration
rate, is not influenced by inflammation. Scandinavian journal of clinical and
laboratory investigation, 71: 145-149.

Gueutin, V., Deray, G. and Isnard-Bagnis, C. 2012. Renal Physiology. Bull
Cancer, 99: 237-249.

Gupta, S.K., Kitch, D., Tierney, C., Daar, E.S., Sax, P.E., Melbourne, K., Ha, B.
and McComsey, G.A. 2014. Cystatin C-based renal function changes after
antiretroviral initiation: a substudy of a randomized trial. In Open forum
infectious diseases, 1: 1-12.

Gupta, S.K., Post, F.A., Arribas, J.R., Eron Jr, J.J., Wohl, D.A., Clarke, A.E., Sax,
P.E., Stellbrink, H.J., Esser, S., Pozniak, A.L. and Podzamczer, D. 2019.
Renal safety of tenofovir alafenamide vs. tenofovir disoproxil fumarate: a
pooled analysis of 26 clinical trials. AIDS (London, England), 33: 1455—
1465.

Hall, J.E., do Carmo, J.M., da Silva, A.A., Wang, Z. and Hall, M.E. 2019. Obesity,
kidney dysfunction and hypertension: mechanistic links. Nature reviews
nephrology, 15: 367—-385.

Hamada, Y., Nishijima, T., Watanabe, K., Komatsu, H., Tsukada, K., Teruya, K.,
Gatanaga, H., Kikuchi, Y. and Oka, S. 2012. High incidence of renal stones
among HIV-infected patients on ritonavir-boosted atazanavir than in those
receiving other protease inhibitor—containing antiretroviral
therapy. Clinical infectious diseases, 55: 1262—-1269.

Hanttu, A., Kauppinen, K.J., Kiveld, P., Oligren, J., Jousilahti, P., Liitsola, K.,
Koponen, P. and Sutinen, J. 2021. Prevalence of obesity and disturbances
in glucose homeostasis in HIV-infected subjects and general population—
missed diagnoses of diabetes. HIV medicine, 22: 244-253.

Harden, V.A. and Fauci, A. 2012. AIDS at 30: a history. Potomac Books, Inc. 15t
edition. pp: 118.

122



Henze, A., Frey, S.K., Ralila, J., Scholze, A., Spranger, J., Weickert, M.O., Tepel,
M., Zidek, W. and Schweigert, F.J. 2010. Alterations of retinol-binding
protein 4 species in patients with different stages of chronic kidney disease
and their relation to lipid parameters. Biochemical and biophysical
research communications, 393: 79-83.

Henze, A., Frey, S.K,, Raila, J., Tepel, M., Scholze, A., Pfeiffer, A.F., Weickert,
M.O., Spranger, J. and Schweigert, F.J. 2008. Evidence that kidney
function but not type 2 diabetes determines retinol-binding protein 4 serum
levels. Diabetes, 57: 3323-3326.

Herlitz, L.C., Mohan, S., Stokes, M.B., Radhakrishnan, J., D'Agati, V.D. and
Markowitz, G.S. 2010. Tenofovir nephrotoxicity: acute tubular necrosis
with distinctive clinical, pathological, and mitochondrial
abnormalities. Kidney international, 78: 1171-1177.

Heron, J.E., Bagnis, C.I. and Gracey, D.M. 2020. Contemporary issues and new
challenges in chronic kidney disease amongst people living with
HIV. AIDS research and therapy, 17: 1-13.

HIV infection-induced transcriptional program in renal tubular epithelial cells
activates a CXCR2-driven CD4* T-cell chemotactic response.

Hou, J. and Nast, C.C. 2018. Changing concepts of HIV infection and renal
disease. Current opinion in nephrology and hypertension, 27: 144-152.

Hsu, C.Y. and Bansal, N. 2011. Measured GFR as “gold standard”-all that glitters
is not gold? Clinical Journal of the American Society of Nephrology, 6:
1813-1814.

Hughes, K., Chang, J., Stadtler, H., Wyatt, C., Klotman, M. and Blasi, M. 2021.
HIV-1 infection of the kidney: mechanisms and implications. AIDS, 35:
359-367.

Imaoka, T., Kusuhara, H., Adachi, M., Schuetz, J.D., Takeuchi, K. and Sugiyama,
Y. 2007. Functional involvement of multidrug resistance-associated
protein 4 (MRP4/ABCC4) in the renal elimination of the antiviral drugs
adefovir and tenofovir. Molecular pharmacology, 71: 619-627.

Inker, L.A., Levey, A.S. and Coresh, J. 2018. Estimated glomerular filtration rate
from a panel of filtration markers-hope for increased accuracy beyond

123



measured glomerular filtration rate? Advances in chronic kidney
disease, 25: 67-75.

International Society for the Advancement of Kinanthropometry(ISAK). 2001.
International standards for anthropometric assessments. [https://
www.ceap.br/material/MAT17032011184632.pdf].

International Transporter Consortium, Giacomini, K.M., Huang, S.M., Tweedie,
D.J., Benet, L.Z. and Brouwer, K.L. 2010. Membrane transporters in drug
development. Nature Reviews Drug Discovery, 9: 215-236.

Inui, K.I., Masuda, S. and Saito, H. 2000. Cellular and molecular aspects of drug
transport in the kidney. Kidney international, 58: 944—-958.

Izzedine, H., Baumelou, A. and Deray G. 2007. Acute renal failure in HIV patients.
Nephrology Dialysis Transplantation, 22: 2757-2762.

Izzedine, H., Harris, M. and Perazella, M.A. 2009. The nephrotoxic effects of
HAART. Nature Reviews Nephrology, 5: 563-573.

Izzedine, H., M'rad, M.B., Bardier, A., Daudon, M. and Salmon, D. 2007.
Atazanavir crystal nephropathy. Aids, 21: 2357-2358.

Jackson, A., Moyle, G., Watson, V., Tjia, J., Ammara, A., Back, D., Mohabeer,
M., Gazzard, B. and Boffito, M. 2013. Tenofovir, emtricitabine intracellular
and plasma, and efavirenz plasma concentration decay following drug
intake cessation: implications for HIV treatment and prevention. JAIDS
Journal of Acquired Immune Deficiency Syndromes, 62: 275-281.

Jaroszewicz, J., Wiercinska-Drapalo, A., Lapinski, T.W., Prokopowicz, D.,
Rogalska, M. and Parfieniuk, A. 2006. Short communication Does HAART
improve renal function? An association between serum cystatin C
concentration, HIV viral load and HAART duration. Antiviral therapy, 11:
641-645.

John, 1.0., Adimabua, O.P., Mariam, O.N., Chizoba, I. and Uchechi, O.J. 2020.
Study of Cystatin C in Early Detection of Renal Impairment in Patient with
HIV/AIDS. South Asian Research Journal of Agriculture and Fisheries, 2:
102-112.

Johnson, L.F. and Dorrington, R.E. 2019. Modelling the impact of HIV in South
Africa’s provinces: 2019 update. Centre for infectious disease

124



epidemiology and research working paper, University of Cape Town,
South Africa. pp:1-74.

Johnson, L.F., Dorrington, R.E. and Moolla, H. 2017. Progress towards the 2020
targets for HIV diagnosis and antiretroviral treatment in South
Africa. Southern African journal of HIV medicine, 18: 1-8.

Johnson, L.F., Mossong, J., Dorrington, R.E., Schomaker, M., Hoffmann, C.J.,
Keiser, O., Fox, M.P., Wood, R., Prozesky, H., Giddy, J. and Garone, D.B.
2013. Life expectancies of South African adults starting antiretroviral
treatment: collaborative analysis of cohort studies. PLoS medicine, 10:
DOI: https://doi.org/10.1371/journal.pmed.1001418.

Joint United Nations Programme on HIV/AIDS (UNAIDS). 2017. Geneva:
UNAIDS Data.

Jose, S., Hamzah, L., Campbell, L.J., Hill, T., Fisher, M., Leen, C., Gilson, R.,
Walsh, J., Nelson, M., Hay, P. and Johnson, M. 2014. Incomplete
reversibility of estimated glomerular filtration rate decline following
tenofovir disoproxil fumarate exposure. The Journal of infectious
diseases, 210: 363-373.

Jotwani, V., Atta, M.G. and Estrella, M.M. 2017. Kidney disease in HIV: moving
beyond HIV-associated nephropathy. Journal of the American Society of
Nephrology, 28: 3142-3154.

Kalayjian, R.C., Franceschini, N., Gupta, S.K., Szczech, L.A., Mupere, E., Bosch,
R.J., Smurzynski, M. and Albert, J.M. 2008. Suppression of HIV-1
replication by antiretroviral therapy improves renal function in persons with
low CD4 cell counts and chronic kidney disease. AIDS (London,
England), 22: 481-487.

Kalayjian, R.C., Lau, B., Mechekano, R.N., Crane, H.M., Rodriguez, B., Salata,
R.A., Krishnasami, Z., Willig, J.H., Martin, J.N., Moore, R.D. and Eron, J.J.
2012. Risk factors for chronic kidney disease in a large cohort of HIV-1
infected individuals initiating antiretroviral therapy in routine care. AIDS
(London, England), 26: 1907-1915.

Kaplan, N.M. 2010. Kaplan's clinical hypertension. 10" edition. Lippincott
Williams & Wilkins, United State of America. Pg: 455.

125


https://doi.org/10.1371/journal.pmed.1001418

Karch, A.M. 2017. Antiviral agents. In A.M. Karch (Eds.), Focus on nursing
pharmacology. 7™ edition. Philadelphia, PA: Wolters Kluwe pp: 141-168.

Karras, A., Lafaurie, M., Furco, A., Bourgarit, A., Droz, D., Sereni, D., Legendre,
C., Martinez, F. and Molina, J.M. 2003. Tenofovir-related nephrotoxicity in
human immunodeficiency virus-infected patients: three cases of renal
failure, Fanconi syndrome, and nephrogenic diabetes insipidus. Clinical
Infectious Diseases, 36: 1070-1073.

Kaufman, D.P., Basit, H. and Knohl, S.J. 2019. Physiology, glomerular filtration
rate (GFR). StatPearls [Internet].

Kearney, B.P., Mathias, A., Mittan, A., Sayre, J., Ebrahimi, R. and Cheng, A.K.
2006. Pharmacokinetics and safety of tenofovir disoproxil fumarate on
coadministration with lopinavir/ritonavir. JAIDS Journal of Acquired
Immune Deficiency Syndromes, 43: 278-283.

Khan, Z. and Pandey, M. 2014. Role of kidney biomarkers of chronic kidney
disease: An update. Saudi journal of biological sciences, 21: 294-299.

Kharasch, E.D., Schroeder, J.L., Bammler, T., Beyer, R. and Srinouanprachanh,
S. 2006. Gene expression profiling of nephrotoxicity from the sevoflurane
degradation product fluoromethyl-2, 2-difluoro-1-(trifluoromethyl) vinyl
ether (“compound A”) in rats. Toxicological Sciences, 90: 419-431.

Kenyon, C., Buyze, J. and Colebunders, R. 2013. HIV prevalence by race co-
varies closely with concurrency and number of sex partners in South
Africa. PLoS One, 8: e64080.

Kinai, E. and Hanabusa, H. 2009. Progressive renal tubular dysfunction
associated with long-term use of tenofovir DF. AIDS research and human
retroviruses, 25: 387-394.

Kinai, E. and Hanabusa, H., 2009. Progressive renal tubular dysfunction
associated with long-term use of tenofovir DF. AIDS research and human
retroviruses, 25: 387-394.

Kirchner, J.T. 2002. Resolution of renal failure after initiation of HAART: 3 cases
and a discussion of the literature. The AIDS reader, 12: 103-105.

Kiser, J.J., Carten, M.L., Aquilante, C.L., Anderson, P.L., Wolfe, P., King, T.M,,
Delahunty, T., Bushman, L.R. and Fletcher, C.V. 2008. The effect of

126



lopinavir/ritonavir on the renal clearance of tenofovir in HIV-infected
patients. Clinical Pharmacology & Therapeutics, 83: 265-272.

Knudsen, A.D., Gelpi, M., Afzal, S., Ronit, A., Roen, A., Mocroft, A., Lundgren,
J., Nordestgaard, B., Sillesen, H., Lebech, A.M. and Kgber, L. 2018. Brief
report: prevalence of peripheral artery disease is higher in persons living
with HIV compared with uninfected controls. JAIDS Journal of Acquired
Immune Deficiency Syndromes, 79: 381-385.

Kumar, S. and Samaras, K. 2018. The impact of weight gain during HIV treatment
on risk of pre-diabetes, diabetes mellitus, cardiovascular disease, and
mortality. Frontiers in endocrinology, 9: DOI: 10.3389/fendo.2018.00705.

Kwantwi, L.B., Obirikorang, C. and Frempong, M.A. 2017. Nephroprotective
Effect of Highly Active Antiretroviral Therapy among HIV Seropositive
Individuals: A Case-Control Study in Ghana. International STD Research
& Reviews, 6: 1-8.

Lagathu, C., Béréziat, V., Gorwood, J., Fellahi, S., Bastard, J.P., Vigouroux, C.,
Boccara, F. and Capeau, J. 2019. Metabolic complications affecting
adipose tissue, lipid and glucose metabolism associated with HIV
antiretroviral treatment. Expert opinion on drug safety, 18: 829-840.

Laprise, C., Baril, J.G., Dufresne, S. and Trottier, H. 2013. Association between
tenofovir exposure and reduced kidney function in a cohort of HIV-positive
patients: results from 10 years of follow-up. Clinical infectious
diseases, 56: 567-575.

Laskey, S.B. and Siliciano, R.F., 2014. A mechanistic theory to explain the
efficacy of antiretroviral therapy. Nature Reviews Microbiology, 12: 772—
780.

Ledergerber, B., Furrer, H., Rickenbach, M., Lehmann, R., Elzi, L., Hirschel, B.,
Cavassini, M., Bernasconi, E., Schmid, P., Egger, M. and Weber, R. 2007.
Factors associated with the incidence of type 2 diabetes mellitus in HIV-
infected participants in the Swiss HIV Cohort Study. Clinical Infectious
Diseases, 45: 111-1109.

Lee, K.H., Lee, J.U., Ku, N.S., Jeong, S.J., Han, S.H., Choi, J.Y., Song, Y.G. and
Kim, J.M. 2017. Change in renal function among HIV-infected Koreans

127



receiving tenofovir disoproxil fumarate-backbone antiretroviral therapy: A
3-year follow-up study. Yonsei medical journal, 58: 770-777.

Leport, C., Bouteloup, V., Rossert, J., Garré, M., lordache, L., Dellamonica, P.,
Herson, S., Raffi, F., Chéne, G. and ANRS CO8-COPILOTE study group.
2009. Long-term evolution and determinants of renal function in HIV-
infected patients who began receiving combination antiretroviral therapy
in 1997-1999, ANRS CO8 APROCO-COPILOTE. Clinical infectious
diseases, 49: 1950-1954.

Levey, A.S., Coresh, J., Balk, E., Kausz, A.T., Levin, A., Steffes, M.W., Hogg,
R.J., Perrone, R.D., Lau, J. and Eknoyan, G. 2003. National Kidney
Foundation practice guidelines for chronic kidney disease: evaluation,
classification, and stratification. Annals of internal medicine, 139: 137-
147.

Levitt, N.S., Peer, N., Steyn, K., Lombard, C., Maartens, G., Lambert, E.V. and
Dave, J.A. 2016. Increased risk of dysglycaemia in South Africans with
HIV; especially those on protease inhibitors. Diabetes research and
clinical practice, 119: 41-47.

Limpopo Provincial AIDS Council. 2017. Annual progress report 2015/16.
Provincial strategic plan 2012-2016.

Liu, G., Ding, M., Chiuve, S.E., Rimm, E.B., Franks, P.W., Meigs, J.B., Hu, F.B.
and Sun, Q. 2016. Plasma levels of fatty acid—binding protein 4, retinol-
binding protein 4, high-molecular-weight adiponectin, and cardiovascular
mortality among men with type 2 diabetes: a 22-year prospective
study. Arteriosclerosis, thrombosis, and vascular biology, 36: 2259-2267.

Liu, M.Y., Li, N., Li, W.A. and Khan, H. 2017. Association between psychosocial
stress and hypertension: a systematic review and meta-
analysis. Neurological research, 39: 573-580.

Longenecker, C.T., Kitch, D., Sax, P.E., Daar, E.S., Tierney, C., Gupta, S.K. and
McComsey, G.A. 2015. Reductions in plasma cystatin C after initiation of
antiretroviral therapy are associated with reductions in inflammation:
ACTG A5224s. Journal of acquired immune deficiency syndromes, 69:
168.

128



Lucas, G.M., Eustace, J.A., Sozio, S., Mentari, E.K., Appiah, K.A. and Moore,
R.D. 2004. Highly active antiretroviral therapy and the incidence of HIV-1-
associated nephropathy: a 12-year cohort study. AIDS, 18: 541-546.

Luyckx, V.A., Tuttle, K.R., Garcia-Garcia, G., Gharbi, M.B., Heerspink, H.J.,
Johnson, D.W., Liu, Z.H., Massy, Z.A., Moe, O., Nelson, R.G. and Sola, L.
2017. Reducing major risk factors for chronic kidney disease. Kidney
international supplements, 7: 71-87.

Maganga, E., Smart, L.R., Kalluvya, S., Kataraihya, J.B., Saleh, A.M., Obeid, L.,
Downs, J.A., Fitzgerald, D.W. and Peck, R.N. 2015. Glucose metabolism
disorders, HIV and antiretroviral therapy among Tanzanian adults. PloS
one, 10: DOI: https://doi.org/10.1371/journal.pone.0134410.

Mahfouz, M.H., Assiri, A.M. and Mukhtar, M.H. 2016. Assessment of neutrophil
gelatinase-associated lipocalin (NGAL) and retinol-binding protein 4
(RBP4) in type 2 diabetic patients with nephropathy. Biomarker
insights, 11: DOI: https://doi.org/10.4137%2FBMI.S33191.

Martin-lguacel, R., Llibre, J.M. and Friis-Moller, N. 2015. Risk of cardiovascular
disease in an aging HIV population: where are we now? Current HIV/AIDS
Reports, 12: 375-387.

Masenga, S.K., Hamooya, B.M., Nzala, S., Kwenda, G., Heimburger, D.C.,
Mutale, W., Munsaka, S.M., Koethe, J.R. and Kirabo, A. 2019. Patho-
immune mechanisms of hypertension in HIV: a systematic and thematic
review. Current hypertension reports, 21: 1-19.

Meintjes, G., Moorhouse, M.A., Carmona, S., Davies, N., Dlamini, S., Van
Vuuren, C., Manzini, T., Mathe, M., Moosa, Y., Nash, J. and Nel, J. 2017.
Adult antiretroviral therapy guidelines 2017. Southern African journal of
HIV medicine, 18: 1-24.

Merck Group. 2021. Milliplex Map Human Kidney Injury Magnetic Bead Panel 6-
Toxicity Multiplex.
https://www.merckmillipore.com/ZA/en/product/MILLIPLEX-MAP-Human-
Kidney-Injury-Magnetic-Bead-Panel-6-Toxicity-Multiplex-Assay,MM_NF-
HKIBMAG-99K. Accessed on 31 July 2021.

129


https://doi.org/10.1371/journal.pone.0134410
https://doi.org/10.4137%2FBMI.S33191
https://www.merckmillipore.com/ZA/en/product/MILLIPLEX-MAP-Human-Kidney-Injury-Magnetic-Bead-Panel-6-Toxicity-Multiplex-Assay,MM_NF-HKI6MAG-99K
https://www.merckmillipore.com/ZA/en/product/MILLIPLEX-MAP-Human-Kidney-Injury-Magnetic-Bead-Panel-6-Toxicity-Multiplex-Assay,MM_NF-HKI6MAG-99K
https://www.merckmillipore.com/ZA/en/product/MILLIPLEX-MAP-Human-Kidney-Injury-Magnetic-Bead-Panel-6-Toxicity-Multiplex-Assay,MM_NF-HKI6MAG-99K

Mills, A., Arribas, J.R., Andrade-Villanueva, J., DiPerri, G., Van Lunzen, J.,
Koenig, E., Elion, R., Cavassini, M., Madruga, J.V., Brunetta, J. and
Shamblaw, D. 2016. Switching from tenofovir disoproxil fumarate to
tenofovir alafenamide in antiretroviral regimens for virologically
suppressed adults with HIV-1 infection: a randomised, active-controlled,
multicentre, open-label, phase 3, non-inferiority study. The Lancet
Infectious Diseases, 16: 43-52.

Miners, J.0., Yang, X., Knights, K.M. and Zhang, L. 2017. The role of the kidney
in drug elimination: transport, metabolism, and the impact of kidney
disease on drug clearance. Clinical Pharmacology & Therapeutics, 102:
436-449.

Mocroft, A., Kirk, O., Reiss, P., De Wit, S., Sedlacek, D., Beniowski, M., Gatell,
J., Phillips, A.N., Ledergerber, B., Lundgren, J.D. and EuroSIDA Study
Group. 2010. Estimated glomerular filtration rate, chronic kidney disease
and antiretroviral drug use in HIV-positive patients. Aids, 24: 1667-1678.

Mocroft, A., Lundgren, J.D., Ross, M., Fux, C.A., Reiss, P., Moranne, O., Morlat,
P., Monforte, A.D.A., Kirk, O. and Ryom, L. 2016. Cumulative and current
exposure to potentially nephrotoxic antiretrovirals and development of
chronic kidney disease in HIV-positive individuals with a normal baseline
estimated glomerular filtration rate: a prospective international cohort
study. The lancet HIV, 3: 23-32.

Mojola, S.A. 2011. Multiple transitions and HIV risk among orphaned Kenyan
schoolgirls. Studies in family planning, 42: 29-40.

Moreno-Cuerda, V.J., Morales-Conejo, M. and Rubio, R. 2006. Antiretroviral
treatment associated life-threatening adverse events. Medicina
clinica, 126: 744-749.

Morlat, P., Vivot, A., Vandenhende, M.A., Dauchy, F.A., Asselineau, J., Déti, E.,
Gerard, Y., Lazaro, E., Duffau, P., Neau, D. and Bonnet, F. 2013. Role of
traditional risk factors and antiretroviral drugs in the incidence of chronic
kidney disease, ANRS CO3 Aquitaine cohort, France, 2004—-2012. PLoS
One, 8: 1-8.

130



Morrissey, K.M., Stocker, S.L., Wittwer, M.B., Xu, L. and Giacomini, K.M. 2013.
Renal transporters in drug development. Annual review of pharmacology
and toxicology, 53: 503-529.

Mouri, M. and Badireddy, M. 2020. Hyperglycaemia. StatPearls Publishing
.Treasure Island (FL).

Mouton, J.P., Cohen, K. and Maartens, G. 2016. Key toxicity issues with the
WHO-recommended first-line antiretroviral therapy regimen. Expert
review of clinical pharmacology, 9: 1493-1503.

Mpondo, B.C., Kalluvya, S.E., Peck, R.N., Kabangila, R., Kidenya, B.R., Ephraim,
L., Fitzgerald, D.W. and Downs, J.A. 2014. Impact of antiretroviral therapy
on renal function among HIV-infected Tanzanian adults: a retrospective
cohort study. PLoS One, 9: DOI:
https://doi.org/10.1371/journal.pone.0089573.

Msango, L., Downs, J.A., Kalluvya, S.E., Kidenya, B.R., Kabangila, R., Johnson
Jr, W.D., Fitzgerald, D.W. and Peck, R.N. 2011. Renal dysfunction among
HIV-infected patients starting antiretroviral therapy in Mwanza,
Tanzania. AIDS (London, England), 25: 1421-1425.

Mukumbang, F.C., Van Belle, S., Marchal, B. and Van Wyk, B. 2016. Realist
evaluation of the antiretroviral treatment adherence club programme in
selected primary healthcare facilities in the metropolitan area of Western
Cape Province, South Africa: a study protocol. BMJ open, 6: DOI:
http://dx.doi.org/10.1136/bmjopen-2015-009977.

Mulenga, L., Musonda, P., Mwango, A., Vinikoor, M.J., Davies, M.A., Mweemba,
A., Calmy, A., Stringer, J.S., Keiser, O., Chi, B.H. and Wandeler, G. 2014.
Effect of baseline renal function on tenofovir-containing antiretroviral
therapy outcomes in Zambia. Clinical infectious diseases, 58: 1473-1480.

Murata, H., Hruz, P.W. and Mueckler, M. 2000. Indinavir inhibits the glucose
transporter isoform Glut4 at physiologic concentrations. Aids, 16: 859—
863.

Murata, M., Saito, T., Otani, T., Sasaki, M., lkoma, A., Toyoshima, H., Kawakami,
M. and Ishikawa, S.E. 2009. An increase in serum retinol-binding protein

131


https://doi.org/10.1371/journal.pone.0089573
http://dx.doi.org/10.1136/bmjopen-2015-009977

4 in the type 2 diabetic subjects with nephropathy. Endocrine journal, 56:
287-294.

Murty, M.S.N., Sharma, U.K., Pandey, V.B. and Kankare, S.B. 2013. Serum
cystatin C as a marker of renal function in detection of early acute kidney
injury. Indian journal of Nephrology, 23: 180-183.

Mwafongo, A., Nikanaunena, K. and Hosseinipour, M. 2013. Renal insufficiency
among women treated with tenofovir/emtricitabine/lopinavir/ritonavir or
tenofovir/emtricitabine/nevirapine. Atlanta, Georgia, USA: CROI.

Naicker, S., Rahmanian, S and Kopp, J.B. 2015. HIV and chronic kidney
disease. Clinal Nephrology. 83: 32—-38.

Nansseu, J.R., Bigna, J.J., Kaze, A.D. and Noubiap, J.J. 2018. Incidence and risk
factors for prediabetes and diabetes mellitus among HIV-infected adults
on antiretroviral Therapy. Epidemiology, 29: 431-441.

National Institute for Health and Clinical Excellence (NICE). 2006. Obesity:
guidance on the prevention, identification, assessment and management
of overweight and obesity in adults and children. NICE clinical guidance.

National Kidney Foundation (NKF). 2002. K/DOQI clinical practice guidelines for
chronic kidney disease: evaluation, classification, and stratification.
American Journal of Kidney Disease, 39: Nature Reviews in Nephrology,
11:150-160.

Nforbugwe, A.C., Asongalem, A.E., Nchotu, B.R., Tanue, E.A., Wirsiy, F.S. and
Assob, N.J. 2020. Assessment of the Effect of HAART on Renal Function
of HIV Patients Attending the Bamenda Regional Hospital,
Cameroon. The Open AIDS Journal, 14: 1-9.

Ni, X., Gu, Y., Yu, H., Wang, S., Chen, Y., Wang, X., Yuan, X. and Jia, W. 2018.
Serum adipocyte fatty acid-binding protein 4 levels are independently
associated with radioisotope glomerular filtration rate in type 2 diabetic
patients with early diabetic nephropathy. BioMedical research
international,

Nishijima, T., Kawasaki, Y., Mutoh, Y., Tomonari, K., Tsukada, K., Kikuchi, Y.,
Gatanaga, H. and Oka, S. 2017. Prevalence and factors associated with

132



chronic kidney disease and end-stage renal disease in HIV-1-infected
Asian patients in Tokyo. Scientific reports, 7: 1-8.

Nishijima, T., Kawasaki, Y., Tanaka, N., Mizushima, D., Aoki, T., Watanabe, K.,
Kinai, E., Honda, H., Yazaki, H., Tanuma, J. and Tsukada, K. 2014. Long-
term exposure to tenofovir continuously decrease renal function in HIV-1-
infected patients with low body weight: results from 10 years of follow-
up. Aids, 28: 1903-1910.

Nomaguchi, M., Doi, N., Koma, T. and Adachi, A. 2018. HIV-1 mutates to adapt
in fluxing environments. Microbes and infection, 20: 610-614.

Non, L.R., Escota, G.V. and Powderly, W.G. 2017. HIV and its relationship to
insulin resistance and lipid abnormalities. Translational Research, 183:
41-56.

Noubissi, E.C., Katte, J.C. and Sobngwi, E. 2018. Diabetes and HIV. Current
diabetes reports, 18: 1-8.

Nsagha, D.S., Assob, J.C.N., Njunda, A.L., Tanue, E.A., Kibu, O.D., Ayima, C.W.
and Ngowe, M.N. 2015. Risk factors of cardiovascular diseases in
HIV/AIDS patients on HAART. The open AIDS journal, 9: 51-59.

Nyangi, G., Festo, C. and Olotu, A. 2020. The Prevalence of Hypertension and
its association with HIV related factors in HIV patients on ART, Bagamoyo
district, Eastern Tanzania: Hypertension in adult HIV patients on
ART. East African Journal of Science, Technology and Innovation, 1:

Nyangi, G.l. 2020. Prevalence of hypertension and its association to HIV related
factors among HIV patients on antiretroviral medications in Bagamoyo
district, Tanzania (Doctoral dissertation, NM-AIST).

Ogunmola, O.J., Oladosu, O.Y. and Olamoyegun, A.M. 2014. Association of
hypertension and obesity with HIV and antiretroviral therapy in a rural
tertiary health center in Nigeria: a cross-sectional cohort study. Vascular
health and risk management, 10: 129-137.

Ojeh, B.V., Abah, I.0., Ugoagwu, P., Agaba, P.A., Agbaji, O.0. and Gyang, S.S.
2018. Incidence and predictors of tenofovir disoproxil fumarate-induced

renal impairment in HIV infected Nigerian patients. Germs, 8: 67—76.

133



Okpa, H.O., Bisong, E.M., Enang, O.E., Effa, E.E., Monjok, E. and Essien, E.J.
2019. Predictors of chronic kidney disease among HIV—infected patients
on highly active antiretroviral therapy at the University of Calabar Teaching
Hospital, Calabar, South-South Nigeria. HIV/AIDS (Auckland, NZ), 11:
61-67.

Orgenics, L. 2014. Alere Determine™ HIV-1/2 Ag/Ab Combo Package Insert.

Osler, M., Hilderbrand, K., Goemaere, E., Ford, N., Smith, M., Meintjes, G.,
Kruger, J., Govender, N.P. and Boulle, A. 2018. The continuing burden of
advanced HIV disease over 10 years of increasing antiretroviral therapy
coverage in South Africa. Clinical Infectious Diseases, 66: 118—125.

Overton, E.T., Nurutdinova, D., Freeman, J., Seyfried, W. and Mondy, K.E. 2009.
Factors associated with renal dysfunction within an urban HIV-infected
cohort in the era of highly active antiretroviral therapy. HIV medicine, 10:
343-350.

Overton, E.T., Patel, P., Mondy, K., Bush, T., Conley, L., Rhame, F., Kojic, E.M.,
Hammer, J., Henry, K. and Brooks, for the SUN Study Investigators, J.T.
2012. Cystatin C and baseline renal function among HIV-infected persons
in the SUN Study. AIDS research and human retroviruses, 28: 148-155.

Owiredu, W.K.B.A., Quaye, L., Amidu, N. and Addai-Mensah, O. 2013. Renal
insufficiency in Ghanaian HIV infected patients: need for dose
adjustment. African health sciences, 13: 101-111.

Pallela Jr, F.J., Li, X., Gupta, S.K., Estrella, M.M., Phair, J.P., Margolick, J.B.,
Detels, R., Kingsley, L. and Jacobson, L.P. 2018. Long-term kidney
function, proteinuria, and associated risks among HIV-infected and
uninfected men. AIDS, 32: 1247-1256.

Pangmekeh, P.J., Awolu, M.M., Gustave, S., Gladys, T. and Cumber, S.N. 2019.
Association between highly active antiretroviral therapy (HAART) and
hypertension in persons living with HIV/AIDS at the Bamenda regional
hospital, = Cameroon. The Pan  African Medical Journal, 33:
DOI:10.11604/pam}.2019.33.87.15574.

Penkalski, M.R. 2017. Antiviral Medications, Part 2: HIV Antiretroviral
Therapy. Medical-Surgical Nursing, 26: 327-331.

134



Perazella, M.A. 2010. Tenofovir-induced kidney disease: an acquired renal
tubular mitochondriopathy. Kidney international, 78: 1060-1063.

Peters, P.J., Moore, D.M., Mermin, J., Brooks, J.T., Downing, R., Were, W.,
Kigozi, A., Buchacz, K. and Weidle, P.J. 2008. Antiretroviral therapy
improves renal function among HIV-infected Ugandans. Kidney
international, 74: 925-929.

Raghavendra, M. and Vidya, M.J. 2013. Functions of kidney & artificial
kidneys. International Journal of Innovative Research, 1: 1-5.

Raper, J. and Dobbs, G. 2016. Human immunodeficiency virus disease and
acquired immunodeficiency syndrome. In T.M. Woo & M.V. Robinson
(Eds.), Pharmacotherapeutics for advanced practice nurse prescribers
Philadelphia, PA: F.A. Davis Co. pp: 1081-1102.

Ray, A.S., Cihlar, T., Robinson, K.L., Tong, L., Vela, J.E., Fuller, M.D., Wieman,
L.M., Eisenberg, E.J. and Rhodes, G.R. 2006. Mechanism of active renal
tubular efflux of tenofovir. Antimicrobial agents and chemotherapy, 50:
3297-3304.

Ray, P.E., Liu, X.H., Henry, D., Dye lll, L., Xu, L., Orenstein, J.M. and
Schuztbank, T.E. 1998. Infection of human primary renal epithelial cells
with HIV-1 from children with HIV-associated nephropathy. Kidney
international, 53:1217-1229.

Rednor, S.J. and Ross, M.J. 2018. Molecular mechanisms of injury in HIV
associated nephropathy. Frontiers in Medicine, 5: DOI:
https://doi.org/10.3389/fmed.2018.00177.

Redondo, C., Vouropoulou, M., Evans, J. and Findlay, J.B. 2008. Identification of
the retinol-binding protein (RBP4) interaction site and functional state of
RBPs for the membrane receptor. The Federation of American Societies
for Experimental Biology Journal, 22: 1043—-1054.

Reid, A., Stohr, W., Walker, A.S., Hakim, J., Ssali, F. and Munderi, P. 2009.
Glomerular dysfunction and associated risk factors through four years
following initiation of ART in adults with HIV Infection in Africa in the DART
trial. In 5th International AIDS Society Conference on HIV Pathogenesis,

Treatment and Prevention. Cape Town.

135


https://doi.org/10.3389/fmed.2018.00177

Republic of South Africa National Department of Health (NDoH). 2015. National
consolidated guidelines for the prevention of mother-to-child transmission
(PMTCT) and the management of HIV in children, adolescents and adults.

Republic of South Africa National Department of Health (NDoH). 2019. 2019 ART
Clinical Guidelines for the Management of HIV in Adults, Pregnancy,
Adolescents, Children, Infants and Neonates.

Rockwood, N., Mandalia, S., Bower, M., Gazzard, B. and Nelson, M. 2011.
Ritonavir-boosted atazanavir exposure is associated with an increased
rate of renal stones compared with efavirenz, ritonavir-boosted lopinavir
and ritonavir-boosted darunavir. AIDS, 25: 1671-1673.

Ross, R., Neeland, I.J., Yamashita, S., Shai, I., Seidell, J., Magni, P., Santos,
R.D., Arsenault, B., Cuevas, A., Hu, F.B. and Griffin, B.A. 2020. Waist
circumference as a vital sign in clinical practice: A Consensus Statement
from the IAS and ICCR Working Group on Visceral Obesity. Nature
Reviews Endocrinology, 16: 177-189.

Rwegerera, G.M., Shailemo, D.H., Rivera, Y.P., Mokgosi, K.O., Bale, P., Oyewo,
T.A., Luis, B.D., Habte, D. and Godman, B. 2021. Metabolic control and
determinants among hiv-infected type 2 diabetes mellitus patients
attending a tertiary clinic in Botswana. Diabetes, Metabolic Syndrome and
Obesity: Targets and Therapy, 14: 85-97.

Ryom, L., Mocroft, A. and Lundgren, J.D. 2014. Antiretroviral therapy, immune
suppression and renal impairment in HIV-positive persons. Current
opinion in HIV and AIDS, 9: 41-47.

Ryom, L., Mocroft, A., Kirk, O., Worm, S.W., Kamara, D.A., Reiss, P., Ross, M.,
Fux, C.A., Morlat, P., Moranne, O. and Smith, C. 2013. Association
between antiretroviral exposure and renal impairment among HIV-positive
persons with normal baseline renal function: D: A: D Study. The Journal of
infectious diseases, 207: 1359-1369.

Salome, T., Kasamba, I., Mayanja, B.N., Kazooba, P., Were, J., Kaleebu, P. and
Munderi, P. 2016. The effect of Tenofovir on renal function among
Ugandan adults on long-term antiretroviral therapy: a cross-sectional
enrolment analysis. AIDS research and therapy, 13: 1-9.

136



Saunders, J.R., Aminian, A., McRae, J.L., O'Farrell, K.A., Adam, W.R. and
Murphy, B.F. 1994. Clusterin depletion enhances immune glomerular
injury in the isolated perfused kidney. Kidney international, 45: 817-827.

Scarr, D., Bjornstad, P., Lovblom, L.E., Lovshin, J.A., Boulet, G., Lytvyn, Y.,
Farooqi, M.A., Lai, V., Orszag, A., Weisman, A. and Keenan, H.A. 2019.
Estimating GFR by serum creatinine, cystatin C, and 2-microglobulin in
older adults: results from the Canadian study of longevity in type 1
diabetes. Kidney international reports, 4: 786—796.

Schaeffner, E. 2017. Determining the glomerular filtration rate-an
overview. Journal of Renal Nutrition, 27: 375-380.

Scherzer, R., Estrella, M., Yongmei, L.I., Deeks, S.G., Grunfeld, C. and Shlipak,
M.G. 2012. Association of tenofovir exposure with kidney disease risk in
HIV infection. AIDS (London, England), 26: 867—-875.

Scheurer, D. 2004. Rapid reversal of renal failure after initiation of HAART: a case
report. The AIDS reader, 14: 443-447.

Schmid, S., Opravil, M., Moddel, M., Huber, M., Pfammatter, R., Keusch, G.,
Ambuhl, P., Wuthrich, R.P., Moch, H. and Varga, Z. 2007. Acute interstitial
nephritis of HIV-positive patients under atazanavir and tenofovir therapy in
a retrospective analysis of kidney biopsies. Virchows Archiv, 450: 665—
670.

Seedat, Y.K., Rayner, B.L. and Veriava, Y. 2014. South African hypertension
practice guideline 2014. Cardiovascular journal of Africa, 25: 288—-295.

Seegmiller, J.C., Eckfeldt, J.H. and Lieske, J.C. 2018. Challenges in measuring
glomerular filtration rate: a clinical laboratory perspective. Advances in
chronic kidney disease, 25: 84-92.

Sharp, P.M. and Hahn, B.H. 2011. Origins of HIV and the AIDS pandemic. Cold
Spring Harbor perspectives in medicine, 1: DOI:
10.1101/cshperspect.a006841.

Sherwood, L. 2015. Human physiology: from cells to systems. Cengage learning.
ot edition. pp: 491.

Shisana, O., Rehle, T., Simbayi, L.C., Zuma, K., Jooste, S., Zungu, N.,
Labadarios, D. and Onoya, D. 2014. South African national HIV

137



prevalence, incidence and behaviour survey, 2012. Cape Town: HSRC
Press

Sia, D., Onadja, Y., Hajizadeh, M., Heymann, S.J., Brewer, T.F. and Nandi, A.
2016. What explains gender inequalities in HIV/AIDS prevalence in sub-
Saharan Africa? Evidence from the demographic and health
surveys. BMC public health, 16: 1-18.

Simbayi, L., Zuma, K., Zungu, N., Moyo, S., Marinda, E., Jooste, S., Mabaso, M.,
Ramlagan, S., North, A., Van Zyl, J. and Mohlabane, N. 2019. South
African National HIV Prevalence, Incidence, Behaviour and
Communication Survey, 2017: towards achieving the UNAIDS 90-90-90
targets.

So-Armah, K., Benjamin, L.A., Bloomfield, G.S., Feinstein, M.J., Hsue, P.,
Njuguna, B. and Freiberg, M.S. 2020. HIV and cardiovascular
disease. The Lancet HIV, 7: 279-293.

Statista. 2020. HIV/AIDS worldwide. Statistics and facts. Accessed: 15/01/2021.
Available from: https://www.statista.com/topics/773/hiv-aids-worldwide/.

Statistics South Africa (StatsSA). 2017. South Africa Demographic and Health
Survey 2016: Key Indicator Report South Africa. Pretoria: StatsSA.

Statistics South Africa (StatsSA). 2019. Mid-year population estimates 20109.
Statistical release P0302.

Stevens, L.A., Coresh, J., Greene, T. and Levey, A.S. 2006. Assessing kidney
function-measured and estimated glomerular filtration rate. New England
Journal of Medicine, 354: 2473—-2483.

Strategies for management of antiretroviral therapy (SMART) Study Group. 2006.
CD4+ count-guided interruption of antiretroviral treatment. New England
Journal of Medicine, 355: 2283-2296.

Swanepoel, C.R., Atta, M.G., D’Agati, V.D., Estrella, M.M., Fogo, A.B., Naicker,
S., Post, F.A., Wearne, N., Winkler, C.A., Cheung, M. and Wheeler, D.C.
2018. Kidney disease in the setting of HIV infection: conclusions from a
Kidney Disease: Improving Global Outcomes (KDIGO) Controversies

Conference. Kidney international, 93: 545-559.

138


https://www.statista.com/topics/773/hiv-aids-worldwide/

Thomas, D., Zachariah, S., Elamin, A.E.E. and Hashim, A.L.O. 2017. Limitations
of serum creatinine as a marker of renal function. Sch Acad J Pharm, 6:
168-170.

Tokarz, V.L., MacDonald, P.E. and Klip, A. 2018. The cell biology of systemic
insulin function. Journal of Cell Biology, 217: 2273—-2289.

Touloumi, G., Kalpourtzi, N., Papastamopoulos, V., Paparizos, V., Adamis, G.,
Antoniadou, A., Chini, M., Karakosta, A., Makrilakis, K., Gavana, M. and
Vantarakis, A. 2020. Cardiovascular risk factors in HIV-infected
individuals: Comparison with general adult control population in
Greece. PL0S One, 15: DOl:
https://doi.org/10.1371/journal.pone.0230730.

Tzur, S., Rosset, S., Shemer, R., Yudkovsky, G., Selig, S., Tarekegn, A., Bekele,
E., Bradman, N., Wasser, W.G., Behar, D.M. and Skorecki, K. 2010.
Missense mutations in the APOL1 gene are highly associated with end
stage kidney disease risk previously attributed to the MYH9 gene. Human
genetics, 128: 345-350.

UNAIDS special analysis. 2020. UNAIDS data 2020. [cited 02/02/2021]. Available

from: http://aidsinfo.unaids.org/.

UNAIDS. 2018. UNAIDS data 2018.
[https://www.unaids.org/sites/default/files/media_asset/unaids-data-
2018_en.pdf].

UNAIDS. 2020. Global HIV and AIDS statistics. 2020 factsheet. Accessed:
15/01/2021. [https://www.unaids.org/en/resource[s/fact-sheet].

United states Food and Drug Administration. 2020. HIV and AIDS: Medicines to
help you. Accessed: 19/12/2020. Available from:
https://www.fda.gov/consumers/free-publications-women/hiv-and-aids-
medicines-help-you.

US Department of Health and Human Services. 2018. AIDS Info Glossary of
HIV/AIDS Related Terms.

Vaidya, V.S., Ferguson, M.A. and Bonventre, J.V. 2008. Biomarkers of acute
kidney injury. Annu. Rev. Pharmacol. Toxicol, 48: 463—-493.

139


https://doi.org/10.1371/journal.pone.0230730
http://aidsinfo.unaids.org/
https://www.unaids.org/sites/default/files/media_asset/unaids-data-2018_en.pdf
https://www.unaids.org/sites/default/files/media_asset/unaids-data-2018_en.pdf
https://www.unaids.org/en/resource%5bs/fact-sheet
https://www.fda.gov/consumers/free-publications-women/hiv-and-aids-medicines-help-you
https://www.fda.gov/consumers/free-publications-women/hiv-and-aids-medicines-help-you

van Veldhuisen, D.J., Ruilope, L.M., Maisel, A.S. and Damman, K. 2015.
Biomarkers of renal injury and function: diagnostic, prognostic and
therapeutic implications in heart failure. European Heart Journal, 37:
2577-2585.

Vasiljevic, |., Gardasevic, J., Kezunovic, M. and Bojanic, D. 2017. Waist
circumference as an indicator abdominal obesity in middle age. Sport
Mont, 15: 21-22.

Visseaux, B., Damond, F., Matheron, S., Descamps, D. and Charpentier, C.
2016. Hiv-2 molecular epidemiology. Infection, Genetics and
Evolution, 46: 233-240.

Vitali, D., Wessels, J.M. and Kaushic, C. 2017. Role of sex hormones and the
vaginal microbiome in susceptibility and mucosal immunity to HIV-1 in the
female genital tract. AIDS research and therapy, 14: 1-5.

Wearne, N., Davidson, B., Blockman, M., Swart, A. and Jones, E.S. 2020. HIV,
drugs and the kidney. Drugs in context, 9: 1-17.

Weinert, L.S., Prates, A.B., do Amaral, F.B., Vaccaro, M.Z., Camargo, J.L. and
Silveiro, S.P. 2010. Gender does not influence cystatin C concentrations
in healthy volunteers. Clinical chemistry and laboratory medicine, 48: 405—
408.

Whiteside, A. 2016. HIV & AIDS: A very short introduction. Oxford University
Press. 2"d edition. pp: 1-20.

Winston, J.A., Bruggeman, L.A., Ross, M.D., Jacobson, J., Ross, L., D'Agati,
V.D., Klotman, P.E. and Klotman, M.E. 2001. Nephropathy and
establishment of a renal reservoir of HIV type 1 during primary
infection. New England Journal of Medicine, 344: 1979-1984.

World Health Organisation (WHO). 2008. Waist Circumference and Waist—Hip
Ratio: Report of a WHO Expert Consultation Geneva, 8-11 December
2008. [whglibdoc.who.int/publications/2011/9789241501491 eng.pdf].

World Health Organisation (WHO). 2013. When to start ART in adults and
adolescents. Consolidated ARV guidelines, June 2013.
[https://www.who.int/hiv/pub/guidelines/arv2013/art/statartadolescents/e/]
. Accessed on 06/10/19.

140


https://www.who.int/hiv/pub/guidelines/arv2013/art/statartadolescents/e/

World Health Organisation (WHO). 2020. HIV/AIDS. Factsheets. Accessed:
15/01/2021. [https://www.who.int/news-room/fact-sheets/detail/hiv-aids].

World Health Organisation (WHO). 2021. HIV/AIDS. Available at
https://www.who.int/news-room/fact-sheets/detail/hiv-aids. Accessed: 10
August 2021.

World Health Organization (WHO). 1995. Physical status: The use and
interpretation of anthropometry: report of a WHO Expert Committee.

Wyatt, C.M. 2017. Kidney disease and HIV infection. Topics in antiviral
medicine, 25: 13-16.

Wyatt, C.M., Klotman, P.E. and D'Agati, V.D. 2008. HIV-associated nephropathy:
clinical presentation, pathology, and epidemiology in the era of
antiretroviral therapy. Seminars in nephrology, 28: 513-522.

Xu, Y., Chen, X. and Wang, K. 2017. Global prevalence of hypertension among
people living with HIV: a systematic review and meta-analysis. Journal of
the American Society of Hypertension, 11: 530-540.

Yedla, S., Hameer, P.T. and Ansari, N. 2015. Nephrotoxicity Associated with
HAART. Frontiers in Clinical Drug Research: HIV, 1: 266.

Yin, J. and Wang, J. 2016. Renal drug transporters and their significance in drug—
drug interactions. Acta Pharmaceutica Sinica B, 6: 363-373.

Yombi, J.C., Jones, R., Pozniak, A., Hougardy, J.M. and Post, F.A. 2015.
Monitoring of kidney function in HIV-positive patients. HIV medicine, 16:
457-467.

Yombi, J.C., Pozniak, A., Boffito, M., Jones, R., Khoo, S., Levy, J. and Post, F.A.
2014. Antiretrovirals and the kidney in current clinical practice: renal
pharmacokinetics, alterations of renal function and renal
toxicity. AIDS, 28: 621-632.

Young, J., Schafer, J., Fux, C.A., Furrer, H., Bernasconi, E., Vernazza, P., Calmy,
A., Cavassini, M., Weber, R., Battegay, M. and Bucher, H.C. 2012. Renal
function in patients with HIV starting therapy with tenofovir and either
efavirenz, lopinavir or atazanavir. AIDS, 16: 1257-1263.

Zellweger, T., Miyake, H., July, L.V., Akbari, M., Kiyama, S. and Gleave, M.E.

2001. Chemosensitization of human renal cell cancer using antisense

141


https://www.who.int/news-room/fact-sheets/detail/hiv-aids
https://www.who.int/news-room/fact-sheets/detail/hiv-aids

oligonucleotides targeting the antiapoptotic gene clusterin. Neoplasia, 3:
360-367.

Zolopa, A., Sax, P.E., DeJesus, E., Mills, A., Cohen, C., Wohl, D., Gallant, J.E.,
Liu, H.C., Plummer, A., White, K.L. and Cheng, A.K. 2013. A randomized
double-blind comparison of co-formulated
elvitegravir/cobicistat/emtricitabine/tenofovir disoproxil fumarate versus
efavirenz/emtricitabine/tenofovir disoproxil fumarate for initial treatment of
HIV-1 infection: analysis of week 96 results. JAIDS Journal of Acquired
Immune Deficiency Syndromes, 63: 96-100.

142



APPENDICES

Appendix A. Consent letter (English and Sepedi version)

Department of Physiology and Environmental

Health University of Limpopo
Private Bag X1106

Sovenga

0727

Date:

Dear Participant

This letter is an invitation to participate in the study that investigate renal function and
its association with cardiovascular risk factors among HIV-infected patients. We assure

you that your responses to the interview will remain strictly confidential.

The researcher will attempt not to identify you with the responses you give during the
interview or disclose your personal details as a participant in the study. Please note
that your participation in this study is voluntary and you have a right to withdraw from
participating at any time should you wish to do so. Kindly answer all questions as

honestly possible. Your participation in this study is very important
Thank you for your time and cooperation.

Yours

Student

Supervisor
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Department of Physiology and Environmental
Health

University of Limpopo
Private Bag X1106
Sovenga

0727

LetSatSikgwedi:

Thobela MotSeakarolo

Lengwalo le ke memo go wena go tsea karolo mo thutong malebana le go nyakiSiSa
‘renal function and its association with cardiovascular risk factors among HIV-infected
patients’. Rego netebatSa gore dikarabo tSa gago go diputsiSo tSe di tla tshwarwa ka

mokgwa wa sephiri.

sviwe

nyakisiSong ye, le go se utulle leina la gago bjalo ka motSeakarolo mo nyakisiSong ye.
O tsebiSwa gore go tSea karolo mo nyakisiSong ye ke ka boithaopo, le gore o nale
tokelo ya go ikgogela morago nako efe goba efe ge o nyaka. O kgopelwa go araba

diputSiSo tSe ka botshephegi bjo bogolo.
Go tSea karolo ga gago go mo nyakisiso e go bohlokwa kudu.
Ke leboga nako ya gago le tShomiSano mmogo.

Wa lena

Morutwana

Mohlahli
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Appendix B: Consent form (English and Sepedi version)

I hereby agree to participate in

a master's research project that focuses on investigating renal function and its

association with cardiovascular risk factors among HIV-infected patients.

The purpose of this study has been fully explained to me. Furthermore, | understand
that | am participating freely and without being forced in any way to do so. | also
understand that | can terminate my participation in this study at any point should | wish

to do so, and that this decision will not affect me negatively in any way.

| understand that this is a research project, whose purpose is not necessarily to benefit
me personally. | understand that my details as they appear in this consent form will not

be linked to the interview schedule and that my answers will remain confidential.

Signature:

Date:
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Foromo ya tumelelo

Nna ke dumela go tSea karolo

mo morerong wa nyakisiSo ye itebanyago le go investigating renal function and its
association with cardiovascular risk factors among HIV-infected patients.

Ke hlaloseditSwe ka maikemisSetSo a nyakiSiSo e, ebile ke kwesiSa gore ke tSea karolo
ka go ithaopa ka ntle le go gapeletSwa. Ke kwesiSa gape le gore nka ikgogela morago
go tSea karolo nako efe le efe ge nka kwa ke sa nyake go tSwela pele, le gore kgato
yeo e ka se nkame ga mpe.

Ke kwesiSa gore se ke morero wa nyakisiso, o maikemiSetSo a gona e sego go nthusa
ka bo nna, ke kwesisa le gore leina laka le ge ikaba ditaba tSeo di filwego ka nna bjalo
kage di tSwelela mo foromong ya tumelelo di kase utullwe di tla SireletSwa.

Signature:

LetSatSikgwedi:
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Appendix C : Questionnaire

SOCIO-DEMOGRAPHICS

Age (years)

Gender (indicate with an “X") Male female
Ethnicity Pedi Ndebele
Zulu Sotho
Tswana Zimbabwe
an
Venda Tsonga

If other, specify

Marita status

Married

Living together

Never married

Divorced

Partner deceased

Education level

No formal education

Primary

Secondary

Tertiary

Employment status

Employed

Unemployed

Self-employed

Casual jobs

Pensioner

Smoking (indicate yes or no)

Alcohol consumption (indicate yes

or no)
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SOCIO-DEMOGRAPHICS

Age (years)

Gender (indicate with an “X’) Male female
Ethnicity Pedi Ndebele
Zulu Sotho
Tswana Zimbabwe
an
Venda Tsonga

If other, specify

Marita status

Married

Living together

Never married

Divorced

Partner deceased

Education level

No formal education

Primary

Secondary

Tertiary

Employment status

Employed

Unemployed

Self-employed

Casual jobs

Pensioner

Smoking (indicate yes or no)

Alcohol consumption (indicate yes
or no)

MEDICAL INFORMATION

HIV Status (positive or negative)
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Do you take cART medication? YES
(indicate with “X”)

NO

Specific ART combination

For how long you have been using
CART?

Specific Cart

Do you take your medication every | YES
day?

NO

If no specify why

Most recent CD4+ count

Viral load

Year of HIV diagnosis

Potential side effects

Other medications

MEDICAL HISTORY

Have you suffered or do you suffer | YES
from TB or UTI?

NO

If yes, specify the type of infection
and the medication

Were you diagnosed of any renal YES
disease?

NO

If yes, specify

Have you ever had kidney
transplant or dialysis?

Any history of cardiac YES
complications?

NO

If yes, specify

Breast feeding or Pregnant YES

NO

Have you reached menopause? YES

NO

ANTHROPOMETRIC MEASUREMENTS

Weight
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Height

Waist circumference

B

LOOD PRESSURE

Systolic

Diastolic
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Appendix D: Registered nurse license

SO AL N

parson
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Appendix E: Department of Medical Science permission letter

University of Limpopo
Private Bag 1106, Sovenga, 0727, South Africa
Tel: (015) 268 2273, Fax: (015) 268 2272, Email:Solomon.Choma@ul.ac.za

To: [Ar S Hansar

Principal Investigator: Renal Function and its association with cardiovascular
risk factors among HIV infected patients
From: Choma SSR
HUD: Pathology and Medical Sciences
Date: 22 March 2019 :
LYSI AM o o # "‘\x -

This memo serves to conﬁn-n that the Depar!ment of Pathology and Medical Sccences has the
Iaboratory equment to run the Rena! Fundlon tesls such as Creaﬁmne. Urea Soduum and,
Poﬂasnum Storage space‘u also available for ali lhe blood samples that will cnllactod ~r

.r

Furthelmona it has personnel who can perform rapid HIV tesllng . 4 %
4 ’\,

Please noje that as per verbai oommumca(non the depaﬂmont Is willing to collaborate with your
rebeurch §roup and will thus run these tests on your behalf al na cost except for

{il Co-authorship of research articles utilising results from thase tests and

(i) Your department purchases reagents required for running these tests and calibration of

related equipment.

Pleass note that it is not a raquirement of the HPCSA to use an accredited laboratory for running

medical tests for research purposes.
Yours Sincerely,
Chom B s
T {0F)
_—

Fit soluticns for ;\fn'cu
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Appendix F: University of Pretoria permission letter

. ' i e Lo lpyad
Y e T. ONAL & 4 1 Medderonsein Road, Sandringha, 2001
Al P St S S TS Tel +27 {037 1 255 032@ Fax « 27 (0)1° 235 5586
QRY IERY H Raforence:

SERVICE LEVEL AGREEMENT {SLA)
Betweert
MATICMNAL INSTITUTE FOR COMPMUMNICABLE OISEASES {NICD)

A diviston of the National Health Laboratory Service, being a schedule 3A public entity of the National Department of
Health, duly esteblished as such in terms of National Health Laboratory Service Act, 37 of 2000, and Pubfic Finance
fanagement Act, D1 of 1929; having its principal place of business at 01 Modderfontein Road, Sandringham,
Johannesburg, 2131, South Africa; duly represeated by Dr. Karmani Chetty, in her capacity as Acting Chief Exccutive
Officar, through its Centre for Vacclnes and Immunology, Nationa! institute for Communicable Diseases

And
Department of Physiclogy and Environmental Health, University of Limpopo

1. Agreemeant cverview

This Agreement represent a Service level Agreement “SLAY or “Agreement” between Centre for
Vacdnes and Iimmunclogy (CVL, National Institute for Communicahle Diseases and Department of
Physiology and Environmental Health, University of Limpopo for the purposes of promoting their
<o-cperation In academic education and research.

This agreement remains valid untll superseded by a revised agreement mutually endorsed by the
stake helders,

This agreement outlines the parameters the roles and responsibilities, as they are mutualfy
understood by the stakeholders. This agreement does not supersede current processes and
procedures unless explicitly stated herein.

Z. Scope
* The goal and objectives of this SLA is to clearly identify the roles and responsibilities of each party as
they conduct 1esearch on the Luminex 200 instrument at the Centre for Vaccines and Immunology

at the National Institute for Communicable Diseases.

3. Purpose -
The purpase of this SLA is to establish a process where Centre for Vaccines and immunolagy will be

able to periodically invoice Department of Priysiology and Enviranmental Health, University of

P =T Buch D Karmani Chaity

T Modderfecten Road, Sanddrchom. Jokannestum, Sauth Afes Fruaa 83 XE. Sundhirpname 2131, Souh Adnsa
T ¥27 (2; 11 330 SO0 D860 SO MH! S(545T
LOINIZER
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10.

Lirnpaps at an hourly besis for Lumines 00 wse, This fec indudes sheath fluid and routine

equipment maintenance but excludes comsumabbes such as Luminey Calibration and Verification
baads,

Pre-conditlons

& pre-condition for working in the [aboratory will be testing of immunity Lo hieacles, Rubella,
Hepatitls B and Polio,

Financlal Arrangements

Usze of the Luminex 200 systemn will be pilled hased on an hourly rate of R350 per hour for the
duration of the contract Addltional costs, such 35 USage of Luminex Calibration arnd Watidation Kits
will be billed according te their daily usage at R340 and RSB0, respectively. These fees may b
reviewad, gnd subject to Consumer Price index, oy change during the duration of the contract.

Reporting Usage

Uze of equipment Is to be manually logged by Departnent of Physiology and Enwironmental Health,
University of Limpopo staff using the logs cheets at the Lumines 200 instrument pench and signed
off hy an authorised staff of the Centre for vaccines and immunatogy. Hourly usage will be quarteriy
collatad and a valid tax invoice will be issued to the Department of Physiology and Ernviromrmsental
Health, University of Limpopa for payrrent inks 8 designated NICD account.

Ganeral Coordinatars
Each Party shall designata an administrative office to oversee and facllitate the implementation of
ary agresments arising out of this SLA. Thase offices are:

Centre for Vacdnes and II'I'ITI'IIInlEIlDﬂV [Cwiy: Dépar'lmmt of Physiology and Eﬂvirunfﬁ;:!ntal i
_ ] - Health, University of Limpopo:
O Heather Hong _ Mir Sidney Hanser _|
E-maik: heatherb@onicd.ac.ca i E-mail: idneu.hansn:r@uﬁ.ar_..-:a
| Tel: +27 11 386 5461 ) _ T [wek ' - _ ‘—_I

Liability

Except for loss o1 damages caused through gross negligence or intent, the Parties shall have no
liability to each other hereunder.

Lega! Relatonship
This SL& shall be construed as a statemeant of purpose to promote 3 gonuine and mutually beneficial
coliabaration between the Parties- This 5LA shall create any lagal relationship betweon the Parties.

Acknowledgements
2
Prof =i Sacm Ly Kamaani Shiathy
4 pdomderioese Fasd. Sancringbarn Jokmgechury, Soith A5 i Dag B0 Sancrngame, 2929 Gauth srmics
w2 00y 1 3BG B0 R0 D0 KES ALEAET
S20108
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Please note that we expect yau to acknowledge the unlt when publishing resufts using any of the
CVI unit instruments or scivices. e.g. "Luminex analysis was performed at the Centre for Vaccines
and Immunology, National Institute for Communicable Discases.” Kindly inform the Flow unit
personnel about your publication.

Commencemant, Renewal, Termination
This SLA will be effective from the date of the last signature hereto and will remain in force for a

time period of one (1) years, with a possibility for renewnl at the end of the period, subject to the
Parties’ written agreement. Efther Party may terminate this SLA by giving three {3} months’ notice in
writing to the other Party.

This SLA has been drawn up in two (2} original copies in the English language, pach Party recciving
one duly signed copy hereof.

Signed on behalf of NHLS {NICD) through Its Centre for Vaccines and mmunclogy

Full Mame: rmani Ch =y
Designation & Position: Acting Chief Executive Officer
Address: 01 Modderfontein Road, Sandringham 2031 o

Slzgnature & Date:

Signed on behalf of Depariment of Physkology and Environmentsl Health, University of Umpépo:
Full Name: Bre o) vorn Rrasis)

Designation & Position: Meadd ¢ Depocbwend: _

Address: w%i& .
Signature & Date: et — T T -

3

Praf Eno Buch g Cr <nrrarl Chetty

* RoddaTordsn Rced, Sandingraey ohanaciag Sculk Alica : Pdunla Boag XE. Sond” vghor 2701, Gaudh A
427 70) 71 288 €050 DOEC OO NHLB(34ST"

520004t
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Appendix G: Classification criteria

South African Hypertension practice guidelines (Seedat et al., 2014)

BP category SBP (mmHg) DBP (mmHg)
Normal <120 <80
Optimal 120-129 80-84
High normal 130-139 85-89
Grade 1 140-159 90-99
Grade 2 160-179 100-109
Grade 3 =180 2110

International Classification of adult underweight, overweight and obesity
according to BMI (WHO, 1995; NICE, 2006)

Classification BMI (kg/m?)
Underweight <18.5
Health weight 18.5-24.9
Class 1 obesity, overweight 25.0-29.9
Class 2 obesity, obesity 30.0-39.9
Class 3 obesity, morbid obesity 240

World Health Organization cut-off points and risk of metabolic complications
(WHO, 2008)

Indicator Cut off points (cm) Risk of metabolic
complications

Waist circumference >94 (M), > 80 (W) Increased

Waist circumference >102 (M), > 88 (W) Substantially increased

Waist circumference and waist—hip ratio: report of a WHO expert consultation, Geneva, 8-11
December 2008. M= men W= women
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Classification and diagnosis of diabetes: Standards of medical care in diabetes
(ADA, 2019)

Category FBG (mmol/l)
Normal <5.6
Prediabetes (IFG) 5.6-6.9
Diabetes 27.0

National kidney foundation (NKF) guidelines for classification of CKD: GFR
categories in CKD (NKF, 2002)

Category GFR (ml/min/1.73m?)
Normal or high =90

Mildly decreased 60-89

Mildly to moderately decreased 45-59
Moderately to severely decreased 30-44
Severely decreased 15-29

Kidney failure <15
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Appendix H: School approval letter

Pty S e ans g s lae

School of Molecular and Life Sciencas

10042019

MAME OF STUDEMNT: Jr CHOSHI

STUDEMNT HUMBER: 21402005

DEFARTMEMT: PHYSIOLOGY & ENVIRDMEMNTAL HEALTH

QUALIFICATION CODE:  PSCADT
Dear JW Choshi

SCHOOL APFROVAL OF PROPDSAL (REF No: SMLS/SRC/2012403)

| hawve the pleasure of infaorming youw that your Master's reseanch proposal that served
at the School Resesarch Commiltee {SAC-SKMLS) was approved on the 10 April 2012 as
fallows:

Title of the study: Assessing renal functlon and itz association with cardiovascular

risk factars among Humean Tmmunodsficien oy virus-infected patients.

Supervisor: kir S Hanzer
Co-Supervisor: O B Flepisi (LW

Yours faithfully,

Y e

Dr KLM Moganedi
Chairperson: School Research Commities

CZ: Supenvisar
HOD-FPEH
Director-SMLS
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Appendix I: Faculty approval letter

P2l G are Seime 1

13A0aE2018

MAME QOF STUDEMNT: Choshi Jiv

STUCENT MUMBER: 2074029085

DEFARTREMT: Physiclogy and Environmental Haalth
SCHOOL: Molecular and Lils Sciences
CQUALIFICATION: PAECADA

Dear Mr Choshi
FACULTY APPROVAL OF PROFPOSAL (FROPOSAL NO. 92 OF 2019)

| have pleasure in informing you that your masters proposal served ai the Faculty
Higher Degreas Committee meaeting held on 16 May 2019 snd your title was approved
A follows:

“Agsessing renal function and its assaciation with cardiovascular risk factors
among human immunoedeficiency virus-infected pationts™

Mote the following: The shudy
| Ethical Clearance ) Tick Cne

Rayguires no sthical cesranee

Froceed with the study

Requires eth cal clearance [Human [TRZC) (apply anlire) N

Froosed with Lhe sludy only after rzce pt of eshizal clearance centlficate

Requires ethical clearance [Anirma ) ARLC)

Proceed with the stucy anly aflar raceipt of athical clearanne catificete

Yours faithiully

Prof oko
Secretariat: Faculty Higher Degress Committes

CC: Mr 5 Hanser
Or M YVan staden
Prof L.J Mampuru
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Appendix J: Ethical clearance approval letter

University of Limpopo
Department of Research Administration and Development
Private Bag X1106, Sovenga, 0727, South Africs
Twal: {015] 268 3935, Fax: (015) 268 2306, Email: anastasia.ngobe®@ul.ac.za

TURFLOOP RESEARCH ETHICS COMMITTEE
ETHICS CLEARANCE CERTIFICATE

MEETING: 02 October 2019
PROJECT NUMBER: TREC/315/2019: PG
PROJECT:

Assessicg Renal Functior and s Associ on with Cardiovasculsr Risic

Title:
Factors fimong Human Immunodeficiency Virus infacred Patients,
Researchor: Jr Choshi
Supervisor: Mr S Hanser
Co-Supervisor/s: Dr B Flepisi [UWC)
School: folecularand Life Sciences
Degree: rraster of Scence in Physialogy

PR P MASOKO
IRPERSON: TURFLOOP RESEARCH ETHICS COMMIT TEE

The Tu~iocp Research Ethics Coeimrictes ITREZ) is ragistered v ith the National Health Rescarch E4mics

Cpuncil, FRegstration Number: REC—03101711-031
[ Note:
1 This Ethics Clearance Certificate will be valid for onc (1} year, as fram the abovementioned |

(or annual review) need to be received by TREC ane

date. Application for annual renewal
month before Iapse of this period.

i} Should any departure be contemplated from the research
researcher(s) must re-submit the protocol to the co
Amendment farm,

| iii) PLEASE QUOTE THE PROTOCOL NUMBEER IN ALL ENQUIRIES.

procedure as approved, the
mmittee, together with the Application for

Firdirag solis?
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Appendix K: Letter of request for permission to Department of Health

SENIOR MANAGER

LIMPOPO DEPARTMENT OF
HEALTH AND SOCIAL
DEVELOPMENT

PRIVATE BAG X9302
POLOKWANE
0700

Dear sir/madam

As an MSc student under supervision of Dr Sidney Hanser and Dr Brian Flepisi,
| write to you to request permission to conduct the study we have undertaken at
university of Limpopo to investigate the effect of antiretroviral drugs on kidney
function and cardiovascular risk among HIV-positive patients of the Mankweng
district. This study has been approved by Turfloop Research Ethics Committee
(project number TREC/315/2019: PG). Furthermore, this study will provide
important health information to the HIV patients and may help guide various
stakeholders about the use of more reliable markers for diagnosing renal

abnormalities.

We hope you take it into consideration and grant an approval for us to continue
with the study. For detailed information about the study, the proposal and ethical

certificate are provided with this letter.

Yours faithfully,

JM CHOSHI
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Appendix L: Department of Health approval letter

x

Department of
Health Approval lett

162



