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ABSTRACT

Prior to the introduction of antiretroviral therapy (ART) in South Africa in 2004, people living
with human immunodeficiency virus (PLHIV) suffered high mortality. However, with the
advancements in enhancing early detection or diagnosis, linkage to treatment, and availability
of ART, PLHIV now have an increasing life expectancy. These improvements in access to care for
PLHIV have resulted in the decline of HIV cause-specific mortalities, with an increase in cases of
chronic diseases in this ageing population. In many developed countries, the demographics of
the HIV epidemic have shifted significantly towards individuals aged over 50 years. In South
Africa, where the highest burden of the HIV epidemic in sub-Saharan Africa (SSA) is recorded
and about 8.45 million people are affected, the prevalence of HIV in the population aged over
50 years increased from 7.1% in 2012 to 12.5% in 2017. Recent studies outside Africa suggest
higher prevalence and earlier incidence of comorbidities in PLHIV, especially those older than
50 years. More research is needed in SSA to find out if similar trends may be seen. Considering
the expanding ageing population of PLHIV within SSA, it is important to understand the health
needs of this population now and in the future, as well as identifying potential drivers of
comorbidities that may provide avenues for future interventions. The aim of this thesis was to
explore the HIV and comorbidity profiles in a virtual cohort from the healthcare client
population accessing care in public facilities in Khayelitsha, Cape Town, South Africa. This virtual
cohort refers to the population of healthcare clients with longitudinal data generated from
routine administrative health records who were not encountered physically in this study. Their

longitudinal data include both retrospective and prospective records.

Routinely collected healthcare data obtained from the Provincial Health Data Centre (PHDC)
were analysed to describe ascertained tuberculosis (TB), hypertension, diabetes, chronic kidney
disease (CKD), cervical cancer, lung cancer, breast cancer and mental health conditions in this
population of healthcare clients, comparing the ascertainment of comorbidities in PLHIV and
HIV-negative individuals. These routine health data were analysed to explore kidney function
profiles in the context of HIV and other comorbidities for healthcare clients receiving kidney
function test results and further assessed the kidney function profiles of PLHIV and HIV-

negative healthcare clients with CKD. The risks of comorbidity occurrence in PLHIV and the



contribution of other existing disease conditions to the occurrence of common comorbidities
were assessed using routine health data. This analysis included HIV metrics such as duration on

ART, viral load and CD4 cell counts of PLHIV.

The findings suggest that accessing HIV care may lead to earlier ascertainment of common
chronic non communicable diseases (NCDs) — hypertension, diabetes, CKD and cervical cancer
compared to HIV-negative clients. Analysis of routine health data shows that ascertainment of
comorbidities differs for healthcare clients due to sub-population differences including age, sex,
HIV status and reasons for accessing care. Routine laboratory testing results for kidney function
reflect distinct healthcare experiences by age for healthcare clients with and without HIV.
Analysis of routine health data for healthcare clients with CKD shows earlier ascertainment and
test with better kidney function for PLHIV. Analysis of routine data shows that existing
comorbidities may contribute to the incidence of other comorbidities and unsuppressed viral

load levels in PLHIV.

From real life routine health data from the general population, this study has explored
comorbidities profiles of PLHIV and HIV-negative clients and has demonstrated that routine
health data can depict the burden of diseases including multimorbidity and healthcare client
demographics and some risk factors in PLHIV and HIV-negative healthcare clients. This study
has further shown, using real life data about healthcare access and service utilisation, the
overall picture of the health status and comorbidity outcomes for PLHIV and HIV-negative
healthcare clients including their gender and age dynamics. The findings of this study show that
routine health data could be used for evaluating public health programmes and interventions,
and for monitoring treatment guidelines and policy implementation in HIV care and services
and NCDs prevention, especially in resource limited settings where monitoring and evaluation

options may be limited.
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THESIS OVERVIEW

This thesis presents an in-depth analysis of comorbidities in the context of HIV burden in a
population of patients seeking healthcare in public facilities in Khayelitsha, Cape Town, from
2016 to 2017. The study explores the use of routine health data collected by the Western Cape
Government Department of Health (WCGH) during the provision of healthcare, for
epidemiological analysis. These routine longitudinal data are collated, linked to individuals and
deduplicated by the Provincial Health Data Centre (PHDC), a health information exchange
facility that collates administrative health data from public healthcare clients in the Western

Cape Province in South Africa.

Chapter 1 presents literature on global and regional HIV epidemiology, ageing with HIV and the
emergence of comorbidities in the era of antiretroviral therapy (ART). It explores the use of
longitudinal data and data sciences approaches to explore patient comorbidity profiles. It
touches on the public health response to emerging HIV comorbidities in South Africa and the
possibility of moving from more disease-specific guideline interventions towards a more
patient-centered approach in healthcare delivery to improve HIV and comorbidities outcomes.
This chapter also presents the overarching aim of the study and the specific objectives and

research questions of the various studies conducted.

Chapters 2 to 6 constitute the main body of the research undertaken for this thesis. These
chapters include a publication and series of submission-ready manuscripts, and each chapter
reflects the content of one manuscript. The chapters are presented as the versions of the
manuscripts as would be submitted for peer-review, and therefore follow the required style of
the publishing journal or the intended journal where a manuscript is being submitted. Thus,
some differences in style can be found between the chapters. Chapter 2 has been published
and the full citation with link to the electronic publication is presented at the start of the
chapter. Chapters 3 to 6 are ready for submission to the relevant peer-reviewed journals.

Supplementary material has been appended where necessary in each chapter.

Chapter 2 describes the demographics of the healthcare client population in this study and the

common comorbidities ascertained in this population. This work analyses the median age of
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ascertainment of a selection of common comorbidities in people living with HIV (PLHIV) and for
HIV-negative healthcare clients. To better understand the relationship between age of
ascertainment and the likely screening for common comorbidities, this chapter presents an
additional analysis that compares the age of ascertainment of tuberculosis (TB), hypertension,
diabetes, chronic kidney disease (CKD), cervical cancer, lung cancer, breast cancer, and mental
health conditions in a subset of women accessing maternal care conducted under the
assumption that all women accessing maternal care are likely to receive screening for
comorbidities such as hypertension, diabetes, and tuberculosis at a younger age regardless of
HIV and other health status. In this chapter, the relationship between ascertainment of a
variety of conditions assessed in turn as outcomes of interest, and age, sex and the presence of

other comorbidities assessed as risk factors, is presented.

In Chapter 2, the relationship between the occurrence of a disease condition as an outcome of
interest, and ever having other comorbidities, age and sex status was modelled for healthcare
clients with HIV and a variety of comorbidities. In Chapter 3, the order, and timelines of
comorbidity occurrence, thus how first having HIV and other selected comorbidities may be
associated with the subsequent occurrence of additional comorbidities, was analysed. The
longitudinal routine health data used for this study enabled comparisons of the order of disease
occurrence and was therefore possible to determine which conditions healthcare clients had at
a particular time prior to occurrence of the comorbidity outcome of interest, to model this
relationship. Additionally, Chapter 3 describes the timelines for the occurrence of comorbidities

in healthcare clients with HIV compared to HIV-negative clients.

In view of the findings of Chapter 2 and Chapter 3 which both showed how HIV and
comorbidities associate with the occurrence of other diseases under different circumstances for
healthcare clients with HIV and HIV-negative clients, the following study specifically focused on
kidney disease as a case study to demonstrate the use of the routine health data for a disease-
specific analysis. Kidney function profiles were analysed using routine kidney function tests and
results as a proxy for disease severity in healthcare clients with and without HIV. Chapter 4
describes the characteristics of healthcare clients at their first kidney function test as well as

the characteristics across all the laboratory tests taken by these individuals. It further explores
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the association between kidney function test results, demographics, HIV, and selected

comorbidities in this population.

Considering the increasing risks of cardiovascular-related diseases among CKD patients, the
known CKD-HIV relationship, and based on the findings of Chapter 4 which broadly focused on
all healthcare clients who had kidney function test results, a sub-analysis was conducted for
healthcare clients who were ascertained with CKD. Chapter 5 assesses the kidney function
profiles in the context of HIV and other comorbidities ascertained prior to or at the time of
kidney function assessment in a population of healthcare clients with CKD accessing care in
public facilities, and analyses the relationship between kidney function results and sex, age,

HIV, and selected comorbidities in this cohort.

As the HIV population in South Africa begins to age due to the successes of ART and following
the observed comorbidities profiles in Chapter 2 and Chapter 3, and the kidney function
dynamics in Chapter 4 and Chapter 5, it was important to understand how HIV-related
characteristics such as duration on ART, CD4 cell count and viral load levels are associated with
the occurrence of comorbidities as well as the contribution of these comorbidities, in addition
to the HIV-related characteristics, to unsuppressed viral load levels. In Chapter 6, this
relationship was assessed using routine health data in a population of PLHIV accessing care in

public facilities.

Chapter 7 forms the conclusion of this thesis and summarises the main findings of the studies
conducted as part of this thesis, presents the strength and limitation of the study, and discusses

the utility of epidemiological studies using routine health data for research, policy, and practice.
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CHAPTER 1: BACKGROUND

1.1 Overview

In sub-Saharan Africa (SSA), which is the epicentre of the human immunodeficiency virus (HIV)
and the acquired immunodeficiency syndrome (AIDS) pandemic (Nlooto, 2017), the high HIV
and AIDS mortality and morbidity posed the most challenging public health problem during the
early days of the pandemic (Boulle et al., 2014). South Africa which has the highest burden of
HIV in SSA is estimated to have an HIV-positive population of about 8.45 million in 2022
(Statistics South Africa, 2022). Over the decades, South Africa has experienced a health
transition described as a quadruple burden of communicable — HIV/AIDS and Tuberculosis (TB),
other communicable disease, non-communicable conditions, perinatal and maternal
conditions, and injury-related disorders (Kahn, 2011; Mayosi et al., 2009). Over the past
decades, HIV/AIDS remained the major leading cause of death in South Africa (Kabudula et al.,
2021; Wyk et al., 2016). However, with enhancements in early detection/diagnosis, linkage to
treatment, expanded access and success of antiretroviral therapy (ART), and general
improvements in quality of life, there has been an increase in life expectancy for people living
with HIV (PLHIV) and this population are now ageing (Maciel et al., 2018). Of the global 4.2
million adults aged over 50 years living with HIV, about 2.5 million are in SSA (Mahy et al.,
2014). In South Africa, it is predicted that prevalence among individuals aged over 50 years
would double from the current 10-15% by 2040 (Mojola et al., 2015; Negin et al., 2012). As
more people with HIV live longer, comorbidities and HIV-related conditions including HIV
induced inflammations and immunodeficiency from ART use negatively affect mortality rates
and life course outcomes (Ruzicka et al., 2018). It is estimated that more than half of all HIV
mortalities result from coinfections and age-associated non-infectious comorbidities such as
malignancies, diabetes mellitus, hypertension, lipid disorders, and vascular diseases (Ruzicka et
al., 2018), rather than specifically from AIDS. This study aimed to explore the profiles of a
variety of comorbidities, severity, and risks associated with HIV, as the number of ageing

individuals living with HIV begins to increase in South Africa.



1.2 Introduction

In 2004, the South African government responded to the HIV epidemic through its
implementation of a nationwide ART programme in public health facilities (Omole et al., 2016;
Stinson et al., 2016). Omole et al., report on several studies conducted in peri-urban areas,
tertiary facilities, and resource-limited rural areas showing the significant gains in the reduction
of HIV and AIDS-associated mortality and morbidity since the introduction of ART in South
Africa (Omole et al., 2016). Additionally, Boulle et al. report a rapid decline in mortality among
HIV patients with an increased duration on ART in South Africa. This study emphasises that
though the rates may not be comparable to developed countries initially, after 4 years on ART,
however, they approach the rates observed in high-income countries where HIV is now
considered a chronic infection (Boulle et al., 2014). This gradual shift of HIV into an era of an
ageing population creates complexity for the management of HIV-related conditions as well as
emerging chronic comorbidities. Recent pieces of evidence highlight the incidence of HIV and
ART-related chronic comorbidities, such as cancers, metabolic, cardiovascular, and mental
health diseases, in addition to traditional opportunistic infections, such as TB, pneumonia, and
Kaposi sarcoma co-existing with HIV and AIDS (Maciel et al., 2018; Negin et al., 2012; Nlooto,
2017; Zingmond et al., 2017).

1.3 Epidemiology of HIV and AIDS

1.3.1. Global perspective of HIV and AIDS

In 2021, a global estimate of 38.4 million (33.9 million - 43.8 million) people were living with
HIV/AIDS, of which 1.5 million were new infections (UNAIDS - The Joint United Nations
Programme on HIV/AIDS, 2022). About 650 000 AIDS-related deaths occurred worldwide in
2021, which was about 68% reduction since the peak in 2004 (1.9 million) and by 52% since
2010 (UNAIDS - The Joint United Nations Programme on HIV/AIDS, 2022). The regional burden
of PLHIV ranged from 430 000 for the Eastern Mediterranean to 25.6 million for Africa in 2021
(World Health Organization, 2022).



1.3.2 HIV and AIDS in sub-Saharan Africa

Though SSA carries the highest burden of HIV infection, thus over 70% of the global burden
(Kharsany & Karim, 2016; Nlooto, 2017), prevalence varies across countries and regions. Whilst
the most severely affected East and Southern Africa collectively recorded 20.6 million PLHIV
and 280 000 AIDS-related deaths in 2021, West and Central Africa recorded 5.0 million PLHIV
and 140 000 AIDS-related deaths (UNAIDS - The Joint United Nations Programme on HIV/AIDS,
2022). Though the prevalence of HIV has remained steady and/or begun to decline in some
countries in SSA, minority subpopulations such as sex workers (SW), men who have sex with
men (MSM), people who inject drugs (PWID), and transgender women with disproportionately
high HIV prevalence continue to persist and may drive the prevalence and burden of HIV (Jin et

al., 2021; Kharsany & Karim, 2016).

1.3.3 Current status of HIV and AIDS in South Africa and achievement of UNAIDS 90-90-90
targets towards the new 95-95-95 target

South Africa through the expanded treatment and prevention (ETP) initiative invested USD 2.3
billion in 2016 and USD 2.9 billion in 2017 from domestic sources to run the largest ART and
other HIV interventions programme worldwide (Williams et al., 2017). The rising life
expectancies of PLHIV in South Africa (Boulle et al., 2014; Johnson et al., 2016), the decline in
the percentage of AIDS-related mortalities from 42.1% in 2004 to 24.2% in 2018 (Statistics
South Africa, 2019) and 12.9% in 2022 (Statistics South Africa, 2022) demonstrate the success

of the ETP programme and investment.

Reporting the progress towards the UNAIDS targets of achieving a 90% rate of HIV diagnosis,
90% rate of ART coverage, and 90% rate of viral suppression by 2020 was a major challenge for
many African countries including South Africa (Kelly & Wilson, 2015). Fractional estimations of
HIV-positive individuals who have been diagnosed, as well as those achieving viral suppressions
on ART, are still limited in many African countries. This is due to the failure of household
surveys to include questions on whether PLHIV knew their status. It is also due to delays in

introducing virological monitoring of PLHIV on ART (Johnson et al., 2017).



The “THEMBISA Model” which is a combined demographic and epidemiological model for the
South African HIV/AIDS epidemic was used to estimate the progress towards the 90-90-90
targets (Johnson, 2014). Before this, accurate reporting of estimates of fractions of PLHIV who
had been diagnosed was demonstrated to be possible through triangulation of HIV testing data
from multiple sites (Johnson et al., 2015), and systems for reporting rates of virological
suppression had been established (Takuva et al., 2017). It is reported that 85.5% of PLHIV had
been diagnosed by mid-2015 (Johnson et al., 2017), leading to the achievement of the first 90%
by the end of 2017. Of these individuals, 68% were on ART, of which 78% had achieved viral
suppression (AVERT, 2017). Johnson et al., highlight that most provinces in South Africa faced
challenges in achieving the remaining two 90% which could be attributed to multiple factors
including inability to achieve high levels of ART coverage and viral suppression (Johnson et al.,
2017), especially among key minority populations. It is critical to mention that lack of access to
general or specialised health care by marginalised and priority populations such as women and
adolescent girls, SW, MSM, and PWID who disproportionately suffer a higher burden of HIV, for
fear of discrimination and victimisation (Duby et al., 2018; Ranebennur et al., 2014; Scheibe et
al., 2016) poses serious threats to curtailing HIV transmission and could impact the ambition
and commitment towards fully achieving the new UNAIDS fact track 95-95-95 targets by 2030
(UNAIDS - The Joint United Nations Programme on HIV/AIDS, 2020).

1.4 Ageing with HIV

1.4.1 Emerging comorbidities in the era of ART

Recent studies on the HIV epidemic in South Africa estimate that there will be a remarkable
increase of PLHIV aged over 50 years in the next decade due to the wider coverage and success
of ART (Hontelez et al., 2011; Johnson et al., 2016; Negin et al., 2012). Significant improvements
in life expectancy for PLHIV initiating ART at different ages in South Africa have been reported
(Boulle et al., 2014; Burger et al., 2022; Hontelez et al., 2011; Johnson et al., 2013). Johnson et
al. report average life expectancies of 27.7 years and 10.1 years for men starting ART at ages 20
and 60 years respectively, whilst women in the same age category have even higher estimates
of 36.8 years and 14.1 years respectively (Johnson et al., 2013). Additionally, men and women

starting ART in 2014 at age 35 with a CD4 cell count of 200 cells/mm?3 had estimated life



expectancies of 26.7 and 33.4 years respectively (Johnson et al., 2016). This is almost
comparable to PLHIV in high-income countries (Boulle et al., 2014; Katz & Maughan-Brown,
2017) who initiate ART with a CD4 cell count of 200 cells/mm3and are expected to live to their
70s (Cahill & Valadéz, 2013).

Ageing, regardless of HIV status, has natural consequences on the efficiency of the immune
system especially with the production of T cells and T cell functionalities. These effects are
worsened by HIV infection (Nguyen & Holodniy, 2008). ART poses certain risks for non-
communicable diseases (NCDs) (Mills et al., 2012) such that HIV itself is an independent risk
factor for NCDs. Whilst individuals on ART may now experience prolonged life into ages
characterized by increased NCDs, this has been described as an “inevitable price of success”
(Justice, 2010) considering that many drugs included in the standard regimens potentially

increase the risk of NCDs (Valcour et al., 2005; Venkat Narayan et al., 2014).

NCDs and emerging comorbidities among PLHIV at a time of expanded ART coverage remain
unsatisfactorily explored in SSA (Negin et al., 2012). The focus has been mainly on traditional
HIV and AIDS-related infectious diseases. Recent evidence from developed countries and parts
of Asia suggest an increase in multiple HIV and ART-related comorbidities such as coronary
artery diseases, hypertension, diabetes, hyperlipidemia, cancers, and neurocognitive disorders
especially among persons aged 50 years and over (Ahn et al., 2019; Maciel et al., 2018; Ruzicka
et al., 2018; Tedaldi et al., 2015; Wu et al., 2014; Zingmond et al., 2017) who are more likely to
develop NCDs. Upsurge in hospital admissions of PLHIV for renal and cardiovascular-related
issues in Cape Town and other parts of South Africa (Meintjes et al., 2015; Moodley & Tomita,
2017; Wearne, 2015) and the report of hypertension, congestive cardiac failure, cancer, and
diabetes among PLHIV in Zimbabwe (Magodoro et al., 2016) re-emphasise the observation by
Mabher et al. a decade ago about the presence of chronic comorbidities of African context
(Maher et al., 2010). Previous studies investigating HIV comorbidities in South Africa have been
based on participants’ self-reporting of ever diagnosed of one or more of diabetes,
hypertension, arthritis, angina, depression, asthma, stroke, epilepsy, gastric ulcers, renal
disorders by a physician or healthcare professional (Negin et al., 2012; Nlooto, 2017; Zungu et

al., 2019). A recent single-site retrospective cohort study in Johannesburg comparing outcomes
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in older (over 50 years) and younger HIV cohorts indicates that anaemia and liver dysfunction
were higher in the younger HIV cohort than the older cohort (Butler et al., 2018). Additionally,
hypertension, depression, and risk factors for chronic NCDs (obesity, hyperglycemia, and
hyperlipidemia) are reportedly high among HIV-positive individuals in KwaZulu Natal, South

Africa (van Heerden et al., 2017).

1.4.2 Demographic trends and socio-economic impacts of HIV/AIDS and comorbidities
Socio-demographics of PLHIV and comorbidities appear similar across geographic areas with
minimal variations. In the USA, males aged between 45 and 60 account for the majority of HIV-
positive patients with comorbidities on Medicare (Zingmond et al., 2017), similarly, men with a
median age of 45 years constitute the highest proportion of PLHIV with at least one
comorbidity in Japan (Ruzicka et al., 2018). On the contrary, women constitute the majority of
PLHIV reporting comorbidities in South Africa, however, the overall median age is 36-40 years,
and most of this population do not have any formal income (Nlooto, 2017). The complexity of
managing comorbidities and ART could be economically devastating for poor, unemployed, and
low-income earning individuals given the heavy cost involved. Aside from this, the implications
of the intangible cost of HIV and related comorbidities are not only suffered by individuals
seeking healthcare but the government and sector players alike. For instance, the cost for HIV
treatment where patients had at least one comorbidity in California amounted to about USD 47
036 (Zingmond et al., 2017). Mean hospital costs for PLHIV with 1 or 22 comorbidities per
annum are as much as €4 422 and €9 734 respectively compared to €2 494 for those without
comorbidities in the Abruzzo region, Italy (Cammarota et al., 2018). It is estimated that South
Africa, in addition to other eight SSA countries with high HIV prevalence, would collectively
require USD 98 billion to USD 261 billion for a long-term treatment and management of HIV
and related conditions if all PLHIV should be covered by 2050 (Atun et al., 2016).

1.4.3 Common NCDs in the general population in relation to HIV status

Globally, NCDs account for about 41 million deaths each year which is equivalent to 71% of all
global mortalities (Bennett et al., 2018). Cardiovascular diseases (CVDs) (17.9 million deaths
annually), cancers (9.0 million), respiratory diseases (3.9 million), and diabetes (1.6 million) the

top four NCDs that together account for more than 80% of premature NCD-related deaths



(Bennett et al., 2018). There has been an increase in the burden of NCDs in sub-Saharan Africa
over the past two decades (Bigna & Noubiap, 2019). This surge is driven by increasing incidence
of cardiovascular risk factors such as unhealthy diets, reduced physical activity, hypertension,
obesity, diabetes, dyslipidaemia, and air pollution (Bigna & Noubiap, 2019; Manning et al.,
2016). Reports show that NCDs are increasing in South Africa and the major NCDs are CVDs,
cancer, type 2 diabetes mellitus, respiratory illnesses (such as chronic obstructive pulmonary
disease) and mental health disorders (Samodien et al., 2021). It is reported that one in five
South Africans above 15 years are managing more than one disease condition (Roomaney et al.,
2020). Cardiovascular conditions are the leading category of NCD deaths in South Africa and
deaths from renal diseases have been rising (South African Medical Research Council (SAMRC),
2017). In this population, the reported most common multimorbid profiles are combinations of
cardiometabolic conditions, cardiometabolic conditions and depression, HIV and anaemia and
combinations of mental disorders (Chang et al., 2019). Previous studies have reported high
prevalence of hypertension in the general South African population (Kandala et al., 2021; Lynch
et al., 2004; Masilela et al., 2020). Obesity, physical activity, and high density lipoprotein
cholesterol (HDL-C) and increasing age are among the key risk factors for uncontrolled
hypertension (Masilela et al., 2020; Peer et al., 2020). Data from the 2016 South African
Demographic Health Survey show that observed prevalence of diabetes was as high as 22%
among individuals aged 15 years and above (Grundlingh et al., 2022). Findings from the Global
Burden of Disease (GBD) show that the largest increases among leading causes of years lived
with disability (YLDs) in South Africa from 1990-2019 were from diabetes, chronic kidney
disease (CKD), neonatal disorders and other musculoskeletal disorders (Achoki et al., 2022). A
previous study in South Africa has reported that HIV-negative adults above 40 years are more
likely to present with hypertension, diabetes, and obesity compared to PLHIV (Gaziano et al.,

2017).

1.5 Public health response to emerging HIV comorbidities in South Africa

Evolving healthcare needs of PLHIV have been demonstrated to extend beyond ART and
management of traditional communicable co-infections to a more integrated long-term

management of chronic comorbidities (Levy et al., 2017; Pantazis et al., 2018; van Heerden et



al.,, 2017; Wu et al., 2014; Zungu et al., 2019). The Community Health Intervention Programme
(CHIPs), the Woolworths Health Promotion Programme, the Soul City Health Promotion
Programme, the Promoting Healthy Lifestyles in Khayelitsha Project, the Vuka South Africa:
Move For Your Health Initiative of the National Department of Health, the Cancer Association of
South Africa, the National Council Against Tobacco, and the Heart and Stroke Foundation of
South Africa have been some of the interventions and programmes designed by the South
African government and several non-governmental organisations (NGOs) in an attempt to
tackle the upsurge of NCDs (Mayosi et al., 2009; Solomons et al., 2017) whilst strengthening HIV
programmes. Despite the existence of these interventions, the impacts are yet to be
established as NCDs continue to increase. Lack of shared vision and collaboration between
programme managers and NGOs, disconnection between programme managers and health-
service managers, inadequate review, monitoring and evaluation, as well as lack of multi-
sectorial engagement may account for the failures of these programmes and interventions
(Mayosi et al., 2009; Solomons et al., 2017). While efforts are progressing in combating TB and
other opportunistic infections in South Africa, chronic NCD comorbidities in PLHIV have yet to
garner specific attention amidst calls for scaling up primary healthcare to ensure
comprehensive HIV care and services (Mayosi et al., 2009; van Heerden et al., 2017; Zungu et
al., 2019).

1.5.1 Patient-centered approach to improving HIV and comorbidities: Deviation from disease-
specific guidelines and interventions

Patient-centered care recognizes the individual specific health needs and the desired outcomes
of healthcare clients, and these become the driving force of healthcare decision making
(Catalyst, 2017). Patient-centered care promotes active engagements, collaborations and
shared decision-making between patients and service providers to design and manage tailored
and comprehensive healthcare plans (Catalyst, 2017). A positive association between patient-
centered care and the co-creation of health care plans has been reported. This association
includes satisfaction with care and improved physical and mental well-being of patients with
multimorbidity in the primary care setting (Kuipers et al., 2019). Despite the importance and

benefits of patient-centered care to PLHIV, it is not always prioritised in HIV care in primary



health delivery (Lanzafame & Vento, 2018). Acknowledging the personhood of the patient at
every level of clinical care provides an avenue to personalise the patient’s care and
environment, offer shared decision making (Edvardsson et al., 2008), and foster a more
responsive approach to patients’ priorities which are central to patient-focused interventions
(Boyd & Lucas, 2014). Owing to the evolving nature of HIV infection and evidence that HIV
could be the less dominant condition co-existing in PLHIV, there is a need to adopt sustainable
patient-centered interventions for the long term needs of PLHIV (Boyd & Lucas, 2014). Poitras
et al. identify i) Supporting decision process and evidence-based practice; ii) Providing patient-
centered approaches; iii) Supporting patient self-management; iv) Providing case/care
management; v) Enhancing interdisciplinary team approach; vi) Developing training for
healthcare providers, and vii) Integrating information technology as key steps to be considered
to ensure a patient-centered approach for the effective management of chronic multi-
morbidities (Poitras et al., 2018). They emphasize that providing patient-oriented approaches,
self-management support interventions and developing training for healthcare providers
potentially provide effective and positive impacts for the management of chronic diseases
(Poitras et al., 2018).

Most public health interventions targeting chronic NCDs in South Africa are implemented under
generalised disease guidelines (Solomons et al., 2017; van Heerden et al., 2017), however, most
disease-specific guidelines lack recommendations on comprehensive treatment for patients
with multiple conditions (Fortin et al., 2011). Healthcare providers may find this complexity
confounding, as it is usually difficult to apply multiple interventions and guidelines to a single
patient (Poitras et al., 2018).

1.6 Exploring and understanding HIV comorbidity profiles using routine health longitudinal

data

The growing complexity of HIV and comorbidity inter-relationship could be a challenge for the
suitability of research approaches in exploring this relationship to gain an in-depth
understanding. In the past, comorbidities have been explored under cross-sectional approaches
and relying on a self-reported diagnosis of diseases which may potentially affect the validity,

accuracy as well as reporting of the true snapshot (Ge et al., 2016). These challenges could be



addressed using longitudinal data. The popularity of longitudinal data in research is based on
the ability to capture between-individual differences and within-subjects dynamics which allow
multiple measurements, observation of time trends to key events and pattern changes,
ascertainments of exposures and outcomes, and control of cohort effects. (Ge et al., 2016).
However, inherent difficulties such as participants follow-ups and requirement for advanced

statistical and analytical skills are common with longitudinal data.

Routine health data collected from patient healthcare access or encounters are enriched with
patient demographics, hospital admissions, laboratory information, pharmacy encounters,
chronic comorbidity profiles and other patient characteristics; and they are not focused on a
specific disease. Though routine health data are not collected for research purposes and may
present huge challenges such as errors occurring from assembling large datasets from multiple
sources, linking, cleaning, and retrospectively analysing data (Hemkens et al., 2016), they
remain very useful for describing disease outcomes and risk factors, and provide great
resources for epidemiological studies and research designs. Routine health data are increasingly
becoming the mainstream option for generating evidence to support treatment choices, to
appraise public health policies and interventions and to inform decision-making (Hemkens et
al., 2016). In many low-and middle-income countries (LMICs) where healthcare systems are still
developing and resources to conduct randomised controlled trials are limited, the benefits of
routine health data could be harnessed to address several key understudied research areas, yet
routine health data are largely underused (Hung et al., 2020). The advantages of using routine
longitudinal data to explore HIV comorbidities may outweigh the associated cost as longitudinal
HIV comorbidities studies ideally report accurate disease profiles and metrics that truly reflect

the population (Achwoka et al., 2019; Ahn et al., 2019; Serrdo et al., 2019).

1.6.1 Health data exchange and electronic data linkages used for research purposes

Around the world, health data exchange and data linkages have been set up for several
purposes including provision of routine data to support research, develop policies, plan
services, and evaluate services and government programmes. The UK Clinical Practice Research
Datalink (CPRD) (Herrett et al., 2015), the UK Hospital Episodes Statistics (HES) database

(Herbert et al., 2017) and the UK Office of National Statistics (ONS) mortality database and
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currently the Electronic Health Record (EHR) (Wood et al., 2021) are major population-based
electronic health record databases that provide data resources that include linked individual
level records from national healthcare settings to enable nationwide research for the English
population. Population-wide electronic health records have been used extensively for research
in Sweden (Ludvigsson et al., 2016) and Denmark (Siggaard et al., 2020). In 1995, the Western
Australian Data Linkage System (WADLS) was established to link up to 40 years of data from
over 30 collections for a population of 3.7 million (Holman et al., 2008). The WADLS exchange
has expanded and currently provides linked data to enable health and medical research (Data
Linkage Western Australia, 2023; Hodges et al., 2019). In 2016, the Center for Data Knowledge
and Integration for Health (CIDACS) was set up in Salvador (Bahia, Brazil) with the aim of
conducting interdisciplinary studies and research, develop new scientific methodology and
promote professional training using linked large-scale databases (Barreto et al., 2019).
Commonly, these health data exchange and data linkages generate anonymised and
deidentified longitudinal data that enable variety of epidemiological research questions to be

answered.

1.6.2 Data science approaches for visualising and presenting routine HIV longitudinal data
Tufte (Tufte, 1983), outlines key characteristics and criteria any graphical display must
showcase to achieve excellence, clarity, and precision, especially graphics that communicate
statistical and complex ideas. Tufte emphasises that graphic displays must “induce the viewer
to think about the substance rather than about the methodology, [...], or something else, make
large data sets coherent, reveal the data at several levels of detail, from a broad overview,
encourage the eye to compare different pieces of data, and be closely integrated with the
statistical and verbal descriptions of a data set”. In short, graphics must reveal the data (Tufte,
1983). These essential criteria are often difficult to achieve especially with longitudinal data
(Commenges et al., 2014). Longitudinal data are frequently explored using growth plots,
sequence, point, bar, line, and circle graphs with limited usefulness when applied to some
longitudinal data (Holzinger et al., 2014; Tueller et al., 2016). The best approach to summarise
large quantitative data such as longitudinal data is obtaining a visual perception of the actual

data set through high quality data display (Holzinger et al., 2014). High quality display and
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interactive platforms including Forest plots, Circos, TraMineR, SLIDER, and longCatEDA for
exploring longitudinal data have been implemented in R software (Commenges et al., 2014;
Holzinger et al., 2014; Tueller et al., 2016), however, their applicability to routine HIV

comorbidities data is yet to be fully explored.

1.7 Study aim, specific objectives, and research questions

The overarching aim of this study was to explore the HIV/AIDS and comorbidity profiles in a
cohort of healthcare clients accessing care in public facilities in the Khayelitsha subdistrict,
Western Cape, South Africa. The study explores the use of routine health data collected by the
Western Cape Government Department of Health (WCGH) during the provision of health care,
for epidemiological analysis. These routine longitudinal data are collated, linked to individuals
and deduplicated by the Provincial Health Data Centre (PHDC) (Boulle et al., 2019), and HIV and
common comorbidity epidemiology was analysed for an anonymised subset of data from

individuals who had care at the facilities in the Khayelitsha subdistrict in 2016 and/or 2017.
The aims of this study are:

Aim 1

To generate a descriptive analysis of the Khayelitsha comorbidities cohort:
Objectives:

e To describe the demographics of the cohort

e To analyse the prevalence and distribution of HIV by age and sex in this cohort

e To describe the prevalence of common comorbidities — TB, hypertension, diabetes, chronic
obstructive pulmonary disease (COPD)/Asthma, CKD, cervical cancer, breast cancer, lung

cancer and mental health in this cohort
Aim 2

To better understand the order of the incidence of comorbidities — TB, hypertension, diabetes,

CKD, and cervical cancer among HIV-positive and HIV-negative individuals:
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Objectives:

& To analyse and compare age of comorbidity incidence in HIV-positive and HIV-negative

individuals, including order of comorbidity ascertainment

Aim 3

To use routine health data to estimate disease severity for selected comorbidities - TB,
hypertension, diabetes, CKD, and cervical cancer among the HIV-positive and HIV-negative

individuals:
Objectives:

e To describe the characteristics of healthcare clients at their first kidney function test and
across all tests taken by individuals in this cohort

e To describe comorbidity profiles and test results for HIV-positive and HIV-negative
individuals receiving kidney function test

e To analyse the association between kidney function test results, demographics, and

comorbidities in this population
Aim 4

To understand kidney function profiles for HIV-positive and HIV-negative individuals with

chronic kidney disease (CKD)
Objectives:

e To describe the demographics of this cohort

e To describe the kidney function test results for HIV-positive and HIV-negative individuals
with CKD

e To analyse the relationship between kidney function test results and age, sex and having
a comorbidity - TB, hypertension, diabetes, CKD, and cervical cancer at the time of

kidney function testing
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Aim 5

To use routine health data to describe the relationship between the occurrence of selected
comorbidities - TB, hypertension, diabetes, CKD, and cervical cancer in HIV-positive individuals

and the existence of other comorbidities and HIV-related characteristics:

Objectives:

e To describe the occurrence and nature of selected comorbidities in the HIV-positive

population.

e To analyse the associations between selected comorbidity ascertainment as outcomes and
risk factors: sex, age at study end, comorbidities ascertained after HIV diagnosis and HIV-

related characteristics.

e To describe the contribution of comorbidities ascertained after HIV diagnosis and HIV-

related characteristics to unsuppressed viral load levels.

A flowchart showing the structure of the thesis is shown in Figure 1.1
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CHAPTER 2: ACCESSING HIV CARE MAY LEAD TO EARLIER ASCERTAINMENT OF
COMORBIDITIES IN HEALTH CARE CLIENTS IN KHAYELITSHA, CAPE TOWN

2.1 Publication details

Osei-Yeboah R, Tamuhla T, Ngwenya O, Tiffin N (2021) Accessing HIV care may lead to earlier
ascertainment of comorbidities in health care clients in Khayelitsha, Cape Town. PLOS Glob
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2.2 Author contribution
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2.3 Abstract

Successful antiretroviral rollout in South Africa has greatly increased the health of the HIV-
positive population, and morbidity and mortality in PLHIV can increasingly be attributed to
comorbidities rather than HIV/AIDS directly. Understanding this disease burden can inform
health care planning for a growing population of ageing PLHIV. Anonymised routine
administrative health data were analysed for all adults who accessed public health care in 2016
-2017 in Khayelitsha subdistrict (Cape Town, South Africa). Selected comorbidities and age of
ascertainment for comorbidities were described for all HIV-positive and HIV-negative

healthcare clients, as well as for a subset of women who accessed maternal care.

There were 172 937 adult individuals with a median age of 37 (IQR:30-48) years in the virtual
cohort, of whom 48% (83 162) were HIV-positive. Median age of ascertainment for each
comorbidity was lower in HIV-positive compared to HIV-negative healthcare clients, except in
the case of tuberculosis. A subset of women who previously accessed maternal care, however,
showed much smaller differences in the median age of comorbidity ascertainment between the
group of HIV-positive and HIV-negative health care clients, except in the case of chronic kidney
disease (CKD). Both HIV-positive individuals and women who link to maternal care undergo
routine point-of-care screening for common diseases at younger ages, and this analysis

suggests that this may lead to earlier diagnosis of common comorbidities in these groups.
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Exceptions include CKD, in which age of ascertainment appears lower in PLHIV than HIV-
negative groups in all analyses suggesting that age of disease onset may indeed be earlier; and
tuberculosis for which age of incidence has previously been shown to vary according to HIV

status.
Keywords
HIV, comorbidities, South Africa, maternal care

2.4 Introduction

South Africa bears the highest burden of the human immunodeficiency virus (HIV) epidemic in
sub-Saharan Africa (SSA) (James et al., 2018) where about 7.2 million people are affected
(Statistics South Africa, 2019), and is considered the current epicentre of the HIV epidemic
(Hodes & Morrell, 2018). Antiretroviral therapy (ART) became available in 2004 but prior to the
evolution of guidelines to the current “test and treat” policy in South Africa, many people living
with HIV (PLHIV) did not reach older ages due to high mortality. Over the last decade, South
Africa has expanded the ART and HIV prevention campaign by investing about USD 1.1 billion
annually to run what is considered the largest programme worldwide (Williams et al., 2017). In
2014, Boulle et al., reported a rapid decline in mortality among HIV-infected patients with an
increased duration on ART in South Africa and emphasised that though the rates may not be
comparable to developed countries initially, after four years on ART they approach the rates
observed in high-income countries where HIV is now treated as a chronic infection (Boulle et
al., 2014). A decline in the percentage of acquired immunodeficiency syndrome (AIDS)-related
mortalities from 42.1% in 2004 to 23.4% in 2019, (Statistics South Africa, 2019) and the rising
general life expectancy (Boulle et al., 2014; Statistics South Africa, 2019) demonstrate the
success of this ART programme. The prevalence of HIV in the population aged over 50 years

increased from 7.1% in 2012 to 12.5% in 2017 in South Africa (Simbayi et al., 2019).

The success of the ART intervention has resulted in more older PLHIV, with improvements in
their general quality of life, but in this ageing population other comorbidities still negatively
affect mortality rate and life course outcome (Guaraldi et al., 2019). In addition to ongoing

environmental and behavioural exposures that affect the whole population, comorbidities in
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PLHIV may also include HIV-related conditions such as HIV-induced persistent
immunodeficiency, inflammation, and increased toxicity from longer durations of ART use,
(Silva et al., 2019) or HIV nephropathy (Husain et al., 2018). Ageing also affects the immune
system and the production and function of T cells, and these effects are worsened by HIV (Leng
& Margolick, 2020). Some drugs included in standard regimens may also increase the risks of
some non-communicable diseases (NCDs) (Jamieson et al., 2017). A low progress in the care
continuum is reported for PLHIV plus cardiometabolic conditions, (Chang et al., 2019) and a
significant proportion of mortalities in PLHIV may result from co-infections and NCDs such as

malignancies, diabetes mellitus, hypertension, lipid disorders, and vascular diseases.

Recent studies outside Africa suggest higher prevalence and earlier incidence of comorbidities
in PLHIV, especially those older than 50 years (Ahn et al., 2019; Maciel et al., 2018), but more
research is needed in SSA to see if similar trends may be seen (Negin et al., 2012). Studies in
2015 and 2017 reported risks of - and increased - hospital admissions of PLHIV for AIDS-defining
ilinesses, renal and cardiovascular-related issues in Cape Town and other parts of South Africa
(Meintjes et al., 2015; Moodley & Tomita, 2017; Wearne, 2015), and the observations of
hypertension, congestive cardiac failure, cancer, and diabetes among PLHIV in Zimbabwe
(Magodoro et al., 2016) suggest a growing burden of HIV comorbidities. Given the expanding
ageing population of PLHIV within SSA, we need to understand the health needs of this
population group now and in the future, as well as identifying potential drivers of comorbidities
that may provide avenues for future interventions. In light of the current COVID-19 pandemic, it
is more important than ever to understand the background of comorbidities and co-infections

in a population at high risk of COVID-19 (Boulle et al., 2020).

In this study, we analyse routine health data collected from a variety of public healthcare
facilities including primary health care clinics, district level and tertiary hospitals across the
Western Cape Province in South Africa. These data are used to describe ascertained
comorbidities in a healthcare-seeking population from Khayelitsha, a high-density urban district
in Cape Town. The Competition Commission reported that in 2018, approximately 83 per cent
of the South African population who were mostly without medical insurance relied on public

healthcare facilities and private healthcare facilities served the remaining 17 per cent with
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medical insurance (Competition Commission, South Africa, 2019; Mhlanga & Garidzirai, 2020;
Stepanikova & Oates, 2017). Govender et al., report that among low-income patients in South
Africa, affordability and convenience account for the top reasons influencing healthcare-
seeking behaviour in public facilities whilst the quality-of-care accounts for the key reason for
private healthcare facilities, and further observed a cycling behaviour between public and
private sector clinics (Govender et al., 2021). The subdistrict Khayelitsha, where this cohort
originates, has a generally low-income population where we anticipate the majority of

residents will access public health facilities.

We describe the median age of ascertainment for comorbidities in PLHIV and for HIV-negative
health care clients. In order to better understand the relationship between age of
ascertainment and likely access to screening for common comorbidities, we compare the age of
ascertainment for comorbidities in the subset of women accessing maternal care under the
assumption that all women accessing maternal care are likely to receive screening for

comorbidities at a younger age regardless of their HIV or other health status.

2.5 Materials and Methods

2.5.1 Ethics

Ethics approval was obtained from the Human Research Ethics Committee of the Faculty of
Health Sciences, University of Cape Town (HREC ref: 482/2019). A waiver for consent was
granted because the data were anonymised and perturbed, and individuals could not be
identified or re-identified from the data. This means that no informed consent was given by
health care clients for the use of these anonymised, perturbed data. A data access request was
approved by the Health Impact Assessment Directorate at the Western Cape Department of
Health, South Africa. There was no involvement of the public or patients because the data were
accessed as an anonymised, perturbed dataset from routine data platforms without any
interactions with individuals. The dataset was accessed in September 2018, and longitudinal

data were available from 2007 to the end of 2017.
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2.5.2 Data source

The Provincial Health Data Centre (PHDC) is a health information exchange facility that collates
administrative health data for the Western Cape Province. Unique identifiers are used to link
individuals to administrative health records (Boulle et al., 2019), and facility visit, laboratory,
and pharmacy data are updated daily for about 6.6 million people currently seeking care in
public facilities in the Western Cape Province. Algorithms are used to infer disease episodes
from combinations of pharmacy-dispensed drugs, laboratory test results, international
classification of disease-10™" edition (ICD-10) diagnosis codes, and facility encounter data. These
algorithms are developed and tested in collaboration with clinicians who specialise in each
condition. A data set was obtained from the PHDC, Western Cape Government Health
Department, with longitudinal data ranging from 2007 to 2017. The median length of time for
which individuals have available data is 8 years (IQR: 3.6-10 years). The study dataset was
anonymised and perturbed prior to release, to prevent identification or re-identification of
individuals. The electronic confirmation of disease diagnosis resulting from administrative
health record linkage is referred to as “ascertainment” rather than diagnosis, as it is derived
from the electronic records rather than from a diagnosis made by a clinician during

consultation.

2.5.3 PHDC definition of disease episodes

The PHDC infers diseases from routine health data using algorithms that analyse either single,
or a combination of parameter(s) categorised into high, moderate, weak confidence and
supporting-only evidence for having a particular disease episode. High confidence definition of
HIV requires evidence for dispensed valid first line (2NRTI and NNRTI) and valid triple therapy
regimen (fixed-dose combination) of antiretrovirals, and/or positive laboratory test results (viral
load test, polymerase chain reaction (PCR) test, enzyme linked immunosorbent assay (ELISA)

test, and ART resistance test).

High confidence definition of chronic obstructive pulmonary disease (COPD)/asthma is based
on dispensed drug for treatment of COPD or asthma (Selective beta-2-adrenoreceptor
agonists). High confidence definition of breast cancer includes laboratory test (SNOMED

Topography Breast -ICD0O3T-C50) showing infiltrating duct carcinoma, comedocarcinoma,
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juvenile carcinoma of the breast, intraductal papillary adenocarcinoma with invasion, intra-
cystic carcinoma (not otherwise specified), medullary carcinoma (not otherwise specified),
medullary carcinoma with lymphoid stroma, lobular carcinoma (not otherwise specified),
infiltrating ductular carcinoma, infiltrating duct and lobular carcinoma, mucinous
adenocarcinoma, pseudomyxoma peritonei, mucin-producing adenocarcinoma, tubular
adenocarcinoma, papillary carcinoma (not otherwise specified), verrucous carcinoma (not
otherwise specified), papillary squamous cell carcinoma, infiltrating ductular carcinoma,
infiltrating duct and lobular carcinoma, infiltrating with other forms of carcinoma. Procedure or
diagnosis coding such as ICD-10 malignant neoplasm of breast, ICD-10 History of malignant
neoplasm of the breast, secondary malignant neoplasm of the breast, resection of quadrant of

breast or subtotal mastectomy, and mastectomy.

Lung cancer high confidence definition includes attendance at bronchial radiotherapy,
laboratory tests (SNOMED Topography Respiratory ICDO3T C33 C34 C39) showing small cell
carcinoma, non-small cell carcinoma, carcinoid tumour/tumour/Merkel cell, mesothelioma, and
ICD-10 (C34) indicating malignant neoplasm of bronchus and lung. Mental health condition is
defined using dispensed drug for treatment of mental health (Psycholeptics) and diagnosis code
indicating mental health episode (FOO0) as high confidence. High confidence definition of single
abnormal creatinine is based on single serum creatinine above 100, no other tests evident.

Anti-dsDNA antibodies abnormally high is the main definition of systemic lupus erythematosus

For tuberculosis (TB), evidence for the episode may include admission to a specialised TB
hospital, TB drug regimen dispensed, and/or laboratory test results (Positive GeneXpert, Line
probe assay (LPA), Acid-Fast Bacillus positive culture, positive microscopy (Ziehl-Neelsen
staining), and microbiology culture-Toxocara canis (using ELISA) are the main definition
parameters. High confidence definition of hypertension includes dispensed
hydrochlorothiazide. High confidence definitions of diabetes episodes are based on dispensed
drug for the treatment of diabetes mellitus, laboratory test showing glycated haemoglobin
(HbA1c) greater than 6.5%, oral glucose tolerance test result greater than 11.1mmol/I, and

diagnosis coding showing an ICD-10 code indicating diabetes disease.
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For chronic kidney disease (CKD), laboratory tests showing consecutive glomerular filtration
rate of less than 60mL/min/1.73m? with 90 days between tests, dispensed kidney, or transplant
medications (antithymocyte, immunoglobulin, and basiliximab), and diagnosis coding indicating
kidney transplant procedure in theatre constitute a high confidence definition. It is important to
note that SCr and eGFR results are used extensively in defining patients with CKD by the PHDC.
This means that there is substantial overlap between having poor kidney function test results
and being defined as having a CKD episode. The ascertainment algorithm in use by the PHDC,
however, makes use of longitudinal eGFR results to track changes in kidney function over time,
and is not based on single or stand-alone kidney function results. The PHDC algorithm uses the

modification of diet in renal disease study (MDRD) GFR estimating equation to determine eGFR.

2.5.4 Study population

All adults (aged 18 years and above) who accessed public health facilities in the Khayelitsha
subdistrict between 1 January 2016 and 31 December 2017, described as the ‘recruitment
period’, were eligible in this study. We included clients who were linked across comorbidities,
maternal care or HIV care records. Khayelitsha is a high-density, mixed informal/formal housing

suburb in Cape Town, South Africa.

2.5.5 Statistical analysis

Descriptive statistics were generated for age, gender and burden of comorbidities in this study
population. The comorbidities assessed were TB — using the age of ascertainment for first
known episode, chronic obstructive pulmonary disease and/or asthma (COPD/Asthma),
hypertension, diabetes, CKD, cervical cancer, lung cancer, breast cancer, and mental health
diagnoses. Cardiovascular disease was not included in this study because the PHDC algorithm to

infer cardiovascular disease is not yet validated.

The age at ascertainment of each comorbidity in HIV-negative and HIV-positive subgroups of

the total healthcare-seeking population was determined.

In addition to describing metrics for all healthcare seekers, age at ascertainment for each
comorbidity was determined in a subset of all women who had ever accessed some form of

pregnancy and/or maternal care. This subset was chosen to represent individuals who would
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have been linked to care independent of their HIV and general health status and are very likely
to have undergone screening for common conditions as young adults. This subgroup was used
to compare the age of ascertainment of comorbidities in HIV-positive and HIV-negative strata,
in order to indicate whether earlier linkage to care might lead to earlier ascertainment of these
comorbidities. This subset was analysed in order to ameliorate the impact of the bias in the
composition of the whole study population. The significance of difference between median
ages at ascertainment was calculated using Wilcoxon rank sum tests, and the significance of
difference in proportions of comorbidities between PLHIV and HIV-negative groups in this

subset was calculated using Fisher’s exact test.

Multivariate logistic regression was used to assess the likelihood of individuals seeking
healthcare for each condition to also present with HIV and other comorbidities. Each
comorbidity was independently assessed as an outcome/dependent variable with independent
variables age, sex, HIV, and other comorbidities. This approach was used to accommodate
known bias in the dataset. The ‘Enter’ method of multivariate logistic regression where all

input variables are entered simultaneously was used.

Data analyses were done using R Software (version 3.6.0) and RStudio (version 1.1.447);
Graphical representations of age distributions at start of recruitment period for HIV-negative
and -positive population, sex, age at ascertainment of HIV, and comorbidities distributions by

age, HIV status, and sex were generated using the ggplot2 package in RStudio version 1.1.447.

2.5.6 Patient and public involvement

The participants in this study were healthcare seekers who visited public health facilities and
generated at least one electronic health record. Retrospective data for this population spanned
about 8 years. Inclusion in the study was restricted to healthcare clients who accessed care
between 2016 and 2017 but included their complete retrospective data. The study questions
were designed to explore the common comorbidities among these healthcare clients who seek
care from public facilities. A waiver for participants’ consent was granted because the data
were obtained directly from digital routine health data in the PHDC and were anonymised and

perturbed to prevent re-identification of participants.
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2.6 Results

2.6.1 Study population characteristics

The total study population was 172 937 healthcare seekers, with a median age of 37 years (IQR:
30-48 years), of which 125 468 (73%) were females. There were 83 162 HIV-positive individuals
- 48% of the total healthcare-seeking population. There were 59 164 HIV-positive females,
representing 71% of all PLHIV. The median age (IQR) of HIV ascertainment differs in females
and males at 35 years (IQR: 30-43 years) and 40 years (IQR: 34-47 years) respectively (p <0.001).
There were 67 499 women with evidence of previous access to maternal care, more than half
(54%) of all female healthcare seekers. Of those who had accessed maternal care, 29 828
(44.2%) were living with HIV. About 46.6% of PLHIV were seeking care for the additional
comorbidities investigated in this study compared to 61.5% of individuals without HIV (Table

2.1).

Table 2.1: Demographic and baseline characteristics of healthcare seekers

Healthcare seeking Total HIV- (%) HIV+ (%)
population

172 937 89 775 (52%) 83 162 (48%)
Female 125 468 (72.6%) 66 304 (73.9%) 59 164 (71.1%)
Has accessed maternal care 67 499 (53.8% *) 37 671 (55.8%**) 29 828 (44.2%**)
No comorbidity 78 990 (45.7%) 34 575 (38.5%) 44 415 (53.4%)
1 comorbidity 65 207 (37.7%) 36 701 (40.9%) 28 506 (34.3%)
2 comorbidities 21514 (12.4%) 13 674 (15.2%) 7 840 (9.4%)
23 comorbidities 7 226 (4.2%) 4 825 (5.4%) 2 401 (2.9%)

*Proportion of females ““Proportion of those who accessed maternal care

The age distribution assessed at the beginning of the recruitment period for females and males,
as well as HIV-negative and HIV-positive healthcare seekers, shows a non-uniform distribution:
there were more women than men in this cohort of healthcare seekers, with more HIV-positive
individuals in the younger age groups. More women in our study population were living with
HIV at younger ages than men and their HIV-positive status was ascertained at earlier ages than
men (Figure 2.1). More women (73%) than men were included in this study. In Figure 2.1C, we
observe a double peak in the age distribution of male PLHIV. The first peak occurred early in the
young adult population and the second peak occurred in the older adult population. These two

populations may have unique healthcare seeking behaviours. It is likely that the first peak is
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related to linkage to care and HIV services when HIV is diagnosed in the younger population
whilst the second peak may be related to seeking care for or due to additional comorbidities in

the older population.
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Figure 2.1: Baseline age distributions of study participants. Age in years is shown for the
beginning of the recruitment period, subgroups shown are HIV status and sex.
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2.6.2 The burden of comorbidities and age of ascertainment in HIV-positive and HIV-negative
healthcare seekers.

The proportion of individuals seeking care in public health facilities with the assessed
comorbidities were, TB (21.4%), COPD or asthma (7.4%), hypertension (26.4%), diabetes (9.7%),
CKD (2.4%), cervical cancer (0.9%), lung cancer (0.5%), breast cancer (0.4%), and mental health
conditions (7.2%), (Table 2.2). Except for TB, all comorbidities were ascertained earlier among
people living with HIV, with large differences in the age of ascertainment seen between HIV-

negative and HIV-positive healthcare seekers (Table 2.2).

37



*Proportions for cervical cancer were calculated for the female population only

Table 2.2: Comorbidities counts and median age (in years) at ascertainment in HIV-negative vs HIV-positive for all healthcare seekers

Healthcare seeking population HIV-negative HIV-positive
n=89 775 n=83 162

Count (%) Age at ascertainment |Count (%) Age at ascertainment  [Count (%) Age at ascertainment

Condition °
(IQR) (IaR) (1QR)

n=172 937
Tuberculosis 36 837 (21.3%) 34 (27-42) 11 298 (12.6%) 33 (24-48) 25 539 (30.7%) |34 (28-41)
COPD/Asthma 12 820 (7.4%) 45 (32-56) 8 477 (9.4%) 50 (33-60) 4343 (5.2%) |39 (32-48)
Hypertension 45 691 (26.4%) 49 (40-58) 34 090 (38%) 52 (43-60) 11 601 (14%) 43 (36-50)
Diabetes 16 979 (9.8%) 51 (41-59) 13 561 (15.1%) 52 (44-61) 3418 (4.1%) 44 (36-51)
Chronic Kidney Disease |4 179 (2.4%) 57 (48-67) 2833 (3.2%) 62 (55-71) 1346 (1.6%) |46 (38-55)
Cervical Cancer* 1180 (0.9%) 38 (32-47) 294 (0.4%) 52 (30-61) 886 (1.5%) 36 (31-42)
Lung Cancer 784 (0.5%) 47 (34-59) 443 (0.5%) 56 (40-65) 341 (0.4%) 39 (31-49)
Breast Cancer 691 (0.4%) 44 (33-54) 458 (0.5%) 47 (34-57) 233 (0.3%) 40 (33-46)
Mental Health Condition |12 512 (7.2%) 37 (27-50) 8279 (9.2%) 39 (26-54) 4233 (5.1%) 36 (29-45)
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Within the subset of women who have ever accessed maternal care, however, the differences
in the median ages at ascertainment for each comorbidity were much smaller compared to the
whole population of healthcare seekers, except in the case of CKD where the median age of
ascertainment was approximately 5.5 years earlier in HIV-positive women (p<0.001), and TB
where the median age of ascertainment was approximately 5 years later in HIV-positive women
(p<0.001) (Table 2.3). The percentage of HIV-negative and HIV-positive women presenting with
each comorbidity in this subset are shown (Table 2.3). HIV-positive women were more likely to
present with TB (OR: 6.78, 95% Cl: 6.40, 7.18); CKD (OR: 3.48, 95% Cl: 2.67, 4.58); cervical
cancer (OR:9.47,95% Cl: 7.22,12.60); lung cancer (2.39, 95% Cl:1.65, 3.5) and mental health
conditions (OR:1.41, 95% Cl:1.30, 1.53) compared to HIV-negative women. They were less likely
to present with diabetes (OR: 0.69, 95% Cl: 0.64, 0.75) compared to HIV-negative women.
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Table 2.3: Comorbidity counts (%) with Odds Ratio (95% Cl), and age at ascertainments of comorbidities (with Wilcoxon Rank Sum p-
value), for HIV-negative and HIV-positive women who have accessed maternal care (IQR: Interquartile range)

Condition Women who accessed HIV-negative women HIV-positive women (n = OR (C.I) P-value
maternal care (n=37 671) 29 828) Comorbidity count | Ascertainment age
Count (%) Ascertainment | Count (%) Ascertainment | Count (%) Ascertainment
n=67 499 age (IQR) age (IQR) age (IQR)
Tuberculosis 8416 29 (24-34) 1583 (4.2%) 24 (21-30) 6 833 29 (25-34) 6.78 (6.40-7.18) <0.001
(12.5%) (22.9%)
COPD/Asthma 2587 (3.8%) | 32(36-38) 1225 (3.3%) 31(25-38) 1362 (4.6%) | 33 (28-38) 1.42 (1.31-1.54) <0.001
Hypertension 7 475 36 (30-41) 4202 (11.2%) | 36 (30-42) 3273 (11%) | 35 (30-40) 0.98 (0.93-1.03) 0.008
(11.1%)
Diabetes 2434 (3.6%) | 35(29-41) 1565 (4.2%) 36 (30-41) 869 (2.9%) 35 (29-40) 0.69 (0.64-0.75) 0.05
Chronic Kidney 292 (0.43%) | 39(33-45) 78 (0.21%) 43 (36-47) 214 (0.72%) | 37.5(32-44) 3.48 (2.67-4.58) <0.001
Disease
Cervical Cancer 504 (0.75%) | 33(29-38) 60 (0.16%) 34 (31-39'5) 444 (1.5%) 33 (29-38) 9.47 (7.22-2.60) 0.05
Lung Cancer 130 (0.19%) | 31 (26-37) 45 (0.12%) 31(26-41) 85 (0.28%) 32 (26-36) 2.39 (1.65-3.51) 0.79
Breast Cancer 212 (0.31%) | 33.5(27.8-41) 120 (0.32%) 30:5(26-41) 92 (0.31%) 35.5 (29-40) 0.97 (0.73-1.28) 0.05
Mental Health 2480 (3.7%) | 32(26-38) 1178 (3.1%) 31(25-38) 1302 (4.4%) | 32 (27-38) 1.41(1.30-1.53) <0.001

Condition
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2.6.3 Distribution of ascertainment age for comorbidities in HIV-negative and HIV-positive
healthcare seekers

The distributions of age at ascertainment for the comorbidities assayed are shown in Figure
2.2 for both HIV-negative and -positive groups, Figure 2.3 for PLHIV, and Figure S2.2 for HIV-
negative individuals. Generally, in the HIV-positive healthcare seekers, all comorbidities are
ascertained across a narrower range of ages, whilst ascertainment of comorbidities in HIV-
negative healthcare seekers show a wider age range. There is a drop off in ascertainment of

comorbidities in HIV-positive individuals at older ages.
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Figure 2.2: Age at ascertainment for comorbidities for HIV-positive and HIV-negative
health care seekers. The absolute counts of comorbidities are shown, grouped by count
range for optimal display. A. COPD/Asthma, CKD, and cervical cancer. B. Tuberculosis,
hypertension, and diabetes. C. Lung cancer and breast cancer. D. Mental health condition.
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Age at ascertainment of comorbidities in PLHIV
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Figure 2.3: Age at ascertainment of comorbidities in HIV-positive healthcare seekers by
sex. The absolute counts of comorbidities are shown, grouped by count range for optimal
display. A. COPD/Asthma, CKD, and cervical cancer. B. Tuberculosis, hypertension, and
diabetes. C. Lung cancer and breast cancer. D. Mental health condition
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2.6.4 HIV status of individuals presenting with common conditions and other comorbidities
Multivariate logistic regression analysis shows the likelihood of having HIV and other
comorbidities in patients presenting with each condition. The odds of having all conditions
increased with age, calculated per 5-year increments. Within the whole study population,
people who seek care for a first episode of TB are 2.74 (95% C.I: 2.66, 2.81) times more likely to
be HIV-positive than HIV-negative. People presenting with CKD are 1.67 (95% Cl: 1.54, 1.82)
times likely to be HIV-positive and those presenting with cervical cancer are 4.90 (95% Cl: 4.22,

5.71) times more likely to be HIV-positive. The complete data are shown in Table S2.1.

The results presented in Table 2.4, show independent analyses with each assayed comorbidity
modelled as the outcome, and the contribution of HIV when adjusted for the other
comorbidities. In particular, within the subset of those who have accessed maternal care,
women who had TB are 6.24 (95% Cl: 5.89, 6.61) times more likely than those without TB to
also present with HIV; those with COPD/Asthma are 1.14 (95% Cl:1.04, 1.24) and 1.76 (95%
Cl:1.58, 1.95) times more likely to have had HIV and TB, respectively; and maternal care seekers
presenting with cervical cancer are 7.41 (95% Cl:5.67, 9.7) times more likely to be HIV-positive

compared to those without cervical cancer.
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Table 2.4: Multivariate logistic regression for women who have previously accessed maternal care; showing odds ratio (95% Confidence

interval). Odds ratio for age is shown per 5-year increments

INDEPENDENT VARIABLES (OR [95% C.1])

HIV B COPD/Asthma | Hypertension | Diabetes CKD Cervical Lung Breast Mental Age
OUTCOMES cancer cancer cancer Health 5yr.
increment
Tuberculosis | 6.24 - 1.74 0.64 1.18 2.82 1.33 3.38 1.28 1.88 1.15
(5.89,6.61) (1.56,1.92) (0.58,0.69) (1.04,1.34) | (2.18,3.65) | (1.08,1.62) | (2.29,4.95) | (0.86,1.85) | (1.69,2.09) | (1.12,1.16)
COPD/Asthma | 1.14 1.76 - 1.80 1.14 1.55 0.97 1.65 1.27 2.02 1.20
(1.04,1.24) | (1.58,1.95) (1.62,2.00) (0.96,1.35) | (1.07,2.19) | (0.65,1.38) | (0.85,2.90) | (0.73,2.06) | (1.74,2.33) | (1.18,1.24)
Hypertension | 0.83 0.65 1.78 - 3.70 3.32 1.02 1.12 1.46 1.68 1.85
(0.79,0.88) | (0.59,0.70) | (1.60,1.98) (3.37,4.07) | (2.52,4.36) | (0.80,1.30) | (0.66,1.82) | (1.02,2.06) | (1.50,1.88) | (1.82,1.89)
Diabetes 0.56 1.26 1.08 3.66 - 1.98 1.32 0.72 0.61 1.33 1.53
(0.51,0.61) | (1.10,1.43) | (0.91,1.29) (3.32,4.03) (1.42,2.71) | (0.91,1.87) | (0.25,1.63) | (0.30,1.10) | (1.12,1.58) | (1.50,1.58)
CKD 2.74 3.01 1.57 3.48 2.25 - 1.91 1.74 0.24 1.81 1.70
(1.86,3.30) | (2.33,3.90) | (1.08,2.23) (2.66,4.54) (1.62,3.08) (1.00,3.32) | (2.79,5.78) | (0.01,1.26 (1.24,2.57) | (1.57,1.85)
Cervical 7.41 1.33 0.95 1.03 1.31 1.52 - 3.42 1.10 1.77 1.63
cancer (5.67,9.7) | (1.09,1.63) | (0.64,1.36) (0.80,1.31) (0.90,1.85) | (0.80,2.66) (1.30,7.42) | (0.32,2.79) | (1.28,2.39) | (1.53,1.73)
Lung cancer 1.37 3.42 1.59 1.14 0.67 1.18 3.13 - 3.90 2.29 1.25
(0.92,1.07) | (2.31,5.03) | (0.82,2.81) (0.67,1.85) (0.23,1.55) | (0.19,3.95) | (1.20,6.71) (0.92,10.9) | (1.28,3.83) | (1.11,1.41)
Breast cancer | 0.73 141 1.28 1.47 0.62 0.34 1.36 3.86 - 5.61 1.42
(0.54,1.09) | (0.95,2.04) | (0.74,2.08) (1.03,2.08) (0.31,1.11) | (0.12,1.55) | (0.41,3.320 | (0.92,10.9) (3.96,7.80) | (1.30,1.56)
Mental 1.11 1.90 2.00 1.71 1.35 1.63 1.76 2.34 5.68 - 1.16
Health (1.02,1.22) | (1.71,2.10) | (1.73,2.32) (1.52,1.90) (1.14,1.60) | (1.12,2.32) | (1.27,2.37) | (1.30,3.91) | (4.00,7.91) (1.13,1.19)
Condition
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Hypertension, diabetes, and CKD had increased odds of co-occurring (Table 2.4). Individuals
with hypertension are 17% less likely to present with HIV (OR: 0.83, 95% Cl: 0.79, 0.88), those
with diabetes are 44% less likely to present with HIV (OR: 0.56, 95% Cl: 0.51, 0.61), and those
with CKD are 2.74 (95%Cl: 1.86, 3.30) times more likely to present with HIV. There is no
significant difference in HIV presentation between those with and without lung cancer or breast
cancer. Finally, women who accessed maternal care and have mental health conditions are 11%
more likely to present with HIV (OR:1.11, 95% Cl: 1.02, 1.22) as well as other comorbidities

compared to those without mental health conditions.

2.7 Discussion

The results reveal that PLHIV in Khayelitsha, Cape Town are seeking care for multiple chronic
comorbidities in addition to co-infection with tuberculosis. Analysis of the healthcare client
population in this study shows earlier ascertainment of most chronic comorbidities in PLHIV.
Whilst this could be due to generally earlier incidence of comorbidities in the HIV-positive
population, it could also reflect an earlier diagnosis of comorbidities in those with frequent
access to health care and earlier screening due to HIV treatment visits. Ascertainment of
comorbidities might occur later in people who do not normally access health care frequently
and therefore only receive a diagnosis when comorbidities are sufficiently advanced to present
with symptomes. Statistical metrics were not used to directly compare the prevalence of
comorbidities in HIV-positive and HIV-negative subsets of the overall study population due to
the known bias in this dataset which is enriched for people who are already ill or have frequent
healthcare-seeking behaviour due to existing chronic conditions such as HIV. Bias also results
from young healthy women attending healthcare facilities for contraceptive or maternal health
services, whilst young, healthy men seldom access healthcare services. The general populations
of healthcare seekers who are HIV-positive and HIV-negative are not directly comparable,

accordingly.

We found that in a subset of women who accessed maternal care, there were much smaller
differences in ages at ascertainment of most comorbidities in both HIV-negative and HIV-

positive groups. This suggest that frequent access to healthcare may result in earlier
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ascertainment of these comorbidities, rather than there being generally earlier incidence in the
HIV-positive population. In all comorbidities assayed where significant differences were
identified in the age of ascertainment of this group, the difference is in the range of only 1-2
years - with the notable exception of CKD which occurs an average of 5.5 years earlier in HIV
positive women, in line with existing studies on HIV Nephropathy (Butler et al., 2018; Naicker,
2020). For TB, the median age of ascertainment is approximately 5 years higher in PLHIV, and it
is believed that this may reflect the difference in age distribution for TB incidence in HIV-
negative and HIV-positive individuals. For those without HIV, TB risk is high in young adults but
decreases rapidly at older ages (Blaser et al., 2016) whereas TB risk in PLHIV remains elevated
throughout adulthood, leading to a shift to an older median age of first TB ascertainment. It is
anticipated that data for cardiovascular disease (CVD) in this population may also show earlier
occurrence in PLHIV, based on prior studies (Alonso Alvaro et al., 2019), and a similar analysis
will be conducted for CVD when these data are available. Multivariate analysis shows that in
women, having TB or cervical cancer is highly associated with being HIV-positive. Both arise

from infectious agents and are classified as HIV-related conditions (Zetola et al., 2016).

We recognise the bias in this dataset due to imbalances in the sectors of the population
commonly seeking healthcare, and the exclusion of many healthy individuals (especially young
men) who do not frequently attend healthcare facilities. Bias in the data means that direct
comparisons of comorbidity prevalence could not be made between the total HIV-positive and
HIV-negative study groups. Several sources of bias exist in our study. Healthy HIV-negative
individuals without comorbidities are under-represented in people commonly seeking
healthcare in public facilities. HIV-negative healthcare clients are likely to be seeking healthcare
because they are ill with other conditions, so the HIV-negative group in the study population is
enriched for other comorbidities. Individuals with conditions requiring frequent medication —
especially HIV medication — are more likely to visit a facility during the recruitment period and
subsequently be included in the dataset, so the study population is further enriched for HIV-
positive individuals. In the subset analysis, women who have accessed maternal health services
previously were selected to represent a subgroup of individuals who have accessed care and

received screening for common comorbidities at a younger age, regardless of their HIV- or
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general health status, thus providing a less-biased subset for additional analyses. Whilst this
analysis can address the bias resulting from differences in accessing healthcare services, some
of the limitations of the maternal subset analysis include the inability to assess comorbidities
occurring more commonly in men, or much older women. In addition, it is possible that
pregnant women living with HIV may have more rigorous screening and antenatal care which
may lead to more frequent ascertainment of existing conditions than for HIV-negative
pregnant. As more data about this cohort are collected over time, it would be possible to

analyse evolving comorbidity profiles as the maternal cohort ages.

Individuals visiting healthcare facilities who are not seeking care for HIV are more likely to be
accessing care for one or more other comorbidities. This explains the high prevalence of these
comorbidities in healthcare clients who are HIV-negative and does not accurately represent the
prevalence of those comorbidities in the general HIV-negative population, many of whom may

not be currently in active care.

For these reasons, this paper does not attempt to compare the estimated prevalence of
comorbidities in PLHIV with those who are HIV-negative in this study population and did not
use HIV status as an outcome for multivariate regression analysis. The maternal subset was
used as a proxy for a more balanced analysis, based on the assumption that women who access
maternal healthcare do so at a relatively younger age regardless of their HIV status or other
health conditions. Because of the time frame for which retrospective data are available, the
subset who accessed maternal care had a lower maximum age than the whole group (Figure
S2.1). The analysis of the maternal subset alone clearly cannot, however, be used to understand
sex differences in the healthcare-seeking population. In addition, it is anticipated that there
may be contributions from other confounding risk factors that we have not been able to assess
in the current study because these data — for example ascertainment of less common health
conditions, observational clinical data and socioeconomic status — are not currently available
through the PHDC. As these data become increasingly available, it will be possible to refine
these analyses to better understand the contributions of a wider range of confounding and

contributing risk factors.
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Differences between female and male demographics of healthcare clients may also reflect to
some extent contraceptive and maternal care access by women who are not experiencing
health issues or poor health, and this group of healthcare clients contributes to the relatively
high proportion of younger women without HIV presenting with no comorbidities in the data
set. Asimilar proportion of young, healthy males cannot be seen to be reflected in this dataset,
accordingly. Prior studies also suggest that women are more likely to have frequent healthcare-
seeking behaviours than men which may also contribute to the higher numbers of women in
this study (Olanrewaju et al., 2019), and frequent access to healthcare plays a pivotal role in the
ascertainment of HIV among both younger and older women (Luseno et al., 2010). The later
ascertainment of HIV among men compared to women could be a result of men only presenting
to facilities when they are already ill (Pulerwitz et al., 2019), and health promotion and
encouraging healthcare-seeking behaviour are key in ensuring early detection of HIV in this

sector of the population (Luseno et al., 2010).

A rapid fall-off in numbers of HIV-positive people aged over 60 years at recruitment is because
prior to ART rollout in 2004, there was high mortality in PLHIV (Pillay-van Wyk et al., 2019) and
there are few people who were diagnosed prior to 2004 and have now survived beyond 60
years of age. As the HIV-positive population now ages, however, the rising challenge of NCDs
among ageing HIV-positive persons indicates that disease-specific care delivery for PLHIV may
need to become more integrated and holistic to ensure that comorbidities in these patients

receive the necessary attention.

2.8 Conclusion

Ascertainment of comorbidities relies on screening, which is influenced by healthcare-seeking
behaviours. This analysis suggests that when women link to maternal care, or PLHIV link to HIV
care, which both include point-of-care screening, they have earlier ascertainment of common
conditions. This may be a more likely explanation for earlier age of ascertainment of
comorbidities in PLHIV than in HIV-negative individuals, rather than earlier disease onset. If this
holds true in the wider population, it would suggest that earlier screening, in general, could

lead to earlier ascertainment of common comorbidities —in turn leading to earlier linkage to
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care and better patient outcomes. The data also suggest that as PLHIV age, their comorbidities
curve will also widen toward the older ages and share similarities with the distribution of
comorbidities in HIV-negative healthcare seekers, increasing the burden on existing healthcare
facilities. Careful planning can ensure that this ageing population has sufficient access to

healthcare for HIV and comorbidities, into the future.
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2.10 Supplementary data
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Figure S2.1: Age distribution of women in maternal subgroup, women in non-maternal
subgroup, and subgroup with equivalent age range. Legend: Age (yrs.) along the x-axis is the
distribution of age at the beginning of the recruitment period in HIV-negative and HIV-positive
groups. A. Women who have ever accessed maternal care. B. Non-maternal women from the
general healthcare-seeking population with an equivalent age range. C. The general healthcare-

seeking population with an equivalent age range.
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Age at ascertainment of comorbidities in HIV-negative individuals

A:Tuberculosis, COPD/Asthma

F M Disease Label
. Tuberculosis
« 1000
g COPD/Asthma
8 500
0 T T T T T T
25 50 75 25 50 75
Age (yrs)
B:Hypertension, Diabetes, CKD
_— F M Disease Label
. Hypertension
1500 1 Diabetes
€ CKD
3 1000
(&)
5001
o Y Y 3 Y T T
25 50 75 25 50 75
Age (yrs)
C:Cervical cancer, Lung cancer, Breast cancer
F M Disease Label
. Breast Cancer
150 1
Lung Cancer
§ 100+ Cervical Cancer
o
(&)
504
0 ! 4 > L v T T
25 50 75 25 50 75
Age (yrs)
D:Mental Health
F M
12001 Disease Label
I Mental Health
£ 800
>3
o
O 4001
0.

Age (yrs)

25 50 75

Figure $2.2: Age at ascertainment of comorbidities in HIV-negative individuals. The absolute

counts of comorbidities are shown, grouped by count range for optimal display. A. Tuberculosis
and COPD/Asthma. B. Hypertension, Diabetes and CKD. C. Breast cancer, Lung cancer and

Cervical cancer. D. Mental health condition
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Table S2.1: Multivariate logistic regression of healthcare-seeking population; Odds ratio (95% Confidence interval). Odds ratio for age is shown in 5-year

increments

INDEPENDENT VARIABLES (OR [95% C.1])

HIV Tuberculosis | COPD/Asthma | Hypertension | Diabetes CKD Cervical Lung Breast Mental Age Sex M
OUTCOMES cancer cancer cancer health 5yrincr.

condition

Tuberculosis 2.74 - 1.39 0.41 0.75 1.50 1.45 3.21 0.94 0.98 1.08 3.04

(2.66,2.81) (1.33,1.46) (0.39,0.43) (0.72,0.79) | (1.38,1.63) | (1.27,1.67) | (2.76,3.75) (0.75,1.16) | (0.93,1.03) | (1.07,1.08) | (2.96,3.12)
COPD/Asthma | 0.61 1.43 - 1.10 0.79 1.04 1.02 2.45 1.04 1.20 1.20 1.10

(0.59,0.64) | (1.36,1.50) (1.05,1.15) (0.75,0.84) | (0.96,1.15) | (0.81,1.26) | (2.06,2.91) (0.80,1.37) | (1.12,1.27) | (1.18,1.20) | (1.06,1.15)
Hypertension | 0.40 0.43 1.00 - 1.66 1.81 1.14 0.51 0.84 0.82 1.63 1.10

(0.38,0.41) | (0.41,0.45) (0.96,1.05) (1.59,1.73) | (1.66,1.99) | (0.97,1.32) | (0.42,0.62 (0.69,1.02) | (0.77,0.86) | (1.61,1.64) | (1.08,1.14)
Diabetes 0.43 0.85 0.77 2.02 - 2.43 1.14 0.77 0.87 0.98 1.28 0.99

(0.41,0.45) | (0.80,0.89) (0.73,0.82) (1.94,2.11) (2.26,2.62) | (0.93,1.38) | (0.61,0.97) | (0.68,1.09) | (0.93,1.05) | (1.27,1.29) | (0.96,1.03)
CKD 1.67 1.61 1.08 2.40 2.94 - 1.76 0.82 1.08 1.57 1.42 1.00

(1.54,1.82) | (1.48,1.75) 0.98,1.19) (2.21,2.60) (2.75,3.16) (1.33,2.30) | (0.56,1.16) (0.72,1.55) | (1.42,1.73) | (1.40,1.44) | (0.94,1.08)
Cervical 4.90 1.24 0.87 1.01 0.98 1.23 - 2.54 2.23 1.95 1.24 0.001
cancer (4.22,5.71) | (1.08,1.42) (0.60,1.08) (0.87,1.18) (0.80,1.19) | (0.92,1.61) (1.43,4.18) | (1.35,3.49) | (1.63,2.32) | (1.21,1.27) | (0.00,0.01
Lung cancer 0.79 3.44 2.49 0.68 0.85 0.85 291 - 3.94 1.78 1.24 1.65

(0.67,0.93) | (2.95,4.02) (2.09,2.95) (0.57,0.81) (0.68,1.07) | (0.59,1.20) | (1.65,4.74) (2.21,6.47) | (1.44,2.17) | (1.21,1.27) | (1.42,1.92)
Breast cancer | 0.71 0.94 1.00 0.87 0.82 0.86 2.42 3.72 - 4.06 1.18 0.14

(0.60,0.85) | (0.75,1.16) (0.77,1.28) (0.72,1.04) (0.65,1.03) | (0.58,1.23) | (1.46,3.76) | (2.08,6.15) (3.39,4.84) | (1.15,1.21) | (0.11,0.20)
Mental health | 0.52 0.94 1.17 0.82 0.96 1.67 2.66 1.61 4.44 - 1.04 1.95
condition (0.50,0.54) | (0.90,1.00) (1.09,1.24) (0.78,0.86) (0.90,1.02) | (1.52,1.84) | (2.22,3.15) | (1.30,1.96) | (3.72,5.29) (1.03,1.05) | (1.87,2.03)
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CHAPTER 3: ANALYSIS OF ROUTINE HEALTH DATA SHOWS ASCERTAINMENT OF
COMORBIDITIES DIFFERS FOR HEALTHCARE CLIENTS IN KHAYELITSHA, SOUTH AFRICA DUE
TO SUB-POPULATIONS DIFFERENCES

3.1 Publication status

Osei-Yeboah, R., & Tiffin, N. Analysis of routine health data shows ascertainment of
comorbidities differs for healthcare clients in Khayelitsha, South Africa due to sub-

populations differences (Ready for submission).

3.2 Author contribution

NT and ROY designed the study. ROY conducted the analysis and wrote the draft

manuscript. NT and ROY finalised the manuscript.

3.3 Abstract

Background

As people living with human immunodeficiency virus (PLHIV) age, their health outcomes
may be influenced by the roles of HIV infection and associated inflammation, the impacts of
exposure to antiretroviral drugs, as well as the effects of other co-infections and chronic
comorbidities. Considering the burden of disease and ongoing epidemiological transition in
South Africa, and the interaction between HIV/acquired immunodeficiency syndrome
(AIDS), antiretroviral therapy (ART), and non-communicable diseases (NCDs), understanding
the relationships between HIV infection and comorbidities can inform planning to provide

appropriate healthcare services for the ageing population of PLHIV and comorbidities.
Methods

We analysed the comorbidity profiles of PLHIV, and HIV-negative healthcare clients aged 18-
80 years who accessed public health facilities in Khayelitsha, South Africa in 2016 and 2017.
We compared the ascertainment dates for selected comorbidities to determine the order in
which they most likely occurred and used multivariate logistic regression to determine the
risk of subsequent ascertainment of a variety of disease conditions for individuals who
already have HIV and at least one other condition. We used Kaplan-Meier survival curves to
describe the timing of ascertainment of infectious diseases and NCDs for individuals who

already had HIV.
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Results

A total of 247 145 healthcare clients accessing public health facilities were included in the
study, of which 154 802 (62.6%) were females. The median age of the study population in
2018 was 35 years (IQR: 28-46), and there were 81 668 PLHIV with a median age of 37 years
(IQR: 31-44) of which 70 128 (85.9%) had initiated ART by the end of the recruitment period.
Of the PLHIV, 58 246 (71.3%) were females. For all the comorbidities assessed in this study,
the proportions of individuals with comorbidities ascertained after an HIV diagnosis were
higher than for those ascertained before or at the same time as HIV; TB (72.1% vs 27.9%),
cervical cancer (86.1% vs 13.9%), CKD (86.2% vs 13.8%), diabetes (65.6% vs 34.4%) and
hypertension (77.1% vs 22.9%). Having a prior HIV diagnosis was associated with earlier
ascertainment of TB, cervical cancer and CKD when compared to ascertainment in
healthcare clients who are HIV-negative. The differences in time of comorbidity
ascertainment plots show that in general, men living with HIV had diabetes, hypertension

and TB ascertained at older ages when compared to women with HIV.
Conclusion

In this study population of healthcare clients, in general PLHIV had earlier ascertainment of
TB, cervical cancer and CKD, but later ascertainment of hypertension and diabetes, when
compared to HIV-negative individuals. These profiles suggest that aetiological factors might
underlie earlier development of TB, cervical cancer, and CKD in PLHIV, in line with findings
to date; but that HIV-negative individuals are possibly only attending healthcare services
when physically ill from other causes and are more likely to be ascertained with an NCD
accordingly. It is likely that the differences in the healthcare access patterns of the study
population based on age, gender, general health and HIV status result in bias in this virtual
cohort of healthcare clients; but these routine health data are still able to provide insights
into the associations between an existing HIV infection and the development of subsequent

comorbidities in individuals attending government healthcare facilities.
Keywords

HIV, comorbidity, ascertainment, non-communicable disease, routine health data, South

Africa
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3.4 Background

The roll-out and expansion of antiretroviral therapy (ART) programmes have resulted in
more people living with the human immunodeficiency virus (PLHIV) gaining access to life-
saving therapies in Africa (GBD 2017 HIV Collaborators et al., 2019), especially in South
Africa where the impact of the HIV pandemic has been profound (Hodes & Morrell, 2018).
Due to the success of these ART programmes, HIV-related morbidity and mortality are
declining and more PLHIV are living to older ages (Althoff et al., 2016). Though there is a
significant decline in acquired immunodeficiency syndrome (AIDS)-defining morbidities,
there exist excess burden of other comorbidities among PLHIV compared with seronegative

demographically comparable adults (Althoff et al., 2015; Cox et al., 2016).

Empirical evidence from sub-Saharan African (SSA) countries suggests that the prevalence of
diabetes and obesity remains higher among PLHIV receiving ART than those without HIV,
and receiving ART may be associated with increased prevalence of obesity (Coetzee et al.,
2019). Further, prevalence of hypertension, osteoporosis, renal impairment, asthma, and
cardiomyopathy are on the rise among PLHIV on ART (Kansiime et al., 2019). In South Africa,
high levels of risk factors for non-communicable diseases (NCDs) among PLHIV receiving ART

care are well documented in past studies (Mathebula et al., 2020; van Heerden et al., 2017).

Studies suggest that ageing and living with HIV may contribute to the rising prevalence of
NCDs in PLHIV (Kato et al., 2020) and negatively affect the health-related quality of life of
PLHIV compared with the general population (Miners et al., 2014; Moore et al., 2014).
Hypertension, impaired glucose tolerance, diabetes mellitus, hypercholesterolemia, and
hypertriglyceridemia are suggested to be associated with a long-term use of antiretroviral
drugs (Kato et al., 2020). HIV-associated nephropathies arising from the prolonged use of
active ART are widely studied in Africa and globally (Husain et al., 2018; Naicker, 2020; Palau
et al.,, 2018).

Additionally, factors including ill health from HIV infection, HIV treatment toxicity, and
general burden of comorbidities, albeit modifiable, contribute to a poorer quality of life in

PLHIV (Althoff et al., 2016).

As PLHIV age, their health outcomes may be influenced by the roles of HIV infection and

associated inflammation, the impacts of exposure to antiretroviral drugs, as well as the
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effects of other viral coinfections or chronic comorbidities (Althoff et al., 2016). Considering
the epidemiological transition as well as the interaction between HIV/AIDS, ART care, and
NCD risk factors (Kabudula et al., 2017), it is essential to understand the relationship
between HIV infections and/or ART care or having other comorbidities and the occurrence
of NCDs or other related infections. This study aimed at exploring how living with HIV in the
context of existing comorbidities may be associated with a higher probability of developing
other additional comorbidities in a population of healthcare clients attending public health

facilities in Khayelitsha, South Africa.

3.5 Methods

3.5.1 Ethics

Ethics approval was obtained from the Human Research Ethics Committee of the Faculty of
Health Sciences, University of Cape Town (HREC ref: 482/2019). A data access request was
approved by the Health Impact Assessment Directorate at the Western Cape Department of
Health, South Africa. A waiver for informed consent was granted because the data provided
were anonymized and perturbed, and individuals could not be identified or re-identified

from the data.

3.5.2 Study population

Khayelitsha is a high-density, mixed informal and formal housing suburb in Cape Town,
South Africa. The analysis includes selected comorbidities ascertained by the Provincial
Health Data Centre (PHDC) for all adults (18 years and above) who accessed public health
facilities in the Khayelitsha subdistrict of Cape Town, South Africa, between 1 January 2016
and 31 December 2017, described as the ‘recruitment period’. We included all healthcare
clients who had a recorded health facility episode/encounter regardless of the condition

being presented.

3.5.3 Data Source

The PHDC is a health information exchange facility that collates administrative health data
for the Western Cape Province. Unique identifiers are used to link individuals to
administrative health records, and facility visit, laboratory, and pharmacy data are updated
daily for about 6.6 million people currently seeking care in public facilities in the Western

Cape Province. Algorithms are used to infer disease episodes from combinations of
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pharmacy-dispensed drugs, laboratory test results, International Classification of Disease -
10t™ edition (ICD-10) diagnosis codes, and facility encounter data (Boulle et al., 2019). In this
study we refer to “disease ascertainment”, to mean inference of the start of a disease
episode as identified by an algorithm run by the PHDC, to distinguish this process of disease
ascertainment from a clinical diagnosis made by a health care professional during
consultation. A dataset containing routine health data was obtained from the PHDC,
Western Cape Government Health Department, with longitudinal data ranging from 2007 to
2017. The records of the healthcare clients who are seeking care in public facilities included
HIV and comorbidities records that were used to determine which health conditions had
already been ascertained prior to ascertainment of an outcome of interest. The median
length of time for which individuals have available data is 8 years (Interquartile range [IQR]:
3.6-10 years). The study dataset was anonymised and perturbed within the PHDC prior to
being released for use in this analysis, to prevent identification or re-identification of

individuals.

3.5.4 PHDC disease episode definition

The PHDC infers diseases from routine health data using algorithms that analyse either
single, or a combination of parameters categorized into high, moderate, and weak
confidence and supporting-only evidence for having a particular disease episode. High
confidence definition of HIV requires evidence for dispensed valid first line (2NRTI and
NNRTI) and valid triple therapy regimen (fixed-dose combination) of antiretrovirals, and/or
positive laboratory test results (viral load test, Polymerase Chain Reaction (PCR) test,
Enzyme Linked Immunosorbent Assay (ELISA) test, and ART resistance test). For tuberculosis
(TB), evidence for the episode may include admission to specialized TB hospital, TB drug
regimen dispensed, and/or laboratory test results (Positive GeneXpert, Line probe assay
(LPA), Acid-Fast Bacillus positive culture, positive microscopy (Ziehl-Neelsen staining), and
microbiology culture-Toxocara canis (ELISA) are the main definition parameters. High
confidence definition of hypertension includes dispensed hydrochlorothiazide. High
confidence definitions of diabetes episodes are based on dispensed drug for the treatment
of diabetes mellitus, laboratory test showing glycated haemoglobin (HbAlc) greater than
6.5%, oral glucose tolerance test result greater than 11.1mmol/l, and diagnosis coding

showing an ICD-10 code indicating diabetes disease.
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For chronic kidney disease (CKD), laboratory tests showing consecutive glomerular filtration
rate of less than 60 with 90 days between tests, dispensed kidney, or transplant medications
(antithymocyte, immunoglobulin, and basiliximab), and diagnosis coding indicating kidney
transplant procedure in theatre constitute high confidence definition. It is important to note
that serum creatinine (SCr) and estimated glomerular filtration rate (eGFR) results are used
extensively in defining patients with CKD by the PHDC. This means that there is substantial
overlap between having poor kidney function test results and being defined as having a CKD
episode. The ascertainment algorithm, however, makes use of longitudinal eGFR results to
track changes in kidney function over time, and is not based on individual kidney function
results. The PHDC algorithm uses the modification of diet in renal disease study (MDRD) GFR

estimating equation to determine eGFR.

3.5.5 Data Analysis

3.5.5.1 Overview of study population, HIV and comorbidity incidence among the study
participants and the order in which comorbidities were ascertained

Descriptive statistics were generated for healthcare clients with and without HIV and
selected comorbidities. HIV ascertainment date was compared with the comorbidity
ascertainment date to determine whether the comorbidity was ascertained prior to, on
same date as, or after the ascertainment of HIV. The comorbidities considered in this study
categorized as NCDs are CKD, diabetes, and hypertension; and infectious diseases are TB

and cervical cancer.

3.5.5.2 Association between existing comorbidities and subsequent occurrence of disease
conditions of interest

A multivariate logistic regression model was used to explore the association between
already having an ascertainment of selected comorbidities and a subsequent occurrence of
each of those comorbidities in turn as an outcome of interest. An individual end date of
ascertainment of the outcome of interest was defined for each study participant for each
disease condition in turn. The individual end dates included date of ascertainment for
individuals who developed the outcome before the study ended, date of death for those
who died before the study ended without recording the outcome, and a study end date for
those who ended the study without experiencing the outcome. Current disease status was

then defined for each condition by comparing the date of ascertainment of the condition
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and the individual end dates. A positive current disease status was assigned if an individual
had the condition before or at the same time as the end date of the outcome of interest.
The age at inclusion into the study was used as participant age in years, for the analyses. In a
supplementary analysis, multivariate logistic regression model was used to assess the risk of
healthcare clients for each condition to also present with HIV and other comorbidities
irrespective of the time of ascertainment. Each comorbidity was independently assessed as
an outcome variable with independent variables age, sex, HIV, and other comorbidities. The
complete data are shown in supplementary data. The ‘Enter’ method of multivariate logistic

regression where all input variables are entered simultaneously was used.

3.5.5.3 Age-stratified analysis

To better understand the relationship between participant age and ascertainment of co-
morbidities, we conducted age-stratified logistic regression analysis to assess the
relationship between existing HIV infection and subsequent hypertension and diabetes
ascertainment. Age at study end was categorized into 18-29 years, 30-44 years, 45-60 years,

and 60+ years and a separate analysis was run for each age group.

3.5.5.4 Timeline of events for HIV and comorbidities ascertainment among healthcare
clients

The differences in the time of ascertainment of HIV and comorbidities were determined
using the ‘difftime’ function in RStudio. For each study participant who had HIV and a co-
existing condition, the dates of ascertainment of HIV and the comorbidity were used. The

unit for each time was specified as years.

3.5.5.5 Prior HIV ascertainment and the probability of developing an outcome of interest
Kaplan-Meier survival curves were used to describe how having prior ascertainment of HIV
infection compares with no prior HIV infection with respect to occurrence of selected
comorbidities of interest. The Kaplan-Meier method enables construction of survival curves
as a function of time and takes into account censoring resulting from either death or non-
occurrence of outcome of interest at study end for study population (D’Arrigo et al., 2021).
The survival curves show the time (in years) to the occurrence of the outcome of interest, in
this case development of the comorbidity, for healthcare clients first ascertained with HIV

and indicate the number of healthcare clients at risk of developing the outcome of interest.
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The log-rank test was used to compare the survival experience in the Kaplan-Meier graphs

and the resulting p-values are shown in each figure.

Data analyses were done in R Software (version 4.1.2) and RStudio (2021.09.0+351 "Ghost
Orchid"). Visualisations of differences in the timeline of events were done using ‘ggplot2’
package in RStudio. Visualisation of logistic regression output for CKD was done using
‘sjPlot’ package in RStudio. Kaplan-Meier survival curves were generated using the ‘survival’

and ‘survminer’ packages in RStudio.

3.6 Results

3.6.1 Overview of study population, HIV and comorbidity incidence among the study
participants and the order in which comorbidities were ascertained

Description of the study population

A total of 247 145 healthcare clients were recruited into the study of which 154 802 (62.6%)
were females. The median age of the study population was 35 years (IQR: 28-46). There
were 165 477 (66.9%) HIV-negative clients in the healthcare client population of which 96
556 (58.4%) were females. The median age of the HIV-negative healthcare clients was 32
years (IQR: 24-46). There were 81 668 (33.0%) PLHIV with a median age of 37 years (IQR: 31-
44), of which 70 128 (85.9%) had initiated ART at the end of the recruitment period. Of the
PLHIV, 58 246 (71.3%) were females.

The counts and proportions of healthcare clients with comorbidities were determined for
PLHIV and HIV-negative healthcare clients. Among healthcare clients with TB and cervical
cancer, PLHIV had higher proportions (69.1% vs 30.9%) and (75.5% vs 24.5%) respectively,
compared to individuals without HIV. Higher proportions of healthcare clients without HIV
presented with CKD (68.1% vs 31.9%), diabetes (80.1% vs 19.9%), and hypertension (74.7%
vs 25.3%) when compared to PLHIV (Table 3.1).
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Table 3.1: Healthcare clients presenting with selected conditions, count (%) of HIV-negative
and HIV-positive.

Condition Total count HIV-negative (%) HIV-positive (%)
All participants 247 145 165 477 (67.0%) 81668 (33.0%)
CKD 3870 2 635 (68.1%) 1235 (31.9%)
Diabetes 16410 13 138 (80.1%) 3272 (19.9%)
Hypertension 44 669 33364 (74.7%) 11 305 (25.3%)
TB 35854 11 066 (30.9%) 24788 (69.1%)
Cervical cancer 1144 280 (24.5%) 864 (75.5%)

Overview of HIV and comorbidity incidence among the study participants, determining

‘what came first’

The counts and proportions of healthcare clients ascertained with HIV and comorbidities,
and the counts and proportions of clients ascertained with the comorbidities before and
after HIV ascertainment were determined. For all the comorbidities, the proportions of
individuals ascertained after HIV were higher than those ascertained before HIV or on the
same day. TB (72.1% vs 27.9%), cervical cancer (86.1% vs 13.9%), CKD (86.2% vs 13.8%),
diabetes (65.6% vs 34.4%) and hypertension (77.1% vs 22.9%) (Table 3.2).

Table 3.2: Counts of healthcare clients living with comorbidity, comorbidity with HIV, and

counts and proportions of individuals ascertained with comorbidities before and after HIV
diagnosis.

Comorbidity Total ever had Total had Total had comorbidity Total had

comorbidity comorbidity before HIV or on same comorbidity after
with HIV day as HIV HIV

CKD 3870 1235 (31.9%) 170 (13.8%) 1 065 (86.2%)

Diabetes 16 410 3272 (19.9%) 1127 (34.4%) 2 145 (65.6%)

Hypertension 44 669 11 305 (25.3%) 2 592 (22.9%) 8713 (77.1%)

TB 35 854 24 788 (69.1%) 6920 (27.9%) 17 868 (72.1%)

Cervical cancer 1144 864 (75.5%) 120 (13.9%) 744 (86.1%)

3.6.2 Association between existing comorbidities and subsequent occurrence of disease

conditions of interest

Adjusting for age at study recruitment, sex, and other comorbidity status we assessed the

association between subsequent comorbidity ascertainment and prior ascertainment of HIV

and other comorbidities in a multivariate logistic regression analysis (Table 3.3).

Additionally, we assessed the association between comorbidity ascertainment and having
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HIV and other comorbidities in a multivariate logistic regression analysis and the complete

data are presented in supplementary data, Table S3.1 to Table S3.5.

Chronic Kidney Disease

Our analysis shows that healthcare clients with prior diabetes are 2.69 (95% Confidence
Interval [Cl]: 2.48-2.91) times more likely to be subsequently ascertained for CKD compared
to healthcare clients without diabetes. Subsequent CKD ascertainment for healthcare clients
with prior HIV ascertainment is 1.74 (95% Cl: 1.60-1.90) times more likely compared to for
those without HIV. A 5-year increase in the age at study recruitment is associated with 1.61
(95% Cl: 1.59-1.63) times the odds of CKD ascertainment. Healthcare clients who are first
ascertained with cervical cancer are 1.53 (95% Cl: 1.09-2.10) times more likely to be
subsequently ascertained with CKD than healthcare clients without cervical cancer, and
healthcare clients with prior TB ascertainment are 1.18 (95% CI: 1.07-1.30) times more likely
to be ascertained with CKD compared to healthcare clients without TB. The analysis
suggests that healthcare clients with prior hypertension are 9% less likely (Odds ratio [OR]:
0.91, 95% Cl: 0.84-0.98) to be subsequently ascertained for CKD compared to healthcare
clients without hypertension, and males are 14% less likely (OR: 0.86, 95% Cl: 0.80-0.93) to
be ascertained with CKD compared to females when age, HIV and other comorbidity status

remain constant (Figure 3.1).

Diabetes

Among individuals with diabetes, a 5-year increase in the age at study recruitment is
associated with higher odds of diabetes ascertainment (OR: 1.49, 95% Cl: 1.49-1.50).
Healthcare clients with prior ascertained CKD (OR: 0.79, 95% Cl: 0.70-0.88), hypertension
(OR: 0.74, 95% Cl: 0.71-0.77), cervical cancer (OR: 0.74, 95% Cl: 0.56-0.97), TB (OR: 0.57,
95% Cl: 0.54-0.61), and HIV (OR: 0.45, 95% Cl: 0.43-0.47) have lower odds of diabetes
ascertainment compared to healthcare clients without these comorbidities. Our analysis
shows that males have lower odds of diabetes ascertainment (OR: 0.68, 95% Cl: 0.65-0.70)
compared to females when age, HIV, and other comorbidity status remain constant (Table
3.3). We assessed the risk of diabetes ascertainment for healthcare clients with prior HIV
ascertainment by age group. Our results show lower odds of diabetes ascertainment in all

age groups for healthcare clients with prior HIV: 18-29 years (OR: 0.77, 95% Cl: 0.65-0.91),
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30-44 years (OR: 0.41, 95% Cl: 0.38-0.44), 45-60 years (OR: 0.28, 95% Cl: 0.26-0.30), and 60+
years (OR: 0.31, 95% Cl: 0.25-0.36).

Hypertension

Our analysis shows that prior ascertainment of diabetes (OR: 2.17, 95% Cl: 2.08-2.27) and 5-
year increase in the age at study recruitment (OR: 1.62 95% Cl: 1.61,1.63) are associated
with subsequent hypertension ascertainment. Healthcare clients with prior CKD
ascertainment (OR: 0.88, 95% Cl: 0.78-0.98), HIV (OR: 0.67, 95% Cl: 0.65-0.69) and TB (OR:
0.50, 95% Cl: 0.48-0.52) compared to healthcare clients without these conditions, and being
a male (OR: 0.66, 95% Cl: 0.64-0.67) compared to being a female is associated with lower
odds of hypertension ascertainment (Table 3.3). We assessed the risk of hypertension for
healthcare clients with prior HIV ascertainment by age category. Our results show lower
odds of hypertension ascertainment for healthcare clients with prior HIV: 30-44 years (OR:
0.62, 95% Cl: 0.59-0.46), 45-60 years (OR: 0.34, 95% Cl: 0.33-0.36), and 60+ years (OR: 0.34,
95% Cl: 0.30-0.39) age groups. There was no significant association between prior HIV and
subsequent hypertension ascertainment for healthcare clients in 18-29 years age group (OR:

1.02, 95% CI: 0.95-1.12).

Tuberculosis

Healthcare clients who are first ascertained with HIV are 3.53 (95% Cl: 3.44-3.61) times
more likely to have a subsequent TB ascertainment compared to HIV-negative healthcare
clients. Males compared to females (OR: 1.74, 95% Cl: 1.70-1.79), and a 5-year increase in
age at study recruitment (OR: 1.20, 95% Cl: 1.19-1.20) are associated with higher odds of TB
ascertainment. Healthcare clients with prior CKD ascertainment (OR: 0.65, 95% Cl: 0.57-
0.75), diabetes (OR: 0.62, 95% Cl: 0.58-0.66), cervical cancer (OR: 0.54, 95% Cl: 0.44-0.67),
and hypertension (OR: 0.18, 95% Cl: 0.18-0.19) have lower odds of subsequent TB

ascertainment (Table 3.3).

Cervical cancer

Healthcare clients with prior HIV ascertainment are 4.91 (95% Cl: 4.30-5.61) times more
likely to be subsequently ascertained with cervical cancer compared to HIV-negative
healthcare clients and a 5-year increase in the age at study recruitment is associated with

1.35 (95% Cl: 1.32-1.38) higher odds of cervical cancer ascertainment. Healthcare clients
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with prior ascertained diabetes (OR: 0.70, 95% Cl: 0.53-0.91), TB (OR: 0.60, 95% CI: 0.51-

0.71), CKD (OR: 0.53, 95% Cl: 0.29-0.87), and hypertension (OR: 0.37, 95% Cl: 0.30-0.44)

have lower odds of subsequent cervical cancer ascertainment compared to healthcare

clients without these conditions (Table 3.3).

Outcome: CKD

Diabetes

HIV

Age per 5yrs

Cervical Cancer

Tuberculosis

Hypertension

Sex [Male]

Characteristic
269 *** Diabetes
T HIV
Age per 5yrs
1.74 ** Cervical Cancer
—— Tuberculosis
Hypertension
1.81 *** Sex

® Female
Male

OR
2.69
1.74
1.61
1:53
1.18
0.91

0.86

95% Cl
2.48,2.91
1.60, 1.90
1.59,1.63
1.09,2.10
1.07,1.30
0.84,0.98

0.80, 0.93

1.53*

1:48%2%

0.91

0.86 "1

1 2 3
Odds Ratio (95% Cl)

Figure 3.1: Risk of CKD for individuals with prior comorbidities showing odds ratios and 95%

Confidence intervals. Odds ratios greater than one are shown in blue and odds ratios less

than one are shown in red.
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Table 3.3: Logistic regression to estimate the risk of comorbidities for individuals with prior ascertainment of HIV and other comorbidities.

Risk factors (Odds ratio, 95% Confidence interval)

Outcome Age in 5- Sex (Male) HIV CKD Diabetes Hypertension TB Cervical
year cancer
increments

CKD 1.61 0.86 1.74 - 2.69 0.91 1.18 1.53
(1.59,1.63) (0.80,0.93) (1.60,1.90) (2.48,2.91) (0.84,0.98) (1.07,1.30) (1.09,2.10)

Diabetes 1.49 0.68 0.45 0.79 - 0.74 0.57 0.74
(1.49,1.50) (0.65,0.70) (0.43,0.47) (0.70,0.88) (0.71,0.77) (0.54,0.61) (0.56,0.97)

Hypertension 1.62 0.66 0.67 0.88 2.17 - 0.50 0.87
(1.61,1.63) (0.64,0.67) (0.65,0.69) (0.78,0.98) (2.08,2.27) (0.48,0.52) (0.73,1.04)

B 1.20 1.74 3.53 0.65 0.62 0.18 - 0.54
(1.19,1.20) (1.70,1.79) (3.44,3.61) (0.57,0.75) (0.58,0.66) (0.18,0.19) (0.44,0.67)

Cervical cancer 1.35 - 491 0.53 0.70 0.37 0.60 -
(1.32,1.38) (4.30,5.61) (0.29,0.87) (0.53,0.91) (0.30,0.44) (0.51,0.71)
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3.6.3 Timeline of events for HIV and comorbidities ascertainment among healthcare
clients

The age, sex, and HIV status at time of comorbidities ascertainment and the relative time
between HIV and comorbidity ascertainment were determined for NCDs — CKD,
hypertension, and diabetes (Figure 3.2, Figure 3.3, and Figure 3.4) and infectious diseases —
TB and cervical cancer (Figure 3.5 and Figure 3.6). There are more healthcare clients with
HIV at the time of diagnosis of each comorbidity than those who were HIV-negative (Figure
3.2 - Figure 3.6). Our analysis shows the distribution of healthcare clients first ascertained
with HIV before comorbidity ascertainment, and the distribution of healthcare clients
ascertained with a comorbidity before HIV ascertainment. In general, the results show that
for healthcare clients first ascertained with HIV, subsequent comorbidity ascertainment may
occur within a 10-year period, and for healthcare clients who are first ascertained with a
comorbidity, ascertainment of HIV may occur with a 7-year period (Figure 3.2 - Figure 3.6).
Females and males who were living with HIV at the time of CKD, hypertension and diabetes
ascertainment appear evenly distributed (Figure 3.2, Figure 3.3, and Figure 3.4). Males living
with HIV and ascertained with TB, appear to be ascertained at older ages compared to
females (Figure 3.5). In Figure 3.6, we observed, as expected, that prior HIV infection was

common in female healthcare clients ascertained with cervical cancer.
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Figure 3.2: Age, sex, and HIV status at time of CKD ascertainment. Y-axis: age (in years) at
ascertainment, X-axis: time (in years) of HIV ascertainment relative to CKD ascertainment.
Data points are coloured by sex. Red: Female, Blue: Male.
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Figure 3.3: Age, sex, and HIV status at time of Hypertension ascertainment. Y-axis: age (in
years) at ascertainment, X-axis: time (in years) of HIV ascertainment relative to
Hypertension ascertainment. Data points are coloured by sex. Red: Female, Blue: Male.
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Figure 3.4: Age, sex, and HIV status at time of Diabetes ascertainment. Y-axis: age (in
years) at ascertainment, X-axis: time (in years) of HIV ascertainment relative to Diabetes
ascertainment. Data points are coloured by sex. Red: Female, Blue: Male.
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Figure 3.5: Age, sex, and HIV status at time of TB ascertainment. Y-axis: age (in years) at
ascertainment, X-axis: time (in years) of HIV ascertainment relative to TB ascertainment.
Data points are coloured by sex. Red: Female, Blue: Male.
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Qutcome: Cervical cancer
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Figure 3.6: Age, sex, and HIV status at time of Cervical cancer ascertainment. Y-axis: age (in
years) at ascertainment, X-axis: time (in years) of HIV ascertainment relative to Cervical
cancer ascertainment. Data points are coloured by sex. Red: Female

3.6.4 Prior HIV ascertainment and the probability of developing comorbidities of interest

NCDs

From the Kaplan-Meier survival curves, it is observed among healthcare clients with prior
HIV that the probability of subsequent CKD incidence is higher between 45 and 70 years
than the HIV-negative healthcare clients (Figure 3.7). The number of healthcare clients at
risk of CKD at 60 years shows quite a few numbers of PLHIV at risk compared to the HIV-
negative healthcare clients (Figure 3.7). Generally, PLHIV appear to have slightly lower
probability of hypertension incidence than HIV-negative healthcare clients. The difference is
clearly seen beyond 60 years but the number of healthcare clients at risk are incomparable
between PLHIV and HIV-negative clients (Figure 3.8). Our analysis shows that PLHIV have a
lower probability of diabetes compared to the HIV-negative individuals (Figure 3.9). From 40
years, there is a clear difference in diabetes incidence between healthcare clients with prior

HIV and HIV-negative healthcare clients.
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Infectious diseases

The probability of TB incidence among healthcare clients with prior HIV is higher at all ages
compared to the HIV-negative healthcare clients and a significant difference can be
observed between these groups (Figure 3.10). For cervical cancer incidence, the survival
curve shows a slight difference in cervical cancer incidence between PLHIV and HIV-negative
healthcare clients even though PLHIV appear to have higher probability of subsequent

cervical cancer incidence (Figure 3.11).
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Figure 3.7: Kaplan-Meier survival curve of the probability of CKD occurrence for individuals
with prior HIV ascertainment vs HIV-negative healthcare clients, and the number of
healthcare clients at risk
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Outome: Hypertension
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Figure 3.8: Kaplan-Meier survival curve of the probability of Hypertension occurrence for
individuals with prior HIV ascertainment vs HIV-negative healthcare clients, and the number
of healthcare clients at risk
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Figure 3.9: Kaplan-Meier survival curve of the probability of Diabetes occurrence for
individuals with prior HIV ascertainment vs HIV-negative healthcare clients, and the number
of healthcare clients at risk
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Outcome: TB
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Figure 3.10: Kaplan-Meier survival curve of the probability of TB occurrence for individuals
with prior HIV ascertainment vs HIV-negative healthcare clients, and the number of
healthcare clients at risk
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Figure 3.11: Kaplan-Meier survival curve of the probability of Cervical cancer occurrence for
individuals with prior HIV ascertainment vs HIV-negative healthcare clients, and the number

of healthcare clients at risk.
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3.7 Discussion

The study participants represent a population of healthcare clients accessing care in public
facilities for many different reasons including accessing healthcare for maternal and
contraceptive services for young female healthcare clients, accessing treatment for chronic
conditions for HIV-negative clients and accessing HIV care and services for PLHIV. We
observed higher proportions of female healthcare clients in the overall study population, in
the HIV-negative, and HIV-positive sub-populations than male healthcare clients in this
study population, which is similar to a previous study that assessed HIV and comorbidity
profiles in healthcare clients in Khayelitsha, Cape Town (Osei-Yeboah et al., 2021). In
addition to the other reasons for healthcare access described above for women and HIV-
negative healthcare clients, HIV diagnosis generally occurs earlier in females than males
(Mabaso et al., 2018) and frequent healthcare access by females due to their generally early
care seeking behaviours compared to late care seeking behaviours of males may lead to
early HIV ascertainment in women (Luseno et al., 2010; Pulerwitz et al., 2019) and may

explain the higher proportions of females than males in the HIV-positive subpopulation.

The Universal Test and Treat (UTT) guideline for PLHIV in South Africa (National Department
of Health, 2016) means that improved ART services are widely available and accessible for
all patients. The median age of PLHIV (37 years) and the high proportion of PLHIV on ART
(85.9%) at the end of recruitment provide insights into early HIV ascertainment and the
remarkable achievements of the current guideline in providing adequate care. It is
important to note that the proportion of PLHIV on ART (85.9%) in our study population is
higher than the 70.7% reported from the 2017 national HIV survey in South Africa (Marinda
et al., 2020) and about 70% (Grobler et al., 2017; Huerga et al., 2018) reported from

household-based community cross-sectional surveys in HIV endemic areas in South Africa .

Our results show that more PLHIV were ascertained with TB and cervical cancer than HIV-
negative healthcare clients, whilst more HIV-negative clients were ascertained with NCDs -
CKD, diabetes, and hypertension than PLHIV. Both TB and cervical cancer are common
conditions associated with HIV and we expected to see this in our study population. Given
that the population of PLHIV in South Africa is now ageing, NCDs which are mostly prevalent
among people in the older ages may not be manifesting in this population yet compared to

the HIV-negative healthcare clients (Osei-Yeboah et al., 2021). Conversely, screening for
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common NCDs for PLHIV when they access HIV care and services may ensure early
identification and timely treatment, unlike the HIV-negative healthcare clients who may be

accessing care for these NCDs when they are already ill.

Our results show that for many healthcare clients living with HIV and other co-existing
conditions, HIV ascertainment precedes the diagnosis of the co-existing conditions. This
suggests an initial HIV occurrence and subsequent development of comorbidities among the
healthcare clients. Whilst previous studies have reported the indirect (Zicari et al., 2019) and
direct (Sviridov et al., 2020) roles of HIV in the occurrence of HIV-related comorbidities, our
analysis is not able to identify whether HIV infections play biological or aetiological roles in

the occurrence of these comorbidities in the healthcare client population.

The incidence and long-term treatment of both infectious and chronic NCDs have several

effects on the occurrence of other diseases, including serving as risk factors.

For healthcare clients with prior HIV, diabetes, cervical cancer and TB, the long-term
treatments associated with these conditions and other predisposing factors such as the
contributions of multimorbidity in an individual may contribute to the incidence of CKD
(Igari et al., 2015; Jitraknatee et al., 2020; Manyau et al., 2021; Palau et al., 2018; Wu et al.,
2014).

Even though previous epidemiological studies have reported high prevalence of
hypertension and diabetes among PLHIV (Coetzee et al., 2019; Kansiime et al., 2019; Kato et
al., 2020), by using routine health data from healthcare clients, our results provide an
insight and deeper understanding of the actual scenarios of the possible incidence of these
conditions in a healthcare client population. Additionally, by exploring the order of the
occurrence of both HIV and other comorbidities - taking into account the exact age at
ascertainment of both HIV and the comorbidities — we observe the age differences between
PLHIV and HIV-negative healthcare clients in relation to the ages at ascertainment of
hypertension and diabetes among the healthcare clients. A recent study in South Africa
reports that among persons diagnosed with hypertension and diabetes, ART and/or
undetectable viral load levels are associated with lower mean systolic blood pressure and
lower mean blood glucose compared to HIV-negative individuals (Manne-Goehler et al.,

2017) and concludes that HIV care programmes could be used to strengthen the health
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system for managing cardiometabolic conditions. A similar study noted a differential disease
prevalence by sex and age group in rural South Africa such that whereas women have
substantially high prevalence of HIV at 30-49 years, prevalence of multiple and poorly
treated NCDs occurred at ages older than 50 years (Wong et al., 2021). The findings of the
age-stratified analyses show that having a prior HIV infection does not increase the risk of
hypertension and diabetes ascertainment for healthcare clients in our study population. We
observed that the odds of hypertension ascertainment decreased with increasing age (per
age group). The odds of diabetes ascertainment similarly decreased with increasing age
groups except for 60+ years which was slightly higher than the odds for 45-60 years. For
both NCDs, we observed some of the healthcare clients in our study who first had HIV and
subsequently developed them. Gaziano et al., report that among adults aged 40 years and
above in Mpumalanga, South Africa, HIV-negative persons were more likely to have
hypertension, diabetes or be overweight compared to PLHIV, and PLHIV had consistently
lower prevalence of these comorbidities (Gaziano et al., 2017). Magodoro et al., examined if
HIV infection is associated with a worse profile of cardiometabolic diseases in the South
African adult population and report that overall, PLHIV have lower mean systolic blood
pressure than the general population and hypertension and diabetes comorbidity was less
common among PLHIV (Magodoro et al., 2022). Furthermore, the study found no
association between HIV, hypertension and diabetes and observed that HIV was associated
with lower adjusted mean systolic blood pressure and HbAlc in women. It concluded that
PLHIV have better cardiometabolic disease profiles than the general population in South
Africa and highlight that social determinants could greatly influence cardiometabolic risks
rather than HIV (Magodoro et al., 2022). Additionally, other previous studies in SSA found
HIV infection to be associated with lower prevalence and/odds of hypertension (Dillon et al.,
2013; Kayima et al., 2015; Kwarisiima et al., 2016). A population-based cross-sectional
analysis comparing health conditions in adults with HIV to the general population observed
that hypertension was among the individual conditions that were less likely in adults with
HIV (Morales et al., 2022). These findings support the observation we have made in our
healthcare client population that prior ascertainment of HIV would not necessarily be
associated with subsequent occurrence of common NCDs like hypertension and diabetes.
We also note, however, that the ascertainment of hypertension by the PHDC is based on

hypertension treatments received by patients. This means that this ascertainment is for
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treated hypertension, and does not include cases of hypertension detected by clinical
observation, or undiagnosed hypertension, and we recognise that this is a potential
limitation of this analysis. It is expected that the frequent HIV care and services for PLHIV
would ensure adequate screening for these conditions in a timely manner for the

appropriate clinical management where they are detected.

Our analysis confirms that healthcare clients in our population with prior HIV have higher
risks of subsequent TB and cervical cancer ascertainment compared to healthcare clients
without HIV, and as these relationships have been widely studied in previous studies
(Bruchfeld et al., 2015; Chang et al., 2013; Liu et al., 2018; Stelzle et al., 2021) we expected

to see this in our population.

Our analysis shows the 10-year period after an HIV ascertainment within which
comorbidities may be ascertained and the 7-year period after comorbidities ascertainment

within which an HIV ascertainment may occur.

In TB endemic regions like South Africa, the risk of infection may occur at younger ages for
both HIV-positive and -negative populations due to high rates of exposures and active social
mixing (Snow et al., 2018). Whereas the risk decreases at later ages for HIV-negative
individuals, it continues through to the older ages among HIV-positive individuals and means
that unlike older HIV-negative healthcare clients, older PLHIV are still highly at risk of TB
infection. Therefore, longer timelines to the ascertainment of TB after HIV infection do not
mean PLHIV may be living with TB infection for a longer period before ascertainment, but

rather because of possible later infection.

Long-term use of antiretrovirals for HIV is associated with kidney diseases, and HIV-
associated nephropathies are widely studied (Husain et al., 2018; Palau et al., 2018). This
suggests that for healthcare clients in our population who are receiving ART, ascertainment
of CKD may span several years after HIV diagnosis as we observed. The incidence of cervical
cancer after HIV infection has been widely reported and previous studies classify cervical
cancer as a HIV-related comorbidity (Manyau et al., 2021; Onohuean et al., 2022; Stelzle et
al., 2021). Previous studies in SSA have reported that higher proportions of women with

cervical cancer were receiving ART prior to cervical cancer diagnosis (Dryden-Peterson et al.,
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2016), and HIV infection was highly associated with the development of cervical

precancerous lesions (Chambuso et al., 2017).

The results of the Kaplan-Meier estimates show higher probabilities of subsequent
ascertainment of CKD, TB and cervical cancer for healthcare clients who have prior HIV
compared to HIV-negative healthcare clients. Previous studies have documented
relationships between HIV and these conditions (Bruchfeld et al., 2015; Husain et al., 2018;
Naicker, 2020; Onohuean et al., 2022; Palau et al., 2018; Stelzle et al., 2021), and we
expected this relationship to reflect in our study population of healthcare clients who have

prior HIV infection.

The fewer numbers of PLHIV beyond 60 years who are at risk of each of the disease
conditions assessed in our study compared to the higher number of HIV-negative healthcare
clients provide a clearer insight into the age differences between the PLHIV and HIV-
negative healthcare clients in our population. This age difference may also contribute to the
lower probabilities of hypertension and diabetes ascertainment for PLHIV as these
conditions are often common in people in old ages. In addition, this may reflect the
healthcare access dynamics, in which PLHIV tend to access healthcare at earlier ages, and
people who are HIV-negative tend to come in because they have some other condition(s)
that require care. This means that the dataset from the routine health data is enriched for

younger PLHIV, and older HIV-negative individuals who have other comorbidities.

3.8 Conclusion

Our analyses of routine health data show that the population of healthcare clients seen in
this study are different populations: young PLHIV are different to older PLHIV; and older
PLHIV are different to older HIV-negative healthcare clients. Even though these data are
enriched for healthcare clients who are HIV-negative but have other health conditions, we
still see that HIV infection leads to earlier ascertainment of cervical cancer (a proxy for
human papilloma virus (HPV) infection), TB and CKD, in line with findings from other studies.
For NCDs, however, the differences in the makeup of the underlying subpopulations (as we
described above) show how ascertainment differs, and this may agree with findings that

have also been described in other studies. This study demonstrates that analysis of the
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longitudinal routine health data can show known and well-recognised associations, as well

as describing nuances in the different sub-populations of the healthcare client population.
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3.13 Supplementary data

Table S3.1 Risk of CKD for individuals who were ever ascertained with other comorbidities.

Characteristic OR! 95% CI*
Age per 5 years 1.50 1.47,1.52
Sex

Female - -

Male 0.92 0.85, 0.99
HIV 2.15 1.97,2.34
B 1.81 1.66, 1.98
Hypertension 3.08 2.84,3.35
Diabetes 3.13 2.91, 3.38
Cervical cancer 1.78 1.31,2.38

10R = Odds ratio, 1Cl = Confidence interval

Table S3.2 Risk of TB for individuals who were ever ascertained with other comorbidities.

Characteristic OR! 95% CI*
Age per 5 years 1.12 1.11,1.13
Sex

Female - -

Male 2.08 2.03,2.13
HIV 6.96 6.78,7.14
Hypertension 0.68 0.65, 0.70
Diabetes 1.06 1.00, 1.12
CKD 1.64 1.50, 1.78
Cervical cancer 1.32 1.15,1.51

10R = Odds ratio, 1Cl = Confidence interval
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Table $3.3 Risk of Hypertension for individuals who were ever ascertained with other
comorbidities.

Characteristic OR! 95% CI*
Age per 5 years 1.58 1.58, 1.59
Sex

Female - -

Male 0.67 0.65, 0.69
HIV 0.86 0.83,0.88
TB 0.71 0.68,0.73
Diabetes 3.61 3.46, 3.75
CKD 2.57 2.35,2.82
Cervical cancer 1.21 1.04,1.41

10R = Odds ratio, ICl = Confidence interval

Table S3.4 Risk of Diabetes for individuals who were ever ascertained with other
comorbidities.

Characteristic OR! 95% CI*
Age per 5 years 1.32 1.31,1.33
Sex

Female - -

Male 0.75 0.72,0.78
HIV 0.66 0.63, 0.69
TB 1.14 1.08, 1.20
Hypertension 3.89 3.74, 4.05
CKD 2.64 2.45, 2.86
Cervical cancer 1.12 0.91, 1.38

10R = Odds ratio, 1Cl = Confidence interval

Table S3.5 Risk of Cervical cancer for individuals who were ever ascertained with other
comorbidities.

Characteristic OR!? 95% CI*

Age per 5 years 1.24 1.21,1.27
HIV 7.86 6.80,9.12
TB 1.00 0.87,1.14
Hypertension 1.34 1.15, 1.55
Diabetes 1.17 0.95, 1.43
CKD 1.43 1.06, 1.90

10R = Odds ratio, 1Cl = Confidence interval



CHAPTER 4: KIDNEY FUNCTION IN HEALTHCARE CLIENTS IN KHAYELITSHA, SOUTH AFRICA:
ROUTINE LABORATORY TESTING AND RESULTS REFLECT DISTINCT HEALTHCARE
EXPERIENCES BY AGE FOR HEALTHCARE CLIENTS WITH AND WITHOUT HIV

4.1 Publication status

Osei-Yeboah, R., Ngwenya, O., & Tiffin, N. Kidney function in healthcare clients in
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4.2 Author contribution
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manuscript. ON provided statistical support. NT and ROY finalised the manuscript.

4.3 Abstract

Background

The incidence of HIV Associated Nephropathy (HIVAN) has declined due to improved
antiretroviral therapy (ART) treatment modalities and coverage, but current research
indicates that the risk of kidney disorders including chronic kidney disease (CKD) among
people living with HIV (PLHIV) is substantially higher than in the general population. The
Western Cape Province of South Africa has a high prevalence of PLHIV concurrent with a
high burden of other infectious and non-communicable comorbidities. All PLHIV are eligible
to receive free ART, and screening for kidney function is a component of the standard of
care for these healthcare clients. Serum creatinine (SCr) laboratory testing is undertaken by
the National Health Laboratory Service, and these data are collated at the Provincial Health
Data Centre and linked with other routine health data. We describe the characteristics of
healthcare clients at their first kidney function test, as well as the characteristics across all
tests taken by these individuals; and explore the association between test results,

demographics, and comorbidities in this population.

Methods

We analysed the SCr and estimated glomerular filtration rate (eGFR) results for PLHIV and
HIV-negative healthcare clients aged 18-80 years who accessed healthcare in Khayelitsha,

South Africa. We assessed their comorbidity profiles at the time of SCr and eGFR testing and
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assessed the association of ascertained comorbidities with kidney function test results. We
conducted age-stratified analyses of eGFR results for PLHIV and HIV-negative individuals,
including analysis of a selection of comorbidities. A linear mixed effects model used all eGFR
results generated for the study population over time to assess the association of HIV and

other comorbidities with kidney function test results.

Results

A total of 45 640 healthcare clients aged 18-80 years who accessed healthcare in
Khayelitsha public health facilities in 2016 and/or 2017 were identified as having at least
one kidney function test. Of these, 22 961 (50.3%) were PLHIV. The median age at first test
result for both SCr and eGFR was lower for PLHIV at 33 (IQR: 27, 41) years and 36 (IQR: 30,
43) years respectively, when compared to HIV-negative individuals aged 49 (IQR: 37 — 57)
years and 52 (IQR: 44 — 59) years, respectively. PLHIV had slightly lower first median SCr
results at 66 (IQR: 55 — 78) umol/l, than HIV-negative individuals at 69 (IQR: 58 — 82) umol/I,
and this reflected in higher median eGFR results for PLHIV, as expected. When compared to
PLHIV, larger proportions of HIV-negative healthcare clients receiving test results presented
with hypertension, diabetes, and CKD. Among healthcare clients with eGFR results most
common diseases seen in the various age groups were HIV in the 18-29 years age group, TB
in the 30-44 years age group, and hypertension, diabetes and CKD in the 60+ age group.
The linear mixed effect regression analysis showed that having HIV, diabetes and
tuberculosis (TB) is associated with slightly higher eGFR whilst having hypertension, being a
male and being in an older age category at eGFR testing is associated with lower eGFR for

healthcare clients.

Conclusion

We show that renal testing patterns and results are quite distinct in younger people without
HIV who tended to have worse kidney function at first testing, younger PLHIV who in
general had good kidney function when tested; and older people with and without HIV who
tended to have similar kidney function results. In younger people, these results most likely
indicate that PLHIV are being more regularly screened for kidney function even when they
show no symptoms of renal problems, whereas young people without HIV are more likely to
be tested only when they present with symptoms suggestive of renal problems. In older

patients, those with and without HIV appear to have similar kidney function results, but the
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population of older PLHIV is very small compared to those without HIV and most likely
consists of individuals who have survived into old age with HIV despite limited access to
treatment before universal ART access and test and treat protocols had been rolled out, as
well as individuals who contracted HIV only at a later age. From real life data about routine
renal health testing, we assess kidney function testing for PLHIV which is useful for
evaluating implementation of treatment guidelines and policies. We propose that it is not
possible to infer the future healthcare requirements of younger PLHIV based on the health
profiles of the current population of older PLHIV, but that routine health data can be used in
an agile way to assess the ongoing current healthcare requirements of these sub-

populations as they age.
Keywords
Serum creatinine, eGFR, kidney function, HIV, South Africa, health records

4.4 Introduction

People living with Human Immunodeficiency Virus (PLHIV) may have a wide range of kidney
conditions which could be as a result of the HIV infection itself, long-term exposure to
antiretroviral therapy (ART), or treatments and effects from other chronic comorbidities
which also affect HIV-negative individuals (Ellis, 2017). HIV-associated nephropathy (HIVAN)
is one of the most common renal disorders among PLHIV (Ellis, 2017; Naicker, 2020) and
several factors including comorbidities, high viral load, low CD4+ counts and advanced
kidney disease have been identified as risk factors for the occurrence of HIVAN and
subsequent progression to end-stage renal disease (ESRD) (Palau et al., 2018; Waheed &
Atta, 2014). Suggested mechanisms of HIV affecting renal cells include a direct infection of
the renal parenchymal cells by the virus, renal cellular uptake of circulating virally encoded
molecules causing indirect injury to the kidney, or indirect injury from the release of
cytokines (Palau et al., 2018). Although the prevalence of HIVAN has declined due to
improved ART treatment modalities and coverage, studies suggest that the risk of other
renal disorders, including chronic kidney disease (CKD), among PLHIV is about 4 times higher

compared to the general population (Islam et al., 2012; Kaboré et al., 2019).

The South African National Department of Health recommends a first-line HIV treatment

regimen consisting of a fixed dose combination of Tenofovir disoproxil fumarate (TDF),
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Lamivudine (3TC) and Dolutegravir (DTG)-TLD for all eligible adults, adolescents and children
over 10 years and weighing 35kg and above, and tenofovir disoproxil fumarate-
emtricitabine-efavirenz (TEE) for women of childbearing potential wanting to conceive due
to safety issues of TLD in the first 6 weeks of pregnancy (National Department of Health,
2020). A major issue concerning many of these agents, especially TDF, has been
nephrotoxicity and these agents are associated with the development of acute and chronic
kidney diseases (Boswell & Rossouw, 2017; Ellis, 2017; Palau et al., 2018; Wyatt, 2017).
Although Africa ranks highest with an estimated prevalence of CKD among PLHIV globally, at
7.9%, Southern Africa has the lowest regional prevalence estimated at 3.2% (Ekrikpo et al.,
2018) and studies conducted in South Africa have reported low prevalence of renal
impairment and better glomerular filtration rates among PLHIV compared to other African

countries (Assaram et al., 2018; Kamkuemah et al., 2015).

Diabetes mellitus and hypertension are reported major causes of kidney disease in the
general population and together account for about 70% of all ESRD (Palau et al., 2018).
Considering the high prevalence of these chronic conditions in South Africa and associated
long-term treatment, and the known relationship between CKD and HIV, and evidence of
increased blood pressure and risk of hypertension (Nduka et al., 2016) and diabetes mellitus
among PLHIV on ART, both PLHIV and seronegative populations may experience the effects

of these comorbidities on kidney function.

Serum creatinine (SCr) is considered the most used endogenous marker for determining
kidney function and it is widely used in clinical practice (Delanaye et al., 2017), but its
sensitivity to detect early renal disorders is questioned as it might sometimes remain at
normal levels despite significant kidney impairment (Fiseha et al., 2019; Hommel et al.,
2012). This may be due to the fact that the production of SCr depends on lean body mass
and may not accurately reflect glomerular filtration rates, especially in older patients and
females who have lower muscle mass (Duru et al., 2009; Giannelli et al., 2007). It is
therefore recommended that prediction equations are used to estimate glomerular
filtration rate (eGFR) for reporting in conjunction with SCr to enable early detection of
kidney dysfunction (Delanaye et al., 2017; Vassalotti et al., 2016). SCr may be influenced by
several factors such as muscle mass, age, sex, nutritional status, and chronic illnesses, so

these metrics are combined in order to calculate eGFR. Measurements of SCr and eGFR are
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standard laboratory results generated during routine care when monitoring patients with
kidney disease, and these results can also provide a useful profile of a patient's changing

renal health over time for epidemiological research.

Given the high burden of comorbidities in South African patients (Osei-Yeboah et al., 2021),
it is important to understand the relationship of kidney disease with HIV infection in the
context of other comorbidities, in order to improve patient outcomes. This study explores
this relationship using comorbidity records and laboratory results for SCr and eGFR from
collated routine health data to describe the potential for a combined effect of HIV,
hypertension, and diabetes on kidney function in patients in the Western Cape. We have
used data from the Provincial Health Data Centre (PHDC), a health information exchange
facility that collates administrative health data from public healthcare clients in the Western
Cape Province in South Africa; and the granular laboratory test and comorbidity data
provide an opportunity to link laboratory measures of kidney function with a longitudinal
profile for HIV and other comorbidities in these healthcare clients (Boulle et al., 2019). We
describe the characteristics of healthcare clients at their first kidney function test, as well as
the characteristics across all tests taken by these individuals; and explore the association

between test results, demographics, and comorbidities in this population.

4.5 Materials and Methods

4.5.1 Ethics

Ethics approval was obtained from the Human Research Ethics Committee of the Faculty of
Health Sciences, University of Cape Town (HREC ref: 482/2019). A data access request was
approved by the Health Impact Assessment Directorate at the Western Cape Department of
Health, South Africa. A waiver for informed consent was granted because the data provided
were anonymised and perturbed, and individuals could not be identified or re-identified

from the data.

4.5.2 Study population
Khayelitsha is a high-density, mixed informal and formal housing suburb in Cape Town,
South Africa. The analysis includes all SCr and eGFR laboratory results generated by the

National Health Laboratory Services for adults (18 years and above) who accessed public
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health facilities in the Khayelitsha subdistrict of Cape Town, South Africa, between 1 January

2016 and 31 December 2017, described as the ‘recruitment period’.

4.5.3 Data Source

The PHDC is a health information exchange facility that collates administrative health data
for the Western Cape Province. Unique identifiers are used to link individuals to
administrative health records, and facility visit, laboratory, and pharmacy data are updated
daily for about 6.6 million people currently seeking care in public facilities in the Western
Cape Province. Algorithms are used to infer disease episodes from combinations of
pharmacy-dispensed drugs, laboratory test results, international classification of diseases
10t edition (ICD-10) diagnosis codes, and facility encounter data (Boulle et al., 2019). In this
study we refer to “disease ascertainment” to mean inference of the start of a disease
episode as identified by an algorithm, to distinguish this process of disease ascertainment
from a clinical diagnosis made by a healthcare professional during consultation. A dataset
containing routine health data was obtained from the PHDC, Western Cape Government
Health Department, with longitudinal data ranging from 2007 to 2017. The records of the
healthcare clients who received laboratory results included HIV and comorbidities records
that were used to determine which health conditions had already been ascertained when
each kidney function laboratory test was taken. The median length of time for which
individuals have available data is 8 years (Interquartile range [IQR]: 3.6-10 years). The study
dataset was anonymised and perturbed within the PHDC prior to being released for use in

this analysis, to prevent identification or re-identification of individuals.

4.5.4 PHDC disease episode definition

The PHDC infers diseases from routine health data using algorithms that analyse either
single, or a combination of parameter(s) categorised into high, moderate, weak confidence
and supporting-only evidence for having a particular disease episode. High confidence
definition of HIV requires evidence for dispensed valid first line (2NRTI and NNRTI) and valid
triple therapy regimen (fixed-dose combination) of antiretrovirals, and/or positive
laboratory test results (viral load test, polymerase chain reaction (PCR) test, enzyme linked
immunosorbent assay (ELISA) test, and ART resistance test). For tuberculosis (TB), evidence
for the episode may include admission to a specialised TB hospital, TB drug regimen

dispensed, and/or laboratory test results (Positive GeneXpert, Line probe assay (LPA), Acid-
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Fast Bacillus positive culture, positive microscopy (Ziehl-Neelsen staining), and microbiology
culture-Toxocara canis (using ELISA) are the main definition parameters. High confidence
definition of hypertension includes dispensed hydrochlorothiazide. High confidence
definitions of diabetes episodes are based on dispensed drug for the treatment of diabetes
mellitus, laboratory test showing glycated haemoglobin (HbA1lc) greater than 6.5%, oral
glucose tolerance test result greater than 11.1mmol/l, and diagnosis coding showing an ICD-

10 code indicating diabetes disease.

For CKD, laboratory tests showing consecutive glomerular filtration rate of less than
60mL/min/1.73m? with 90 days between tests, dispensed kidney, or transplant medications
(antithymocyte, immunoglobulin, and basiliximab), and diagnosis coding indicating kidney
transplant procedure in theatre constitute a high confidence definition. It is important to
note that SCr and eGFR results are used extensively in defining patients with CKD by the
PHDC. This means that there is substantial overlap between having poor kidney function
test results and being defined as having a CKD episode. The ascertainment algorithm in use
by the PHDC, however, makes use of longitudinal eGFR results to track changes in kidney
function over time, and is not based on single or stand-alone kidney function results. The
PHDC algorithm uses the modification of diet in renal disease (MDRD) GFR estimating
equation which adjusts for race/ethnicity to determine eGFR. We recognise that an update
of the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation without the

race/ethnicity factor is now recommended (Gama et al., 2021; Inker et al., 2021).

4.5.5 Data Analysis

In order to understand when healthcare clients are first referred for SCr testing, we
analysed the age at which first SCr and eGFR laboratory results are generated for adults (218
years) in the study population. The distribution of age at their first recorded SCr and/or
eGFR test results according to HIV status was determined for all the healthcare clients in the

study population.

Descriptive statistics were generated to summarise the counts and proportions for TB,
hypertension, diabetes and CKD in healthcare clients who have SCr and eGFR testing done,
by HIV status. The counts and proportions of the healthcare clients receiving eGFR results,
and the ascertained comorbidities per 18-29 years, 30-44 years, 45-60 years, and over 60
years age groups were described.
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SCr and eGFR are highly related parameters derived from the same tests. The National
Health Laboratory Services of South Africa integrates SCr measures, age, sex, and ethnicity
in estimating glomerular filtration rates (Levey et al., 1999, 2006). Here, we first visualise the
distribution of ages at both SCr and eGFR testing for our study population, and subsequently
present analyses focusing only on eGFR to assess renal disorders in our study population,
because of the inbuilt adjustment for age and sex that this measurement provides. A scatter
plot distribution of all SCr and eGFR results for individuals receiving test results was
generated to provide a general overview of SCr and eGFR results with respect to HIV status,
age and sex for all tests taken — recognising that multiple tests may arise from a single
patient in this overview. Healthcare clients without identified sex status were removed from

subsequent analysis.

In order to further understand the age differences in eGFR between PLHIV and HIV-negative
populations, age categories were created and a boxplot distribution of all eGFR results
among the age groups at eGFR testing was generated. This provides a general overview of
the eGFR results per age groups among PLHIV and HIV-negative healthcare clients receiving

results.

Comparisons of eGFR results for healthcare clients with described comorbidities TB,
hypertension and diabetes, were made for each age category. These comparisons were
based on tests conducted on specified dates for individuals who had already been
ascertained with the specified comorbidity at the time the test was done. The significance of
differences between the median eGFR results was calculated using Wilcoxon rank-sum tests

to generate the reported p-values.

We used a linear mixed effects model to explore the relationship between eGFR results and
age at testing (by age category), sex, HIV and selected comorbidities as fixed effects. The
individual-level repeated eGFR tests were included as the random effect. This method takes
into account the heterogeneity which may exist in the number of kidney function estimates
available for each patient which must be considered when estimating kidney function
trajectories (Gasparini et al., 2020; Janmaat et al., 2019). The model was run using the
‘Imed’ package in RStudio and the associated p-values were generated with the ‘ImerTest’

package.
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Data analyses were done in R Software (version 4.1.2) and RStudio (2021.09.0+351 "Ghost
Orchid"). Visualisations of distributions of SCr and eGFR results were done using ‘ggplot2’

package in RStudio (2021.09.0+351 "Ghost Orchid").

4.5.6 Patient and public involvement

The participants in this study were healthcare clients who visited public health facilities and
generated at least one electronic health record. Retrospective data for this population
spanned about 8 years. Inclusion in the study was restricted to healthcare clients who
accessed care between 2016 and 2017 and included their complete retrospective data. The
study questions were designed to explore the kidney functions and common comorbidities
among these healthcare clients who seek care from public facilities. A waiver for
participants’ consent was granted by the University of Cape Town Faculty of Health Sciences
Ethics Committee because the data were obtained directly from digital routine health data
collated by the PHDC and were anonymised and perturbed prior to receipt in order to

prevent the possibility of re-identification of participants.

4.6 Results

4.6.1 Comorbidities in individuals having kidney function tests

An overview of the healthcare clients receiving SCr and eGFR test results is shown by HIV
status in Table 4.1. A total of 45 640 healthcare clients aged 18-80 years were identified as
having at least one SCr/eGFR test. Out of these, 22 961 (50.3%) were PLHIV. Healthcare
clients with subsequent eGFR results were matched to the SCr test records for further
comparison: among the healthcare clients who received SCr laboratory results with or
without eGFR results, 32 211 (70.6%) were females and 13 394 (29.3%) were males, the sex
status of 35 (0.1%) healthcare clients was not identified. Of the total healthcare clients, 17
729 received only first SCr results without an accompanying eGFR. Apart from the high
proportions of the HIV-negative healthcare clients and females in this sub-population, there
are no particular characteristics indicating why they did not receive eGFR results, and it is
likely that this is just a random occurrence in cases where the laboratory service did not
receive sufficient additional data to calculate eGFR. The general characteristics, age
distribution at first SCr testing, and distribution of first SCr results without matched eGFR
results of this sub-population are provided in supplementary data, Table S4.1, Figure S4.1,

and Figure S4.2.
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The median age at first test result for both SCr and eGFR was lower for PLHIV at 33 (IQR: 27 -

41) years and 36 (IQR: 30 - 43) years respectively, when compared to HIV-negative

individuals aged 49 (IQR: 37 — 57) years and 52 (IQR: 44 — 59) years, respectively. PLHIV had

comparatively lower median SCr results at 66 (IQR: 55 — 78) umol/l than HIV-negative

individuals at 69 (IQR: 58 — 82) umol/I, and this reflected in higher median eGFR results at

their first test, accordingly, for PLHIV. Larger proportions of HIV-negative than HIV-positive

healthcare clients receiving test results presented with hypertension (74.1% vs 25.9%),

diabetes (79.8% vs 20.2%), and CKD (70.4% vs 29.6%) (Calculated from Table 4.1). Those

living with HIV were much more likely to have TB (42% vs 8.9%), as expected (Kaplan et al.,

2018; Mendelsohn et al., 2022; Swarts et al., 2021). Among the healthcare clients who

received SCr laboratory results with or without eGFR results, 2 327 (5.1%) have died. Of 22

951 PLHIV in this dataset 1 262 (5.4%) have died, and of 22 689 HIV-negative healthcare

clients, 1 065 (4.7%) have died.

Table 4.1: Descriptive statistics for PLHIV and HIV-negative individuals showing median age
at first test and the number of individuals with comorbidities (n %) for TB, Hypertension,

Diabetes, and CKD

HIV status

Characteristic Overall HIV-negative HIV-positive p-value?

N = 45 640? N =22 6891 N =22951?
Median (IQR) age (years) at recruitment 46 (36 —57) 54 (43 —62) 41 (34 -48) <0.001
Female (n,%) 32211 (71) 15 557 (69) 16 654 (73) <0.001
Male (n,%) 13 394 (29) 7 111 (31) 6 283 (27)
Tuberculosis (n,%) 11 693 (26) 2022 (8.9) 9671 (42) <0.001
Hypertension (n,%) 21552 (47) 15 966 (70) 5586 (24) <0.001
Diabetes (n,%) 9 183 (20) 7326 (32) 1857 (8.1) <0.001
CKD (n,%) 2394 (5.2) 1686 (7.4) 708 (3.1) <0.001
Median (IQR) age (years) at first SCr 39 (30-51) 49 (37 -57) 33 (27 -41) <0.001
Median (IQR) age (years) at first eGFR 40 (32 -50) 52 (44 —59) 36 (30-43) <0.001
No eGFR test results (n,%) 17 729 (38.8) 13 221 (58.3) 4 508 (19.6) <0.001
First SCr (umol/l) 67 (57 — 80) 69 (58 — 82) 66 (55—-78)  <0.001
First eGFR (mL/min/1.73m?) 97 (81-117) 89 (73 -107) 102 (85-122) <0.001
Deceased (n,%) 2327 (5.1) 1065 (4.7) 1262 (5.5) <0.001
Median (IQR) age (years) at death 53 (40-64) 63 (55-70) 43 (35-52) <0.001

IMedian (IQR); n (%) 2Wilcoxon rank sum test; Pearson's Chi-squared test
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4.6.2 Kidney function in the healthcare client population

An analysis of the overall age distribution at first SCr and first eGFR test results for females and males
per HIV status for all healthcare clients who received test results shows that whilst the age at first SCr
and eGFR estimations ranged across 20-65 years for females and males with HIV, those without HIV
often had their first test result at much older ages (Figure 4.1). Though a small portion of HIV-
negative males have earlier screening for SCr (Figure 4.1B), males living with HIV and females in
general tend to have SCr tests and eGFR results earlier in life than men without HIV (Figure 4.1, A-C

and D).
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Figure 4.1: Distribution of age at first serum creatinine and estimated glomerular filtration rate
testing for females and males per HIV status. The X-axis shows age (years) when the first test results
were received, and the Y-axis shows the density distribution. A: Age distribution at first serum
creatinine results for females by HIV status. B: Age distribution at first serum creatinine results for
males by HIV status C: Age distribution at first estimated glomerular filtration rate results for females
by HIV status. D: Age distribution at first estimated glomerular filtration rate results for males by HIV
status, showing age (in years) at GFR estimation on the X-axis and the density distribution on Y-axis.
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4.6.3 Stratification of comorbidities and kidney function by age groups

The counts and proportions of common comorbidities per age groups of healthcare clients
who received eGFR results were determined. Most common diseases seen in the various
age groups were HIV (89%) in the 18-29 years age group, TB (41%) in the 30-44 years age
group, hypertension (86%), diabetes (47%) and CKD (24%) in the 60+ years age group (Table
4.2).

Table 4.2: Age groups, counts, and proportions of healthcare clients who received eGFR
results, showing their ascertained comorbidities.

Age category at first eGFR test

Characteristic Overall 18-29 30-44 45-60 60+ p-value?
N =27 907! N = 4 9681 N =12 276! N=8456" N=22071
HIV 18 441 (66) 4 398 (89) 10 283 (84) 3500 (41) 260 (12) <0.001
Tuberculosis 9228 (33) 1907 (38) 4986 (41) 2 055 (24) 280 (13) <0.001
Hypertension 12 270 (44) 575 (12) 3697 (30) 6102 (72) 1 896 (86) <0.001
Diabetes 5658 (20) 212 (4.3) 1396 (11) 3021(36) 1029 (47) <0.001
CKD 1774 (6.4) 68 (1.4) 340 (2.8) 844 (10.0) 522 (24) <0.001

In (%), 2Pearson's Chi-squared test; The percentage in brackets indicates proportion in each age category
with the comorbidity of interest; Shaded cells represent the age group in which the comorbidity is most

common

4.6.4 SCr and eGFR results in healthcare clients by age, sex and HIV status

Analysis of all SCr and eGFR test results for healthcare clients shows how the values change
at older ages and differ per HIV status and sex (Figure 4.2). This comparison shows clearly
how the eGFR value adjusts for age and sex so that the difference in SCr results between
females and males falls away in corresponding eGFR results (Figure 4.2A compared to Figure
4.2B). Similarly, the decrease of kidney function with age is more apparent among PLHIV

and HIV-negative individuals when viewing the eGFR result.
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Figure 4.2: The distribution of all serum creatinine and estimated glomerular filtration rate
results per HIV status and sex. Data points are coloured by sex. Red: Female, Blue: Male. A.
Serum creatinine distribution by HIV status, sex, and age at measurement. Y-axis: serum
creatinine results in umol/l, X-axis: age (in years) at creatinine measurement. Dotted line:
SCr value above which abnormal kidney function may be inferred. B. Estimated glomerular
filtration rate distribution by HIV status, sex, and age (in years) at GFR estimation. Y-axis:
eGFR (mL/min/1.73m?), X-axis: age (years) at eGFR measurement. Dotted line: eGFR value
below which an abnormal kidney function is inferred.

4.6.5 Age stratified analysis of eGFR results in PLHIV and HIV-negative people
The eGFR distribution per age group of healthcare clients who are PLHIV and HIV-negative
individuals was analysed. The analysis uses all the eGFR results recorded for all healthcare

clients in our study population to make the comparisons and we recognise that multiple
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results may come from one patient over time. A description of HIV-negative and HIV-
positive healthcare clients is shown for each age group. Among the younger and middle age
groups, the median eGFR results of the HIV-positive healthcare clients are higher compared
to the HIV-negative healthcare clients in these same age groups. At older ages, the
difference between the median eGFR results for the HIV-positive and HIV-negative groups is

reduced (Figure 4.3).
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Figure 4.3: Distribution of all eGFR results per age groups and HIV status of healthcare
clients receiving results. X-axis: age groups at eGFR testing; Y-axis: eGFR measures for
healthcare clients. Results from PLHIV and HIV-negative healthcare clients in each age group

are shown.

4.6.6 Age stratified analysis of kidney function with comorbidities TB, hypertension,
diabetes, and CKD.

The number of all eGFR tests reported for PLHIV and HIV-negative individuals with

comorbidities per age categories were analysed. More tests were done for PLHIV than HIV-
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negative people in the 18-29 years category (11 337 vs 35 698); the 30-44 years category (13

644 vs 93 505) and the 45-60 years category (26 791 vs 32 353). Only in the category of 60+

years were more tests reported for HIV-negative individuals (12 763 vs 3 535), but in this

category there is a very small numbers of PLHIV compared to those without HIV (6 916 vs

964).

Table 4.3: Median (IQR) eGFR for all tests done per age group and HIV status of healthcare
clients with comorbidities

Age group: 18-29 years

Comorbidity

Tuberculosis
Hypertension
Diabetes

CKD

Counts

(% of all tests) ?

23 124 (49.2)

11 438 (24.3)

10 164 (21.6)
9 865 (21)

Age group: 30-44 years

Comorbidity

Tuberculosis
Hypertension
Diabetes

CKD

Counts

(% of all tests) ?

54171 (50.6)
33078 (30.9)
13 122 (12.2)
10 545 (9.8)

Age group: 45-60 years

Comorbidity

Tuberculosis
Hypertension
Diabetes

CKD

Counts

(% of all tests) ?

20514 (34)
39620 (67)
20 869 (35.3)
11234 (19)

Age group: 60+ years

Comorbidity

Tuberculosis
Hypertension
Diabetes

CKD

Counts

(% of all tests) *

2774 (17)
13 585 (83.4)
7 834 (48.1)
5 802 (35.6)

Median (IQR) eGFR value?

Overall

118 (99 — 141)
117 (96 — 146)

128 (107 — 153)

75 (73 - 99)

Overall

105 (86 — 124)

101 (85 — 121)

106 (89 — 128)
59 (43 - 79)

Overall

94 (77 - 112)
88 (74— 103)
90 (74 - 107)
59 (46 — 72)

Overall

83 (66 — 99)
77 (63 - 92)
77 (60 — 93)
55 (44 — 66)

HIV-negative

118 (99 — 146)

123 (100 — 153)
136 (103 — 163)

73 (39 - 85)

HIV-negative

106 (88 — 126)

100 (85 — 125)

105 (89 — 130)
57 (40— 79)

HIV-negative

89 (70 — 109)
87 (73 - 102)
89 (74 — 106)
58 (45-72)

HIV-negative

76 (62— 94)
76 (63 - 91)
76 (60— 92)
55 (44 — 66)

HIV-positive

118 (97 — 141)
116 (95 — 143)

125 (107 — 142)

76 (45 — 107)

HIV-positive

105 (89 — 124)

102 (85 — 120)

107 (89 — 126)
61 (44 —79)

HIV-positive

95 (79 — 112)
89 (75 — 106)
91 (75 -112)
60 (48 — 72)

HIV-positive

87 (74 - 102)
84 (67 - 99)
83 (64 — 100)
57 (46 — 66)

p-value?

0.90
0.06
0.15
0.30

p-value?

0.60
0.90
0.70
0.20

p-value?

<0.001
<0.001
0.026
0.30

p-value?

<0.001
<0.001
0.035
0.40

IMedian (IQR); n (%); 2Wilcoxon rank sum test; Shaded cells represent statistically significant difference
between PLHIV and HIV-negative individuals with the comorbidity
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In each age group the comorbidity with the highest proportion of tests done in that age
group reported for healthcare clients with comorbidities were TB (49.2% and 50.6%) for 18-
29 years and 30-44 years age groups respectively, and hypertension (67% and 83.4%) for 45-

60 years and over 60 years age groups respectively.

An analysis of the median eGFR results for PLHIV and HIV-negative healthcare clients with
comorbidities in each age group showed in the younger age categories between 18 and 44
years there is no significant difference in eGFR values in those with and without TB, diabetes
and CKD when comparing PLHIV and those who are HIV-negative. Although not statistically
significant, PLHIV with hypertension have slightly lower eGFR values than those without HIV
(p=0.06). In the older age categories, however, eGFR is slightly higher for PLHIV who have
TB, hypertension and diabetes. For individuals with CKD, the lower eGFR values are similar

regardless of HIV status.

4.6.7 Kidney function trajectories of healthcare clients with HIV and other comorbidities
Whilst previously we analysed all available test results together, we recognise that there are
often multiple tests from the same individual, and that the longitudinal trajectories for the
population groups might yield more detailed information about the relationship between
patient characteristics and their kidney function test results. The distribution of eGFR results
per age groups for individuals who had and those who did not have TB, hypertension and
diabetes at the time of eGFR determination, calculating the characteristics, age and
comorbidity status of the healthcare client at the time of each test result (Figure 4.4),
provides an overview of these data to gain insight into the eGFR results for healthcare
clients who had and did not have the selected comorbidities prior to the linear mixed effect

model analysis.
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Figure 4.4: Distribution of all eGFR results per sex and comorbidity statuses at the time of
testing. X-axis: Age (in groups) at GFR estimation; Y-axis: Estimated glomerular filtration rate
in mL/min/1.73m2. A. Distribution of eGFR results of healthcare clients who had or did not
have TB prior to GFR estimation. B. Distribution of eGFR results of healthcare clients who
had or did not have hypertension prior to GFR estimation. C. Distribution of eGFR results of
healthcare clients who had or did not have diabetes prior to GFR estimation.
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The distribution of eGFR results for healthcare clients who did or did not have TB prior to
eGFR testing shows higher median eGFR for clients in the younger age groups (18-29 years
and 30-44 years) who had TB and the difference is reduced for healthcare clients in the 45-
60 years and over 60 years age groups. For healthcare clients who had hypertension and
diabetes, the median eGFR results were lower for those in the 18-29 years age group, with
no differences in median eGFR results for those in the 30-44 years, 45-60 years and over 60

years age groups (Figure 4.4).

The random effect part of the mixed effects model showed considerable variation of eGFR
results (kidney function) between healthcare clients, with a standard deviation (SD) of 23.68
mL/min/1.73m? and residual variance SD of 37.09 mL/min/1.73m?2. The fixed effects part of

the model is presented in Figure 4.5.

Characteristic eGFR 95%Cl #Aq
HIV HIV 4.1 3.2,4.9 =
Diabetes 3.6 2.6,4.5
Tuberculosis 2.4 1.7,3.0 3.6 **
: H i -15 -2.1,-0.8
Diabetes s:fmens'on
Female — — o
Male -2.8 -3.6,-2.0 2.4
Tuberculosis Age at eGFR test (years)
18-29 — —
30-44 -10.2 -11.0,-9.4 45T
Hypenension 45-60 -23.7 -24.7,-22.7
60+ -33.4 -34.9,-31.3
-2.8*
Sex [Male] -
-10.2 ***
Age at eGFR test [30-44] o
<23.7**
Age at eGFR test [45-60] ==
-33.4 ***
Age at eGFR test [60+] o
-40 -30 -20 -10 0 10

eGFR (mL/min/1.73m2)

Figure 4.5: Linear mixed-effect regression results showing regression coefficients and 95%
confidence interval (Cl), describing the relationship between eGFR, age category at
testing, HIV status and other comorbidities. X-axis: regression coefficients (eGFR in
mL/min/1.73m?); Y-axis: predictors.

The fixed effects part of the model (Figure 4.5) indicates that being in an older age category
at eGFR testing is associated with lower eGFR for healthcare clients aged 30-44 years (-10.2

mL/min/1.73m?, 95% Confidence interval [Cl]: -11, -9.4), 45-60 years (-23.7 mL/min/1.73m?;
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95% Cl: -24.7, -22.7), and over 60 years (-33.4 mL/min/1.73m?; 95% Cl: -34.9, -31.3) as
compared to those aged 18-29 years if sex and comorbidity status remain constant. The
model suggests that eGFR is lower for male healthcare clients by an average of -2.8
mL/min/1.73m?2 (95% Cl: -3.6, -2.0) compared to females. Having hypertension ascertained
prior to eGFR testing was found to be associated with lower eGFR results by an average of -

1.5 mL/min/1.73m? (95% Cl: -2.1, -0.82) compared to those without hypertension.

Healthcare clients already ascertained with HIV at the time of testing on average have 4.1
mL/min/1.73m? (95% Cl: 3.2, 4.9) higher eGFR results than those who did not have HIV
given that age, sex and comorbidity status remain constant. Healthcare clients with diabetes
at the time of testing on average have 3.6 mL/min/1.73m?(95% Cl: 2.6, 4.5) higher eGFR
results than those without diabetes when age, sex and comorbidity status remain constant.
Healthcare clients who have had TB by the time of testing on average have 2.4
mL/min/1.73m?(95% Cl: 1.7, 3.0) higher eGFR results than those who never had TB when

age, sex and comorbidity status remain constant.

4.7 Discussion

The South African 2019 ART Clinical Guidelines (updated 2020) recommend routine
assessment of baseline kidney function before ART initiation. The guidelines recommend
the use of eGFR calculated using Counahan Barratt formular for patients 2 10 and < 16 years
of age, eGFR using MDRD equation for adults and adolescents above 16 years, and absolute
creatinine levels for pregnant women living with HIV before initiating ART. However, results
availability prior to ART initiation is not a requirement (National Department of Health,
2020). It can be seen in Figure 4.1 that HIV-negative and PLHIV sub-populations are quite
different in terms of their access to kidney function tests, and are most likely getting these
tests for quite different reasons: for PLHIV, it appears that individuals are being tested at a
younger age, most likely as part of routine screening which forms part of the standard of
care for PLHIV in South Africa; whereas in the HIV-negative population, screening at older
ages is much more likely to be in response to presentation of symptoms related to kidney
disease. Earlier female healthcare seeking behaviours compared to later male healthcare
seeking behaviours including access to maternal care, high prevalence of CKD among
women (George et al., 2019) as well as generally earlier age of HIV infection in women

(Mabaso et al., 2018)] may be the reasons why more females are represented in the study
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population than males. In essence, this suggests that PLHIV are being tested regardless of
their apparent health, whereas those without HIV are most likely being tested only if they

are symptomatic as a result of other conditions.

Early linkage to care and subsequent regular screening for kidney function even without
prior related symptoms or illnesses may account for SCr and eGFR results that indicate
better kidney function at first testing in PLHIV, whereas HIV-negative individuals may only
start getting tested once they are identified as having high risk of renal disease or are
already ill and showing symptoms suggestive of renal conditions which more commonly
occurs at older ages with the advent of other non-communicable diseases (NCDs). With low
median SCr results, median eGFR remains high among young PLHIV even when adjusting for
age and sex, which suggests in general there are adequate metabolic processes for the

excretion of SCr in these healthcare clients.

Although the overview of all raw SCr results (Figure 4.2) suggests that HIV-negative younger
people having kidney function tests tend to have good kidney function. When adjusted for
age and sex to generate eGFR results, it suggests that their kidney function may be more
likely to be reduced. This suggests that they are referred for testing because they are
presenting with clinical symptoms possibly related to kidney impairment from other causes.
The plotted eGFR results shown in Figure 4.3 demonstrate this difference in kidney function

between the HIV-negative and PLHIV populations in the youngest age brackets.

Poorer kidney function at an older age for first testing for healthcare clients without HIV,
reflected in lower eGFR values, may reflect that this population may be presenting at health
care facilities with symptoms of chronic conditions which become more common as people
age and may impact kidney function. This population may only be receiving kidney function
tests because kidney dysfunction is suspected due to their clinical presentation and are

therefore presenting with lower kidney function results.

When PLHIV age, instead of the higher eGFR results seen when they are screened at
younger ages, their kidney function results begin to approach those of the HIV-negative
groups that have been referred for kidney function tests due to other health conditions, and
the eGFR results between the two groups may not differ as much. This suggests that as this

population of healthcare clients with HIV age, their kidney function becomes generally
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similar to the kidney function of the HIV-negative healthcare clients who have non-HIV-

related health conditions that affect their kidney function.

In the younger age brackets not much detectable difference is seen based on comorbidity
profiles: PLHIV with the comorbidities analysed in this study do not in general appear to
have kidney test results that are significantly different from those in HIV-negative clients of
the same age and comorbidity profiles. As already discussed, the HIV-negative group of
healthcare clients attending facilities may be presenting with one or more of the
comorbidities and are likely to be attending healthcare facilities because they are feeling
unwell and have symptoms due to an ongoing condition. This analysis suggests that having
HIV combined with these comorbidities is not associated with greater impact on kidney

function compared with the impact of these comorbidities on people without HIV.

Considering that the prevalence of HIV and TB is high in South Africa and the burden of
these conditions are seen in the young to mid-aged population, PLHIV and individuals
presenting with TB who have kidney function tests would most likely be in the young and
middle age groups, as seen in our study population (Table 4.2). Given the high prevalence of
hypertension (Kohli-Lynch et al., 2022) and diabetes (Pheiffer et al., 2021) in South Africa, it
is expected that higher proportions of HIV-negative healthcare clients receiving kidney
function tests but not being tested as part of routine HIV/TB care may generally reflect in
the mid- to older -age population in which other chronic NCDs may be determining their
healthcare seeking behaviours. Ageing with hypertension, diabetes, and CKD are known to
be significant risk factors for renal disorders and this population are most likely having eGFR
tests due to the impacts of these common comorbidities on kidney function. The HIV-
negative subgroup of healthcare clients in this population is therefore not representative of
the general HIV-negative population, as it is strongly biased towards those with other health

conditions.

In the older age groups, there is not a substantial difference in average eGFR values for
PLHIV and HIV-negative individuals with similar comorbidity profiles. Whilst we may have
anticipated worse eGFR results in PLHIV (Campos et al., 2016), our observation in this study
could be due to the much smaller number of individuals in the older age group of PLHIV —
many more people with severe HIV-related disease may not have lived to this age group
given the poor availability of ART when they were younger. This is supported by the
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different median age at death between PLHIV, at 43 (IQR: 35-52) years and HIV-negative

individuals at 63 (IQR: 55-70) years (Table 4.1). In addition, the proportion of eGFR tests for
PLHIV in each age bracket (Table 4.3) are much lower in older age brackets when compared
to number of tests in people without HIV who are attending healthcare facilities with other
conditions. For example, in the oldest age bracket, there are only approximately 3 500 tests

from PLHIV compared to 12 763 tests in the HIV-negative group in this age bracket.

Those PLHIV who have survived to the older age brackets have been screened, have perhaps
had better access to health care and ART than others diagnosed at the same time, and may
have experienced more mild disease or delayed onset of HIV-related symptoms. In addition,
better linkage to care and/or healthcare seeking behaviours may also predispose them to
better management of their additional chronic conditions and comorbidities alongside

managing their HIV infection (Manne-Goehler et al., 2017).

As expected, our analysis also shows that receiving treatment for hypertension is associated
with lower eGFR results. In this study, those ascertained with hypertension are identified in
the PHDC data because they are receiving anti-hypertensive medications, whereas we have
no way to identify unmedicated hypertensive individuals in the absence of clinical
observational data. Previous epidemiological studies have reported that risks of
cardiovascular diseases and events may increase in individuals with renal impairments
(Bikbov et al., 2020; Gansevoort et al., 2013), but we are unable to evaluate the full impact
of hypertension on this population because of our inability to identify people with

hypertension from the available data.

We did not include CKD in the mixed effects model because the ascertainment of CKD by
the PHDC is largely dependent on SCr/eGFR laboratory test results and may have caused
modelling problems related to multicollinearity. We also note that the algorithm does not
currently identify individuals with persistent proteinuria with preserved eGFR who may still
qualify as having CKD. The results from the mixed effects model suggest that older age
categories are associated with substantially lower eGFR results, as expected. Being male,
and having hypertension were also associated with slightly lower eGFR values. In this
population of healthcare clients, having HIV, TB and diabetes are associated with slightly
higher eGFR results. People with TB are often also living with HIV, and therefore may also be

subject to increased screening prior to having any symptoms of renal disease, and people
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living with diabetes are also linked to care and undergo screening for kidney function. Our
observations therefore may reflect that being linked to care and having screening for kidney
function for patients with these comorbidities may result in more frequent kidney function

tests before kidney function has deteriorated, with corresponding higher eGFR test results.

4.8 Conclusion

Many clinical studies have shown the relationship between HIV and subsequent
nephropathy (Ekrikpo et al., 2018; Madala et al., 2014), as well as reporting improvements
in kidney function for PLHIV after ART initiation (Assaram et al., 2018; Kamkuemah et al.,
2015). In this study we have assessed kidney function testing and results in a population of
healthcare clients in the Western Cape, South Africa, and as such are reporting on testing
practices in the healthcare client population, rather than the aetiological processes by
which HIV can lead to the development of other comorbidities. We also note that this virtual
cohort is enriched for individuals who do not have HIV but are attending health services for
other illnesses such as the comorbidities described here, and that there is an under-

representation of healthy individuals who do not have HIV or other chronic conditions.

Our observations underline that not everyone being tested for kidney function are being
tested for the same reasons, and we have described the differences between the

subpopulations of younger and older healthcare clients, living with or without HIV.

In summary, in this study the ageing population of PLHIV who are actively seeking
healthcare appear quite similar in comorbidities and kidney function to those without HIV,
and it is likely that this is due to the history of access to ART in South Africa when these
older individuals were first diagnosed with HIV. We believe that older PLHIV in the study
population represent only a small subset of the original population of healthcare clients who
contracted HIV in the 1990’s and early 2000’s, due to poor survival rates in those
diagnosed with HIV in those decades. It is also possible a number of these older PLHIV
contracted and were only diagnosed with HIV recently at older ages. This means that the
current population ageing with HIV are not representative of how the same subgroup will
look in the future, because those who have been diagnosed with HIV at a young age since
2004 have had improved access to ART, and since 2016 the Test and Treat approach means

that they link to ART as soon as they receive a positive diagnosis, leading to better long term
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patient outcomes. Whilst the older HIV population currently looks similar to the older HIV-
negative population in terms of kidney disease and associated healthcare requirements, we
still cannot accurately predict the future health requirements of those who linked to ART

whilst young, as they age.

Our analysis of kidney test results in younger healthcare clients also suggests routine kidney
function screening is being undertaken for young PLHIV in line with current guidelines and
best practice, but in future studies we also need to identify where screening is not reaching

those who might benefit from it.

The value of this study is that we have used real data about routine kidney health testing
from healthcare clients in Khayelitsha, which offer insights into what is actually happening in
facilities with respect to kidney function testing. This is useful for evaluating the
implementation of treatment guidelines and healthcare delivery policies and service
utilisation for PLHIV. It is encouraging to see so many younger PLHIV having kidney function
tests whilst their kidney function is still good, and they do not appear to have any kidney
implications. It does, however, remain difficult to predict the future kidney health needs of
this population group as they age whilst living with HIV, and by analysing this real-life
routine healthcare data we demonstrate that it may not be advisable to plan for future
healthcare requirements of younger PLHIV based only on the profile of the current ageing

population of PLHIV.
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4.13 Supplementary data
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Figure S4.1: Distribution of age at first serum creatinine testing without matched
estimated glomerular filtration rate for females and males per HIV status. The X-axis
shows age (years) when the first test results were received, and the Y-axis shows the density
distribution. A: Age distribution at first serum creatinine results for females by HIV status. B:
Age distribution at first serum creatinine results for males by HIV status.
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Figure S4.2: Distribution of first serum creatinine without matched estimated glomerular
filtration rate results per HIV status and sex. Data points are coloured by sex. Red: Female,
Blue: male. Y-axis: SCr results in umol/I. X-axis: age (in years) at creatinine estimation. The
dotted line shows the SCr value above which abnormal kidney function may be inferred.
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Table S4.1: Characteristics of healthcare clients who received only SCr results without eGFR

Characteristic

Age at SCr test

SCr (umol/1)

Female

Male

Unknown
Tuberculosis
Hypertension
Diabetes

CKD

IMedian (IQR); n (%)

Overall, N =
17,7291
41 (29 -53)
67 (56 — 80)
11,922 (67)
5,793 (33)
14
2,464 (14)
9,281 (52)
3,525 (20)
620 (3.5)

HIV-negative,

HIV status

N = HIV-positive, N =

13,2211 4,508!
46 (31 -55) 32 (26 — 40)
67 (57 - 81) 65 (55 — 77)
8,733 (66) 3,189 (71)
4,476 (34) 1,317 (29)
12 2
1,144 (8.7) 1,320 (29)
8,183 (62) 1,098 (24)
3,177 (24) 348 (7.7)
541 (4.1) 79 (1.8)
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CHAPTER 5: ANALYSIS OF ROUTINE HEALTH DATA FOR HEALTHCARE CLIENTS WITH
CHRONIC KIDNEY DISEASE SHOWS EARLIER ASCERTAINMENT AND TESTING WITH BETTER
KIDNEY FUNCTION TEST RESULTS FOR PLHIV IN THE WESTERN CAPE, SOUTH AFRICA

5.1 Publication status

Osei-Yeboah, R, & Tiffin, N. Analysis of routine health data for healthcare clients with
chronic kidney disease shows earlier ascertainment and testing with better kidney function

test results for PLHIV in the Western Cape, South Africa (Ready for submission).

5.2 Author contribution

NT and ROY designed the study. ROY conducted the analysis and wrote the draft

manuscript. NT and ROY finalised the manuscript.

5.3 Abstract

Background

Chronic kidney disease (CKD) is a major comorbidity of clinical concern and contributes
substantially to the burden of morbidity and mortality in people living with HIV (PLHIV).
Despite the well-established relationship between HIV infection and kidney dysfunction, the
incidence and presentation of CKD in PLHIV have significantly reduced due to the
widespread use of antiretroviral therapy (ART), and since the introduction of combined
antiretroviral therapy (cART) the occurrence of HIV-associated nephropathy (HIVAN) has

declined.
Objective

To assess the relationship between estimated glomerular filtration rate (eGFR) results and

HIV and selected comorbidities for healthcare clients with CKD.
Methods

We used routine health data for healthcare clients with CKD aged 18 years and above who
accessed healthcare at government health facilities in Khayelitsha, South Africa, to analyse
their SCr and eGFR laboratory tests. These data, accessed from the Provincial Health Data
Centre at the Western Cape Department of Health, were also used to identify HIV,

tuberculosis (TB), hypertension, diabetes and cervical cancer comorbidities in these
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individuals. We analysed the distribution of SCr and eGFR results for PLHIV and HIV-negative
healthcare clients with CKD in our study population. A linear mixed effects model was used
to assess the association between kidney function test results, and HIV and other selected

comorbidities.
Results

A total of 4 178 healthcare clients with CKD were included in the study, of which 2 832
(67.8%) were HIV-negative and 1 346 (32.2%) were PLHIV. Of the total healthcare client
population 2 801 (67%) were females and 1 367 (32.7%) were males. Of the HIV-negative
and PLHIV sub-populations, females comprised 66.2% and 68.9% respectively. In this
population, PLHIV overall had lower median most recent SCr results (96 umol/I, IQR: 78-130)
than HIV-negative individuals (104 umol/I, IQR: 82-150). The median most recent eGFR
result for PLHIV (58 mL/min/1.73m?, IQR: 45-70) was higher than HIV-negative individuals
(53.3 mL/min/1.73m?, IQR: 40-66.2). The linear mixed effect regression analysis showed that
being a male, having TB, hypertension, and being in an older age category — 30 years and
above at the time of eGFR test result - is associated with lower eGFR for healthcare clients

with CKD.
Conclusion

Our analysis of routine health data shows that PLHIV accessing care and services receive
screening for kidney function at much younger ages. These findings suggest that PLHIV may
be diagnosed with CKD and other comorbidities prior to presentation with severe disease
symptoms, whereas HIV-negative healthcare clients may only be seeking care when they
have physical symptoms indicating impaired kidney function or when kidney diseases have
progressed. Considering median most recent eGFR and overall eGFR results, PLHIV who
have confirmed CKD have better laboratory results for kidney function metrics than HIV-
negative individuals who have CKD. Using routine health data, this study demonstrates
kidney function profiles of a population of PLHIV and HIV-negative healthcare clients who
have CKD and shows the relationship between kidney function results and HIV and selected
comorbidities, providing useful insights relating to healthcare access and provision for
healthcare clients with CKD. This detailed analysis suggests that routine health data can be

used to evaluate the implementation of HIV care guidelines and track the development of
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comorbidities in healthcare clients, whilst recognizing the limitations of these data for
assessing the etiological relationship between kidney function and HIV, age, sex and the

comorbidities assessed in this study.
Keywords
Chronic kidney disease, HIV, comorbidity, serum creatinine, eGFR, routine data, South Africa

5.4 Introduction

Chronic kidney disease (CKD) is a major global health burden. It is a progressive, non-
communicable disease (NCD) with high morbidity and mortality which generally co-occurs in
the adult population most commonly with diabetes, hypertension, obesity, and primary
renal disorders (Gansevoort et al., 2013; Kalantar-Zadeh et al., 2021). In the general
population, these chronic non-communicable conditions are considered the main risk
factors for CKD (Cockwell & Fisher, 2020). The effect of CKD on global health could be
considered in its direct contribution to global morbidity and mortality and as a key risk
factor for cardiovascular diseases (GBD Chronic Kidney Disease Collaboration et al., 2020; Lv
& Zhang, 2019). The Global Burden of Disease (GBD) Chronic Kidney Disease Collaboration
group has reported a global CKD prevalence of 9.1% and about 1.2 million mortalities in
2017 (GBD Chronic Kidney Disease Collaboration et al., 2020). Though the GBD data indicate
that the global burden of CKD is widely carried by countries in low and middle socio-
demographic index quintiles, there are inter- and intra-regional differences. For instance,
the burden in western, eastern and central sub-Saharan Africa (SSA) is lower than expected
(GBD Chronic Kidney Disease Collaboration et al., 2020). CKD prevalence estimates from
previous meta-analyses range from 2% in Cote D’lvoire to 30% in Zimbabwe (Stanifer et al.,
2014), but these estimates may be incomparable given the heterogeneity in CKD definition

(George et al., 2017).

Among people living with HIV (PLHIV), CKD is a major comorbidity of clinical concern and
substantially contributes to the burden of morbidity and mortality in this population in both
high-income and low-middle-income countries (Heron et al., 2020). Despite the well-
established relationship between HIV infection and kidney dysfunction (Ekrikpo et al., 2018),
the incidence and presentation of CKD in PLHIV have significantly reduced due to the

widespread use of antiretroviral therapy (ART), and with the introduction of combined

125



antiretroviral therapy (cART), the occurrence of HIV-associated nephropathy (HIVAN) has
declined (Rosenberg et al., 2015). Clinical interventions such as weight loss, blood pressure
management and treatment of dyslipidemia or hyperglycemia can also be used to slow the
progression of CKD (Heron et al., 2020) and when HIV treatment guidelines and strategies
include these interventions, CKD among PLHIV may even be lower than in the general

population (Alfano et al., 2019; Gupta et al., 2005).

In addition to chronic NCDs, HIV-associated risk factors including viral replication measured
as viral load, nadir CD4+ cell count, and age, and other viral coinfections such as hepatitis B
and C contribute to CKD incidence (Heron et al., 2020). In a pooled modification of diet in
renal disease study (MDRD)-based estimate, which estimates glomerular filtration based on
creatinine and patient characteristics — age, sex and race/ethnicity (Levey et al., 1999, 2009),
the prevalence of CKD in PLHIV in Southern Africa was lowest (3.2%) compared to Western
Africa (14.6%) (Ekrikpo et al., 2018). In South Africa, a recent cross-sectional study using
different estimators reports that CKD prevalence in the general population ranges from
2.3% to 5.1% for males and 1.6% to 6.7% for females (Peer et al., 2020). The prevalence of
CKD in PLHIV varies widely between geographic regions and these variations are related to
the reporting methods and the definition of CKD used (Rosenberg et al., 2015), as well as
HIV ascertainment in different regions. Previous studies have suggested a link between CKD
and tuberculosis (TB) due to immunosuppression along with demographics and comorbid
factors such as diabetes (Romanowski et al., 2016; Ruzangi et al., 2020). Diabetes and
hypertension are considered the common causes of CKD possibly as a result of lifestyle
changes and increasing prevalence of obesity (Ghaderian & Beladi-Mousavi, 2014;
Hernandez & Nasri, 2013) and the synergistic interaction between diabetes and
hypertension to promote kidney injury and dysfunction (Wang et al., 2017). In a previous
study, hypertension has been identified as an independent risk factor for diabetic kidney
disease and alongside this, highlighted that a proportional increase in creatinine levels and
eGFR may be associated with hypertension nephrosclerosis and diabetic nephropathy

(Verma et al., 2016).

The aetiology of renal diseases among PLHIV includes HIV-related diseases like HIVAN, HIV
immune complex kidney disease, CKD from antiretroviral toxicity, side effects of ART, or

manifestation of CKD related to NCDs (Jotwani et al., 2017). Genetic risk variants APOL1 G1
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and G2 alleles which are found only in people with African ancestry have been identified as
risk factors for the development of CKD and progression from CKD to end stage renal
disease (ESRD) (Foster et al., 2013). These genetic variants increase rates of hypertension-
associated ESRD, focal segmented glomerulosclerosis (FSGS), HIVAN, and other forms of
nondiabetic kidney disease (Friedman & Pollak, 2021). APOL1 variants have been identified
as risk factors of CKD among PLHIV in SSA (Kabore et al., 2022). In South Africa, APOL1
variants are strongly associated with HIVAN in black South Africans (Kasembeli et al., 2015).
The prevalence and patterns of CKD among ART-naive PLHIV are not comparable to ART-
experienced PLHIV (Adedeji et al., 2015), which supports the suggestion that long term HIV
treatment could be a significant predictor of CKD among PLHIV. Considering the increasing
risks of cardiovascular diseases among CKD patients compared to individuals without CKD
(Hill et al., 2016), and the contributions of HIV infection (Madala et al., 2014), ART
medications (such as tenofovir and ritonavir) (Mocroft et al., 2016), in addition to a person’s
chronic comorbid conditions and ageing (Acquah et al., 2015; Bastida, 2017) to the
occurrence of renal diseases, it is important to understand the kidney function profiles of
healthcare clients with CKD in the context of HIV and other NCDs in South Africa. In this
study we have analysed routine health data for healthcare clients with CKD to understand
the kidney function profiles of healthcare clients in the context of HIV and other

comorbidities ascertained prior to or at the time of kidney function assessment.

5.5 Methods

5.5.1 Ethics

Ethics approval was obtained from the Human Research Ethics Committee of the Faculty of
Health Sciences, University of Cape Town (HREC ref: 482/2019). A waiver for informed
consent was granted because the data were anonymised and perturbed, and individuals
could not be identified or re-identified from the data. A data access request was approved
by the Health Impact Assessment Directorate at the Western Cape Department of Health,

South Africa.

5.5.2 Study population
Khayelitsha is a high-density, mixed informal and formal housing suburb in Cape Town,
South Africa. The analysis includes all SCr and eGFR laboratory results generated by the

National Health Laboratory Services for adults aged 18 years and over with ascertained CKD
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who accessed public health facilities in the Khayelitsha subdistrict of Cape Town, South
Africa, between 1 January 2016 and 31 December 2017, described as the ‘recruitment

period’.

5.5.3 Data Source

The Provincial Health Data Centre (PHDC) is a health information exchange facility that
collates administrative health data for the Western Cape Province. Unique identifiers are
used to link individuals to administrative health records, and facility visit, laboratory, and
pharmacy data are updated daily for about 6.6 million people currently seeking care in
public facilities in the Western Cape Province. Algorithms are used to infer disease episodes
from combinations of pharmacy-dispensed drugs, laboratory test results, international
classification of diseases-10t" edition (ICD-10) diagnosis codes, and facility encounter data
(Boulle et al., 2019). A dataset containing routine health data was obtained from the PHDC,
Western Cape Government Health Department, with longitudinal data ranging from 2007 to
2017. The records of the healthcare clients who received laboratory results included HIV
and comorbidities records, and these were used to determine which conditions they already
had when the laboratory test was taken. The median length of time for which individuals
have available data is 8 years (IQR: 3.6-10 years). The study dataset was anonymised and
perturbed within the PHDC prior to being released for use in this analysis, to prevent

identification or re-identification of individuals.

5.5.4 PHDC disease episode definition

The PHDC infers diseases from routine health data using either single, or a combination of
parameters categorized into high, moderate, and weak confidence and supporting-only
evidence for having a particular disease episode. High confidence definition of HIV requires
evidence for dispensed valid first line (2NRTI and NNRTI) and valid triple therapy regimen
(fixed-dose combination) of antiretrovirals, and/or positive laboratory test results (viral load
test, polymerase chain reaction (PCR) test, enzyme linked immunosorbent assay (ELISA) test,
and ART resistance test). For TB, evidence for the episode may include admission to
specialized TB hospital, TB drug regimen dispensed, and/or laboratory test results (Positive
GeneXpert, Line probe assay (LPA), Acid-Fast Bacillus positive culture, positive microscopy
(Ziehl-Neelsen staining), and microbiology culture-Toxocara canis (ELISA) are the main

definition parameters. High confidence definition of hypertension includes dispensed
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hydrochlorothiazide. High confidence definitions of diabetes episodes are based on
dispensed drug for the treatment of diabetes mellitus, laboratory test showing HbAlc
greater than 6.5%, oral glucose tolerance test result greater than 11.1 mmol/I, and diagnosis

coding showing an ICD-10 code indicating diabetes disease.

For CKD, laboratory test showing consecutive glomerular filtration rate of less than
60mL/min/1.73m? with 90 days between tests, dispensed kidney, or transplant medications
(antithymocyte, immunoglobulin, and basiliximab), and diagnosis coding indicating kidney
transplant procedure in theatre constitute high confidence definition. It is important to note
that SCr and eGFR results are used extensively in defining patients with CKD by the PHDC.
This means that there is extensive overlap between having poor kidney function test results
and being defined as having CKD. In defining the CKD, however, the ascertainment
algorithm makes use of longitudinal eGFR results to track changes in kidney function over
time and is not based on individual kidney function results but rather an individual’s kidney
function profile over time. The PHDC algorithm uses the MDRD GFR estimating equation to
determine eGFR. We recognise that an update of the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation without the race/ethnicity factor is now recommended
(Gama et al., 2021; Inker et al., 2021). In this study set, all individuals with an ascertainment
of CKD were included in the analysis, but their longitudinal data span the period before CKD
ascertainment as well as after ascertainment. CKD staging was done based on the following
description - Stage 2 - Mild CKD (GFR = 60-89 mL/min/1.73m?); Stage 3B - Moderate CKD
(GFR = 30-44 mL/min/1.73m?); Stage 3A - Moderate CKD (GFR = 45-59 mL/min/1.73m?);
Stage 4 - Severe CKD (GFR = 15-29 mL/min/1.73m?); Stage 5 - End stage CKD (GFR <15
mL/min/1.73m?).

5.5.5 Data Analysis

Descriptive statistics were used to summarize the metrics for healthcare clients with
confirmed CKD, and also for all kidney function laboratory tests conducted for HIV-negative
healthcare clients and PLHIV. Wilcoxon rank sum tests were used to calculate the
significance of differences in median age at testing, CKD ascertainment, SCr and eGFR
results and Fisher’s exact tests were used to calculate the significance of differences in

categorical variables to generate the reported p-values.
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We used a linear mixed effects model to explore the relationship between eGFR results and
age at testing (by age category), sex, HIV, and selected comorbidities as fixed effects for
healthcare clients with CKD. The individual-level repeated eGFR tests were included as the
random effect. This method takes into account the heterogeneity which may exist in the
number of kidney function estimates available for each patient which must be considered

when estimating kidney function trajectories (Gasparini et al., 2020; Janmaat et al., 2019).

All data analyses were done in R Software (version 4.1.2) and RStudio (2021.09.0+351
"Ghost Orchid"). The “Ime4” package in RStudio was used to run the linear mixed effect
model and the associated p-values were generated with the “ImerTest” package. The
visualisations of the distributions of SCr and eGFR results per HIV status and age at testing

for healthcare clients with CKD were done using ‘ggplot2’ package in RStudio.

5.6 Results

5.6.1 Description of the population of healthcare clients with CKD

A total of 4 178 healthcare clients with confirmed CKD were included in the study, of which
2 832 (67.8%) were HIV-negative and 1 346 (32.2%) were PLHIV. Of the total study
population, 2 801 (67%) were females, 1 367 (32.7%) were males and the sex status of 10
(0.3%) healthcare clients was not identified. Among HIV-negative healthcare clients there
were 1 874 (66.2%) females and 952 (33.6%) males, and among PLHIV there were 927
(68.9%) females and 415 (30.8%) males.

Other renal disorders reported for this healthcare client population include acute kidney
injury without a prior CKD diagnosis - 16 162; single abnormal creatinine, where a single SCr
result is above 100umol/l - 1 602 without a follow-up test result; and systemic lupus
erythematosus patients with lupus nephritis - 315. Whereas healthcare clients could have
multiple episodes of acute kidney injury, only one episode of CKD was ascertained by the
PHDC algorithm, and an acute kidney injury episode could not be determined to have

occurred after the start date for an ascertained CKD episode.

The median age at CKD ascertainment differed for HIV-negative healthcare clients who had
higher median age of 62 years (IQR: 55-71 years) and PLHIV with median age of 46 years
(IQR: 38-55 years). The median age at SCr test was higher for HIV-negative healthcare
clients, 60 years (IQR: 53-68 years) than PLHIV who had a median age of 44 years (IQR: 36-
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53 years). The median age at eGFR test result was higher for HIV-negative healthcare clients
who had a median age of 60 years (IQR: 53-68 years) compared to 45 years (IQR: 37-53
years) for PLHIV. Of the total population with CKD, 570 (13.6%) were deceased. Of 1 346
PLHIV, 203 (15.1%) were deceased, whereas a lower proportion of 367 out of 2 832 (13%)
HIV negative individuals were deceased. Almost equal proportions of HIV-negative (12.1%)

individuals and PLHIV (12.6%) were at CKD Stage 5 (Table 5.1).

5.6.2 Number of laboratory tests conducted and median SCr and eGFR results for PLHIV
and HIV-negative clients

A total of 39 906 SCr laboratory tests were reported for the healthcare client population
with CKD, of which 20 816 (52.2%) were recorded for HIV-negative healthcare clients. There
were 42 275 eGFR results for the healthcare client population and 21 685 (51.3%) results
were recorded for PLHIV. PLHIV recorded lower median most recent SCr: 96 umol/I (IQR: 78-
130) than HIV-negative individuals at 104 umol/I (IQR: 82-150) and most recent eGFR were
similarly higher for PLHIV - 58 mL/min/1.73m? (IQR: 45-70) than HIV-negative individuals -
53.3 mL/min/1.73m? (IQR: 40-66.2) (Table 5.1).
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Table 5.1: Baseline description of the healthcare client population with ascertained CKD,
showing median (IQR), counts, and proportions per HIV status.

Healthcare clients HIV-negative PLHIV with CKD  p-value

with CKD with CKD
A: Metrics per healthcare client
Number of healthcare 4178 2832 (67.8%) 1346 (32.2%) --
clients
Median age (IQR) at CKD 58 (48-67) 62 (55-71) 46 (38-55) <0.001
ascertainment
Median age (IQR) at SCr 56 (48-65) 60 (53-68) 44 (36-53) <0.001
testing
Median age (IQR) at eGFR 54 (44-63.7) 60 (53-68) 45 (37-53) <0.001
Sex
Female 2801 (67%) 1874 (66%) 927 (69%) <0.001
Male 1376 (33%) 952 (34%) 415 (31%)
Deceased 570 (13.6%) 367 (13%) 203 (15.1%) 0.074
Most recent CKD staging (% of HIV-/+ with CKD)
NULL 32 (0.8%) 20 (0.71%) 12 (0.9%)
Stage 2 7 (0.2%) 2 (0.07%) 5 (0.4%)
Stage 3A 1944 (46.5%) 1250 (44.1%) 694 (51.6%) 0.0005
Stage 3B 1025 (24.5%) 754 (26.6%) 271 (20%)
Stage 4 657 (15.7%) 462 (16.3%) 195 (14.5%)
Stage 5 513 (12.3%) 344 (12.1%) 169 (12.6%)
B: All laboratory tests done
Total number of serum 39906 20 816 (52.2%) 19090 (47.8%)  <0.001
creatinine tests
Average number of SCr tests  15.3 11.0 26.6 <0.001
per individual
Total number of eGFR 42 275 20590 (48.7%) 21685 (51.3%)  <0.001
results
Average number of eGFR 15.6 12.6 20.1 <0.001
results per individual
Serum creatinine 98 (79-125) 99 (82-126) 93 (74-122) <0.001
Median (IQR) umol/I umol/I umol/I
Most recent serum 101 (79-141) 104 (82-150) 96 (78-130) <0.001
creatinine umol/I umol/I umol/I
Median (IQR)
eGFR 57 (45-72) 55.9 (44.6-68) 60 (46.8-78) <0.001
Median (IQR) mL/min/1.73m? mL/min/1.73m?  mL/min/1.73m?
Most recent eGFR 55 (41-67) 53.3 (40-66.2) 58 (45-70) <0.001
Median (IQR) mL/min/1.73m? mL/min/1.73m?  mL/min/1.73m?
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5.6.3 Age at testing and distribution of all SCr and eGFR results for healthcare clients with
CKD stratified by HIV status

SCr testing for HIV-negative healthcare clients with CKD were common among those aged 45-80
years while testing among PLHIV was common among those aged 25-65 years (Figure 5.1). The
distribution of SCr results for the HIV-negative healthcare clients with CKD suggests that more
males compared to females appear to have SCr results that are above the approximate
107umol/I threshold, which may indicate kidney function impairment as previously defined by
Hosten (Hosten, 1990), used for reporting in South Africa (Thistle, 2014) and recently
referenced by Shahbaz and Gupta (Shahbaz & Gupta, 2022) (Figure 5.1). The SCr results for
PLHIV appear to be more evenly distributed between females and males. Outliers above 400
umol/l were excluded from the visualization (Figure 5.1). The eGFR results are generated from
the SCr results which are adjusted for sex and age, and show a more even distribution of results
among female- and -male healthcare clients with CKD for both HIV-negative individuals and
PLHIV (Figure 5.2); and the observed disparity between SCr values between males that was
seen in Figure 5.1 is no longer visible accordingly, due to the adjustment for female-male

differences in SCr excretion which is incorporated in the eGFR calculations.
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Figure 5.1: Distribution of all serum creatinine (SCr) results per HIV status and sex among
healthcare clients with CKD. Data points are coloured by sex. Red: Females, Blue: Males. X-axis:
Age (years) at SCr testing, Y-axis: SCr results in umol/l. Dotted lines: the SCr value above which

an abnormal kidney function is inferred.
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Figure 5.2: Distribution of all estimated glomerular filtration rate (eGFR) results per HIV
status and sex among healthcare clients with CKD. Data points are coloured by sex. Red:
Females, Blue: Males. X-axis: Age (years) at GFR estimation, Y-axis: eGFR results in
mL/min/1.73m?. Dotted lines: eGFR value below which an abnormal kidney function is inferred.

5.6.4 The relationship between eGFR results and age, sex, and having a comorbidity at CKD
ascertainment.

By using all the eGFR results of healthcare clients with CKD, the linear mixed effect model
demonstrates the variations in kidney function for all the study population and shows how the
selected predictors impact kidney function. The test results include those from tests done prior
to the date of ascertainment of CKD for all individuals in the study population. The random

effect part of the models indicated a considerable variation of eGFR results (kidney function)
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between healthcare clients with CKD with a standard deviation (SD) of 20.31 mL/min/1.73m?

and residual variance SD of 17.60 mL/min/1.73m?2.

The fixed effects part of the model (Figure 5.3) indicates that being a male healthcare client is
associated with lower eGFR results (-2.8/mL/min/1.73m?, 95% Cl: -4.6, -1.0) compared to being
a female healthcare client when age and comorbidity status are constant. Healthcare clients
with a CKD ascertainment and TB prior to laboratory testing have slightly lower eGFR results of
an average -1.5mL/min/1.73m? (95% ClI: -2.2, -0.78) than those who never had TB. Healthcare
clients with CKD and prior hypertension ascertainment have substantially lower average eGFR
results of -7.9 mL/min/1.73m? (95% Cl: -8.6, -7.2) than those without hypertension when age,
sex and other comorbidity status remain constant. The model indicates that being in an older
age group compared to those aged 18-29 years is associated with slightly lower eGFR results for
healthcare clients with CKD. Healthcare clients with CKD aged 30-44 years have an average of -
7.1mL/min/1.73m? (95% Confidence interval - Cl: -9.4, -4.7) lower eGFR results, those aged 45-
60 years have an average of -9.2 mL/min/1.73m? (95% Cl: -12, -6.7) lower eGFR results, and
those aged over 60 years have on average -9.5 mL/min/1.73m?(95% ClI: -12, -6.9) lower eGFR
results than healthcare clients aged 18-29 years when sex, HIV and other comorbidities status
are constant. The associations between eGFR results and prior ascertainment of HIV and
diabetes for healthcare clients with CKD were not statistically significant when age, sex and

other comorbidity status remain constant.
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Figure 5.3: Relationship between eGFR, HIV and comorbidities of healthcare clients with CKD.
Linear mixed-effect regression showing eGFR estimates and 95% confidence interval (Cl)

5.7 Discussion

In this study, we have analysed routine health data about kidney function metrics for
healthcare clients with CKD and compared the kidney function results for PLHIV and HIV-
negative healthcare clients. Comparing the age ranges at testing in this population, we observe
that PLHIV are getting tested for kidney function at much younger ages than HIV-negative
individuals: 36-53 years vs 53-68 years for SCr and 37-53 years vs 53-68 years for eGFR results.
The age range at CKD ascertainment also shows that PLHIV are being ascertained with CKD at
much younger ages (38-55 years) compared to HIV-negative individuals (55-71 years). In the
South African population, a previous study found that individuals carrying any combination of
two APOL1 risk alleles had 89-fold higher risk of developing HIVAN among PLHIV (Kasembeli et
al., 2015) and the earlier ascertainment of CKD in PLHIV could be related to an earlier
occurrence of CKD in PLHIV due to possible genetic risks. Considering the most recent eGFR,
and the median eGFR (overall), HIV-negative individuals with CKD seem generally sicker. This
may be because PLHIV are getting tested and ascertained with CKD earlier and may be receiving
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timely treatment as part of HIV care and services when the disease has not yet progressed and
their results improve over time, whilst HIV-negative individuals may only get tested or

ascertained later with the disease and are already physically ill.

Our analysis shows that on average PLHIV receive more SCr tests (26.6 tests vs 11.0 tests) and
eGFR test results (20.1 test results vs 12.6 test results) than HIV-negative healthcare clients. The
median most recent SCr and eGFR results in Table 5.1 indicate that kidney function is generally
better in PLHIV who have CKD and are receiving test results than HIV-negative individuals.
PLHIV are routinely screened for other conditions as part of the HIV care and services and this
will lead to early detection of kidney disorders (Osei-Yeboah et al., 2021). PLHIV who have CKD
may be receiving adequate care for comorbidities at an earlier age and before becoming very ill
with those comorbidities as result of HIV care and services, whilst HIV-negative healthcare
clients with CKD may already be showing signs of severe disease progressions at the time they

access healthcare services.

In this population of healthcare clients with CKD, there is a difference in age of kidney function
testing between PLHIV and HIV-negative healthcare clients. The age range at kidney function
testing is substantially younger for PLHIV (36-53 years for SCr and 37-53 years for eGFR)
compared to HIV-negative healthcare clients (53-68 years for both SCr and eGFR). There is
difference in the age of CKD ascertainment between PLHIV: 46 (38-55 years) and HIV-negative
individuals: 62 (55-71 years) and shows that PLHIV are ascertained at younger ages. These
observations may be related to access to care such that PLHIV accessing healthcare are
regularly screened for common comorbidities and may lead to earlier ascertainment of NCDs
like CKD (Osei-Yeboah et al., 2021). It could also be related to the aetiology of CKD in PLHIV
where both HIV infection and prolonged exposure to ART treatment (Swanepoel et al., 2018)
contribute to kidney disease occurrence through direct and indirect mechanisms which affect
all parts of the nephron (Alfano et al., 2019). The cytopathic effect of HIV within the renal
parenchymal cells results in the disruption of the normal cell activities; and the immune system
response to HIV infections such as formation of immune complexes which are deposited in the
kidneys and the hyperimmune reaction to HIV antigens pose high risks of kidney impairment in

PLHIV (Alfano et al., 2019).
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The mixed effect model results in Figure 5.3 show that in conjunction with other risk factors —
sex, HIV, and comorbidities, being older is associated with lower eGFR results, as expected.
Increasing age has been identified as a predictor of lower eGFR results in a previous study
(Kavishe et al., 2021). As described above the age range at SCr testing and eGFR test results
between PLHIV and HIV-negative individuals is quite different and HIV-negative individuals have

higher median age at CKD ascertainment, SCr and eGFR measurements.

Our results showed that PLHIV have slightly higher most recent and overall eGFR test results
compared to HIV-negative individuals (Table 5.1) and this finding is similar to a previous study
in Tanzania (Kavishe et al., 2021). However, there was no significant impact of HIV on eGFR in

conjunction with other risk factors assessed in the mixed effects model (Figure 5.3).

In the plotted distributions, there appears to be a difference in SCr values between men and
women, with generally higher values for men (Figure 5.1), but this difference is less marked
when looking at the eGFR plots for both PLHIV and HIV-negative healthcare clients most likely
because eGFR values are adjusted for age and sex (Figure 5.2). This suggests that the use of
glomerular filtration rate is a better metric for further analysis to compare kidney functions in
this population (Fabian et al., 2019), and provides adequate basis for comparison of kidney
function. The difference between males and females is observed in the mixed effects model

(Figure 5.3) which shows that being a male is associated with a lower eGFR value.

The multivariate analysis shows lower eGFR results in healthcare clients in our study who have
hypertension and TB in addition to CKD. Lower eGFR is a key indicator of a wide range of
ongoing diseases. Due to the natural organ senescence associated with ageing, healthcare
clients with kidney disorders are at increased kidney functionality impairment as they age (de
Boer et al., 2011). About 1mL/min/1.73m? reduction of eGFR is noted to occur per a year
increase in age usually starting in the third decade of life (Grams et al., 2013). The slightly lower
eGFR results observed as healthcare clients with CKD fall into the older age groups in our study
population may be as a result of the combined effect of the presence of kidney diseases and
ageing. In addition to the physiological phenomenon of ageing-related kidney function decline,
NCDs such as diabetes and hypertension further induce the rate of eGFR reduction (Russo et al.,
2018). For healthcare clients with CKD lower eGFR may be a further indication of the poor
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health exacerbated by the presence of other comorbidities (Fraser et al., 2020; Tartof et al.,
2018) and previous studies have reported associations between kidney function decline and

hypertension (Vaes et al., 2015; Yu et al., 2019), and TB (Shen et al., 2015).

In this population, we did not observe the anticipated impact of HIV on eGFR test results when
considering age, sex, and other comorbidities. This suggests that HIV may not currently have
significant impact on eGFR results in PLHIV. The early kidney function testing and early CKD
ascertainment in PLHIV as described above possibly lead to early treatment and/or
management which improves test results over time for PLHIV. We also note that the algorithm
does not currently identify individuals with persistent proteinuria with preserved eGFR who
may still qualify as having CKD. In relation to age, our analysis showed that being older is
associated with lower eGFR results and PLHIV are generally receiving eGFR results at a younger
age, which may contribute to the insignificant impact of HIV on eGFR results seen in this
particular dataset with a strong age bias between PLHIV and HIV-negative subpopulations.
Previous studies report that increasing age, higher body mass index and diabetes are correlated
with lower eGFR (Kavishe et al., 2021; Struik et al., 2011), and as PLHIV age and present with
other NCDs, the real impact of HIV on eGFR results may be observed in this population in the

future.

Our analysis of kidney function metrics for individuals with CKD in terms of HIV status provides
insights into how accessing care for various reasons may underline the kidney function test
results for PLHIV and HIV-negative clients. The population of PLHIV in South Africa is a mixture
of predominantly young individuals and a much smaller population of older adults who have
survived despite been diagnosed with HIV when access to ART was not universal. It is also
possible that these adults were diagnosed with HIV in the older ages. Since the population of
PLHIV has generally started ageing, the lower median age of PLHIV, compared to the higher
median age of HIV-negative healthcare clients at CKD ascertainment, SCr testing and eGFR
reflects the age differences between PLHIV and HIV-negative healthcare clients. The HIV-
negative healthcare clients are largely older individuals accessing healthcare for several chronic

conditions.
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5.8 Conclusion

Analysis of routine health data for healthcare clients with CKD shows substantial differences in
eGFR results for PLHIV and HIV-negative individuals in terms of individual healthcare clients
results and when considering all laboratory results. Our analysis shows that PLHIV who have
CKD have better laboratory results of kidney function metrics than HIV-negative individuals who
have CKD. PLHIV accessing care and services are generally much younger than HIV-negative
clients, and also receive screening for kidney function and other comorbidities even when they
do not show symptoms of kidney impairment and are identified when kidney diseases are not
severe, whereas the HIV-negative healthcare clients may only be seeking care when there are
symptoms indicating impaired kidney function or when kidney diseases have progressed. It is
important to ensure that screening for chronic conditions is improved for individuals who are
not receiving HIV services for early detection of conditions that potentially impact kidney

function.

Our analyses focused on kidney function testing and reporting for healthcare clients in public
facilities and our results only describe kidney function results for healthcare clients with or
without HIV in the context of other comorbidities and receiving care for CKD, algorithmically
ascertained by the PHDC. From routine health data, this study demonstrates kidney function
profiles of a population of PLHIV and HIV-negative healthcare clients who have CKD and shows
the relationship between kidney function results, age, HIV and selected comorbidities. We
recognize that these routine health data are not able to demonstrate the aetiologic relationship
between kidney function and HIV, age, sex, and the comorbidities assessed in this study. These
routine health data can, however, provide useful insight into healthcare access and provision
for healthcare clients. Our analysis of the average kidney function tests and results reflect HIV
guidelines on regular laboratory screening and testing and these routine health data can be
used to evaluate HIV care guidelines, monitor disease occurrences in PLHIV and in individuals
who are not receiving HIV care, and determine future healthcare requirements of healthcare

clients.
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CHAPTER 6: ANALYSIS OF ROUTINE HEALTH DATA SHOWS EXISTING COMORBIDITIES MAY
CONTRIBUTE TO INCIDENCE OF OTHER COMORBIDITIES AND UNSUPPRESSED VIRAL LOAD IN
PEOPLE LIVING WITH HIV IN KHAYELITSHA, CAPE TOWN

6.1 Publication status

Osei-Yeboah, R., & Tiffin, N. Analysis of routine health data shows existing comorbidities may
contribute to incidence of other comorbidities and unsuppressed viral load in people living with

HIV in Khayelitsha, Cape Town (Ready for submission).
6.2 Author contribution

NT and ROY designed the study. ROY conducted the analysis and wrote the draft manuscript.
NT and RQY finalised the manuscript.

6.3 Abstract

Background

Human immunodeficiency virus (HIV) infection, long term antiretroviral therapy (ART), and
other factors such as ageing may be associated with the occurrence of chronic comorbidities
among people living with HIV (PLHIV). As the HIV population in South Africa begins to age due
to the success of ART, it is important to understand the relationship between the occurrence of
comorbidities in this population and factors such as ART initiation, CD4 cell count and viral load
levels, and the contribution of pre-existing chronic comorbidities to unsuppressed HIV viral

load.

Methods

Anonymised routine administrative health data were analysed for all PLHIV (aged 18 years and
over) who accessed public health care in 2016 -2017 in Khayelitsha subdistrict (Cape Town,
South Africa). Counts, proportions, and median (interquartile range, IQR) of selected study
characteristics were described for females and males with HIV. Multivariate logistic regression
analyses were conducted to assess the relationship between comorbidity occurrence and

selected risk factors. A linear mixed effect model was used to assess the relationship between
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unsuppressed viral load levels as an outcome, and number of comorbidities and selected HIV

metrics as risk factors.

Results

A total of 82 986 PLHIV were included in the study population, of which 59 063 (71.1%) were
females. The median age (IQR) of the study population was 37 years (IQR: 31-44 years). The
overall median age (IQR) at HIV ascertainment for the study population was 30 years (IQR: 25-
37 years). Of the PLHIV, 71 309 (85.9%) were initiated on ART. The proportions of PLHIV on ART
decreased with increasing duration on ART; < 3 years (43.6% ), 4-6 years (26.5% ), 7-9 years
(17.6%), and over 10 years (12.1%). Of all the PLHIV initiated on ART, 61 818 (86.7%) ever
achieved viral suppression, and of these, 23 846 (38.6%), 17 546 (28.4%), 11 982 (19.4%) and 8
444 (13.7%) had been on ART for < 3 years, 4-6 years, 7-9 years and over 10 years respectively.
The multivariate logistic regression analyses showed that increase in age of PLHIV, low baseline
CD4 cell count, unsuppressed viral load levels, ever having CD4 cell count below 50 cells/uL and
presence of other comorbidities is associated with subsequent TB and CKD ascertainment. Our
analysis showed that ascertainment of hypertension and diabetes is mainly associated with
increase in age of PLHIV, having other pre-existing comorbidities, and having achieved viral
suppression. The linear mixed effect model showed that lower baseline CD4 cell count, increase
in age at ART initiation and having one or two pre-existing comorbidities is associated with

unsuppressed viral load levels.

Conclusion

In this study, we have analysed administratively collected routine health data for healthcare
clients living with HIV who accessed care in public facilities in Khayelitsha, Cape Town. We
conclude that the occurrence of comorbidities and unsuppressed viral load levels in an ageing
population of PLHIV in our study may be largely driven by the burden of pre-existing
comorbidities in addition to ageing and other HIV characteristics. From real life routine data of
PLHIV accessing care in public facilities we have demonstrated the occurrence of common
comorbidities in PLHIV by conducting multivariate analyses which incorporate other disease

conditions as predictors. This is useful in understanding how not only HIV metrics contribute to
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the occurrence of comorbidities, but also the contribution of pre-existing diseases to the
occurrence of comorbidities in PLHIV. In planning care and services for an ageing population of
PLHIV like we have in South Africa, potential impacts of comorbidities on HIV outcomes and the

wellbeing of PLHIV should be given careful consideration.
Keywords
HIV, viral load, CD4, comorbidities, routine data, South Africa

6.4 Introduction

South Africa has been at the centre of the human immunodeficiency virus (HIV) pandemic for
over two decades and remains the worst affected country globally (Hodes & Morrell, 2018). The
number of people living with HIV (PLHIV) in South Africa has increased from an estimated 3.68
million in 2002 to 8.45 million in 2022 with an overall adult prevalence of 13.9% (Statistics
South Africa, 2022). Almost a quarter of the women in their reproductive ages (15-49 years) in
South Africa are living with HIV (Statistics South Africa, 2022). In spite of the growing proportion
of PLHIV over the decades, acquired immunodeficiency syndrome (AIDS)-related deaths have

declined from 31.6% in 2002, 26% in 2012 to 12.9% in 2022 (Statistics South Africa, 2022).

HIV treatment guidelines have evolved over the years and the implementation of the current
universal test and treat (UTT) policy (National Department of Health, 2016) has ensured a wider
coverage of antiretroviral therapy (ART) for PLHIV. A national HIV survey conducted in 2017
showed that South Africa was on track towards the first 90 target of 90% of PLHIV knowing
their status but was 20 percentage points below achieving the second 90 indicator of ART
coverage for all PLHIV who know their status. This was attributed to deficiencies around linkage
and retention on ART (Marinda et al., 2020). Although the overall viral suppression among
people on ART in South Africa was at 87.4%, interpretation of these data was to be made in the
context of the uneven ART coverage across the country (Marinda et al., 2020). Reports on the
progress towards the 90-90-90 targets from household-based community surveys in HIV
hyperendemic areas in South Africa varied. While achievement of the third 90 target - 90% of
PLHIV on ART achieving viral suppression was reported for both men and women in rural

KwaZulu-Natal (Huerga et al., 2018), another study in the same region reported that none of
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the targets were achieved as a whole, except the third 90 target for only women (Grobler et al.,

2017).

The main goal of ART is to prevent the viral replication of HIV, decrease viral load levels, and
elevate the CD4 cells which are targeted and destroyed by HIV (Ward et al., 2021). Viral load
levels help monitor HIV viral replication in PLHIV, and for PLHIV receiving ART, high viral load
levels may show how ART medications may be failing to suppress the virus (Ochodo et al.,
2022). CD4 cell count provides good indicators of immune system functioning (Bishop et al.,
2016). Viral load levels and CD4 cells are both useful for monitoring disease progression and
prognosis and are significant indicators of treatment outcomes in PLHIV. Studies suggest that
individuals starting ART with high viral loads or whilst severely immunocompromised may take
longer to recover CD4 cells (Kranzer et al., 2013; Kufa et al., 2019), and this may be

compounded by age and existing comorbidities.

HIV infection, long term ART, and other factors such as ageing may be associated with the
development of comorbidities among PLHIV (Althoff et al., 2016). CD4 cell count and viral load
levels are influenced by AIDS-defining events which result from the outcomes of immunologic
and virologic changes which happen throughout HIV disease progression (Smurzynski et al.,
2010). Low CD4 cell counts and detectable viral load levels, however, are also considered risk

factors for severe non-AIDS infection among PLHIV (Collin et al., 2016).

As the HIV population in South Africa begins to age due to the success of ART, it is important to
understand the relationship between the occurrence of comorbidities in this population and
factors such as ART initiation, CD4 cell counts and viral load levels. This study explores this
relationship in a population of PLHIV in the Western Cape Province, using routine data from the
Provincial Health Data Centre (PHDC), a health information exchange facility that collates
administrative health data from public health care clients in the Western Cape Province in

South Africa.
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6.5 Methods

6.5.1 Ethics

Ethics approval was obtained from the Human Research Ethics Committee of the Faculty of
Health Sciences, University of Cape Town (HREC ref: 482/2019). A data access request was
approved by the Health Impact Assessment Directorate at the Western Cape Department of
Health, South Africa. A waiver for informed consent was granted because the data provided
were anonymized and perturbed, and individuals could not be identified or re-identified from

the data.

6.5.2 Data source

The PHDC is a health information exchange facility that collates administrative health data for
the Western Cape Province. Unique identifiers are used to link individuals to administrative
health records, and facility visit, laboratory, and pharmacy data are updated daily for about 6.6
million people currently accessing care in public facilities in the Western Cape Province.
Algorithms are used to infer disease episodes from combinations of pharmacy-dispensed drugs,
laboratory test results, international classification of diseases-10t" edition (ICD-10) diagnosis
codes, and facility encounter data (Boulle et al., 2019). In this study we refer to “disease
ascertainment”, to mean inference of the start of a disease episode as identified by an
algorithm, to distinguish this process of disease ascertainment from a clinical diagnosis made by
a health care professional during consultation. A dataset containing routine health data was
obtained from the PHDC, Western Cape Government Health Department, with longitudinal
data ranging from 2007 to 2017. The median length of time for which individuals have available
data is 8 years (Interquartile range [IQR]: 3.6-10 years). The study dataset was anonymised and
perturbed within the PHDC prior to being released for use in this analysis, to prevent

identification or re-identification of individuals.

6.5.3 Study population
The analysis includes all PLHIV (aged 18 years and above) who accessed public health facilities
in the Khayelitsha subdistrict between 1 January 2016 and 31 December 2017, described as the

‘recruitment period’. The records of the healthcare clients who received HIV services were

153



matched to the comorbidities records to determine which conditions they presented before
and after HIV ascertainment. Khayelitsha is a high-density, mixed informal and formal housing

suburb in Cape Town, South Africa.

6.5.4 PHDC disease episode definition

The PHDC infers diseases from routine health data using either single, or a combination of
parameters categorized into high, moderate, and weak confidence and supporting-only
evidence for having a particular disease episode. The comorbidities considered in this study are
tuberculosis (TB), hypertension, diabetes, chronic kidney disease (CKD) and cervical cancer.
These comorbidities were selected because they are considered HIV-related comorbidities and
may be prevalent among PLHIV and based on disease episodes that are validated by the PHDC
and available at this time. High confidence definition of HIV requires evidence of dispensed
valid first line (2NRTI and NNRTI) and valid triple therapy regimen (fixed-dose combination) of
antiretrovirals, and/or positive laboratory test results (viral load test, polymerase chain reaction
(PCR) test, enzyme linked immunosorbent assay (ELISA) test, and ART resistance test). For TB,
evidence for the episode may include admission to specialized TB hospital, TB drug regimen
dispensed, and/or laboratory test results (Positive GeneXpert, line probe assay (LPA), Acid-Fast
Bacillus positive culture, positive microscopy (Ziehl-Neelsen staining), and microbiology culture-
Toxocara canis (ELISA) as the main definition parameters. High confidence definition of
hypertension includes dispensed hydrochlorothiazide. For CKD, laboratory test showing
consecutive glomerular filtration rate of less than 60mL/min/1.73m? with 90 days between
tests, dispensed kidney, or transplant medications (antithymocyte, immunoglobulin, and
basiliximab), and diagnosis coding indicating kidney transplant procedure in a theatre
constitute high confidence definition. High confidence definitions of diabetes episodes are
based on dispensed drug for the treatment of diabetes mellitus, laboratory test showing HbAlc
greater than 6.5%, oral glucose tolerance test result greater than 11.1mmol/I, and diagnosis

coding showing an ICD-10 code indicating diabetes disease.

6.5.5 Analysis
Descriptive statistics were generated to summarise the counts and proportions of baseline

characteristics for females and males with HIV. Wilcoxon rank sum tests were used to
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determine the significance of differences in continuous variables and Pearson’s Chi Squared
tests were used to determine the significance of differences in categorical variables. We
conducted multivariate logistic regression analyses to assess the relationship between
comorbidity occurrence and selected risk factors. We included comorbidities ascertained after
HIV ascertainment and other metrics measured as part of HIV treatment and/or services to
assess this relationship. The ‘Enter’ method of multivariate logistic regression where all input
variables are entered simultaneously was used. We conducted linear mixed effect modelling by
including all viral load test results per individual as random effect in the model to explore the
relationship between unsuppressed viral load levels and age at HIV ascertainment, age at ART
initiation, sex, baseline CD4 cell count and the number of comorbidities at the time of the last
viral load testing as fixed effects. This method considers the heterogeneity which may exist in
the number of viral load tests available for each participant which must be considered when

estimating this relationship.

All analyses were done in R Software (version 4.1.2) and RStudio (2021.09.0+351 "Ghost
Orchid"). The linear mixed effect model was run using the ‘Ime4’ package in RStudio and the
associated p-values were generated with the ‘ImerTest’ package. Graphical representations of
logistic regression and linear mixed effect models were generated using the ‘sjPlot’ package in

RStudio.

6.5.6 Patient and public involvement

The participants in this study were healthcare clients ascertained with HIV who visited public
health facilities and generated at least one electronic health record. Retrospective data for this
population spanned about 8 years. Inclusion in the study was restricted to healthcare clients
who accessed care between 2016 and 2017 but included their complete retrospective data. The
study questions were designed to explore the incidence of common comorbidities and the
contribution of these comorbidities to unsuppressed viral load among these healthcare clients
who seek care from public facilities. A waiver for participants’ consent was granted because the
data were obtained directly from digital routine health data in the PHDC and were anonymized

and perturbed to prevent possible re-identification of participants.
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6.6 Results

6.6.1 Description of the baseline characteristics of the study population

A total of 82 986 PLHIV were included in the study population, of which 59 063 (71.1%) were
females, 23 923 (28.8%) were males. The median age (IQR) of the study population was 37
years (IQR: 31-44 years), females were generally younger with a median age of 35 years (IQR:
30-43 years) than males with a median age of 41 years (IQR: 34-48 years). The overall median
age at HIV ascertainment for the study population was 30 years (IQR: 25-37 years), 29 years
(IQR: 24-35 years) for females and 35 years (IQR: 29-41 years) for males. The differences
between female-male median age at study start and HIV ascertainment were statistically
significant (all p <0.001). Of female sub-population, 51 297 (86.9%) were initiated on ART whilst
20 012 (83.6%) of the male sub-population were initiated on ART, and the median age at ART
initiation was lower in females [Median age (IQR): 31 years (26-37 years)] compared to males
[Median age (IQR): 36 years (31-42 years)], p<0.001. The proportions of PLHIV on ART
decreased with increasing duration on ART; < 3 years (43.6% ), 4-6 years (26.5% ), 7-9 years
(17.6%), and over 10 years (12.1%) and this reflected in both female and male sub-populations.
Of PLHIV who initiated ART, 16 239 (22.8%) had current TB and higher proportions of males
(36.0%) than females (17.6%) who initiated ART had current TB. Of all PLHIV initiated on ART,
61 818 (86.7%) ever achieved viral suppression, and of this, 23 846 (38.6%), 17 546 (28.4%), 11
982 (19.4%) and 8 444 (13.7%) had been on ART for < 3 years, 4-6 years, 7-9 years and over 10
years respectively. Of PLHIV, 16 263 (19.6%) had HIV ascertained in the last 18 months and 78
406 (94.5%) had received a baseline CD4 cell count. The median baseline CD4 cell count
significantly differed between females (359, IQR: 223-525) and males (246, IQR: 144-418), p
<0.001. About 80.0% (66 347) of PLHIV in our study population had received viral load
measurements in the last 18 months and the median time since the last viral load measurement
was 8 months (IQR: 3.4-14.3), with slight differences between female [Median (IQR): 7.8
months (3.2-13.7 months)] and male [Median (IQR): 8.2 months (3.8-16.3 months)] sub-
populations. Of the PLHIV, 57.7% did not have additional comorbidity, 35.4% had one
comorbidity, 5.8% had two comorbidities, and 1.1% had three or more comorbidities, where

the comorbidities analysed in this study were TB, hypertension, diabetes, CKD and cervical
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cancer. The difference in comorbidity counts between females and males was statistically

significant, p <0.001 (Table 6.1).

Table 6.1: Baseline description of the study population (2016-2017)

Characteristics All Sex p-value
Female, n (%) Male, n (%)

Study population (PLHIV) n= 82 986 59063 (71.1%) 23923(28.8%) -

Age (IQR) at recruitment 37 (31-44) 35(30-43) 41 (34-48) <0.001

Age (IQR) at HIV ascertainment 30 (25-37) 29 (24-35) 35(29-41) <0.001

ART Initiated (%) 71309 (85.9%) 51297 (86.9%) 20012 (83.7%) <0.001

Median age (IQR) at ART initiation 32 (27-39) 31 (26-37) 36 (31-42) <0.001

Duration on ART (% of total & female/male initiated on ART)

< 3 years 31118 (43.6%) 22054 (43.0%) 9064 (45.3%)

4-6 years 18916 (26.5%) 13801 (26.9%) 5115 (25.6%) <0.001

7-9 years 12517 (17.6%) 9095 (17.7%) 3422 (17.1%)

Over 10 years 8648 (12.1%) 6260 (12.2%) 2388 (11.9%)

Current TB at ART start 16 239 (22.8%) 9044 (17.6%) 7 195 (36.0%) <0.001

(% of ART initiated)

Ever achieved viral suppression 61818 (86.7%) 44967 (87.7%) 16 851 (84.2%) <0.001

(% of ART initiated)

Median (IQR) months since last 8.0(3.4-14.3) 7.8(3.2-13.7) 8.2 (3.8-16.3) <0.001

Viral Load measurement

HIV ascertainment in last 18 16 263 (19.6%) 10856 (18.4%) 5407 (22.6%) <0.001

months (% of total/female/male)

Viral Load measurements in last 18 66 347 (79.9%) 48 180 (81.6%) 18 167 (75.9%)  <0.001

months (% of total/female/male)

Number with baseline CD4 cell 78 406 (94.5%) 55978 (94.8%) 22428 (93.7%) <0.001

count (%)

Median (IQR) Baseline CD4 cell 333 (198-499) 359 (223-525) 246 (144-418) <0.001

count

Comorbidity count (% of total & female/male)

No comorbidity 47 875 (57.7%) 36631 (62%) 11 244 (47%)

1 comorbidity 29383 (35.4%) 18720(31.7%) 10663 (44.6%) <0.001

2 comorbidities

4 811 (5.8%)

3124 (5.3%)

1687 (7.1%)

3 or more comorbidities

917 (1.1%)

588 (1.0%)

329 (1.4%)
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6.6.2 Counts, proportions, and age of ascertainment of selected common comorbidities in
PLHIV by sex

Of 82 986 PLHIV in this study population, 25 503 (31%) ever had TB, 11 588 (14%) had
hypertension, 3 415 (4.1%) had diabetes and 1 347 (1.6%) had CKD. Similar proportions of
females and males had hypertension (14% vs 14%), diabetes (4.2% vs 4.0%), and CKD (1.6% vs
1.8%), and a higher proportion of males (44%) ever had TB compared to females (25%) (Table
6.2). For all the selected comorbidities, females had lower median age of ascertainment than
males and the difference in the median age of ascertainment for each comorbidity was
statistically significant - TB (32 vs 37 years, p<0.001 ), hypertension (42 vs 46 years, p<0.001),
diabetes (42 vs 47 years, p<0.001) and CKD (46 vs 47 years, p = 0.047) (Table 6.2).

Table 6.2: Counts, proportions, and age at ascertainment of PLHIV who ever had selected

comorbidities

Characteristic Sex p-value?
Overall Female Male
N = 82 986! N =59 063! N =23923!

TB 25503 (31%) 15 059 (25%) 10 444 (44%) <0.001
Age (years) at first TB episode 34 (28-41) 32 (27-39) 37 (31-43) <0.001
Hypertension 11 588 (14%) 8 351 (14%) 3237 (14%) 0.226
Age (years) at Hypertension 43 (36-50) 42 (35-49) 46 (39-53) <0.001
Diabetes 3415 (4.1%) 2 453 (4.2%) 962 (4.0%) 0.40
Age (years) at Diabetes 44 (36-51) 42 (34-50) 47 (40-54) <0.001
CKD 1347 (1.6%) 928 (1.6%) 419 (1.8%) 0.063
Age (years) at CKD 46 (38-55) 46 (37-54) 47 (39-56) 0.047

In (%); Median (IQR) 2Pearson's Chi-squared test; Wilcoxon rank sum test

6.6.3 Relationship between comorbidities occurrence and selected risk factors among PLHIV

Multivariate logistic regression analyses show the likelihood of having each condition assessed

for PLHIV in the context of HIV characteristics and other pre-existing comorbidities. The results
presented in Figure 6.1-6.4 show independent analyses for each assayed comorbidity modelled
as the outcome, and the contribution of HIV characteristics when adjusted for the other pre-

existing comorbidities.
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Tuberculosis

Our analysis shows that males are 1.56 (95% Confidence Interval [Cl]: 1.48, 1.64) times more
likely to be ascertained with TB compared to females. A 5-year increase in the age at HIV
ascertainment is associated with a 52% decrease in the risk of TB ascertainment (Odds ratio
[OR]: 0.48, 95% Cl: 0.45, 0.51), whilst a 5-year increase in the age at study end for PLHIV is
associated with a higher risk of TB ascertainment (OR: 2.16, 95% Cl: 2.02, 2.30). For PLHIV,
having hypertension is associated with lower odds of TB ascertainment (OR: 0.76, 95% CI: 0.71,
0.82) and PLHIV who have CKD are 1.52 (95% Cl: 1.31, 1.77) times more likely to be ascertained
with TB. Our analysis shows that PLHIV who have been on ART for 4-6 years and 7-9 years are
1.34 (95% Cl:1.22, 1.47) and 1.36 (95% Cl: 1.22, 1.51) times more likely to be ascertained with
TB respectively, whilst having been on ART for over 10 years is associated with lower odds of TB
ascertainment (OR: 0.65, 95%Cl: 0.57, 0.74) compared to < 3 years on ART. As expected, an
increase in recent viral load measurements is associated with higher odds of TB ascertainment
when compared to viral load levels below 1000 copies/mL. The odds of TB ascertainment
increase as the viral load levels increase; 1000-10 000 copies/mL (OR: 1.66, 95% Cl: 1.48, 1.87),
10 001-100 000 copies/mL (OR: 2.07, 95 % Cl: 1.84, 2.32) and above 100 000 copies/mL (OR:
3.40, 95% ClI: 2.90, 3.99). PLHIV with baseline CD4 cell count of 0-199 cells/uL (OR: 2.05, 95% Cl:
1.90, 2.22), and 200-499 cells/uL (OR: 1.27, 95% Cl: 1.19, 1.36) have higher odds of TB
ascertainment compared with those with baseline CD4 cell count of > 500 cells/pL. Our analysis
shows that the odds of TB ascertainment slightly reduce when PLHIV have higher baseline CD4
cell counts. PLHIV who ever have a CD4 cell count below 50 cells/uL are 2.82 (95% Cl: 2.62,

3.03) times more likely to be ascertained with TB (Figure 6.1).
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Outcome: TB ascertainment Characteristic OR _ 95%al
1:56 ™ Sex
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Figure 6.1: Multivariate logistic regression showing odds ratios (ORs) and 95% confidence

Odds Ratio (95% Cl)

intervals (Cl) for associations between the outcome of TB ascertainment, (n=20 463) and risk
factors: sex, age at study end per 5-year increments, comorbidities ascertained after HIV
diagnosis and HIV-related characteristics.

Chronic Kidney Disease

Within the study population, males are 26% (OR: 0.74, 95% Cl: 0.63, 0.86) times less likely to be
ascertained with CKD compared to females. A 5-year increase in the age at study end for PLHIV
is associated with a 50% increase in the risk of CKD ascertainment (OR: 1.50, 95% Cl: 1.20, 1.86).
PLHIV who have TB - OR: 1.54 (95% Cl: 1.33, 1.79), hypertension - OR: 2.41 (95% Cl: 2.07, 2.81)
and diabetes - OR: 2.15 (95% Cl: 1.73, 2.66) are more likely to be ascertained with CKD. PLHIV
with recent viral load measurements of over 100 000 copies/mL are 2.26 (95% Cl: 1.56, 3.20)
times more likely to be ascertained with CKD compared to those with recent viral load
measurement of < 1000 copies/mL. PLHIV with baseline CD4 cell count of 0-199 cells/uL are
1.31 (95% Cl: 1.02, 1.69) times more likely to be ascertained with CKD compared with those
with baseline CD4 cell count of > 500 cells/uL. PLHIV who ever had a CD4 cell count below 50
cells/uL are 1.34 (95% Cl: 1.09, 1.64) times more likely to be ascertained with CKD. Though the
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analysis shows that longer durations on ART may be associated with CKD ascertainment, these

associations are not statistically significant (Figure 6.2).

Outcome: CKD ascertainment

0.74 *4* Characteristic OR 95%Cl
Sex [Male] - Sex

048 Female = =
Age at HIV ascertainment e o Male 0.74 0.63,0.86
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TubsrEulesis 1.54 Tuberculosis 1.54 1.33,1.79
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Hypertension C— Diabetes 2.15 1.73,2.66

2. 1524 Duration on ART (years)

Diabetes ——— <3 —_ —_
.21 4-6 1.21 0.86,1.75
Duration on ART [4-6yrs] ——-—1 Py 7.9 1.41 0.97,2.09
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Recent VL measurement [over 100000] —_— Baseline CD4 (cells/pL)

0.68 =500 = ==
Ever had VL suppressed e T} 0-199 1.31 1.02,1.69
1.31* 200-499 1.02 0.81,1.28

as %) -199 l—— £
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Figure 6.2: Multivariate logistic regression showing odds ratios (ORs) and 95% confidence
intervals (Cl) for associations between the outcome of CKD ascertainment, (n=1 196) and risk
factors: sex, age at study end per 5-year increments, comorbidities ascertained after HIV
diagnosis and HIV-related characteristics.

Hypertension

Our results show that males in our study population are 30% (OR: 0.70, 95% Cl: 0.66, 0.76)
times less likely to be ascertained with hypertension compared to females. A 5-year increase in
the age at HIV ascertainment may be associated with a 26% decrease in the risk of hypertension
ascertainment (OR: 0.74, 95% Cl: 0.68, 0.80), whilst a 5-year increase in the age at study end for
PLHIV is associated with higher odds of hypertension ascertainment (OR: 2.04, 95% Cl: 1.87,
2.22). Having TB is associated with lower odds of hypertension ascertainment (OR: 0.77, 95% Cl:
0.72, 0.82), and PLHIV who have diabetes — OR: 1.52 (95% Cl: 1.31, 1.77), and CKD - OR: 2.28
(95% Cl: 1.95, 2.67) are more likely to be ascertained with hypertension. Our analysis shows
that PLHIV who have been on ART for over 10 years have lower odds of hypertension

ascertainment (OR: 0.83, 95% Cl: 0.70, 0.99) compared to having been on ART for < 3 years.
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PLHIV who ever had viral load suppressed are 1.49 (95% Cl: 1.14, 1.98) times more likely to be
ascertained with hypertension and PLHIV who ever had CD4 cell count below 50 cells/uL are

12% (OR: 0.88, 95% Cl: 0.79, 0.99) less likely to be ascertained with hypertension (Figure 6.3).
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Figure 6.3: Multivariate logistic regression showing odds ratios (ORs) and 95% confidence
intervals (Cl) for associations between the outcome of hypertension ascertainment, (n=9 138)
and risk factors: sex, age at study end per 5-year increments, comorbidities ascertained after
HIV diagnosis and HIV-related characteristics.

Diabetes

Our analysis shows that a 5-year increase in the age at HIV ascertainment is associated with a
28% decrease in the risk of diabetes ascertainment (OR: 0.72, 95% Cl: 0.61, 0.84), whilst a 5-
year increase in the age at study end for PLHIV is associated with higher odds of diabetes
ascertainment (OR: 1.79, 95% Cl: 1.53, 2.10). PLHIV who have hypertension are 3.68 (95% Cl:
3.28, 4.13) times more likely to be ascertained with diabetes, and PLHIV who have CKD are 2.07
(95% Cl: 1.66, 2.57) times more likely to be ascertained with diabetes. PLHIV with recent viral
load measurements of 1001 — 10 000 copies/mL are 40% (OR: 0.60, 95% Cl: 0.39, 0.87) less

likely to be ascertained with diabetes compared to PLHIV with recent viral load measurements
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of < 1000 copies/mL. PLHIV with baseline CD4 cell count of 0-199 cells/uL (OR: 0.82, 95% Cl:
0.69, 0.98), and 200-499 cells/uL (OR: 0.76, 95% Cl: 0.66, 0.89), have lower odds of diabetes

ascertainment compared with those with baseline CD4 cell count of > 500 cells/uL (Figure 6.4).

Outcome: Diabetes ascertainment
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Figure 6.4: Multivariate logistic regression showing odds ratios (ORs) and 95% confidence
intervals (Cl) for associations between the outcome of diabetes ascertainment, (n=2 339) and
risk factors: sex, age at study end per 5-year increments, comorbidities ascertained after HIV
diagnosis and HIV-related characteristics.

6.6.4 Relationship between having more comorbidities and unsuppressed viral load
The random effect part of the model showed major variations in unsuppressed viral load levels
between PLHIV with a standard deviation (SD) of 156 843 copies/mL and residual variance SD of

2 333 copies/mL.

The fixed effect part of the model is presented in Figure 6.5. Our analysis shows that a 5-year
increase in the age at ART start is associated with higher viral load levels of an average of 5 498

copies/mL (95% Cl: 1 652, 9 345) when age at HIV ascertainment, sex, baseline CD4 cell count,
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and the number of comorbidities remain constant. PLHIV who have baseline CD4 cell count of
0-199 cells/uL have an average increase in viral load levels of 5 746 (95% Cl: 5 079, 6 413)
compared to PLHIV with baseline CD4 cell count of > 500 cells/uL. The results show that for
PLHIV, having at least one comorbidity is associated with an increase in viral load levels by an
average of 13 009 copies/mL (95% Cl: 9 775, 16 244) compared with PLHIV without any
additional comorbidity. Having two comorbidities is associated with increase in viral load levels
by an average of 14 150 copies/mL (95% Cl: 7 826, 20 474) compared to PLHIV without any
additional comorbidity. Though our analysis shows an increase in viral load levels for PLHIV who
have three or more comorbidities, its relationship with unsuppressed viral load levels is not

statistically significant.

The results suggest that a 5-year increase in the age at HIV ascertainment is associated with low

viral load levels by an average of -5 520 copies/mL (95% ClI: -9 369, -1 671) (Figure 6.5).

Outcome: Viral load results over time
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Figure 6.5: Relationship between viral load levels and sex, age at HIV ascertainment per 5-year
increments, age at ART start per 5-year increments, baseline CD4 cell counts, and number of
comorbidities ascertained prior to the last viral load test. Linear mixed effect regression
showing viral load estimates and 95% ClI.
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6.7 Discussion

Prior to the introduction of the UTT guideline in South Africa in September 2016 (National
Department of Health, 2016), ART initiation for PLHIV was not recommended or offered
immediately after a positive test result and was based on a low CD4 cell count in addition to
other clinical assessments and findings. Our results show 2-year gap between HIV
ascertainment and ART initiation seen in the median age at HIV ascertainment (30 years, IQR:
25-37) and ART initiation (32 years, IQR: 27-39). The population of PLHIV in our study is a
mixture of healthcare clients who were ascertained with HIV at a time treatment guidelines did
not recommend immediate ART initiation and those ascertained at a time of UTT
implementation. The gap is probably made up of people who have tested positive but not yet
become physically ill and have not linked to treatment, as well as people who may be accessing
treatment via private health care, or who moved out of the province and are not represented in

our study population.

Our results show a higher proportion of females who have overall lower median ages at study
recruitment and HIV ascertainment, which is similar to findings of a previous study investigating
the comorbidity profiles and age at ascertainment of comorbidities for both HIV-negative and
PLHIV healthcare clients in Khayelitsha, Cape Town (Osei-Yeboah et al., 2021). It has been
reported that HIV diagnosis generally occur earlier in life in females than in males (Mabaso et
al., 2018). Also, early healthcare seeking behaviours in women (Pulerwitz et al., 2019) in
addition to other maternal and contraceptive care services provide women with frequent
access to healthcare. These differences in healthcare seeking behaviours between women and

men may lead to generally earlier HIV diagnosis in women than in men (Risher et al., 2021).

The expanded access to ART services in South Africa has ensured that PLHIV are initiated and
maintained on ART, and the success of the ART programme has resulted in increasing
proportions of PLHIV achieving viral suppression which significantly contributed toward the
country’s efforts toward the UNAIDS 90-90-90 target (Marinda et al., 2020). This has set the
roadmap towards achieving the new UNAIDS 95-95-95 targets (UNAIDS - The Joint United

Nations Programme on HIV/AIDS, 2020). Recent studies have reported that proportions of viral
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suppression in PLHIV in care range between 85.7% and 94.5% across South Africa (Conan et al.,
2022; Mukonda et al., 2020; Pillay et al., 2020), and it is worth noting that the proportion of our
study participants with viral suppression (86.7%) is comparable to the proportions reported in
other parts of South Africa. Considering the duration on ART for PLHIV in our population, our
results show that the highest proportion of PLHIV have been on ART for < 3 years (35.4%)
compared to 12.1% who have been on ART for over 10 years. In relation to the median age at
HIV ascertainment, this indicates that the population of PLHIV in our study are relatively young

with a much smaller group of older PLHIV.

Though a higher proportion (57.7%) of this population did not have the additional comorbidities
analysed in this study, 35.4% had at least one of those comorbidities. Our results show a
significant proportion (22.8%) of PLHIV initiated on ART had current TB. HIV infection is one of
the most widely recognised risk factors for TB (MacPherson et al., 2020; Mendelsohn et al.,
2022) and considering the high burden of both TB and HIV in South Africa, PLHIV remain at high
risks of HIV-TB coinfection (Kubjane et al., 2022). There are efforts to address the burden of TB
resulting from HIV infections and PLHIV are often enrolled on isoniazid preventive therapy (IPT)
(Bristow et al., 2012; Churchyard et al., 2014; Dye et al., 2013; Nel et al., 2020). This is a primary
focus in HIV care and service in the Western Cape given the unusually high TB burden in the
Western Cape (Claassens et al., 2013; du Toit et al., 2020). Analysis of these routine health data
can accurately depict what is known from other sources — for instance TB-HIV
burden/relationship like observed in this population, and as such could be used for monitoring

and evaluation of interventions and progress in this area.

Our results show high proportions of females presenting with the various comorbidities, and
this most likely reflects the gender differences in healthcare seeking behaviours in our
population (Osei-Yeboah et al., 2021) as described above. For TB, hypertension and diabetes,
females living with HIV have these conditions ascertained on average 4-5 years younger than
males whereas the difference in age of ascertainment is only one year for CKD. Considering that
the trend of TB diagnosis is similar to diagnosis of HIV in South Africa where in females the
conditions are generally ascertained at younger ages than males (Perumal et al., 2018), we

expect this difference to reflect in our population in terms of TB ascertainment among females

166



and males. Though HIV treatment may predispose all PLHIV to similar behaviours in terms of
accessing healthcare services and/or requirements, additional maternal and contraceptive
services for women include screening that can enable early detection of other non-
communicable diseases (NCDs) like hypertension and diabetes (Muhwava et al., 2018; Webster
et al., 2019) in the younger female healthcare client population. Our analysis shows that for
comorbidities like CKD that generally occur at older ages, however, ascertainment among

females and males living with HIV is likely to occur almost at the same time.

Our analysis provides insight into the ascertainment of HIV-related infectious disease and other

NCDs that may be prevalent among PLHIV.

In South Africa, there is already a high burden of TB independently of HIV (Blaser et al., 2016),
and considering that TB-HIV co-infection is a major challenge, the ageing population of PLHIV in
our study are at increased risk of TB co-infections. Our results show that the likelihood of
having had an active TB infection increases as PLHIV get older, whereas in those without HIV
the risk of TB infection decreases with ageing. Males living with HIV in our study are at higher
risks of TB infection compared to females living with HIV, in line with reported gender patterns
of TB prevalence in South Africa which show higher prevalence in males (MclLaren et al., 2015;
Moyo et al., 2022). In line with existing evidence, our results demonstrate that unsuppressed
viral load levels, low baseline CD4 cell count, CD4 cell count below 50 cells/pL, and comorbid
CKD are associated with TB ascertainment in PLHIV. Conclusions of a study from South Africa on
the continuing burden of advanced HIV disease show that ongoing HIV associated morbidities
are resulting from PLHIV receiving treatment not being in continuous care and/or not being

fully virally suppressed (Osler et al., 2018).

Previous studies have reported that high viral load levels (Manaye et al., 2020; Pongpirul et al.,
2018), lower baseline CD4 cell counts (Ganesan et al., 2013) and longer duration on ART
(Nishijima et al., 2017; Wearne et al., 2020) are predictors of kidney injury and impaired kidney
function in PLHIV. Similar to these previous studies, our findings show that unsuppressed viral

load levels (10001-100 000 copies/mL and over 100 000 copies/mL), baseline CD4 cell counts
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(0-199 cells/uL) and CD4 cell counts below 50 cells/pL, in addition to increasing age and

comorbid TB, hypertension and diabetes are the key drivers of CKD in our study population.

Our results demonstrate that the occurrence of hypertension and diabetes among PLHIV in our
study population is mainly associated with increase in age at study end, presence of either
hypertension or diabetes (when the other is the outcome) and presence of CKD. Additionally,
having had viral load suppressed which is a key determinant of survival or a successful
treatment for PLHIV is associated with hypertension occurrence. We observed that increase in
age at HIV ascertainment was not significantly associated with the occurrence of any of the
conditions assessed, however, increase in age at study end which relate to actual ages of study
participants were significantly associated with the occurrence of all comorbidities. This suggests
that as PLHIV age, their age-related risks and/or burden of common NCDs — hypertension and
diabetes may tend to be similar to the population without HIV. Our previous study (Chapter 4)
clearly demonstrates, however, that this ageing HIV population is not a representative of all
ageing PLHIV because they are the subset of survivors who might have been diagnosed with HIV

when access to ART was not yet universal and yet have survived to date.

HIV viral suppression is an important milestone for PLHIV on ART and plays significant roles in
reducing HIV incidence at the population level (Tanser et al., 2017). The linear mixed effects
analysis demonstrates that increase in the age at ART initiation and lower baseline CD4 cell
count is associated with higher viral load levels. This suggests that when ART initiation is
delayed and individuals are already physically unwell as a result of the unchecked HIV infection,
achieving viral suppression may be challenging. With the implementation of the current UTT
guidelines in South Africa, timely linkage, and retention in care after HIV ascertainment would

significantly avert worse HIV presentations.

Our findings show that PLHIV with one or two comorbidities are more likely to be experiencing
unsuppressed viral load levels. A previous study reports that PLHIV with multiple comorbidities
do not have the same probability of achieving viral suppression as those without comorbidities
by 36 months in medical care coordination programme (Li et al., 2020). Other studies from

South Africa and Uganda emphasise the relationship between unsuppressed viral loads and
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having comorbid TB (Bulage et al., 2017; Joseph Davey et al., 2018), and considering that TB is
the most common comorbidity in our population, it may be significantly contributing to
unsuppressed viral load levels. The non-significant relationship between PLHIV who have three
or more comorbidities and unsuppressed viral load levels should be interpreted with reference
to the fewer number of people with this number of comorbidities, as shown in Table 6.1, which

may probably lead to lack of adequate statistical power to model this relationship.

Our study has several limitations relating to known bias in the dataset due to imbalances in the
sectors of population seeking healthcare, and available comorbidities data from PHDC as
described in Chapter 2 and Chapter 3. We also recognize the differences within the HIV
population in terms of age. We believe that older PLHIV in the study population represent only
a small subset of the original population of healthcare clients who were diagnosed with HIV in
the late 1990’s and early 2000’s, due to poor survival rates in those diagnosed with HIV in
those decades. It is also possible a number of these older PLHIV were only diagnosed with HIV
recently at older ages. This means that the current population ageing with HIV are not
representative of how the same subgroup will look in the future, because those who have been
diagnosed with HIV at a young age since 2004 have had improved access to ART, and since 2016
the UTT approach means that they link to ART as soon as they receive a positive diagnosis,
leading to better long term patient outcomes. In addition, the limited number of comorbidities
assessed, based on what is available from the PHDC at this time, means that important HIV
comorbidities like cardiovascular disease (CVD), which are not yet available from the PHDC have
been omitted from our analyses. As these data become available, CVD will be an important

comorbidity to include in further analyses.

6.8 Conclusion

In this study, we have analysed administratively collected routine health data for healthcare

clients living with HIV and access care in public facilities in Khayelitsha, Cape Town.

In summary, in this study we observe higher proportions of females than males presenting with
various comorbidities and an early ascertainment (4-5 years) of TB, hypertension and diabetes.

Though HIV infections may predispose all PLHIV to similar health needs and services, other
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reasons for accessing healthcare beyond HIV such as being pregnant (Osler et al., 2020) or
accessing contraception, and the generally frequent health seeking behaviours of females than

males may lead to earlier ascertainment of health conditions when women access care.

Our analysis indicates that in addition to ageing, the key predictors of the occurrence of HIV-
related comorbidities such as TB and CKD are the presence of other comorbidities, lower
baseline CD4 cell count and unsuppressed viral load levels. In relation to the occurrence of
hypertension and diabetes in our study, we observe that as PLHIV get older and present with
other comorbidities their risks of these chronic diseases increase. Our analysis of routine health
data suggests that the occurrence of comorbidities in an ageing population of PLHIV in our
study may be largely driven by comorbidity burden in addition to ageing and other HIV
characteristics. Additionally, we observe that unsuppressed viral load levels for PLHIV in our
study are associated with not only low baseline CD4 cell counts, as expected, but also the

number of comorbidities with which a healthcare client is presenting.

The value of our study is that we have used routine health data from Government health
service delivery in the Western Cape to analyse the occurrence and impact of common
comorbidities in PLHIV, including demographics and laboratory results from healthcare clients.
We have conducted multivariate analyses which incorporate multimorbidity disease conditions
as independent variables together with demographic and laboratory data. This is useful in
understanding not only how HIV metrics are associated with comorbidities, but also
relationship of existing conditions with the subsequent occurrence of additional comorbidities
in PLHIV. In planning HIV care and services for an ageing population of PLHIV, like we have in
South Africa, we propose that routine health data can play a significant role in better
understanding the potential impacts of comorbidities on HIV treatment success. The
preliminary analysis here clearly demonstrates the importance of comorbidities in
understanding HIV and viral load suppression, suggesting the need for adequate public health
measures targeting reducing the incidence of comorbidities in PLHIV as part of treatment

guidelines and policies to mitigate the growing burden and effects of comorbidities in PLHIV.
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CHAPTER 7: CONCLUSION

7.1 Summary of research findings

In Chapter 2, routine health data were analysed to describe the common comorbidities
ascertained in a cohort of healthcare clients and determined the median age of comorbidity
ascertainment for PLHIV and HIV-negative individuals. This analysis described associations
between comorbidities incidence as outcomes, and age, sex, and existing disease conditions as
risk factors. Analysis of the healthcare client population in this study showed ascertainment at
earlier ages for most chronic comorbidities in PLHIV compared to HIV-negative individuals.
Analysis of a subset of women accessing maternal care - under the assumption they are likely
to have been screened for common comorbidities such as hypertension, diabetes, and kidney
disease during their pregnancy to account for the bias in the whole population of healthcare
clients - showed smaller differences in ages at ascertainment of most comorbidities among
women seeking maternal care in HIV-negative and HIV-positive groups. This suggested that
frequent access to healthcare may result in earlier ascertainment of these comorbidities, rather
than there being generally earlier incidence in the HIV-positive population. In all comorbidities
assayed where significant differences were identified in the age of ascertainment of this group,
the difference was in the range of only 1-2 years - with the notable exception of chronic kidney
disease (CKD) which occurred an average of 5.5 years earlier in HIV positive women, in line with

existing studies on HIV Nephropathy (Butler et al., 2018; Naicker, 2020).

In Chapter 3, routine health data were analysed to describe the order and timelines for the
occurrence of selected comorbidities when HIV and other disease conditions are first
ascertained in a population of healthcare clients. This study showed that in general PLHIV had
earlier ascertainment of tuberculosis (TB), cervical cancer and CKD as seen elsewhere (Hopkins
et al., 2019; Isaguliants et al., 2021; Manaye et al., 2020; Mendelsohn et al., 2022), but later
ascertainment of hypertension and diabetes (Magodoro et al., 2022), when compared to HIV-
negative individuals. It was observed that the likely differences in the healthcare access
patterns of the study population based on age, gender, general health, and HIV status resulted
in bias in this virtual cohort of healthcare clients; however, these routine health data were still

able to provide insights into the associations between an existing HIV infection and the
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development of subsequent comorbidities in individuals attending government healthcare

facilities.

Chapter 4 presented an analysis of routine health data for kidney function testing, including
kidney function laboratory results for PLHIV and HIV-negative individuals. It was observed that
PLHIV had slightly lower first median serum creatinine (SCr) results than HIV-negative
individuals, and this reflected in higher median estimated glomerular filtration rate (eGFR)
results for PLHIV, as expected. Among healthcare clients receiving eGFR results, most common
diseases seen in the various age groups were HIV in the 18-29 years age group, TB in the 30-44
years age group, and hypertension, diabetes, and CKD in the 60+ age group. The analysis
showed that having HIV, diabetes, and TB was associated with slightly higher eGFR whilst
having hypertension, being a male and being in an older age category at eGFR testing was
associated with lower eGFR for healthcare clients. These findings most likely reflect patterns of
access to care in different subsets of the healthcare client population: this study showed that
kidney function testing patterns and results were quite distinct in younger people without HIV
who tended to have worse kidney function at first testing compared to younger PLHIV who in
general had better kidney function when tested; and older people with and without HIV who
tended to have more similar kidney function results. The ageing population of PLHIV is only a
subset of surviving people who were diagnosed with HIV in the late 80's through the 90's and
early 2000's, due to the limited access to ART prior to the Universal Test and Treat (UTT) policy
in 2016. This is likely the reason why their profiles are more similar to those without HIV. PLHIV
who were ill in the earlier era did not survive to old age. The findings from this study indicated
that, most likely in younger people, PLHIV were being more regularly screened for kidney
function even when they show no symptoms of renal problems, whereas young people without
HIV were more likely to be tested only when they present with symptoms suggestive of kidney

problems and possibly more advanced kidney disease.

In Chapter 5, routine health data were analysed for healthcare clients with CKD to understand
the kidney function profiles of healthcare clients in the context of HIV and other comorbidities

ascertained prior to or at the time of kidney function assessment. The finding of this study
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showed substantial differences in eGFR results for PLHIV and HIV-negative individuals in terms
of individual healthcare clients results and when considering all laboratory results. It showed
that PLHIV who have CKD have higher laboratory results of kidney function metrics, reflected
better kidney function, than HIV-negative individuals who have CKD. This observation could be
because PLHIV accessing care and services also receive screening for kidney function and other
comorbidities, meaning they have kidney function tests prior to exhibiting any signs of kidney
disease, whereas the HIV-negative healthcare clients may only access care when they have
symptoms indicating impaired kidney function or later stage kidney disease. The findings of this
study showed that for healthcare clients with CKD, HIV alone did not have significant impact on
eGFR results when considering other comorbidities, whereas for healthcare clients with CKD,
also having TB and hypertension was associated with lower eGFR results. This study further
showed that, as expected, among healthcare clients with CKD, being older — 30-44 years, 45-60
years and 60+ years was associated with slightly lower eGFR results compared to healthcare
clients aged 18-29 years. The findings of this study are similar to previous studies which
observed improvements in kidney function —increase in eGFR results in the first year of ART
and low prevalence of renal impairment in HIV patients (Assaram et al., 2017; Bock et al., 2019;
Mapesi et al., 2018). Previous studies have reported that TB and hypertension are associated
with decline in kidney function (Shen et al., 2015; Vaes et al., 2015; Yu et al., 2019). These
results suggest that the eGFR results generated during routine health care reflect early linkage
to care and kidney function screening for PLHIV even in the absence of indications of kidney
impairment. This contrasts with the likely later kidney function testing of HIV-negative
individuals who are more likely only screened if they present with symptoms suggesting

impaired kidney function.

In Chapter 6, routine health data for PLHIV accessing care were analysed to describe the cohort
demographics and the contribution of selected comorbidities ascertained after HIV and HIV-
related characteristics to the occurrence of other conditions and unsuppressed viral load levels.
This study showed that in addition to the expected impact of ageing, the key predictors of the
occurrence of HIV-related comorbidities such as TB and CKD are the presence of other pre-

existing comorbidities, lower baseline CD4 cell count and unsuppressed viral load levels. This
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finding is in line with previous studies describing the predictors of TB and CKD in PLHIV (Brito et
al., 2019; Fenner et al., 2017; Geremew et al., 2020; Jose et al., 2018; Mollel et al., 2019). In
relation to the occurrence of hypertension and diabetes, it was observed that as PLHIV get
older (Rajagopaul & Naidoo, 2021) and present with other comorbidities their risks of these
chronic diseases increase. From using routine health data about PLHIV accessing health care, it
was observed that the occurrence of comorbidities and unsuppressed viral load levels in an
ageing population of PLHIV in this study was largely driven by the burden of pre-existing

comorbidities in addition to ageing and other HIV characteristics.

7.2 Strength of the study

This study has demonstrated how routine health data may be utilised to better understand
disease occurrence and healthcare needs of PLHIV and HIV-negative individuals. From the use
of routine health data, this study assessed what is happening in real life in terms of healthcare
access, laboratory results, disease occurrences and key drivers of common comorbidities for
PLHIV and HIV-negative individuals. For instance, this study observed that ascertainment of
common chronic conditions occurs later for HIV-negative individuals, especially men, who do
not have access to the kind of screening undertaken during maternal or contraceptive care. In
the case of CKD, this is also accompanied by generally worse kidney function as assessed
through analysis of eGFR results. Based on this observation, more accessible screening for
common conditions for individuals who are not receiving HIV care and services, or maternal and

contraceptive services, could be put in place to ensure timely diagnosis of chronic conditions.

From this real-life data, this study provides insight into health service use patterns of PLHIV and
HIV-negative individuals in the Khayelitsha subdistrict and based on the findings of this study it
is possible to better understand this population. The current subpopulation that is ageing with
HIV is such a small subset of survivors and this subset is most likely individuals who either did
not get as physically ill from HIV prior to ART access or were infected later in life. Whilst it is
possible to better understand this population, the changing landscape of ART access over the

decades means that the ageing population of PLHIV now is not necessarily reflective of the
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ageing PLHIV in the upcoming decades. We can, however, use the routine health data in an

agile way to monitor and assess the unfolding needs of the ageing PLHIV going forward.

The routine health data used in this study are granular individual-level data that can be used to
track linkage to care and continuity of care (Litofsky et al., 2014; Whittaker & Quint, 2020).
Based on these routine health data, this study does not indicate strong associations between
HIV and some comorbidities such as hypertension and diabetes; but accurately demonstrates
the relationship between HIV and some comorbidities such as TB, CKD and cervical cancer as
well-known from other sources and prior research (Assaram et al., 2017; Chambuso et al., 2017;
Kubjane et al., 2022; Kwan & Ernst, 2011; Sonnenberg et al., 2005; Stelzle et al., 2021; Vachiat
et al,, 2013). It is worth noting that adherence to health service policy is reflected in the routine
health data used in this study in terms of screening and laboratory testing for kidney function
(National Department of Health, 2020), and this indicates that these data may be effective for
evaluating and monitoring public health programmes, policies, and interventions especially in

settings where resources available for monitoring and evaluation are limited.

7.3 Limitations of the study

Considering that these routine health data are only administrative data which do not contain
clinical observational data and therefore not primarily intended for research purposes (Boulle
et al., 2019), some important limitations exist when using these data. A major limitation in this
study is bias in the whole study population which is enriched for PLHIV and HIV-negative
individuals who may be accessing care for various reasons such as accessing maternal care or
accessing care because of ill health due to TB or chronic NCDs. This means that physically
healthy HIV-negative individuals may not be represented in this population. Considering that
data are collected from public health facilities in the Western Cape province, there may be
missing data due to people moving out of the province and due to the use of private healthcare
facilities by some sectors of the population. This may also lead to bias in terms of the
socioeconomic sectors of the population represented in this study, as private health care is
normally accessed by higher socioeconomic sectors of the population. The routine health data

used in this study had limited number of disease conditions ascertained by the PHDC and did
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not include important comorbidities like cardiovascular diseases (CVD). PLHIV have significantly
higher risks of CVD, for example myocardial infarction (Freiberg et al., 2013), heart failure
(Freiberg et al., 2017), pulmonary hypertension, stroke (Chow et al., 2012) and sudden cardiac
death (Tseng et al., 2012) than HIV-negative individuals and will be an important comorbidity
to analyse for PLHIV when data become available (Feinstein, 2022; Hsue & Waters, 2018). There
are also challenges related to data linkage due to poor record keeping at facilities, which might
result in situations where records cannot be linked or improperly linked together (Harron et al.,
2017; Mutemaringa et al., 2023). In South Africa, the administrative health record system is still
developing. The electronic continuity of care record (eCCR) for the Western Cape province
which is a computer application that integrates and standardises all necessary forms, which
makes it easy to capture ICD codes, prescriptions and other important data before discharge is
being piloted in Cape Town (Silber, 2014) and as the system improves and data mature, these

challenges will become less.

7.4 Future research direction

As mentioned above, the analysis in this study only included data on disease conditions
ascertained by the PHDC and excluded several important comorbidities related to HIV and also
common among HIV-negative individuals like CVD. When data on these conditions become
available, it would be important to repeat the analysis for this population of healthcare clients.
When data are broadened to cover healthcare clients in private healthcare facilities it would
similarly be useful to analyse these data to understand the profiles of these patients and assess
how healthcare clients in public and private health facilities differ. Given the benefits of routine
health data utilisation in understanding health access, service use and disease profiles, more
research is needed to monitor any changes in the health needs of the population of PLHIV in
South Africa as they age. It remains a challenge to intuitively visualise routine health
epidemiological data and more collaborative research between epidemiology and data science

is needed to visualise these important data.
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7.5 Contribution to knowledge, policy, and practice

The findings of this study show that screening for common comorbid conditions, including
laboratory testing, are generally being implemented for PLHIV and most likely for women of
childbearing age accessing maternal and/or contraceptive care. The study has contributed to
knowledge about the characteristics of the different sub-populations of PLHIV and HIV-negative
individuals currently accessing healthcare in Khayelitsha, in the Western Cape province of South
Africa. The study has demonstrated the pronounced differences in the assessed kidney function
profiles of younger PLHIV when compared to younger HIV-negative individuals and older HIV-
negative individuals and PLHIV. These data accurately reflect the implementation of kidney
function screening guidelines and policies for PLHIV in government care in the Western Cape.
This analysis suggests that these routine health data could be used to continue to assess the
needs of the current young population of PLHIV as they age, especially given that universal
access to ART can ensure long and generally health lives for this population going forward. Such
ongoing assessments using these data provide an affordable way to provide evidence for future
policy decision making to tailor care and services to the specific and evolving needs of Western
Cape healthcare clients. The findings of this study underscore the need to re-align guidelines,
programmes and interventions to a more patient-centered perspective that includes routine
screening for common comorbidities such as the approach for patient-centered care for PLHIV
and multimorbidity (Boyd & Lucas, 2014), the approaches to providing interdisciplinary patient-
centered care at HIV diagnosis (Wells et al., 2022) and the person-centred HIV prevention
service approach (Pantelic et al., 2018), as generalised and disease-specific approaches may not
work for the whole ageing population of PLHIV. Importantly, this study has contributed to the
knowledge on the usefulness of routine health data to address key epidemiological research
guestions about the current healthcare client population, and demonstrates that routine health
data could be leveraged for conducting large scale studies in resource limited settings to

support evidence-based approaches to health care in the Western Cape.
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