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Abstract

Background: The scale-up of combination antiretroviral therapy (ART), one of the greatest
pharmacological interventions in human history, has reduced adult HIV-related deaths in
South Africa by around 70% between the peak in 2005 and 2019, but it is unclear from
published studies in South Africa and globally which subgroups of HIV-infected adults, defined
by both baseline and current (time-updated) characteristics, may achieve HIV-uninfected
levels of mortality and which subgroups have relative mortality that is within the insurance
industry’s threshold for insurability. Relative mortality estimates are important in insurance
since insurability is measured by relative mortality, not absolute mortality or other measures
such as life expectancy. As HIV-infected people survive to increasingly longer durations of
ART, there is a need for patients, healthcare practitioners, ART programmes, other modellers,
insurers and policymakers to understand the prognosis when measured from later durations
on ART based on current characteristics. However, most South African studies are based on
baseline characteristics, short follow-up times, and low patient volumes, and they lack an HIV-
uninfected control selected from the same subpopulation for estimating relative mortality. At
the time of initiating this research in 2013/2014, some insurers were declining HIV-infected
South Africans applying for higher cover amounts spanning the whole of life. Further, other
chronic conditions such as Type 2 Diabetes (DM2) had already been insurable for many years
in South Africa. At the same time, the ART Cohort Collaboration (ART-CC) assessed the
insurability of HIV-infected people starting ART in Europe and issued an urgent call for a
corresponding study in South Africa. This study responds to this call and, to the author’s
knowledge, is the first study outside of Europe to assess the insurability of HIV-infected adults
starting ART by assessing the relative mortality of South African HIV-infected adults initiating
ART using an HIV-uninfected control (comparator) chosen from the same subpopulation,
measured from multiple time points on ART using both baseline and current characteristics,
long follow-up times, significant patient volumes and accurate mortality ascertainment. The
study identifies patient subgroups with insurable levels of relative risk as well as subgroups
that attain HIV-uninfected levels of all-cause mortality and is fundamental for evaluating ART
programmes and for informing evidence-based insurance decisions that are actuarially sound

and treat insurance customers fairly.

Methods: A retrospective cohort study is performed using patient data from a large medical
scheme population and Aid for AIDS (AfA), a private sector HIV managed care programme in
South Africa. Three cohorts are extracted from the same medical scheme population: HIV-

infected adults starting ART, patients with DM2 starting hypoglycaemic therapy, and an HIV-
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uninfected and DM2-negative control (comparator). Mortality is ascertained via linkage with
the national death registry. Relative all-cause mortality risk (relative risk) is estimated using a
generalized linear model (GLM) assuming a Poisson error distribution and with expected
numbers of deaths based on the control cohort mortality according to age, gender and
population group specified as an offset. To meet insurers’ needs for estimates of future relative
risk that remain constant across the policy lifetime and incorporate current characteristics
nearest to the time of applying for insurance, relative risk is estimated from each 6-month time
point on ART over the remaining follow-up according to the patient’s length of time on ART at

the time of applying for insurance, current CD4 count and viral load and baseline CD4 count.

Results: In the HIV cohort, 8,920 deaths were observed recorded in 77,325 patients starting
ART between 2000 and 2013 followed for 315,341 person years of observation (PYO) (median
follow-up of 3.23 years [IQR 2.04;5.30]). In the DM2 cohort, 7,970 deaths were recorded in
67,705 patients starting antihyperglycaemic therapy between 2000 and 2013 followed for
365,547 PYO (median follow-up of 6.20 years [IQR 3.85;9.53]). In the control, 24,838 deaths
were recorded in 512,940 patients followed for 3,276,501 PYO. The median CD4 count in the
overall HIV cohort reached the lower limit of CD4 count in HIV uninfected people (500 cells/ul)
after 5 years on ART and, after 12 months on ART, 77% of patients were virologically
suppressed (viral load < 400 copies/ml), increasing to 80% after 10 years on ART. Within the
first 6 months on ART, 21% of patients attained both a CD4 count above 200 cells/ul and a
suppressed viral load, increasing to 49% in months 6-12, 68% in years 1-2 and 80% after 10
years on ART. In the overall HIV cohort, 90% of patients at risk from all time points 6 months
or later since ART initiation were estimated to have relative risk within the insurance industry
threshold (<5). Within patients attaining current CD4 counts of 200+ cells/ul and suppressed
viral loads (<400 copies/ml) at 6 months on ART or later, 100% of patients at risk corresponded
to relative risk levels well below the insurance industry threshold (<5). 90% of patients at risk
from 1 year of ART onwards had a lower or comparable relative risk to the DM2 cohort,
implying that the majority of patients on ART had comparable relative risk to those with a
chronic condition that is already insurable. Baseline CD4 count was only prognostic for relative
risk within the first three years of ART after adjusting for the immunological and virological
response to ART. Patients attaining a current CD4 count of 200+ cells/pl and a suppressed
viral load (<400 copies/ml) had the lowest relative risk, reducing with time on ART and
approaching 1 after 3 years on ART in the black population group indicating attainment of HIV
uninfected mortality levels. However, in the non-black population group, relative risk was 1.59
[95% CI 1.30;1.88] times higher than in the black population group which, while still within the

insurance industry threshold, is higher than HIV uninfected levels of mortality. A further sub-



analysis showed that while the immunological and virological response to ART was similar to
that reported by the ART-CC in Europe, the level of relative risk was similar only in the non-
black population group and the effect of current age on relative risk was strongly modified by
population group.

Conclusions: The vast majority of this cohort of South African HIV-infected adults starting
ART have both insurable levels of relative risk and comparable relative risk to DM2 when
measured from multiple time points on ART by baseline and current characteristics. The only
subgroup with relative risk exceeding the insurance industry threshold were patients with
current CD4 counts <200 cells/ul and unsuppressed viral loads (>400 copies/ml). Mortality in
the vast majority of this cohort attained CD4 counts 2200 cells/ul and suppressed viral loads
(=400 copies/ml) and approached HIV-uninfected levels after 3 years on ART. A novel
analytics method is presented for modelling relative risk that better meets insurers’ needs than
existing studies reporting relative risk in defined intervals of ART using dated patient

characteristics.
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Preface

The research has been presented at many international and local conferences, inter-alia the:

. International Congress of Actuaries (ICA) (Washington D.C, 2014), the largest global
actuarial conference, awarded the presentation with a best-paper award (details and the
presentation are available at the conference website);

. HIV Clinicians Society seminar;

° University of Cape Town, Department of Actuarial Science seminar;

° Association for Savings and Investment South Africa (ASISA) underwriting and claims
conference (2015). ASISA is the industry body representing the majority of South
Africa’s life insurance companies; and the

° Actuarial Society of South Africa life assurance committee sessional meetings (multiple).

Since the publication of the research in 2014, multiple insurers in South Africa, Europe and
North America have utilised the research with demonstrable success in further increasing
access to insurance for people living with HIV on significantly more evidence-based and

affordable terms.


https://www.casact.org/press/index.cfm?fa=viewArticle&articleID=2497
https://cas.confex.com/cas/ica14/webprogram/Handout/Paper2292/ICA2014_Sarkin_Leisegang_Presentation%20_final.pdf
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1 Protocol

1.1 Background

1.1.1 HIV pandemic: dramatic improvements in the prognosis on ART

Over 38 years since the Acquired Immune Deficiency Syndrome (AIDS) was first recognised
as a new disease in 1981 [1] and its subsequent identification in 1983 [2-5] and the naming in
1986 [6] of, the Human Immunodeficiency Virus (HIV) as the causative agent of AIDS, HIV
continues to be a significant contributor to the global burden of disease [7, 8]. In 2017, 36.9
million people globally were estimated to be living with HIV [9]. Since the start of the epidemic,
77.3 million people have been infected with HIV and 35.4 million have died from HIV-related
illnesses [9]. The projected cumulative HIV-related death toll at 2030 of 40 — 60 million,
depending on whether the 90-90-90 targets of the UNAIDS 2016-2021 strategy [10] and the
Sustainable Development Goals [11] are achieved, makes HIV the worst pandemic in recent

times.

However, since 1996 the widespread use of combination antiretroviral therapy (ART) based
on three or more antiretroviral (ARV) drugs, including either a non-nucleoside reverse
transcriptase inhibitor (NNRTI), protease inhibitor (PI), or integrase inhibitor (IlI), has
dramatically improved the prognosis of HIV-infected people in both low- and middle-income
countries (LMIC) and developed countries, transforming a fatal disease into a manageable
chronic condition [12-29]. ART suppresses replication of HIV, reducing the viral load and
resulting in an increasing CD4 count and decreasing mortality [30]. Since the peak in 2004,
HIV-related deaths have been reduced by 51% globally [9] and 62% in Eastern and Southern
Africa [31]. In South Africa in 2019, HIV-related deaths are estimated to have been reduced
by 71% since the peak in 2005 and 4.77 million people are estimated to be on ART, more than
a 700-fold increase since 2001 [32]. From 1995-2013, ART is estimated to have averted 7.6
million HIV-related deaths globally, including 4.8 million deaths in sub-Saharan Africa [33] —
by all accounts, the scale-up of ART represents one of the greatest pharmacological

interventions in human history.

Several studies in resource-rich countries report that mortality in HIV-infected people on ART

remains higher than in the general population [34-36], even among individuals who experience
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a good initial response to ART [37], but that the excess mortality of certain subgroups of
patients is moderate [34, 36-40]. Other studies identified subgroups of patients on ART with
similar mortality to that of the general population [41-43] and showed that mortality in some
patients is comparable with other chronic conditions, such as diabetes mellites type 2 (DM2)
[44-49]. These comparisons are important to improve the understanding of the treatment of
HIV, to monitor and predict future changes in the HIV epidemic, to plan healthcare services
and to continue expanding the insurability of HIV. Further, in 2019, South Africa’s progress in
achieving the 90-90-90 UNAIDS targets is estimated as follows: over 90% of HIV-positive
people were diagnosed, of which 60% were on ART, of which 53% were estimated to be virally
suppressed [32]. However, only one European study has assessed the insurability of HIV-
positive people starting ART [50]. There is clearly a need for a South African study to assess

the insurability of HIV-infected South Africans.

1.1.2 Insurance context

At the time of initiating the study, some insurers were declining insurance applications from or
offering prohibitive terms to HIV-positive South Africans, particularly for higher levels of cover
spanning the remainder of life (whole-of-life cover). Despite significant advances in survival
on ART that many studies report, available studies in South Africa do not focus on relative
mortality risk which insurers use to adjust HIV-uninfected mortality, nor do they report sufficient
granularity for insurers to credibly assess relative mortality differences by patient subgroup
and thereby ensure a fair and sustainable price. Given the limited period of observation of
survival after ART initiation in South Africa, published studies of mortality at longer durations
on ART are limited. This is a reflection of ART only having been available in the South African
public sector since 2004, resulting in limited follow-up at longer durations of ART, and high
rates of loss to follow-up (LTFU) [51, 52] leading to reduced periods of patient observation. At
the time of writing, uncertainty around long-term mortality on ART had been a key factor in the
decisions of life insurers, historically, on whether to offer long-term cover (whole-of-life
policies) to HIV-infected people at higher cover amounts. However, the South African private
sector has funded ART since the late 1990s and now has sufficient volumes of patients
observed at longer durations on ART [53-55].

Two phenomena that insurers may have considered in earlier years of ART rollout include
early mortality on ART and LTFU. Much higher mortality at early durations of ART has been

reported in resource-limited settings as compared with developed countries [29, 56]. One
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study estimated mortality in the first year of ART between 8% to 26% in sub-Saharan Africa
(SSA), with the majority of deaths occurring in the initial months of ART [56]. In a systematic
review of early mortality in low- and middle-income countries (LMICs), SSA studies were found
to have the highest mortality in the first year on ART, at 17% [57], when studies were pooled.
Estimates of mortality amongst South African male adults in the first 6 months on ART ranged
from approximately 5% to 40% for baseline CD4 counts greater than 500 and less than 50
cells/pl, respectively [58]. Female adult mortality in the first 6 months on ART in South Africa
differed mostly from that of males at baseline CD4 counts less than 50, reaching a peak of
30% [58]. Independent factors associated with early mortality in many LMICs were low
baseline CD4 count, male gender, advanced WHO clinical stage, low body mass index,
anaemia and age greater than 40 years [57]. Notably, over 85% and 40% of adults initiating
ART have initiated at a CD4 count less than 200 and 100 cells/ul, respectively in South Africa
[22, 28, 58, 59] and sub-Saharan Africa [60]. However, a study of 44,177 adults starting ART
between 2002 and 2007 in 8 public sector programmes in South Africa found that patients
initiated ART at less advanced stages of disease over time and at higher CD4 counts [61].
Notably, the median baseline CD4 count increased from 68 to 113 cells/ul from 2002 to 2007
and the proportion of patients with WHO stage 4 conditions reduced from 50% to 28% [61].
Consistent with this trend in baseline characteristics, the same study reported a decline in 12-
month mortality on ART from 9% to 6% over the same period [61].

Another phenomenon commonly occurring in LMICs is that a substantial number of patients
starting therapy are lost to follow-up (LTFU). In a review covering several SSA countries, 25%-
50% of patients starting ART were LTFU after 2 years [51]. Since high levels of LTFU have
also been cited in the US and UK [62, 63], this suggests that high levels of LTFU are not
limited to resource-limited settings. In SSA, it appears that the risks factors for mortality are
similar to those for LTFU [64] and that patients that are most difficult to follow up may also be
those with the highest mortality [65]. LTFU can result in potentially significant underestimation
of the actual mortality levels when based only on passive death information. Notably, mortality
was estimated to be under-reported by at least 100% when comparing estimates obtained
from passive monitoring vs. linkage with vital death registries [58]. This is further supported by
high estimates of cumulative mortality of patients LTFU at 1, 12 and 24 months after their last
visit: 23%, 31% and 44%, respectively [52]. Another study estimated 12-month LTFU to
consistently increase per year of enrolment from 1% in 2002 to 13% in 2006 and 12-month
programme retention declined from 90% to 82% over the same period [61]. Given the potential
impact on mortality from LTFU periods and that insurers remain on risk in the event of LTFU
after issuing the insurance policy, insurers may have had concerns about the uncertainty

around future mortality.
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1.1.3 Rationale for comparison with Type 2 Diabetes (DM2)

The insurability of HIV-infected people can be given context by comparing their prognosis to
patients with chronic manageable diseases that are already insurable for high cover amounts
(sums assured) for the remainder of life (whole-of-life cover). Assessing the relative mortality
in treated HIV and DM2 using a suitably designed control cohort allows us to identify
subgroups of HIV-infected lives with insurable levels of relative risk and subgroups with
relative risk levels that are comparable to that of a chronic condition that was already insurable.
An application of these comparisons is to the provision of equitable access to financial services
such as life assurance for HIV-infected people and to ensure that premiums are actuarially
sound, fair and evidence-based — this comes amidst both an ethical and regulatory
requirement for customers of life assurers to be treated fairly. An increasing number of HIV-
infected people seek life insurance but, at the time of initiating the research in 2013, many
were declined insurance at higher cover amounts for the whole of life or found that available
insurance was limited in scope, required unaffordable premiums or that clinical criteria had to
be met after taking out the insurance to maintain coverage. The latter contrasted with other
insurable chronic conditions like DM2 that required medical underwriting only at the time of
applying for insurance and not continuously thereafter. DM2, a condition characterised by
raised blood glucose levels, has some medical similarities to HIV: both require lifelong
treatment, both have laboratory markers of disease control, e.g. viral load and HbAlc from
which to define patient subgroups with insurable levels of relative mortality, and both pose

major public health burdens in South Africa [66, 67].

With an increasing prevalence of overweight and obesity [68], concern has risen about a global
diabetes epidemic and increasing mortality globally [69] and in South Africa [70]. The
International Diabetes Federation (IDF) estimated that 451 million people (aged 18-99 years)
had diabetes globally in 2017, expected to increase to 693 million by 2045. The prevalence of
diabetes is estimated to increase from 8.4% in 2017 to 9.9% in 2045. People with DM2 have
an increased risk of serious life-threatening health conditions, resulting in increased mortality
[71]. The IDF estimated that 5 million deaths were attributable to diabetes globally in ages 20—
99, accounting for 9.9% of corresponding all-cause mortality. Further, Africa accounted for the
largest (74%) proportion of all deaths attributable to diabetes occurring before the age of 60,

having clear overlap with insurable ages. The global healthcare expenditure on people with

16



diabetes was estimated to be USD 850 billion in 2017. High prevalence of diabetes has
significant social, financial and developmental implications, especially in LMICs.

DM2 prevalence has been rapidly increasing in South Africa [67], driven by population ageing,
economic transition and urbanisation associated with changes in diet and obesity. The IDF
now estimates the number of adults with DM2 in South Africa to be 1.83 million (5.4%
prevalence) in 2017. South Africa is facing a quadruple burden of disease due to the high
prevalence of infectious diseases, non-communicable disease, maternal and child mortality,
and injury-related disorders. As HIV-related mortality reduces, DM2 will become increasingly

important in South Africa’s burden of disease.

Three main categories of diabetes are recognised: type 1, or juvenile diabetes; type 2, which
mainly occurs in late adulthood; and gestational diabetes, which occurs during pregnancy.
This thesis focusses on DM2 as the most prevalent form, accounting for 90%-95% of all
diabetes cases globally and in Africa [72, 73]. Africa is expected to have the largest percentage
increase (90%) in adult diabetes numbers by 2030. However, every region is estimated to
have an increase in numbers well in excess of adult population growth [74].

Several studies in developed countries have identified risk factors for mortality amongst people
with DM2. Age at diagnosis is an important prognostic factor for mortality [75-77]. Excess
mortality is estimated to increase with duration of DM2 due to increasing complications [78].
Other prognostic factors which are related to the probability of diabetic complications are
average blood sugar levels (HbAlc); blood pressure; further cardiovascular risk factors like
smoking, lipids and overweight; proteinuria and retinopathy [79-84]. One of the most important
prognostic factors is how well blood sugar is adjusted by medical treatment and/or dietary
measures. HbAlc reflects an average blood sugar level over a period of four to six weeks
before the test. Recent studies indicate that very strict control of HbAlc is more successful in
type 1 than in type 2 diabetes [84, 85]. High blood pressure aggravates diabetic vascular
damage. Studies show that good control of blood pressure significantly improves the
prognosis for DM2, while mortality increases exponentially with higher blood pressure [86, 87].
Proteinuria and retinopathy can be seen as first signs of microvascular damage to the kidneys
and eyes, where it first becomes visible. Corresponding tissue alterations can be found in
other organs, like the heart or brain, where it cannot be detected as easily. Thus, both are

early markers of system-wide diabetic organ damage.
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DM2 was perceived to be rare or poorly documented in rural Africa, but over the past few
decades it has emerged as an important non-communicable disease in sub-Saharan Africa
[72, 88]. However, mortality rates in African DM2 patients have received little attention [89]. A
search of PubMed and EBSCO updated until 11-02-2019, using the keywords ‘diabetes’,
‘mortality’ and ‘South Africa’, returned two results each, mostly focussed on type 1 diabetes.
One of these provides an overview of diabetes in South Africa [90] in 1998 and notes that
information on DM2 in SSA is limited; it cites three papers dating to the early 1980s.
Unfortunately, it does not provide estimates of mortality of DM2 patients. A systematic review
of diabetes in SSA from 1999-2011 reports three studies of mortality in patients with diabetes
accessing healthcare in the region, two of which were conducted almost 20 years ago [73]. It
concludes that an evidence base in sub-Saharan Africa is lacking and recommends research

on mortality in DM2.
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1.2 Aims and objectives

1.2.1 Aims

This thesis aims to provide a credible basis of evidence to understand the relative mortality
risk of HIV-infected South African adults starting ART according to both baseline and time-
updated characteristics and to enable insurers to fairly assess the risk and expand the

insurability of HIV-positive people in South Africa.

1.2.2 Specific objectives

The following objectives are proposed:

o Assess the relative all-cause mortality risk of South African adults with HIV-1 infection
initiating ART, using an appropriately designed HIV-uninfected control (comparator) and a
further benchmark of South African adults initiating therapy for DM2, some of whom are
already insured.

¢ Identify subgroups of HIV-infected South African adults on ART with insurable levels of

relative risk by considering both baseline and time-updated characteristics.

It is important to note that the purpose of including DM2 is only to provide a broad benchmark
of relative risk in HIV-infected people compared to that of another chronic condition that was
already insurable at the time of writing. Further, given the limited published research (see the
literature review) and data available on the survival of South African adults starting therapy for
DM2, DM2 is not the focus of this study.
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1.3 Methods

1.3.1 Study design

A retrospective cohort analysis was undertaken using data from open private medical
schemes in South Africa administered by Medscheme (Pty) Ltd. The HIV cohort was drawn
from the Aid for AIDS (AfA) programme, a private sector HIV disease management
programme (DMP) within Medscheme, which is available to beneficiaries of contracted
medical schemes in Southern Africa. The control and DM2 (defined below) cohorts were
drawn from one of the larger medical schemes administered by Medscheme, which has a
similar demographic and socio-economic profile to the AfA population, and included a large
percentage of AfA patients in the analysis. All the above populations are typically employed,
of higher socio-economic status and have better access to private healthcare than the general
population. ‘Private sector’ in the title highlights the higher socio-economic status of the study
population (making it a more suitable proxy for insured populations than the general population
in South Africa) and the private sector nature of healthcare funders and DMPs. This thesis

will, however, relate the findings to those of LMICs and high-income country studies.

1.3.2 Cohorts

From the above medical scheme population data, the following cohorts were selected:

e HIV cohort: HIV-infected South African patients initiating ART that are enrolled on the
AfA HIV DMP;

e DM2 cohort: DM2 patients starting therapy for DM2 in a large medical scheme with
comparable socio-economic profile to the AfA cohort; and

e Control (comparator) cohort: beneficiaries uninfected with HIV and without DM2 across
the observation period. The control group users of the medical scheme populations

(insurance scheme).

More details are provided in section 3.
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1.3.3 Insurance context for relative mortality risk

Relative risk is defined in general as the ratio of mortality in a given group (e.g. HIV cohort) to
that in another group (e.g. control cohort). Insurability of chronic conditions is often defined by
a threshold of relative risk, typically 5 times the mortality of applicants that meet medical
underwriting requirements (known as standard risks). Therefore, insurance applicants would
typically be declined insurance if their relative risk exceeds 5 times that of standard risks. The
insurance industry practice for underwriting (or assessing insurance risk to ensure that pricing
is commensurate with the risk) medical impairments such as HIV or DM2 is to derive a level
of relative risk that remains constant across the lifespan of the insurance policy and therefore
represents a long-term average of the relative risk compared to the control (background
mortality of standard risks). In order to enable insurers to use the study results to assess
relative risk from the time of applying for insurance, the study estimates relative risk from a
given time point on ART over all remaining follow-up. This is not equivalent to relative risk
calculated during a given time interval of ART where the duration of ART and current age are
held constant. The ART-CC estimated relative risk in the latter format and correctly points out
that since relative risk in HIV-infected people starting ART varies with current age and time on
ART, no single result from their adjusted relative risk ratios applies to a given insurance policy
[50] and requires further actuarial methods for converting varying relative risk ratios into a level
relative risk that remains constant across the insurance policy’s term. The novel approach to
relative risk presented in this thesis better meets the requirements of the insurance industry
and identifies subgroups of HIV-infected South African adults starting ART with insurable

levels of relative risk.

1.3.4 Control mortality

Background mortality used by insurers represents people that have been tested HIV negative
in the recent period prior to applying for insurance. A range of factors were considered in
designing the control cohort. From the author’s actuarial experience over 13 years in the South
African life insurance industry undertaking modelling of the demographic impact of HIV and
AIDS, HIV prevalence observed in people undergoing a test when applying for insurance is
very low (<1%). Secondly, insured lives have relatively much lower HIV incidence (new
infection) rates than the general population. Therefore, the study control cohort is selected

such that they could be assumed to remain HIV-uninfected and without DM2 across the
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observation period. This is a strength compared to other studies that compare mortality in
patients starting ART to that in the general population and those in high-prevalence settings
that further estimate the HIV-unrelated component of general population all-cause mortality.
Mathematically, however, HIV-unrelated mortality in the general population is not equivalent
to the mortality in the HIV-uninfected subgroup. Selecting the HIV, DM2 and control cohorts
from the same medical scheme population and defining the control to be HIV-uninfected and
without DM2 across the observation period therefore provides a much stronger comparison
than using the general population or insured lives as background mortality in relative risk

estimation. More details are provided in section 3.

1.3.5 Statistical analysis

Relative risk is estimated using a generalized linear model (GLM) assuming a Poisson error
distribution with log link function [91] and with expected numbers of deaths based on the
control cohort (person-years of observation (PYO) at risk multiplied by the mortality incidence
rate in the control cohort) according to age, gender and population group specified as an offset
[92]. Use of expected deaths as the offset enabled a model of relative risk. The same approach
to modelling relative risk was followed by the ART-CC [50]. However, to meet insurers’ need
for constant relative risk estimates across the policy lifetime, relative risk was estimated from
each 6-month time point on ART over the remaining follow-up (PYO), including both baseline
and current (time-updated) CD4 and viral load values. In contrast, the ART-CC estimated
relative risk in defined intervals of ART [50] only including CD4 count and viral load
measurements at baseline and 6-months after starting ART. The novel approach presented
in this thesis enables insurers to assess relative risk based on the length of time since starting
ART when applying for insurance, current CD4 count and viral load and baseline CD4 count.

More details are provided in section 3.

1.4 Structure of the thesis

Section 2 reviews literature that is relevant to the research objectives. Section 3 provides an
analysis in the format of a journal paper since the intention is to refine the research into a
journal paper for publication. Section 4 provides conclusions and identifies areas of further

research
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1.5 Ethical considerations

This is a retrospective analysis of data collected for programme management purposes and
data extracted from the database for this analysis was anonymized and shall remain subject
to all confidentiality agreements between AfA and UCT. Approval for data collection, analysis
and research publication was granted by the ethics committee of the University of Cape Town,
Aid for AIDS Disease Management Programme (Pty) Ltd, Cape Town and AfroCentric Health
Limited, South Africa. All patients have signed consent for their information to be entered into
the AfA database.
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