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Abstract

HIV is now a chronic illness, requiring long-term care and adherence to treatment. The
continuum of care depicts the stages of the HIV care pathway, including diagnosis,
Antiretroviral Therapy (ART) uptake and viral suppression. It is a widely used framework that
monitors the success of HIV care and potential for transmission in a population. However, it
has limitations and does not capture information on important health indicators, particu larly

mortality.

The UK Collaborative HIV Cohort (CHIC) Studyis an observational database of HIV-positive
individuals accessing care.Linkage to HIV surveillance data is used to improve ascertainment
of deaths, and, alongside additional data collected from participating centres, classify a

principal cause of death.

Late diagnosis occursin approximately 56% of those aged %60 years, but 42% of those X§0,
and is associated with an increased rate of death in the subsequent year. Late ART initiation
is associated with lower CD4 counts over time on ART, leaving individuals at a higher risk of
clinical progression for longer. Engagement in care (EIC) during the first 5 years on ART
correlates with life expectancy, but is generally high (median 93% of months in care).

Unsuppressed viral load is highly predictive of age at death in those on ART.

A longitudinal continuum of care provides information on person-time spent with
unsuppressed viral load and incorporates additional outcomes of mortality and loss to follow -
up. It has shown disparities in care across demographic subgroups in the UK, with younger
HIV-positive individuals having lower levels of EIC and being slower to initiate ART than older
individuals, who have higher mortality. Women and those of black ethnicity spend less time

on ART with a suppressed viral load.

Targeted improvements in testing rates, adherence and engagement support are needed in
those identified at high risk of sub-optimal care engagement, to reduce mortality and achieve

a good continuum of care for all people with HIV in the UK.
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Chapter 1: Introduction

1.1 Human Immunodeficiency Virus (HIV)

1.1.1 The History of HIV

The first case reports of what is now known to be HIV/AIDS infection were made in 1981,

with the appearance of cases of Pneumocystis Carinii pneumonia (PCP) andKa p o sSaradbraa
(KS) in clusters of previously healthy men in the United States (US) (1-3). These cases were
notable at the time as mortality associated with these conditions was remarkably high and
these conditions were previously rare. Also, in common with other infections found to be
present in the majority of these individuals (e.g. cytomegalovirus and thrush), these illnesses
were related to severe immunosuppression (4-7). These initial cases occurred exclusively in
young, gay men, generating speculation that lifestyles of gay men were somehow responsible
(4, 8). However, in the year following the initial case reports, new casesbegan to be reported
outside the original clusters of only gay men, in recipients of blood products (9), injecting
drug users (7) and children (10), pointing to the potential for multiple routes through which

this disease could occur (11, 12).

Whilst the cause of this cluster of diseases was unknown, in 1982, the name Acquired
Immunodeficiency Syndrome (AIDS) was given and a case definition, based on a set of clinical
criteria and indicator diseases, was created by the US Centers for Disease Control (CDO), to
define AIDS and enable surveillance(13-15). Whilst 1-2 new cases were being diagnosed daily
in the US (14), numerous caseswere also starting to be reported across Europe, pointing to
unrelated epidemics (16-21). Soon after, a disease known as O6sl i

Uganda came to be recognised as AIDS(22).

HIV, the virus now known to cause AIDS, was discovered in 1983. The virus was, in fact,
discovered independently by two different laboratories. The Pasteur Institute was the first to
publish in 1983 on a new virus they called the Lymphadenopathy Associated Virus (LAV),
which they had isolated from an individual with lymphadenopathy syndrome (23). In 1984,
Robert Gallo published on a virus called the Human T-cell Lymphotropic Virus 3 (HTL\AIII)
(24). After discovering that these were the same virus, it was renamed Human
Immunodeficiency Virus. This discovery allowed the development of diagnostic antibody tests

in 1984 (25-27), and since then, much has been learned about the virus.

17



1.1.2 The lifecycle of HIV

HIV is a retrovirus which, as with all viruses, invades and uses host cells in order to replicate.

In the case of HIV this results in the destruction of the inf ected cell. HIV primarily infects CD4

T-cells(28), whi ch are an i nt egr alystgmaresponsible fotabtieatilngody 6 s i
and coordinating the body6s i mmuihe viuegemetcnse t o
material is stored as single-stranded ribonucleic acid (RNA) which is converted to deoxyribose

nucleic acid (DNA) in the host cell using the viral reverse transcriptase enzyme. This DNAIs

then inserted into the host cell genome. Once integrated into the cell genome, it is able to

replicate and create new copies of HIV which are released from the cell into the body to go

on and infect other cells (29, 30). Each infected cell can create up to 1,000-10,000 new HIV

virions before it dies, with up to 10 ° created each day in an untreated individual (31, 32).

The stages of the lifecycle of the HIV virion are shown in Figure 1.1.1. The first stage
(attachment) occurs when the virus attaches to two CD4 receptors on the outside of the cell,
known as CCR5 and CXCRA4The virus most commonly binds to the CCR5 receptor in the early
stages of HIV infection, with a shift towards CXCR4 in the advanced stages of the disease
From here, its envelope fuses with the cell membrane, allowing the virus to enter the cell

(fusion). Once inside the cell cytoplasm, the virus unpacks its cell content, and makes a copy
of the viral RNA, before combining it into DNA via reverse transcription. This DNA, then
integrates into the hostc e | | 6 s uging theemayme integrase (/ntegration). The cell then
rapidly produces copies of messengerRNA (transcription). Messenger RNA is translated into
viral proteins (franslation), which together with RNA, assemble to form new immature virus

that are released from the cell surface (assembly/budding). The final stage is maturation, in
which viral proteins are cleaved by the protease enzyme. This stage is necessary n order for

the virus to mature and be able to infect other cells (33-36).
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Figure 1.1.1: The HIV lifecycle

From Sarah Laskey and Robert Siliciano, 2014, Nature Reviews Microbiology, A mechanistic

theory to explain the efficacy of antiretroviral therapy. (35)

1.1.3 The course of HIV infection

In the absence of treatment, HIV continues to replicate and infect more CD4 cells, resulting

in reductions in the numbers of cells as they ar
ability to mount an immune response against opportunistic infections and cancers (37, 38).

This depletion of the immune system eventually results in the development of AIDS and death

(39-41).

The initial weeks following HIV infection are referred to as primary or acute infection. During
this initial period, HIV rapidly replicates and infects CD4 cells leading to extremely high levels
of viraemia (>1 million copies of virus per millilitre (copies/ml)) inthe plasma (42), which may
first be detected between 4-11 days after infection (43, 44). This early phase of infection is
characterised by rises in the amount of virus in the blood a nd rapid declines in CD4 count
(Figure 1.1.2). However, the body does raise an initial immune response to the virus within

the first few weeks of infection, producing anti bodies to fight the virus (28, 45). This
appearance of antibodies in the blood is known as seroconversion and occurs 2-3 months

after infection, on average (46). During or prior to seroconversion, individuals may experience
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mild symptoms similar to those experienced with other viruses such as influenza, and could
include fever, rash, aches, diarrhoea and sore throat (28, 47, 48). Following this immune
response there is a fall in the amount of virus in the blood, although it does not disappear
completely (43), with some recovery of the number of CD4 cells in the blood (Figure 1.1.2)
(49).

A period of asymptomatic infection follows, which is highly variable in length, but lasts for an
average of 10 years (50, 51). This phase is characterised by a gradual increase in the amount
of virus (52), and a decline in the number of CD4 cells (53). A healthy HIV-negative individual
could be expected to have between 500-1500 CD4 cells present per mm3 of blood (54, 55).
In an untreated individual with HIV, the CD4 count typically declines by an av erage 30-60
cellsimm3 per year (56). As the CD4 count falls and the immune system becomes
compromised, individuals are at increased risk of developing opportunistic infections and
malignancies (40, 57-59), the appearance of which constitute the final stage of infection
known as AIDS. In 1993, the CDC developed a list of illnesses and opportunistic infections
(indicator diseases) that are considered definitive of progression to AIDS (Table 1.1.1).
However, in the US, AIDS will also be defined in the presence of a CD4 count <200 cells/mm3
or a CD4 percentage value <14%, irrespective of the development of indicator diseases (60,
61).

Figure 1.1.2: CD4 and viral load changes following HIV infection

From Giuseppe Pantaleo, Cecilia Graziosi, and Anthony S. Fauci, 1993, NEJM, The

immunopathogenesis of Human Immunodeficiency Virus Infection (45)
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1.1.4 Markers of disease progression

Due to the fact that HIV predominantly infects CD4 cells, the well described
immunopathogenesis of HIV and prognostic ability of CD4 to predict AIDS (40, 57, 58) and
mortality (41, 62), the CD4 count is a routinely used marker of HIV progression in the clinical
care of people living with HIV (PLWH). Until recently, HIV monitoring guidelines have also
used the CD4 count to guide decisions around when to start treatment for HIV ( Section
1.3.4.1).

The amount of virus in the plasma, otherwise known as the HIV viral load, has been
demonstrated as another highly predictive marker of outcomes in untreated individuals (52,

63), and is also a marker of treatment success. The goal of HIV treatment is to reduce the

viral load to a level by whichit i s 6 undet the dssays lusedto heasure it. A widely
used definition of an undetectable virpdsma oad
(copies/ml), however, some of the most sensitive assays used in clinical care in recent years

can currently detect HIV virus down to levels of only 10 copies/ml.
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Table 1.1.1: CDC list of AIDS -defining conditions

Condition

1. Bacterial infections, multiple or recurrent*

2. Candidiasis of bronchi, trachea, or lungs

3. Candidiass of esophagusA

4. Cervical cancer, invasive§

5. Coccidioidomycosis, disseminated or extrapulmonary

6. Cryptococcosis, extrapulmonary

7. Cryptosporidiosis, chronic intestinal (>1 month's duration)

8. Cytomegalovirus disease (other than liver, spleen, or nodes), onset at age >1 month

9. Cytomegal ovirus retinitis (with |l oss o

10. Encephalopathy, HIV related

11, Herpes s_implex: chronic ulcers (>1 month's duration) or bronchitis, pneumonitis, or
esophagitis (onset at age >1 month)

12. Histoplasmosis, disseminated or extrapulmonary

13. Isosporiasis, chronic intestinal (>1 month's duration)

14, Kaposi sarcomaA

15 Lymphoid interstitial pneumonia or pul

16. Lymphoma, Burkitt (or equivalent ter m)

17.  Lymphoma, immunoblastic (or equivalent term)

18. Lymphoma, primary, of brain

10. Mycobacterium avium complgx or Mycobacterium kansasii, disseminated or
extrapul monaryA

20. Mycobacterium tuberculosis of any S
extrapul monaryA

21 Mycobacterium,‘ ot her species or uni
extrapul monaryA

22. Pneumocystis jiroveci: pneumonia (prev

23. Pneumoni a, recurrent AA

24. Progressive multifocal leukoencephalgathy

25. Salmonella septicemia, recurrent

26.. Toxoplasmosis of brain, onset at age >

27. Wasting syndrome attributed to HIV

* Only among children aged <13 years. ACondition that might be diagnosed presumptively. 8 Only
among adults and adolescents aged > 13 years.
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1.1.5 HIV Transmission

HIV is present in most bodily fluids of an infected individual, although the quantities in sweat,

tears and saliva are small, and the largest concentrations are found in the blood and in semen.
Mucosal exposureto blood or bodily fluids from an infected person is required for the virus to

be transmitted (64). The risk of transmission is highly dependent on the amount of virus
present, with a higher viral load increasing the risk of transmissi on taking place (28, 65). The
small concentration of virus in bodily fluids such as sweat and tears, as well as the fact that
HIV cannot survive outside of the body, means that transmission through casual contacts
including hand shaking or kissing is not possible (64, 66). Routes by which HIV can be
transmitted between humans therefore include condomless sex, either between men or
between men and women, through needle -stick injuries, sharing of injecting equipment and
from mother-to-child during pregnancy, birth and breastfeeding (10, 64, 66). The
predominant mode of transmission of HIV globally is through sexual intercourse (64, 66).
Historically, some individuals acquired HIV through receipt of blood products (9, 66), although

now all blood products are screened for HIV.

1.2 Epidemiology of HIV

1.2.1 The glob al HIV epidemic

According to the Joint United Nations Programme on HIV/AIDS (UNAIDS, 78 million people
have been infected with HIV globally since the start of the epidemic and 35 million have died
due to AlIDS-related illness (67). By the end of 201 6, 37 million (95% confidence interval (Cl);

31 million i 43 million) people were known to be living with HIV (67). Globally the prevalence
of HIV has remained stable since 2000 at 0.8% (68). Nearly 26 of these 37 million individuals
living with HIV live in Sub -Saharan Africa, where prevalence of HIV markedly higher than the
rest of the worl d; 7.1% in Central and Southern Africa, and 2.2% in West and Central Africa

(67).

Foll owing the start of the epidemic i n ddkoe
rise each year until its peak in 1996 when 3.5 million new infections were reported. This
number has steadily declined each year, such that, in 2016, the estimated number of new
infections globally was 1.8 million (69). This decline in new diagnoses has been observed in
most areas of the world including Africa, Asia, Europe and North America However, in Eastern
Europe and Central Asiathere have been substantial 57% increases in the number of new

infections in 2015 compared to 2010 (69).
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1.2.2 The HIV epidemic inthe UK

Since the first reported cases of AIDS in 1981, the number of people infected with HIV in the
UK has continued to rise, with around 101,200 people thought to be living with HIV at the
end of 2015, 13% of whom were unaware of their positive status (Figure 1.2.1). Overall, the
prevalence of HIV in the UK is estimated to be around 1.6 per 1,000 population. Whilst most
regions have low prevalence <1 per 1,000 population there is a concentrated high prevalence
of >5 per 1,00 0 persons in London, Manchester and Brighton (70). The prevalence is highest
among men who have sex with men (MSM), with 1 in 17 thought to have HIV in 2015
(prevalence rate 59 per 1,000). Amongst heterosexual men and women the prevalence is
considerably lower (1 per 1,000), with a concentrated prevalence amongst black African men
and women (22 per 1,000 and 43 per 1,000 respectively). The majority of black African men
and women are thought to have acquired HIV in their country of origin prior to migrating to
the UK (71, 72). Amongst heterosexuals who were born abroad but received a diagnosis of
HIV in the UK, 31% of black African individuals are believed to have acquired their HIV since

moving to the UK, compared to 59% of black Caribbean and 36% of white ethnicity (73).

Figure 1.2.1: Estimated number of people living with HIV in the UK

From Kirwan et al., HIV in the UK: 2016 Report (70)

Transmission of HIV within the UK occurs largely through sexual contact, with a relatively

small proportion of diagnoses (<3%) occurring amongst people who inject drugs (PWID) or
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through mother -to-child transmission (MTCT) (70). Since the start of the epidemic, there has
been a steady increase in the numbers of new diagnoses among MSM,reaching 3,360 new
diagnoses in 2014 (74, 75). In 2015 and 2016, however, declines in the number of HIV
diagnoses amongst MSM have been noted for the first time (76). Whereas new diagnoses
amongst heterosexuals accounted for less than 1,000 new diagnoses in 1995, this rose steeply
year on year to a peak of 4,840 diagnoses in 2005, overtaking the number of new diagnoses
in MSM in 2000. Since this time, diagnoses amongst heterosexuals have declined just as
rapidly as they increased and fell back below the number of newly diagnosed MSM in 2012
and were estimated to total 2,490 new diagnoses in 20 14 (74, 75). This decline is thought to
be a result of changing migration patterns, with fewer new diagnoses reported amongst

individuals who were born and acquired HIV abroad (70).

Of 88,769 individuals who accessed HIV care in 2015, 61,097 (68.8%) were men and 27672
(31.2%) women. The majority of men (68 .6%) accessing care were reported to have acquired
HIV through sex with other men, such that MSM contributed 47.2% of all HIV -positive
individuals accessing care. Most MSM (86%) accessing care are of white ethnicity.
Heterosexual men and women totalled 42,710 (48.1%) individuals accessing care, of whom
61% were of black African ethnicity, 25% were white and 7% Caribbean or other black
ethnicity (70). Only 2% of people who access HIV care are thought to have acquired HIV
through MTCT and another 2% through injecting drug use (IDU) (75).

A major change in the HIV epidemic in the UK, as well as world-wide, has been the increasing
age of the population. This has arisen as a result of both increased survival (Section 1.4.4)
and increasing numbers of new HIV diagnoses amongst older individuals. In 2015, 34% of
HIV-positive individuals accessing carein the UK were aged over 50, compared with only 14%
in 2006 (70).

1.3 Treatment of HIV

1.3.1 History of ART development

All antiretrovirals act by interrupting the HIV life cycle and are separated into different classes
according to which aspect of the HIV life cycle they act on (36). The first drug shown to have
antiviral activity against HIV was approved by the US Food and Drug Administration (FDA) in
1987, 6 years after the firs t case reports of AIDS in New York and California. This antiretroviral
drug, zidovudine (ZDV), was approved when its clinical trial was stopped early and those
receiving placebo offered ZDV, due to reduced mortality rates in those in the treatment arm

(77). However, subsequent trials and wider use in the HIV-positive population showed that
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the benefits noted in the first 6 months of exposure, were not maintained after this time, and
severe side effects were experienced by those taking the drug, particularly at high
concentrations (78-82). Zidovudine was the first of a class of drugs called nucleoside reverse
transcriptase inhibitors (NRTIs) and was followed by three other ant iretrovirals; didanosine
(ddl) in 1991, zalcitabine (ddC) in 1992 and stavudine (d4T) in 1994, all of which acted by
inhibiting the same part of the HIV life cycle. These antiretrovirals were either taken singly
(monotherapy) or in a combination of two dru gs (dual therapy). However, the benefits on
survival remained minimal, and were frequently accompanied by treatment -limiting toxicity
(83). During this time, pharmaceutical companies had been developing a new type of
antiretroviral drug, which act ed on HIV by inhibiting a different aspect of the HIV life cycle;
this class of drug was called the protease inhibitor (PI). The first of these PIs, saquinavir
(SQV), was granted accelerated approval by the FDA in 1995 (84).

In 1996, at the XIth International AIDS Conference, results from th e first trial of combination
antiretroviral therapy (ART) w ere presented. These results showed that taking different types
of antiretroviral drugs that acted on different parts of the HIV life cycle in combination r esulted
in more sustained benefits (85). These combination regimens were named highly active
antiretroviral therapy (HAART) or combination antiretroviral therapy (CART or ART), and the
definition was soon expanded to include any combinations of thr ee or more antiretrovirals. In
1996, a drug from another class of antiretrovirals called non -nucleoside reverse transcriptase
inhibitors (NNRTIs) was also approved by the FDA, providing further treatment options for
people living with HIV (PLWH (84). However, original ART regimens were associated with
high levels of toxicity, and a very high pill burden, with regimens often containing up to 20
tablets that had to be taken in thrice -daily regimens with complicated food requirements (86,
87). For PIs, certain pharmacokinetic characteristics (low absorption and high hepatic
metabolism) of early Pls meant that they had poor bioavailability (88). It was discovered that
co-administration of Pls with low -doses of ritonavir, another Pl which inhibits hepatic
metabolism but was not often used due to high toxicity and low ef ficacy, boosted the
bioavailability of this class of drugs (89). Boosted PI combinations (PI/r) are how commonly
used in treating PLWH (90).

Since the early ART period, new drugs have continuously been developed, with improvements
in efficacy and reductions in toxicity over time. Two more classes of drugs have been and
there are currently over 20 licensed drugs from 5 classes(Table 1.3.1) (84). Fill burden has
also improved over time, with longer dosing intervals and the introduction of co -formulated
antiretrovirals, which combine multiple drugs into a single tab let (91, 92). In 2006 the first
@ne tablet once a day6regimen called Atripla was approved (93). Currently there are 6 such

single tablet regimens available (94).
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1.3.2 Antiretroviral drug  classes and their mechanism of action

The points of action in the HIV life cycle of the different antiretroviral drug classes are shown
in Figure 1.1.1. NRTIs were the first class of drugs to be developed. They work by inhibiting
reverse transcriptase, the process by which HIV turns its genetic material from single -stranded
RNA to full DNA (35, 64). Two nucleotide reverse transcriptase inhibitors, tenofovir disoproxil
fumerate (TDF) and tenofovir alafanamide fumerate (T AF) are also licensed, but are generally
considered in the group of NRTIs. NNRTIs similarly inhibit reverse transcription, but achieve
this through a different mechanism. NRTIs are nucleoside or nucleotide analogues that are
similar enough to be incorporated into the generated DNA string causing errors and preventing
complete transcription of RNA into DNA. NNRTIs instead bind to reverse transcriptase,
blocking transcription (35, 95). PlIs bind to protease, preventing maturation and resulting in
the release of immature HIV virions that are unable to infect other cells (35, 64). Entry
(Fusion) inhibitors prevent the HIV envelope from fusing with the CD4 cell membrane,
allowing the virus to enter the cell (35, 96). CCR5 entry inhibitors block the CCR5 receptor on
the cell surface, preventing HIV from attaching to the cell (97). The newest class of
antiretrovirals are the integrase inhibitors (INSTIs). These drugs prevent HIV DNA from being

integrated into@B3%).he cell 6s genome

Around 85-90% of individuals will achieve an undetectable viral load <50 copies/ml within 6
months of starting current ART regimens (64). However, HIV cannot be eliminated from the
body entirely and so there is, as yet, no cure. One major reason for this is because certain
cells, when infected with HIV m ay go into an inactive or latent state in which HIV is unable to

replicate (35). These latent cells may be found in the brain, lymph nodes, and digestive tract
and collectively are referred to as the HIV reservoir. Such latent cells may reactivate at any
time. Once ART is stopped, some of these latent cells will reactivate and HIV will again become
detectable (98, 99). One strategy for developing a HIV cure targets such latent cells, trying
to force them to become active, as once they are reactivated they become a target for ART
again (100-102).

27



Table 1.3.1: List of licensed antiretroviral d

rugs to date

Class Drug XSSEO ved
Zidovudine (AZT) 1987
Didanosine (ddl) 1991
Nucleoside reverse - Zalcitabine (ddC) 1992
transcriptase inhibitors Stavudine (d4T) 1994
(NRTIs) Lamivudine (3TC) 1995
Abacavir (ABC) 1998
Emtricitabine (FTC) 2003
Nucleotide reverse - Tenofovir disoproxil fumerate (TDF) 2001
transcriptas - e inhibitors Tenofovir alafanamide fumerate 2016
(NtRTIS/NRTIS) (TAF)
Saquinavir hard gel (SQV) 1995
Indinavir (IDV) 1996
Ritonavir (/r) 1996
Saquinavir soft gel 1997
Nelfinavir (NFV) 1997
Protease Inhibitors (PIs) Amprenavir (APV) 1999
Lopinavir/ritonavir (LOP/r) 2000
Atazanavir (ATV) 2003
Fosamprenavir (fAPV) 2003
Tipranavir (TPV) 2005
Darunavir (DRV) 2007
Non -nucleoside reverse Nevirapine (NVF) 1996
transcriptase inhibitors Efavirenz (EFV) 1998
(NNRTIs) Etravirine (TMC125) 2008
Rilpivirine (RPV) 2011
Enfuvirtide (T20) 2003
Fusion/entry inhibitors )
Maraviroc (MVC) 2007
Raltegravir (RAL) 2007
Integrase Inhibitors (INSTIS) Dolutegravir (DTG) 2013
Elvitegravir (ETG) 2012*/2014**

*As part of co-formulated single-tablet regimen stribild **As a single pill formulation to be
administered with pharmacokinetic enhancer such as cobicistat or ritonavir.
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1.3.3 Side-effects of ART

As with most chemical agents, antiretroviral drugs may cause side-effects or toxicities in some
individuals. If severe, such side-effects may cause illness, changes to physical appearance
andcauselongt er m har ms as wel |l as affecting an
(86, 103-105). It is therefore important to monitor for side -effects and select regimens to
minimise toxicities and maximise the tolerability and adherence to these medications. Many
side effects resolve if exposure to the responsible agent is removed. However, due to the life -
long need for ART, an alternative medication will need to be used in place of the discontinued
agent. Early antiretroviral drugs had severe side-effects to the extent that some early NRTIs,
namely zalcitabine and stavudine, are no longer endorsed in clinical practice (106, 107). Over
time, the toxicity profile of antiretrovirals has dramatically improved as newer drugs have

been developed, but some side-effects still remain.

Severe effects of NRTIs include mitochondrial toxicity, manifesting as lactic acidosis, hepatic
steatosis, peripheral neuropathy, and lipodystrophy (108, 109). The NRTI abacavir (ABC) can
induce a hypersensitivity reaction presenting as a rash amongst people with the HLA B*5701
allele (36, 110). If very severe, this hypersensitivity may cause hepatitis or even result in
death (111). For this reason, people undergo genetic testing for the presence of this allele
before commencing ABC (112). Links have also been made between ABC and myocardial
infarction in observational studies (113), whilst declining renal function, greater risk of chronic

kidney disease and low BMD have all been associated with TDF exposurg103, 114-116).

Some of the earliest Pls (SQV, IDV, NFV) also carry a relativelyhigh burden of toxicity. Severe
effects of Pls include metabolic abnormalities such as dyslipidaemia, hyperglycaemia and
lipodystrophy, and the earlier Pls were associated with severe gastrointestinal issues such as
nausea, vomiting and diarrhoea (36, 106, 117). Some of the newer Pls have been linked to
kidney dysfunction and decreased bone mineral density (104). ATV and LPV in particular have
been identified as being associated with declining eGFR and increased incidence of chronic
kidney disease (118).

NNRTIs are associated with hypersensitivity reactions,often presenting with a rash. Efavirenz,
has been widely used and is still a recommended treatment option by the World Health
Organisation (WHO), has been linked to CNS disorders, sleep disturbance and suicidal ideation
(106, 119, 120). For this reason it is not recommended to be used in individuals with previous
history of mental health illness. Nevirapine is associated with hepatotoxicity, with the life
threatening Stevens-Johnson syndrome occurring in the most extreme cases (106, 121). The
newest class of INSTIs are generally more tolerable and have limited uncommon side-effects

reported to date. There is some indication that neuropsychiatric side effects may be occurring,
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particularly with dolutegravir (122, 123). However as this is a new class of drug it may take

time for side-effects to be recognised.

1.3.4 Resistance

During replication, the HIV virus uses single stranded RNA to create new genetic material
(DNA). RNA is a sequence of amino acids that code the genetic material of the HIV virus. As
HIV replicates extremely rapidly, with between 1 and 10 billion new virions created each day
in untreated individuals, it regularly creates spontaneous errors in the amino acid sequence
i.e mutations of the genetic material, and new variants or strains of the virus (32, 124). These
mutations may be of advantage or disadvantage to the virus. One strain of the virus (known
as the fAwild typeodo) is the fittest (i.e.
treatment and so usually constitutes the majority virus in the absence of treatment. However,
strains which contain mutations that confer r esistance to a specific antiretroviral or
antiretroviral drug class may become the fittest once drug pressure is added, meaning that
this virus strain is able to replicate in the presence of ART (125). For some drugs, multiple
resistance mutations must occur in order for the susceptibility of the virus to be reduced,
whilst a single mutation may be sufficient to cause resistance to certain drugs (124). Further,
certain mutations, alone or in combination, may cause resistance to multi ple drugs, leading

to class-wide resistance (125).

The development of resistance in the presence of sub-optimal ART concentrations (most often
caused by poor adherence) will lead to treatment failure and require changes to be made to

the treatment regimen. It is also possible for individuals who have never received ART to be
resistant to ARVs, as drug resistant virus may be transmitted (126). It i s recommended that
resistance tests are performed once an individual is diagnosed with HIV and following a
rebound of HIV viral load on ART to ensure individuals are treated with appropriate agents
(127). ARVs that do not easily confer resistance are said to have a high genetic barrier and
are more O6forgiving6 of(128).oMhere thereaareecencems ovea
adherence, drugs with a higher genetic barrier (usually PIs) may be prescribed so as to
minimise the risk of resistance development. Drug resistance has traditionally been a problem
as it reduces treatment options and can influence treatment response and outcomes (129,
130). However, in the UK, the prevalence of both developed and transmitted resistance has
declined since 2002, with an estimated 33% of treatment experienced individuals resistant to

any class of ARV in 2013, whilst 6.6% of ART-naive individuals had transmitted resistance

(131, 132).
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1.34.1 When to start ART

For many years guidelines have recommend that treatment be initiated immediately amongst

those with primary infection , those who have progressed to symptomatic HIV or AIDS, and
amongst those with other comorbidities such as hepatitis B (HBV) or hepatitis C virus (HCV)
co-infection. However, the optimal timing of ART initiation for asymptomatic, chronically
infected individuals has been widely debated in recent years. Until relatively recently, CD4
count-guided treatment initiation was recommended. Prior to 2008, in the absence of good
evidence as to the optimal timing of ART initiation and due to concerns over drug toxici ty and
resistance development, UK guidelines recommended the consideration of therapy initiation
at CD4 counts of 200-350 cells/mm? with a strong recommendation for treatment with a CD4

count <200 cells/mm 2 (133-136).

In 2008, the threshold for ART initiation was increased to recommend ART initiation before

the CD4 count fell below 350 cells/mm?, and before it reached 200 cells/mm 2 (112). From this

time a body of evidence started to grow around the potential benefits of earlier or immediate

ART initiation. In 2009 the Swiss statement was released, which stated that an HIV positive

person in receipt of ART with an undetectable viral load and without any concurrent sexually

transmitted infections could not transmit HIV (137). This introduced the concept that HIV

treatment could not only be used f o r the indivi dutaldo@sa neeans ofheal t h
preventing HIV transmission. This led to questions over the need for CD4 count-guided ART

initiation as opposed to immediate treatment for all in order to reduce onward transmission

(TasP).

In 2011 the HPTN 052 study demonstrated that earlier ART initiation reduced the risk of

onward transmission between heterosexual couples by 96% (138). Subsequently, US

guidelines changed in 2012 to recommend treatment with ART, regardless of an i
CD4 count (139) with WHO guidelines changing in 2013 to recommend ART initiation at CD4

counts lower than 500 cells/mm?3. However, earlier ART initiation confers extra years of

exposure to drugs with potential side-effects and the requirement for an individual to maintain

high levels of adherence for a longer time to avoid resistance. As there was still no evidence

as to the potential risk to benefitratio foran i ndi vi dual 6s heal Britishof st ar
HIV treatment guidelines remained unchanged (140) and European guidelines suggested that

ART be considered irrespective of CD4 count but there was no strong recommendation for

immediate ART. In 2015, the START study reported as to the benefits of immediate ART

initiation amongst those with CD4 counts >500 cells/mm 3, in terms of both AIDS and non-

AIDS morbidity and mortality (141). Subsequently UK guidelines were updated in 2015 and

now recommend individuals initiate ART as soon as they are ready, irrespective of CD4 count

(142).
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1.3.4.2 What drugs to start

Treatment guidelines around the world differ somewhat as to the preferred choice of HIV
treatment regimen for individuals newly starting ART. The first regimen started is referred to
as first-line therapy. All guidelines recommend that first -line ART regimens should include a
backbone of two NRTIs alongside a third agent from another class of ARVs(143-145). The
choice of NRTI backbone and corresponding third agent differs by guidelines, according to
setting, cost and availability of drugs in different regions. A summary of the recommended
first-line ART regimen in various current guidelines is shown in Table 1.3.2. Guidelines n the
UK currently recommend starting a NRTI backbone consisting of either TDF or TAF with FTC
alongside an INSTI, boosted Pl or RPV (142). In practice, however, the choi ce of initial ART

regimen is also influenced by financial restraints, with EFV still used instead of INSTIs.

Table 1.3.2: Current recommended first -line regimens
Guideline body NRTI Third Agent
WHO (2016) (143) TDF/FTC or TDF/3TC EFV
Low-income countries
IAS -USA (2016) (144) ABC/3TC DTG
USA

DTG
TAF/FTC

RAL

EVG/COBI

RPV

TAF/FTC or TDF/FTC
DRV/r or DRV/c

TDF /FTC EFV

EACS (2017) (145) ABC/3TC DTG
Europe

DTG

RAL
TDF/FTC or TAF/FTC EVG/COBI

RPV

DRV/r or DRV/c
BHIVA (2016) (142) RAL
UK DTG
ETG/c
ATVIr
DRV/r
RPV

TDF/FTC or TAF/FTC
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1.3.4.3 Treat ment switches

In the event that someone is unable to achieve or maintain an undetectable viral load on

treatment, it may be necessary to change some or all of the components of the ART regimen
being taken. Transient and low level increases in viral load (blips) may occur, but treatment
switches in this situation are currently not recommended. Virological failure is defined in UK
guidelines if people are unable to suppress the virus to below detectable levels after 24 weeks
of therapy, or if a confirmed rebo und (X results) of viral load to above 200 copies/ml occurs
after the person achieves an undetectable viral load (146). In this instance it is important to

try and achieve an undetectable load through alternative regimens. If a person experiences
viral load rebound that would be defined as virological failure, resistance testing should be
performed and the reasons for this rebound, including poor adherence, should be
investigated. Treatment switches may also be made in the event of toxicities or if a patient

requests a change due to side effects. The choice of new drug(s) should be made based on
the results of resistance testing to ensure any new drugs are fully active against HIV, bearing

in mind any concerns of adherence and tolerability (146). A regimen containing 2 NRTIs
alongside a third agent from another class is recommended where possible. However if class
wide or multi -class resistance is present or the chance of new resistance development is high,
the choice of active agents to choose from may be limited. Alternative combinations, such as
combined third agents with no NRTI backbone, may need to be considered in consultation

with a multi -disciplinary team (146).

1.4 Changing outcomes for people with HIV in the ART era

With effective and tolerable ART, individuals are able to achieve and then maintain long-term
suppression of HIV (147). Long-term suppression is associated with favourable outcomes with

regards to health and morbidity. This is because reducing the amount of virus in the blood

all ows the i mmune system to function better as
slows or halts disease progresson, reducing the risk of AIDS but also lowering immune

activation and inflammation which is believed to play a role in the development of some non -

AIDS ilinesses(148-151). This has had large impacts on morbidity and mortality outcomes of

PLWH. Another major benefit of viral suppression is the reduced potential for onward
transmission of the virus (138, 152). This reduced infectiousness has important implications

for reducing HIV incidence.
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1.4.1 Declining AIDS incidence and mortality

The rate of AIDS-defining illness approximately halved amongst PLWH in the year following
the introduction of combination ART (153-155). The initial very rapid decline in AIDS iliness
in the first 3 -5 years after ART was introduced was followed by continuing moderate declines
in the rate of AIDS (156, 157). Once ART has been started therisk of progression to AIDS
may beaslowas5%,but this is highly dependent on

start treatment. People who start ART with a low CD4 count will progress to AIDS more quickly
(158, 159). With reductions in AID S incidence on ART, the greatest burden of AIDSrelated
illness now occurs around the time of HIV

HIV is already in an advanced stage (160).

Prior to the introduction of ART, median survival time following and AIDS diagnosis was just
18 months, with improvements observed even with ZDV monotherapy in the early ART era
(161, 162). Throughout the ART era, survival following Al DS diagnosis has continued to
improve (163, 164), with approximately 85% of individuals surviving 5 years after their
diagnosis in recent years (165, 166). Combined with the declining AIDS incidence, this has
dramatically reduced rates of deaths due to AIDS-defining illness in the ART era (167) by as
much as 95% in some settings (168). From a high of greater than 10 AIDS deaths per 100
person years at the start of the ART era, this reductio n was characterised by a rapid decline
in the rate of AIDS deaths after the introduction of ART in 1996 (169, 170), followed by more
moderate declines and eventual stabilisation of death rates since 2000 at <1 per 100 person
years (168, 171-173).

1.4.2  Non-AIDS morbidity and mortality

Non-AIDS illnesses have become of increasing concern amongst PLWH in recent years as
AIDS-free survival has increased. These nonAIDS conditions are traditionally related to aging
in the general population e.g. malignancy, cardiovascular disease (CVD), liver disease, kidney
disease, and osteoporosis(174-176). The prevalence and risk of co-morbidities among people
living with HIV is significantly higher than in the general population (177). In fact, the
comorbidity profile of PLWH is likened to that in the general population aged 10 years older,
with a higher prevalence of multiple co-morbidities (174, 178). This has generated a
hypothesis of premature or accelerated aging occurring in PLWH (174, 179). Whilst the aging
of the population likely contributes to this increasing prevalence of non-AIDS illnesses in
recent years, lifestyle factors, ART exposure and HIV itself may all contribute to the excess
risk of non-AIDS co-morbidities in PLWH compared to the general population (176, 178, 180).
For instance, smoking rates are significantly higher amongst PLWH than in the general

population and smoking is a well-known risk factors for several conditions including stroke,

34

S OoOmeon:¢

di agnos



myocardial infarction and cancer (180, 181). The majority of liver -related morbidity and
mortality amongst PLWH occurs in those who are co-infected with Hepatitis C Virus (HCV),
which is more prevalent amongst PLWH than in the general population (182, 183). ART has
also been linked to non-AIDS morbidity, with TDF and some Pls associated with renal
impairment and bone mineral density loss (104, 118). Large observational studies also link
ABC to myocardial infarction (113). These comorbidities present several challengesin the care
and management of PLWH, of which polypharmacy and potential drug-drug interactions are
one (184-186).

The rate of all non-AIDS mortality has declined in the ART era, but with more moderate
declines than for AIDS-related deaths (172). Whilst the rates of death due to both liver and
cardiovascular disease have steadily decreased, deaths due to noRAIDS malignancies have
remained largely stable (168, 173, 187). There is an excess risk of some non-AIDS illnesses
in PLWH compared © the general population (188). Compared to the general population,
rates of death due to non-AIDS malignancies are 1.3 3 times higher in HIV -positive individuals
(171, 189, 190). Rates of liver-related death are 3-69 times higher than the general
population, depending on the prevalence of HCV in the population studied (171, 189-191).
Rates of CVD death are 1.53 times higher (171, 189, 190). Rates of non-AIDS infection may

be markedly higher at >10 times the rate in the general population (189).

1.4.3 Causes of death

As a result of the decreased incidence of AIDS and AlDSrelated mortality rates following the

wide-spread roll out of HAART, the distribution of deaths attributable to AIDS and non-AIDS
defining causes has also changed over time. Whereas almost all deathsin the pre-ART era
were AlDS-related, the proportion of deaths attributed to AIDS declined in the ART era,

representing 20-30% of all deaths the modern ART era in high-income countries (173, 192-
195).

Conversely, the portion of deaths attributed to no n-AIDS causes has increased in the ART era
to represent the majority of deaths occurring in HIV -positive individuals (196). The most
common non-AIDS cause of death is malignancy, which has markedly increased in the ART
era, contributing approximately one -quarter of deaths since 2009 and overtaking AIDS as a
cause of death (172, 173, 196). This is followed by liver disease, contributing approximately
7-15% of deaths (173, 196, 197). These deaths almost entirely occur in people with HCV co-
infection (172, 198), leading to higher proportions of liver related deaths in settings with a
higher prevalence of HCV. Between 7-11% of deaths are attributed to CVD (168, 173, 195-
197, 199), and similar proportions were due to non-AlDs infections (196, 197). Approximately
5% of deaths in PLWH are due to suicide (172, 195, 196).
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1.4.4 Improvements in life expectancy

The introduction of ART has vastly reducedall-cause mortality rates and improve d the survival
of people living with HIV (153, 192, 193, 200, 201) . In the pre -ART era, only 50% of people
newly infected with HIV could be expe cted to survive for 10 years. Since 2000, 10 year survival
rates from HIV seroconversion are estimated to be 94% (202). Consequently, the life
expectancy of people living with HIV has increased over time, contribut ing to an aging HIV
population (167, 203). At the time when combination ART became available, a 20 year old
with HIV could be expected to live to approximately 39 years of age; a 44 year gap in
comparison to the life-expectancy of the general population at the time (204). Studies now
estimate that with timely diagnosis and ART initiation, a person with HIV who remains on

treatment can achieve a life expectancy approaching that of the general population (205-
208). However, a deficit does still exist (209) and it is unclear if this lower life expectancy in

PLWH is attributable to HIV alone, a higher prevalence of high-risk lifestyle factors such as

smoking (210, 211), or a combination of factors (212).

1.5 The continuum of HIV care

1.5.1 The spectrum of engagement with HIV care

In order for treatment to be successful, both in terms of individual outcomes and preventing
onward transmission of the virus, it is important that HIV-positive individuals are promptly
diagnosed, engaged with HIV care, started on ART and remain adherent to therapy to
maintain viral load suppression. This process was first visualised in a bar chart, as shown in
Figure 1.5.1, for PLWH in the United States of America (US) by Gardner et al. By describing
these benchmark stages of care for a given HIV population, it is possible to assessboth the
potential for onward HIV transmission amongst those who are not virally suppressed, monitor
the delivery of HIV care and understand the level of engagement with HIV care. This
visualisation has since come to be known as the cascade or continuum of care. From the
illustration by Gardner et al., it became evident that only 19% of PLWH in the USA were
believed to be on ART with an undetectable viral load, demonstrating poor engagement with

care and a high potential for o ngoing HIV transmission.
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Figure 1.5.1: Spectrum of engagement with HIV care in the USA

From Gardner et al, The spectrum of engagement in HIV care and its relevance to test-and-

treat strategies for preven tion of HIV infection 2011 (213)

1.5.2 UNAIDS 90 -90-90 targets

In 2014, UNAIDSseta t arget t o have 9-pdditiveihdividuale diagrmsed, d 6 s HI
90% of those diagnosed on treatment and 90% of those treated wit h an undetectable viral
load by 2020, in order to halt the HIV /AIDS epidemic (Figure 1.5.2) (214). Whilst the
continuum of care had gained popularity and was already being reported in many different
settings (215-217), these targets made this framework a key tool in monitoring HIV
programme success worldwide. It has also generated a need to establish reliable and
comparable estimates within countries, drawing focus to the stages of diagnosis, ART use and

viral suppression.
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Figure 1.5.2: Four -stage continuum of care illustrating the UNAIDS 90 -90-90

targets
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1.5.3 The HIV continuum  of care inthe UK

In 2011, t he HIV continuum of care for the UK was estimated as follows: 77% of PLWH were
aware of their status; 73% were retained in care; 64% were on trea tment and 58% had a
suppressed viral load (215). This demonstrated that the largest gap in the continuum of care
for the UK was in achieving HIV diagnosis. This correlates with high prevalence (47%) of
individuals diagnosed at an advanced stage of HIV, when their CD4 count had dropped below
350 cells/mm?3(218). The continuum of care has improved in recent years such that in 2015,
87% of PLWH were aware of their status, 83% were receiving ART, and 78% had a
suppressed viral load (Figure 1.5.3) (70). However, methods for defining the continuum of
care also changed in this time. In 2015, the continuum of care surpassed two of the UNAIDS
90-90-90 targets, with 96% of those diagnosed on ART and 94% of those on ART with viral
load suppression (Figure 1.5.3). However, the target of 90% diagnosed still has not been
achieved. Few countries are able to report a continuum of care that achieves the 90% targets

for diagnosis, ART use and viral suppression rates(219, 220).

Whilst the UK has a good continuum of care overall, this may not be the case within all
subgroups of the population of PLWH. Observational studies of PLWH in the UKhave found
disparities across quality of care indicators and treatment responses according to certain

demographic characteristics (221-224). In other settings, such disparities have also been
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observed in the continuum of care (217, 225). However, in the UK, few data are available on
the continuum of care in different populations (215). Further, whilst it is a useful public health
monitoring tool, a cross-sectional continuum of care may have some limitations for assessing

the success of HIV care, as mortality outcomes are not considered.

Figure 1.5.3: Continuum of HIV Care in the UK in 2015 according to public health

surveillance

From Kirwan et al,. HIV in the UK: 2016 Report (2016) (70)

1.6 Focus of thesis

The aim of this thesis is to understand outcomes of people living with HIV in the established
ART era, with particular reference to the quality of care indicators that compile the continuum
of care. In particular | will consider how failure to achieve these care indicators impacts on
mortality outcomes. A more detailed literature review of the current literature around the
benchmarks of HIV care and how they impact on mortality follows this chapter. In subsequent
chapters | present the methods of the UK CHIC Study (Chapter 3) and work undertaken to
improve data on date and cause of death in UK CHIC analyses in order to enable analyses of
mortality end -points (Chapter 4). In Chapter 5 | consider the impact of late dia gnosis on both
AIDS and non-AlDs mortality, particularly in relation to an aging HIV -positive population.
Chapter 6 whether the disadvantages of late ART initiation remain over the long-term, if

individuals are able to maintain viral suppression for a period following ART. | then investigate,
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in Chapter 7, whether poor engagement in HIV care on ART correlates with lower life
expectancy. My final analysis chapter presents a longitudinal HIV care continuum that | have
devised, which incorporates the outcomes of death and loss to follow-up (LTFU). A final

summary and discussion of the findings of my thesis is presented in Chapter 9.
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Chapter 2: Literature Review

2.1 Introduction

In this section | summarise the literature to date regarding the stages of the HIV care pathway
in the continuum of care, and how they relate to mortality outcomes among PLWH. This
review will start by discussing the strengths and limitations of the HIV continuum of care as

a tool for monitoring programme performance, before discuss ing each of the following stages
of the HIV care pathway in detail: diagnosis, retention in care, ART initiation and viral

suppression. For each stage of the continuum | consider methodological issues involved with
defining each stage, factors associated with sub-optimal achievement of these stages and,
finally, how such sub-optimal achievement affects mortality outcomes. In terms of factors

associated with the continuum stages, | focus on disparities according to demographic
characteristics (age, sex, ethnicity and mode of acquisition) in the UK or other high -income

countries in order to identify findings most relevant to the HIV -positive population in the UK.

2.2 The continuum of HIV care as a measure of programmatic

SUcCCess

2.2.1 Strengths of the continuum of care  framewo rk

Since its first presentation as a 7-stage spectrum of engagement in care, the continuum of
care has gained increasing visibility and is now a popular and widely used tool for monitoring
programme performance. Drops between stages, o r 6 | ebalbrg ghe sontinuum give
valuable information as to the presence of gaps or disparities in HIV care in a population, and
can direct interventions or health care resources. The continuum also creates the potential for
easy comparisons in performance between countries and settings, although difficulties
currently exist in generating comparable estimates (Section2.2.2). For the stages of diagnosis
onwards, it is not computationally intensive to generate, provided the data are available, as it
only requires the calculation of proportions. As it is a cross-sectional measure it can be
generated quickly and therefore gives real-time estimates of the current situation in a
population. Finally, it is easily understood, giving comprehensive information on levels of
engagement with HIV care services and a measure of the potential ongoing transmission
within a given population at a particular point in time. Therefore , it is useful for conveying

information to national and international health board s and health services providers who may
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not be directly involved in providing HIV care but are involved in program evaluation or HIV

care provision.

2.2.2 Methodological considerations in generating a continuum of care

2221 Sourcesofdataanda Population -based vs. a clinical cohort continuum
The first bar of the HIV continuum of care is the total number of people that have HIV
infection. This number cannot truly be known, unless the entire population were to be tested
for HIV, so instead must be estimated (Section 2.3.1). The subsequent stages (from diagnosis
onwards) can be measured accurately if suitable surveillance data are available, which give
the true number in the continuum with some degree of measurement error. Such population -
based data are available in many countries, including the UK, for the purposes of public health
surveillance, but not all countries have these systems in place. Further, in countries where
some level of surveillance is in place, this may not cover all aspects of the continuum (e.qg.
laboratory test surveillance may give numbers diagnosed and numbers with viral suppression
only), or the data itself may be limited or collected infrequently (e.g. a single annual report of
viral load as in the UK). In settings wh ere surveillance data are not sufficient to allow
generation of all stages of the continuum, cohort data may be used instead of, or in
combination with available surveillance data to generate estimates of the continuum of care
(220).

In order to generate an unbiased estimate of the continuum of care, nationally representative

population-based data are needed. However, cohort studies may not have national coverage,
may recruit participants from particular settings ( e.g. large teaching hospitals) and may
further have specific inclusion criteria or require patient consent. They would therefore include
a selected sample of the population and may produce biased estimates. Difficulties in
estimating the total number of pe ople with HIV infection for such a selected sample mean

that the first stage of the continuum is often diagnosis rather than HIV infection.

In the UK, the continuum of care is estimated using a single national surveillance system, with
modelled estimates of the total number of people who are HIV -infected (Section 2.3.1)(226).
Different approaches are used in other settings according to the available data. The US
continuum of care is generated using national surveillance datasets and the Medical
Monitoring Project (MMP), which is a cross-sectional survey designed to obtain nationally
representative estimates of people receiving care. National surveillance of name-based
reporting of HIV diagnoses are used to generate estimates of undiagnosed infection;
mandatory reporting of all CD4 counts and viral loads from 14 jurisdictions are used to
estimate linkage to care the MMP is used to generate the stages of retention in care, ART use

and viral suppression (217, 227, 228). In British Columbia (BC), Canada, data on testing and
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diagnosis are acquired from the BC Centre for Disease Control, with data on HAART use and
viral suppression from the BC Centre for Excellence in HIV/AIDS cohort, to generate a
continuum of care from diagnosis onwards which has 100% coverage for the BC area (225).
In Estonia, estimates of diagnosed HIV infection are generated using data from t he Estonia
Health Board and Cause of Death Registry, with linkage to and retention in care estimated
from the Estonian Health Insurance Fund and ART use and viral suppression from the Estonian
HIV cohort Study (229). Several studies report a cohort continuum of care, from diagnosis

onwards, based on non-national clinical data (230-234).

2222 Which stages to include

When originally suggested by Gardner et al., in 2011, the spectrum of engagement in care
included 7 stages: HIV infection; diagnosis; linkage to care; retention in care; ART need; ART
use; viral suppression (213). The UNAIDS targets focus on four of these stages, hamely HIV
infection, diagnosis, ART use and viral suppression. However, a continuum of care has been
drawn using as few as 3 stages, omitting all stages prior to linkage to care (235). When
constructing a continuum of care, the stages included will be determined by the data available,
which varies from setting to setting. In a report produced by the European Centre for Disease
Prevention and Control (ECDC), less than 70% of 40 countries in the EU and European
Economic Area (EEA) were able to report data on viral suppression, with less than 50% of
EEA countries able to do so(236).

Because of the dependence of the stages in the continuum, people counted as being in a

given stage have to satisfy the requirement of all previous stages. T hus the decision whether

or not to include a stage in a continuum can alter the estimates for later stages of the care

pathway. For example, viral suppression or ART use might be higher in a continuum of care

that doesndét include ared etnhdtondoes ,caase itrhathhd off ol
need to also satisfy the definition of retention in care to be defined as on ART or virologically

suppressed. Some studies have suggested also presenting an independent continuum of care,

which presents the number and proportion of individuals achieving each stage, with no

requirement to have satisfied any of the previous stages. Using independent instead of

dependent measures of viral suppression, estimates increased from 43% to 61% of diagnosed

individuals in New York (237) and from 52% to 62% of HIV Infected veterans in Atlanta (231).

2223 Defining the stages ofthe continuum ofcar e

A lack of standardisation means that the definitions used for each stage of the continuum of
care differ between settings, and makes comparability of the continuum of care difficult.

Definitions utilised in the continuum of care are discussed in relevant sections of this chapter.
A Europe-wide initiative, led by the ECDC, recently generated a standardised definition of the

continuum of care to generate country -specific estimates that could be compared, as well as
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a Europe-wide estimate (220). Using the developed standardised definitions of the four stage
continuum of care, across 11 countries in Europe, 84% of all HIV -infected individuals were
diagnosed, 71% had ever initiated ART, and 60% were virologically suppressed in 2013. Only
two of these 11 countries, namely Denmark and Sweden, achieved the UNAIDS 90-90-90
targets. However, whilst these estimates are comparable between countries, they may not be

the best estimates of the current situation in all countries.

2.2.3 Limitations of a cross-sectional care continuum as a measure of

programmatic success

When assessing programmatic success, a traditional crosssectional continuum may not
always provide information that is sufficiently in -depth and detailed as required. For example,
it may be useful to link the stages of care to clinically relevant patient outcomes such as
disengagement from HIV care, mortality and AIDS-defining iliness. In addition, the timing at
which people enter into the stages of the care pathway is imp ortant in a model of optimal
care (238), with late entry into the stages associated with poorer patient outcomes (Sections
2.3.5, 2.5.4). Many quality of care indicators are linked to the timing of events in care such
as late diagnosis, late ART intiatiation, time to linkage to HIV services from diagnosis, and
time to achieving virologic suppression (221). These timings are not represented in the
continuum of care. Furthermore, although it depicts progressive sequential stages through
HIV care, in practice individuals may move backward as well as forward through these stages
of care, as levels of engagement in care (EIC), ARTuse and viral suppression can change over
time. A traditional continuum of care only includes those who are alive in the calendar year of
assessment, potentaakbysgembanpgoa Bbesher, it is
to individuals that drop out between stages; whether they are still engaged with care but have
not progressed onto the next stage, or whether they have disengaged from care, left the

country or have died.

2.2.4 Suggested alternatives to a cross -sectional care continuum

Some of the previously mentioned limitations of a cross-sectional continuum of care can be
resovedusing | ongitudinal dat a. Some such &écohorto
forward in time from diagnosis, or entry into HIV care and are interpreted differently to a
cross-sectional continuum of care, instead providing information on how a cohort progresses
through the stages of HIV care after diagnosis (239). An approach used in two studies of the
HIV-positive population in Sothern Alberta, Canada, between 2006 and 2013, classified
individuals according to the latest stage of the continuum achieved during the follow -up

period, prior to death or loss to follow -up. The stages of the continuum of care were measured
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longitudinally and included linkage to care (attending initial visit at the Southern Alberta
Clinic), retention in care (at least 2 regular visits within 12 months of HIV diagnosis) and viral
suppression (>12 consecutive months with an undetectable viral load over follow-up) (230).
One important use of this continuum design was to incorporate th e burden of mortality at
each stage along the continuum of care, finding that 55% of deaths occurring in this
population occurred in individuals who linked to care, but were not retained in care in the year
following diagnosis. A limitation of this approac h is that it still assumes only forward movement
through the stages of care occurs (240). A recent study of diagnosed HIV-positive individuals
in Massachusetts constructed a continuum of care for the 2 years following HIV diagnosis,
defining linkage to care if a visit occurred within 90 days of diagnosis, retention in care if a
visit occurred in each 6 months interval over the 2 year period, and viral suppression amongst
those retained if viral load at 24 months was {00 copies/ml. A strength of the approach in
this study is that incorporates some measure of timely achievement of the stages of the care
continuum, which could also be extended to include timely ART initiation in settings where
these data are available. A disadvantage analysis is that it only considers the short-term period
of care following diagnosis, by design, so is only relevant to this population and does not give

information about longer -term care engagement or outcomes (241).

A methodol ogy suggested by Lesko and others, ut i
calculated the cumulative incidence of 9 events relating to ART initiation, viral suppression,
death (and its timing in relation to other events) and loss to follow -up (LTFU, and its timing
in relation to other events). From these cumulative incidence curves, the proportion of time

over 10 years spent in each of the 7 following defined stages of care were calculated and
presented as a stacked area chart: (i) Died prior to ART initiation (ii) LTFU prior to ART
initiation (iii) Died after ART initiation (iv) LTF U after ART initiation (v) on ART and suppressed
(vi) On ART and not suppressed (vii) in care and not on ART (242). This methodology provides
several benefits over a cross-sectional continuum of care for understanding programmatic
success and patient outcomes in care, firstly as it incorporates the end-points of mortality and

LTFU. Whilststill presenting a single comprehensive figure, more detailed information about
the amount of time spent in each stage of HIV is provided; person -time spent unsuppressed
will have important implications for ongoing transmission and is a useful metric. Whil st some
movement in and out of the stages of care is allowed for, the fixed end -points required for
the survival analyses approach taken means that it is not truly flexible to changing health

status over time. Retention in care is not encapsulated except through LTFU, which is a
different measure of disengagement. Another disadvantage of this method is that it is quite

computationally intensive to derive, and as with other longitudinal continuums of care, only

includes stages after linkage to care.
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A 6sg awand transitionsd framework was hypothesis

population-based continuum of care, including the stages of HIV infection, diagnosis,
engagement in care, ART use and viral suppression, as well as rates of transition in both
directions between each of these stages (243). Further, this could be theoretically be extended
beyond the currently defined states to include mortality and LTFU. However, the authors
highlight several challenges in the estimation of this framework using current HIV surveillance
and monitoring data, as no country has sufficiently detailed and representative data at each
stage of the continuum of care to generate the required estimated rates of transition between

stages.

2.3 HIV Diagnosis

2.3.1 Estimating the burden of undiagnosed HIV

Estimates of the total number of people with HIV infection, and the proportion of those that
remain unaware of their HIV -positive status can be achieved through a range of different
methods. Theseinclude seroprevalence surveys, backcalculation and synthesis models (Table
2.3.1) (244-246). Briefly, unlinked anonymous seroprevalence surveys, estimate the numbers
with undiagnosed and diagnosed HIV infection by testing a sample of the population for HIV
and asking about their status. The prevalence of HIV amongst the samples (seroprevalence)
can be used to estimate prevalence and therefore number of HIV -infected individuals in the
population and responses to questions about status give the proportion diagnosed (247-249).
Back calculation methods use information on the CD4 count or AIDS defining illness at
diagnosis and work backwards from this to estimate when they were likely infected with HIV.
From this an incidence rate and the cumulative number of individuals that have acquired HIV
can then be estimated. HIV prevalence estimates are generated by subtracting the cumulative
number of deaths (217). In the UK, a Bayesian Multi Parameter Evidence Synthesis model is

used to estimate the number of individuals living with undiagnosed HIV in the UK (226).

2.3.2 The diagnose d HIV -positive population and d  efinitions of late diagnosis

In a traditional continuum of care, the diagnosed population of PLWH is ideally defined as the
cumulative number of individuals with a confirmed diagnosis by the time of assessment, minus
the cumulative number of deaths and the number of individuals who have left the country or
population studied. However, lack of data on out-migration and death mean that slight
variations of this are used in different countries. In the UK, the diagnosed population for the

national care continuum is given by the number of people seen for care in the year of
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assessment(Zheng Yin, personal communication, February 6, 2015). This is done under the
assumption that loss to care and migration out of the country is low. The proportion of
individuals with HIV that are diagnosed is generated using the number of diagnosed
individuals and the estimated total number of people with HIV infection, discussed in the

previous section.

A consensus definition of late diagnosis was devdoped which defines it as diagnosis with a
CD4 count O3*%r&n ADS{défising itmess, regardless of CD4 count. This definition
was chosen due to the recommendation that ART should be initiated by these thresholds, and
so failure to diagnose before this time would delay optimal initiation of treatment, resulting in
poorer outcomes. Diagnosis with a CD4 count <200 cells/mm? would be considered diagnosis
with advanced immunosuppression or very late diagnosis (250). This threshold has been
shown as the best, of various immunological and clinical definitions, to predict short -term
mortality (251). However, many different definitions of late diagnosis have been used in the
literature. In the fol lowing sections | will refer to late diagnosis to indicate any marker of
di agnosis at a stage that is not opti mal,

diagnosis will reference advanced immunosuppression as defined above.

47

speci fy



8v

Table 2.3.1: Reported percentages of diagnosed HIV Infection according to continuum of care estimates

Paper Region/population Data source Year Method % !
Gardner ;5 / General Review of literature 2006 (252) 79%
2011(213)
Austria/ General ECDC modelling toot* ECDC modelling toof 88%
Belgium/ General ECDC modelling toot= ECDC modelling toot 84%
Denmark/ General Clinical cohort ECDC modelling toof 91%
France/ General Estimated numbers in/out of care Other (country-specific) back-calculation tool 84%
Germany/ General Surveillance data Other (country-specific) back-calculation tool 83%
Gourlay Greece/ General Surveillance data 2013 ECDC modelling toot 78%
2017(220)  Italy/ General Clinic-based survey Other (country-specific) back-calculation tool 90%
The Netherlands/ General Clinical cohort ECDC modelling toot 85%
Spain/ Gereral Statistical modelling Other (country-specific) back-calculation tool 82%
Sweden/ General Clinical cohort Surveillance/survey estimates 90%
UK/ General Surveillance data Multi-Parameter Evidence Synthesis Model 81%
Europe/ General - - 84%
;'glllg(zﬂ) US / General National surveillance data 2009 Back-calculation model 82%
Hsieh Baltimore, US / General - 2007 Seroprevalence survey 72%
2015(247) '
Iroh us/ _before incarceration _ _ 78%
2015(253) us/ mcar(_:erated _ Literature review - - 79%
US / after incarceration 79%
5812?254) US / General - 58(1); ED unlinked identity seroprevalence survey ;gzﬁ
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Paper Region/population Data source Year Method % !
;gr’gzgo) UK / General National surveillance data 2015 Multi-Parameter Evidence Synthesis Model 87%
Kohler . . . 0
2015(255) Switzerland / General European MSM internet survey 2012 Back-calculation 81%
Krentz Canada / General Public Health Canada data 2006-2013 Diagnosed + estimated undiagnosed by public 80%
2014(240) health agency Canada

Estonian health board, Estonian
Laisaar . Insurance fund, Estonian HIV UNAIDS spectrum estimate + HIV diagnoses o
2016(229) Estonia / General Cohort Study, Estonian Causes of 2013 minus AIDS deaths 19882013 2%

death registry
Lippman South Africa / Men i Seroprevalence surve 48%
2016(256)  South Africa / Women o y 76%
Mangal Atlanta Veterans Affairs Medical . 5 . o
2014(231) US / Veterans Centre 2012 Mathematical model back-calculation 95%
Nosyk Literature review Public Health Agency Canada plus 1996 Public Health Canada prevalence estimates minus 51%
2014(257) linked provincial datasets 2011 diagnosed 71%
Okeke US / White MSM National HIV Behavioural 2004-2014 Previous awareness of HIV status at positive HIV ~ 88-100%
2016(258) US/Black MSM Surveillance Survey 2004-2014 test 43-86%
Pokrovskya . 0
2014(259) Russia / General - 2011-2013 - 45-49%
Raymond . - Estimated undiagnosed fraction based on past o
2016(234) Wellington, NZ / General Clinic database 2015 research(260) 80%
Rosenberg US / White MSM . Diagnosed divided by black and white MSM 84%
2014(261) US/Black MSM CDC surveillance data 2009 proportion diagnosed 75%
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Paper Region/population Data source Year Method % !
Santos San Francisco, US / Respondentdriven sample study 2010 Previous awareness of HIV status at positive HIV 95%
2014(248)  Transwomen (262) test, weighted population prevalence for RDS
Supervie - ; 0
2013(216) France / General HIV surveillance data 2010 Back-calculation model 81%
Wirtz . . Previous awareness of HIV status at positive HIV 0
2016(249) Moscow, Russia / MSM Respondentdriven sample study 2010-2013 test, weighted population prevalence for RDS 14%
Zanoni . .

- 0,
2014(263) US / Adolescents Literature Review (264) 40%

1if range is given, then estimates are given for each calendar year within the interval; first and last estimates are presente d.

2This tool used back-calculation models to estimate both HIV incidence and the undiagnosed fraction from the number of diagnosed PLWH.
3Tool also used to generate number of diagnosed HIV-positive individuals
(E)CDC=(European) Centre for Disease Prevention andControl; ED=Emergency Department; MSM=Men who have sex with men; NZ=New Zealand.




2.3.3 Rate of late diagnosis

Most recent estimates of the proportion of HIV -infected individuals that are diagnosed and
aware of their status range from 72 -91% (Table 2.3.1), with extremely low rates of diagnosed

HIV in Russia (249, 259), where HIV is highly stigmatised. In the UK, the proportion of all

PLWH that have received a HIV diagnosis is estimated to hawe increased over time, from 76%
in 2011 to 87% in 2015 (70, 218). To date, late diagnosis is defined using CD4 criteria in UK
national surveillance estimates, which show a declining proportion of individuals being
diagnosed with a CD4 count <350 cells/mm? over time; from 47% in 2011 to 39% in 2015

(70, 218). A single-centre UK cohort estimated that half of individuals have a CD4 count below
this threshold at diagnosis (222). In a previous analysis of the UK Collaborative HIV Cohort
(CHIC) Study, 46.4% of individuals had a CD4 count X850 cells/mm? at diagnosis (223).

As defined by a CD4 count< 350 cells/mm? or an AIDS defining iliness, studies outside the UK
report between 45-55% of new diagnoses occurring late, with the lowest estimate of 25.3%
found in a study of only MSM in Spain (265) and highest estimate of 62% found in a large
European cohort collaboration (266). Interestingly this was higher than in another study
performed using data from the same collaboration, which repor ted a 53.8% rate of late
diagnosis (267). Estimates of advanced immunosuppression vary greatly depending on the
underlying population studied; between 23 -65% of those newly diagnosed with HIV. However

estimates in the region of 35-40% are most commonly reported (266, 268-273).

2.3.4 Factors associated with late diagnosis

2341 Age

Despite differing definitions and statistical adjustments, t here is strong agreement amongst
the published literature that older age at HIV diagnosis is associated with increased probability
of being diagnosed late or with advanced immunosuppression (Table 2.3.2). Studies
exclusively show an increasing proportion of individuals diagnosed late or with advanced
disease with older age at diagnosis, with some studies showing over 70% of individuals
diagnosed aged 50 or above having some form of late diagnosis (268, 274, 275). The largest
study to show such an association was a study of HIV surveillance data in Florida on over
25,000 HIV diagnoses. Those diagnosed aged above 60 had more than 5 times the odds of
being diagnosed once HIV had progressed to AIDS than those aged 1319 at diagnosis (276).
A similarly large Italian clinical cohort found that, amongst newly diagnosed individuals who

attended for care, the odds of late diagnosis increased with age above 25 such that those

aged above 55 at diagnosis had 7.5-fold increased odds of late diagnosis (consensus

definition); an association that has been present since the start of the epidemic in 1985 (272).
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In the UK, similar associations have been found, but of slightly smaller magnitude, with those
aged above 50 at diagnosis between 3 and 4 times as likely to be diagnosed with a CD4 count
<350 cells/mm? than those aged 15-24 (274, 277). Studies to consider both definitions of late
diagnosis and advanced immunosuppression have found that the magnitude of association
increases when considering advanced immunosuppression as opposed to late diagnosig271,
273, 278). The association between late diagnosis and age has largely been shown to remain
across demographic groups, although prevalence is often lower amongst MSM, who tend to
test more frequently (218, 274, 275, 277, 279).
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Table 2.3.2: Papers describing the association between age and late diagnosis, ordered by age grouping

. . . L Late Diagnosis Adjusted Odds
Paper Study/Population N Late diagnosis definition Age (%) Ratio (95% CI)
Chadborn UK er 10 i
2005(279) HIV Surveillance- MSM 14158 CD4 <200 pears 1.9 (1.8, 2.0)
1993-2002 y
Mugavero us CD4 <200 er 10 i
20097(280) Single site clinical cohort 113 pears 1.72 (1.12, 2.64)
2002-2004 y
Shivaiji Portugal i
2014 HIV surveillance 3809 CD4 <350 or AIDS per year 1.02 fhoe;e(;\‘ﬂ’;ijl‘;a's)
[abstract] (281) 2011-2013 '
AIDS (includes CD4 <200 or 13-19 i 1.00
20-39 2.2(1.8,2.7)
CD4% <14)
US, Florida URBAN 40-59 4.3 (3.5,5.2)
Trepka CDC surveillance 95585 >60 5.3 (4.2,6.6)
2014(276) Diagnosed 2007-2011 ' " 1319 ] ' 1.0
Rural 20-39 2.7(1.0,7.2)
40-59 7.5 (2.8, 20.0)
>60 5.2 (1.7, 15.9)
UK 15-24 24% 1.00
Desai . 25-34 26% 1.2 (0.9, 1.6)
2015(277) Té\égs_%’fg'ance - MSM 2602 €D4 <350 35-49 33% 1.7 (1.3,2.2)
50+ 50% 3.2 (2.3, 4.4)
UK 15-24 45% 1.00
Rice HIV surveillance - heterosexual 25-34 61% 1.7 (1.5, 1.9)
2014(274) 2002-2011 38228 €D4 <350 35-49 70% 2.9(2.5,3.3)
50+ 70% 3.8 (3.2, 4.5)
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Paper

Study/Population

Late diagnosis definition

Age

Late Diagnosis

Adjusted Odds

(%) Ratio (95% CI)
<25 - 1.00
Raffetti Italy 25-34 2.4(2.2,2.7)
2016(272) Multi-centre clinical cohort (MASTER) 19391 CD4 <350 or AIDS 35-44 4.1 (3.7, 4.6)
Diagnosed 1985-2013 45-54 5.8 (5.0, 6.7)
>55 7.5(6.1,9.2)
. 18-27 - 1.00
Dai gleqllwgis/ uestionnaire 28-37 2.2(1.2,4.0)
2015(262) 2009_20‘10 899 CD4 <200 or AIDS 38-47 2.4 (1.2, 4.5)
48-57 22(1.1,4.4)
58+ 2.8 (1.4,5.6)
<29 39% 1.00
. Italy 30-34 51% 1.7 (1.4, 2.1)
gg‘gc(’;ég) Mandatory reporting of HIV/AIDS 5545 €D4 <350 or AIDS 35-39 54% 2.1 (1.7, 2.5)
2010-2011 40-49 61% 2.9(25,3.4)
50+ 71% 4.6 (3.8, 5.6)
15-29 21% 1.00
South Korea
Lee 30-39 34% 1.7 (1.3, 2.3)
2010(283) g&%g%t& 2299 €D4 <200 40-49 49% 2.6 (1.9, 3.5)
>50 53% 2.7 (2.0, 3.7)
Vietnam
ggfg(;/g@ Single centre clinical cohort 204 CD4 <200 %igg 10 ((1)'201 9)
diagnosed 2004-2005 ' T
0,
Kivela Finland <30 36130;2 1.00
2010(285) Single centre clinical cohort 934 CD4 <200 or AIDS 30-39 33% 1.5(1.0, 2.3)
1985-2005 >40 2.6(1.6,4.1)
Switzerland <30 1.00
Buetikofer Single centre (Zurich) chart review 281 €D4 <350 or AIDS igjg 22 Eg? é?;
2014(286) 2009-2011 [N,
50+ 3.5(1.2,10.1)
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Paper Study/Population

Late diagnosis definition

Age

Late Diagnosis

Adjusted Odds

(%) Ratio (95% CI)
<30 34.9 1.0
7165 CD4 <350 or AIDS 31-40 46.9 1.59 (1.39, 1.82)
) 41-50 57.1 2.18(1.83, 2.60)
Sobrino-Vegas Spain >50 69 3.60 (2.92, 4.44)
2016(278 Multi-centre clinical cohort
16(278) 2004-2013 <30 16 1.0
31-40 28 1.96 (1.60, 2.40)
CD4 <200 or AIDS 41-50 41 3.15 (2.52, 3.96)
>50 49.9 4.35 (3.49, 5.43)
<30 23 1.0
. France 30-39 40 2.0(1.6, 2.6)
ggé%g;%) Multi-centre clinical cohort 5702 CD4 <200 or AIDS 40-49 46 2.7 (2.1, 3.6)
19961 2005 50-59 52 2.9(2.0,4.1)
>60 53 4.1 (2.5, 6.72)
<30 20 1.0
] 30-40 34 2.0 (0.9, 4.2)
1096 CD4 <350 or AIDS - MSM 40-50 38 2.5(1.1,5.5)
50-60 65 6.8 (2.4,19.7)
>60 71 7.3 (2.2, 24.0)
<30 56 1.0
CD4 <350 or AIDS - migrants 30-40 65 1.5(0.7, 2.8)
Wilson France >40 72 2.1(0.9, 4.8)
2011 (27 Nationally representative survey
011 (275) 2003-2011 <30 51 1.0
CD4 <350 or AIDS T 30-40 49 0.8 (0.3, 2.3)
heterosexual 40-50 70 2.0(0.7,5.8)
>50 65 1.5 (0.4, 4.9)
<30 34 1.0
CD4 <350 or AIDS T French 30-39 52 2.0(0.9,4.49)
overseas departments 40-49 62 2.4 (1.1,5.4)
>49 66 3.6 (1.5, 8.7)
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Paper

Study/Population

Late diagnosis definition

Age

Late Diagnosis

Adjusted Odds

(%) Ratio (95% CI)
<30 5 1.0
30-40 15 3.1(1.1,9.0)
CD4 <200 or AIDS - MSM 40-50 25 5.6 (1.9, 16.4)
50-60 40 11.9 (3.7, 38.2)
>60 60 21.4 (5.9, 76.9)
<30 34 1.0
CD4 <200 or AIDS - migrants 30-40 46 1.7 (0.9, 3.4)
>40 42 1.2 (0.5, 2.8)
<30 15 1.0
CD4 <200 or AIDS i 30-40 31 2.1(0.6, 7.3)
heterosexual 40-50 53 6.1(1.9,19.8)
>50 45 3.1(1.0, 10.0)
<30 21 1.0
CD4 <200 or AIDS i French 30-39 34 1.9(0.8,4.1)
overseas departments 40-49 43 2.3(1.0,5.1)
>49 53 3.4(1.4,8.2)
Belgium <30 33 1.0
\2(83?587) Single centre clinical cohort 359 CD4 <350 igig ig 13 Eg; gg;
Diagnosed 2007-2011 S50 62 2.8 (1'3’ 6.4)
Spain 15-24 36 1.4 (0.9, 2.1)
Castilla J HFV surveillance 7825 AIDS in month of/month 25-34 27 1.0
2002(288) Diagnosis 19942000 following HIV diagnosis 35-44 33 1.2(1.0,1.4)
>44 62 1.8 (1.5, 2.2)
Spain <25 20 0.8 (0.6, 1.0)
(Dz'gé)A Multiple STI and HIV testing centres 2499 CD4 <350 or AIDS e i~ L3 (11'8 '
2003-2011 >45 36 18(13,2. 5)
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Paper

Study/Population

Late diagnosis definition

Age

Late Diagnosis

Adjusted Odds

(%) Ratio (95% CI)
CrabtreeRamirez ~ ora2! <34 i 1.0
2012(289) Single centre clinical cohort 429 CD4 <200 or AIDS 34-45 1.6 (0.9, 2.6)
2001-2008 >45 2.4 (1.2,4.7)
us -
Buchacz Multi-centre clinical cohort (HIV <35 1.0
2012 (290) Outpatients Study) 936 €D4 <200 >35 2.1 (1.6, 2.9)
2000-2009
| CD4 <350 or AIDS <35 - 1.00
- Brazi >35 3.0(2.1,4.3)
\2/glle5|zt2|%) Single centre clinical cohort 520
2008-2009 CD4 <200 or AIDS <35 ) 1.00
>35 4.3(2.9,6.3)
13-19 - 0.3(0.3,0.5)
20-29 0.6 (0.5, 0.7)
Yang Eﬁ’gﬁf\f‘;”ame 9964 AIDS (includes CD4 <200) 30-39 1.0
2010(291) 2000.2007 40-49 1.4 (1.3, 1.6)
50-59 1.6 (1.4,1.9)
>60 2.6 (2.0, 3.3)
<20 - 0.4 (0.3,0.7)*
Nacher French Guinea (FHDH) CD4 <200, 200-350, 350-500, 20-30 0.5(0.4,0.7)*
2005(292) Multi-centre clinical cohort 1952 >500 31-40 1.00*
1992-2003 41-60 1.3(1.1,1.7)*
>60 1.8 (1.1, 2.8)*
UK 13
gggf(azgs) HIV surveillance 16179 AIDS §155 26 -
1997-2001 -
. Italy -
Celesia : - <50 1.00
2013(269) Single centre clinical cohort 620 CD4 <350 or AIDS S50 21(L 1, 38)

1985-2010
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Late Diagnosis

Adjusted Odds

Paper Study/Population N Late diagnosis definition Age (%) Ratio (95% Cl)
. UK 9
Davis HIV surveillance 48144 AIDS <50 19 -
2013(294) 2000-2009 >50
US, Manhattan -
Ellman y <50 1.00
2014(295) ?ggelfzzelnltre cohort 287 CD4 <200 or AIDS >50 3.1 (L6, 6.0)
<50 - 1.00%*
Helleberg Denmark 3027 CD4<350 or AIDS >50 4.0 (35, 4.6)
2012(271) National cohort
Diagnosed 1995-2009 <50 - 1.00
CD4 <200 or AIDS >50 4.6 (4.0, 5.4)
. Brighton 48
Iwuji ! . <50 1.00
2013(222) ?;g]el;_az%elrgre clinical cohort 1536 CD4 <350 >50 64 2.2 (15, 3.1)
. UK 33
Smith HIV surveillance 49795 CD4 <200 <50 48 -
2010(296) 2000-2007 230
Belgium <30 33 1.0
Yombi Single centre clinical cohort 359 CD4 <350 30-39 39 1.3(0.7,2.4)
2014(287) Diagnosed 2007-2011 40-49 43 1.7(0.8,3.3)
g >50 62 2.8(1.3, 6.4)

CDC=Cente for Disease Control; FHDH=French Hospitals Database;*Odds are of being in a lower CD4 count category; **Incidence Rate Ratio, not Odds Ratio.




2.34.2 Sex/Mode of Acquisition

Studies considering gender differences in late diagnosis either found that males had at least
30% higher odds of late diagnosis (272, 292, 297, 298) (maximum 2.4-fold increase (284))
or reported no difference (273, 280, 283, 289), with none showing females at higher risk. This
may be explained by differences according to transmission risk groups, as the majority of men
in HIV studies in high income stings are MSM, but was sometimes found to remain
independently of this (276, 278). Those who acquired their HIV through sex between men
and women are more likely to be diagnosed late than MSM (276), with estimated odds of late
diagnosis between 1.4 and 2.2-fold higher (268, 272, 278, 287, 291, 299) . This increased risk
is predominantly driven by heterosexual men, who, in comparisons split by sex, are a group
highlighted to be at particular risk of late diagnosis (222, 273, 300). In the UK, 67% of newly
diagnosed heterosexual men are diagnosed late, compared to 36% of MSM, who are the risk
group with the lowest proportion diagnosed late (221). This is likely due to better awareness

of risk and higher testing amongst MSM (218).

2.34.3 Ethnicity

In the UK, a lower proportion of newly diagnosed white individuals were diagnosed late than
individuals of either black or other non -white ethnicities. This has been evidenced by HIV
surveillance data, with 66% of black African adults diagnosed with a CD4 <350 cells/mm?3
compared to just over 40% of white adults (221) and by a single centre study showing those
of black, other and unknown ethnicities to have 2.6, 1.6 and 3.3-fold higher odds, respectively,
of diagnosis with a CD4 <350 cells/mm?3 (222). However, amongst two studies of MSM using
surveillance data in the UK, whilst one found any non-white ethnicity to be associated with a
72% increase in the odds of a CD4 <200 cells/mm 2 at diagnosis (279), the other found no
association between ethnicity and late diagnosis, defined by a CD4 count <350 cells/mm?3
(277). Black, Hispanic and other non-white ethnicity are also a risk factor for late diagno sis in
the US (276, 291), where non-white ethnicity is also associated with lower socio-economic

status and poorer access to healthcare.

2.3.5 The impact of late diagnosis on mortality

Individuals diagnosed late or with advanced disease (regardless of the definition used) are at
a vastly increased risk of mortality (272, 292), with shorter estimated survival time (269, 301).
Developing AIDS within 1 year of diagnosis has been shown to correlate strongly with AIDS-
related mortality (H azard ratio (HR)=4.3), but also with non -AIDS mortality (HR=2.3) (302).
However, itis likely that any excess risk of mortality as a result of late diagnosis is only present
in the short-term. In fact, the higher risk of mortality with either late or advan ced HIV
diagnosis has been shown to disappear after longer than 2-4 years with diagnosed HIV. In

the national Danish cohort, a 3- and 6-fold increased rate of 1-year mortality due to late and
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advanced diagnosis decreased to a mortality ratio of 1.1 in the third year following diagnosis
(271). Similarly, in Spain, late presentation was no longer associated with mortality after 4
years diagnosed HIV, despite associations observed <1 and 1-4 years after diagnosis (278).
Similar findings were made in by far the largest study of late diagnosis, which included data
on over 84,000 individuals accessing care across Europe. Using first visit as a proxy for HIV
diagnosis where none was available, the risk of progression to AIDS or death in those with
late or advanced presentation was highest in the year following diagnosis (IRRs: 6.6-13.0 and
7.0-14.6 across regions of Europe) and no difference was seen compared to non-late or non-

advanced presenters after 2 years (267).

A relatively large proportion of studies demonstrating an association between late diagnosis
and mortality have been undertaken using UK HIV/AIDS surveillance data on all HIV
diagnoses An advantage of these studies is that they consider all diagnosed individuals, not
just those linked to care. These studies, conducted over various time periods between 1999
and 2011, are also particularly relevant to this thesis as they consider a UK population.
However, definition used depends only on CD4 count thresholds, without considering the
occurrence of AIDS-defining events. From these combined studies we learn that: both MSM
(279) and heterosexual men and women (300) diagnosed with CD4 counts below 200
cells'mm?® experience higher rates of 1-year mortality than those with higher CD4 counts
(14.1% vs. 1.1% MSM and 6.1% vs. 1.1% heterosexual); that low CD4 cou nts below 350
cells/mm? at diagnosis contribute a large burden of AIDS related mortality, with 98% of AIDS

deaths within 1 year occurring amongst late presenters and a 10-fold increased risk of AIDS
deaths in late presenters compared to non (303); and that older individuals also diagnosed
with low CD4 counts have a particularly high risk of mortality compared to other groups (294).
In a 2-year snap-shot of 2010-2011, the rate of 1-year mortality in those aged over 50 and
diagnosed with a CD4 count <350 cells/mm? was 107 per 1000 population. This compared to
a rate of 33/1000 for those aged 40 -49 with the same CD4 count or 17/1000 for non -late
diagnoses in those aged over 50 years (221). This high excess mortality might suggest that
the impact of a late diagnosis on mortality outcomes are worse for older individuals. This could
be due to faster CD4 count declines in this group in the ab sence of treatment meaning CD4
counts are lower at diagnosis, and/or subsequent poorer immunological recovery on ART
(304-310). However, a single-centre study in Brighton with a largely white MSM population
found that, despite an increased risk of mortality for both individuals with a low CD4 count
and those of an older age, the interaction between the two covariates was not statistically
significant, suggesting that the relative impact of late diagnosis is not greater for older PLWH
(222).

In a simulation m odel, Nakagawa et al., modelled and compared the impact of two diagnosis

rates on life expectancy in MSM. They found that in a scenario where 97% of HIV -infected

60



MSM were diagnosed within 10 years, the risk of death 10 years after diagnosis was only 5%,
compared to 13% in a scenario where only 74% were diagnosed by 10 years, with a median

CD4 count of 142 cellss/mm?® at diagnosis. This translated to a 4 year difference in life
expectancy between the two diagnosis rates (207). This demonstrated, amongst MSM, that

increased testing, leading to earlier diagnosis may have a beneficial impact on mortality.

2.4 Retention in care

2.4.1  Defining retention in care

24.1.1 Comparing different definitions of retention

There is no consensus defintion for retention in care in the continuum, with a number of

different definitions reported. The occurrence of a visit in a calendar may be a sufficient
indication of retention. In the UK, retention in care is reported as the proportion of individuals
seen for care in a given year that are also seenthe following year (70, 311, 312). These are
definitions likely driven by the availability of data. In the UK, the HIV/AIDS reporting system
receives a single annual return for each attending individuals from HIV centres. However, as
most individuals would be expected to attend for care on multiple occasions within a calendar
year, this is generally not considered a sufficient measure of complete retention in care.

Instead, measures that try to capture adherence to visit schedule are often used.

In the US, the CDC recommend the HRSA HAB measure of>2 visits at least 90 days apart
within a 12 month period to define retention in care when estimating the continuum of care
(217). This is therefore widely reported in literature from the US and elsewhere. Other widely
used measures of retention in care in the literature include visit constancy (at least one visit
in each 3 or 6 month interval in a given time -frame), gaps in care (no gaps of greater than 6
or 12 months between consecutive visits) and missed visits, where data on scheduled visits
are available (Table 2.4.1). Previous studies have attempted to compare the predictive value
of different measures of retention in care, often using viral suppression as the gold standard
indicator of engagement. Mugavero et al., assessed the predictive value of 6 definitions of
retention in care. The first 3 were based on missed visits and were: the number of missed
visits, an indicator for any missed visits and the proportion of visits missed. The remaining 3
definitions were based on visits that actually took place: number of 4 month intervals with at

least one visit; indicator for any gaps >6 months between consecutive visits; indicator for at

least 2 visits separated by 90 days in the year of study. Rates of retention in care were very
different according to the definition used. Only 33% had no missed visits, 51% had at least 1

visit in all 4-month intervals, 68% had no gaps between visits >6 months and 77% satisfied
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the HRSA HAB definition of retention in care. The proportion of scheduled visits that were

missed most strongly predicted viral load suppression, with 3.9 fold increased odds of viral
load suppression per 50% higher percentage of visits missed and an area under the ROC
Curve (AUROC) of 0.69. Of the three measures that did not involve missed visits, the HRSA
HAB definition was the strongest predictor of viral suppression with those retained being
nearly four times as likely to have viral suppression as those not retained in care, but had the

smallest AUC of 0.59 with sensitivity of 91% and specificity of 27% (313).

Whereas a traditional continuum is cross-sectional, assessingretention in care over 1 year,
cohort analyses consider longerterm retention. In this situation, retention in care in care will
often only be defined if individuals satisfy annual retention defini tions, as described previously,
for a number of years. This results in lower estimates of retention in care. This was recently
demonstrated in an Infectious Disease Program in Atlanta, US which defined retention in care
over 3 years only if an individual m ade at least 2 visits at least 90 days apart in each of the 3
years of follow-up. Whereas 84% of individuals enrolling in the programme were defined as
retained in care in the first year of follow -up, only 49% were able to be classified as
continuously retained in care over 3 years (314). Within the Veterans Health Administration,
retention in care over 2 years was approximately 40%, with smaller variations by definition.
In this study again, the lowest estimate of retention in care was given by missed visits, with
35% of individuals having attended more than three -quarters of their scheduled visits over 2
years. Only 40% of veterans had at least 2 visits separated by 60 days in each year over both
years and 44% had no gaps in care >6 months. Combining the definitions of missed visits or
gaps in care to define retention in care gave much lower retention in care rates of 19% (315).
When considered over an 8 year period, only 49% of PLWH who attended a HIV clinic in
Kentucky between 2003 and 2011 were retention in care for all years for which they were
considered to be in clinical follow up according to the HRSA HAB definition, despite 83% of
all 12-month intervals meeting this criteria. Similarly, only 47% of people had a visit in every
6 month interval, but 81% of 6 month intervals had a visit. The predictive ability of different
definitions of retention in care over a long period of time remained low and similar to that
shown by Mugavero et al., forone-y ear measur es. However, i
consider missed visits, visit constancy was best predictor of viral suppression. Having 100%
of 6 month intervals over follow -up with at least one visit meant a 4.7 -fold increased odds of
suppression, with an AUROC of 0.62. Thoseretained in care according to the HRSA HAB
definition were found to be 70% more likely to have viral suppression, but the AUC for this
measure was low at 0.58, where an AUC of 0.5 indicates a test no better than chance for
identifying those retained in care. Having no gaps in care of more than 12 months

demonstrated 83% increased odds of viral suppression had a poor AUC of 0.57 (316).
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A disadvantage of the above mentioned definitions is that they assume constant visit intervals
(e.g. 3 or 6 months). I n practice, an individual
health status changes and as standards of care change overtime. For example, someone who
has started ART but is experiencing viral rebound will be scheduled for more regular visits
than someone who has remained stable and suppressed on treatment for a number of years.
Further, for a definition such as the HRSA HAB, individuals are required o survive for at least
a year for retention to be defined. As part of the Retention an Engagement Across Care
Services for HIV (REACH) study in the UK, a novel timeupdated measure of retention in care
was developed using data from the UK CHIC Study (317). This method is utilised in this thesis
(Chapter 7) and defines anticipated visit intervals according to clinical factors at each observed
attendance and defines people as retained in care or not on a month by mont h basis

depending on their observed attendances in relation to the anticipated visit schedule .

2.4.1.2 Laboratory measures as a proxy for attendance

As most outpatient visits include measurement of the CD4 count and/or viral load, and this
data is almost always readily available, many studies use the presence of laboratory
monitoring as a surrogate for clinic attendance. However, a recent study of public health
surveillance data in Massachusettsfound that the ability of laboratory tests to correctly identify
individuals that are out of care was poor. This study contacted clinics of individuals thought
to be out of care according to laboratory monitoring surveillance. They found that only 37%
of individuals presumed out of care were in fact not receiving care at the clinic (318). This
could reflect the less detailed nature of surveillance as opposed to clinical cohort data.
Laboratory monitoring has also been shown to have high sensitivity but low specificity when
compared to actual clinic attendance. This means that whilst a large proportion of those truly
retained in care would be identified correctly using laboratory monitoring, large numbers of
people who are not truly retained in care would also be incorrectly classified as retained in
care, over-estimating levels of retention. For example, in a cross-sectional study by Firth et
al., when compared to two or more face-to-face outpatient visits with a HIV care provider,
presence of two or more laboratory measures gave 90% sensitivity, meaning that 9 0% of
people truly retained in care were classified as such using laboratory measures. However,
amongst 40 individuals who were not truly retained in care, the specificity was only 28%,
meaning that 72% were classified as retained in care according to laboratory monitoring
(319).

However, other studies have reported better performance of laboratory data as a surrogate
for retention in care. One study focused on a population who attended at least once for care
in the first 6 months of 2010. The laboratory measure of retention was defined as having at
least two tests at least 90 days apartin 2 0 1 1lruebrétéhtion in care was defined at least one

visit in each of the three subsequent 6 month periods until the end of 2011. True non -retention
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in care was only defined if a face-to-face visit occurred in the second half of 2010 but no visit
occurred in 2011, with the remaining individuals excluded . These more specific definitions of
true retention in care and the fact that laboratory -defined retention was assessed only in
2011, may be responsible for the higher specificity of 72% which was observed. Sensitivity
was still high at 92%. The area under the ROC curve (AUC) was high at 0.96, where 1 would
indicate perfect agreement between laboratory and visit data (320). In another US study,
whilst both sensitivity and specificity were very high (100% and 94%) using the Health
Resources and Services Administration HIV/AIDS Bureau (HRSA HAB) definition of two tests
at least three months apart within a year, this laboratory measure gave higher estimates of
retention in care compared to clinic visits at the same frequency. Whereas 36% of newly
diagnosed individuals were considered truly retained in care, laboratory measures estimated
retention in care to be 40% (321). The use of this HRSAHABmeasure, whi ch doesndét acc
for information on visit scheduling, may be problematic when comparing laborat ory and clinic
visits. In recent years, certainly for the UK, there has been a move towards less frequent face -
to-face clinic visits in individuals who are stable and responding well on treatment. So
individuals may only attend for annual clinic visits but still be considered to be adhering to
their visit schedule and therefore retained in care. Current monitoring guidelines also
recommend that CD4 counts can be performed less frequently, and in those with viral
suppression and who have demonstrated a maintained CD4 above 350 cells/mn¥, may not be
performed at all other than in the event of viral failure or HIV -related symptoms (322). There
is therefore a changing landscape of visit scheduling, in which current measures of retention

in care will need to be re-assessed.

2.4.2 Estimated rates of retention in care

In the UK, retention in care is thought to be high according to national HIV surveillance data;
95% of individuals seen for care in a given year will also return to care the following year.
This is the basis for estimates of retention in care in the HIV continuum of care in the UK.
However, two studies considering cumulative loss to follow-up in the UK estimate that as

many as 20% may become lost to care over 5 years (323, 324).

Outside of the UK, estimated rates of retention in care are hugely variable. As well as reflecting
true differences in retention, this may also be explained by the denominator populations used

(325), the definition of retention in care used (313), whether CD4 and viral load are used as
a proxy for clinic attendance (320) and whether retention is assessed longitudinally or for a
single year (316). A meta-analysis by Marks et al., of 28 studies in the US reporting on
retention in care rates using different definitions over different lengths of follow -up between
1996 and 2006 reported an aggregated estimate of 59% retention in care, with individual

estimates ranging from 19-92%. Estimates were lowest in the studies with longest intervals,

64



with data collection after 2003 and where all persons in the database were sampled as
opposed to random or convenience sampling (326). Table 2.4.1 summarises retention in care

rates in the US and elsewhere in studies published since this date that have presented at least
two of the care continuum stages.
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Table 2.4.1: Estimates of retention in care in studies reporting at least 2 stages of a (A) ¢

ross -sectional or (B) longitudinal HIV care

continuum
Paper Country Population Calendar year Definition of Retention (Dsf:;gmator Retained ?
(A) Cross -sectional
Gardner us General - Review of literature HIV infected 50%
2011(213)
Hall . HIV infected 37%
2013(217) us General 2009 >1 visit Jan-Apr Diagnosed 45%
Kohler >1 visit in year (SHCS participants)
Switzerland General 2012 Practitioner survey (non-SHCS) HIV infected 79%
2015(255) .
Extrapolation from ART use data
Laisaar .
0,
2016(229) Estonia General 2013 HRSA HAB HIV Infected 21%
Mangal >1 visit to clinic 8 months prior to end 0
2014(231) us Veterans 2012 of 2012 HIV Infected 73%
Raymond New Seen in clinic in last year or on ART and o
2016(234) Zealand General 2015 in communication with regional service HIV Infected 80%
Rosenberg White MSM 43%
2014(261) us Black MSM 2009 (327) HIV Infected 24%
Zanoni . .
- 0,
2014(263) us Adolescents Literature Review HIV Infected 11%
Backus >2 visits in each 6 month interval, >60 .
— | Jp— 0
2015(328) us Veterans 2013 days apart Diagnosed 7%
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Denominator

Paper Country Population Calendar year Definition of Retention (stage) Retained *
Dombrowski ;g General 2009 HRSA HAB* Diagnosed 72%
2012(325) 9 °
Helleberg L . 0
2013(329) Denmark General 2010 >1 visit in last 13 months Diagnosed 88%
Horberg us General 2010 - 2012 > 2 visits >60 days apart in year Diagnosed 78-80%
2015(232) =

Hu i 0
2012(330) us General 2009 HRSA HAB Diagnosed 52%
Mahle Gray * i 0
20147(331) us General 2010 HRSA HAB Diagnosed 51%
Singh us MSM 2010 HRSA HAB Diagnosed 51%
2014(227) 9 °
Torian us General 2006 - 2010  HRSA HAB Diagnosed 68%
2014(332) 9 °
Wester us General 2013 HRSA HAB Diagnosed 55%
2016(333) 9 °
Whiteside . o
2014(228) us Black 2010 HRSA HAB Diagnosed 48%
Wiewel . . o
2015(237) us General 2011 HRSA HAB Diagnosed 70%
Burchel Canada  General 2001-2011 HRSA HAB* Linked to care 76-80%
2015(334) °
Doshi

2015(335) us Ryan White 2011 HRSA HAB Linked to care 82%
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Denominator

Paper Country Population Calendar year Definition of Retention (stage) Retained *
5322?2023) us Veterans 2008 - 2013 >1 visit or VL in years Linked to care 75-91%
;giﬁgg% Canada  General 2011 HRSA HAB Linked to care 87%
;glz 49222,?)/ us MSM 2008 Self-report a visit in last 6 months Study participants 88%
ggfg(gll%) France General 2010 6l n cared HIV Infected 74%
van Beckhoven . CD4/VL in 2011, of those with CD4/VL . o
2015(337) Belgium General 2011 in 2010 Linked/ In care 2010 92%
(B) Longitudinal/cohort continuum
Krentz Newly . - . . . 0
2014(240) Canada diagnosed 2006-2013 > 2 visits within 12 months diagnosis HIV infected 60%
>1 visit in prior 12 months at 18 o
Rowan Newly months post-diagnosis 60%
2014(239) us Diagnosed 2005-2009 >1 visit in prior 12 months at 60 HIV Infected 5106
months post-diagnosis
Krentz Newly - - . . . 0
2015(230) Canada diagnosed 2006-2013 > 2 visits within 12 months diagnosis Diagnosed 82%
Richey Newly . 0
2014(338) us diagnosed 2008-2011 HRSA HAB (2 years) Diagnosed 32%
Gardner Newly o . 0
2013(339) us diagnosed 2005-2007 No gap >6 months between visits Linked to care 44%
Levison Newly >1 visit in each 6 month interval, >60 . o
2017(241) us diagnosed 2000-2012 days apart over 24 months Linked to care 69%
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Denominator

Paper Country Population Calendar year Definition of Retention (stage) Retained *
Rebeiro us & ; 0
2013(340) Canada Generd 2000-2008 HRSA HAB Linked to care 75%
Ulett Newly >1 visit in each 6 month interval over . o
2009(341) us diagnosed 2000-2005 24 months Linked to care 59%

HRSA HAB=Health Resources and Services Administration HIV/®®S Bureau definition (> 2 visits within a year, >90 days apar t); SHCS=Swiss HIV Cohort Study;
MSM=Men who have sex with men; VL=Viral load.

1if range is given, then estimates are given for each calendar year within the interval; first and last estimates ar e presented.

*Visit=CD4/VL




2.4.3 Factors associated with retention in care

24.3.1 Age

Studies that have investigated retention in care by age have largely found that younger adults
have lower rates of retention in care (336, 342, 343). There have been few studies to consider
an association between retention in care and age outside of the US. In a previous UK CHIC
analysis using the REACH measure of engagement in care, those aged below 25 were 33%
less likely to be engaged in care in any given month than those aged above 45 (317). In two
multi-centre Canadian Studies, those aged older than 50 had a 15% increased likelihood of
achieving initial retention in care compared to those aged 3 0-39 (344) and 6% more likely to
be retained in care in any calendar year than those aged <35 (334). In a small retrospective
cohort study in China, those aged younger than 50 were approximately 45% less likely than
those older than 50 to have been retained in care over the last year as defined by no missed
clinic visits (345).

Five studies in the US considered HRSA HAB defined retention in care in a single calendar
year, four of which utilised surveillance data. Doshi et al., investigated retention in care in
2011 in the Ryan White HIV/AIDS Program, with over 276,000 people included in their
analysis. Decreasing odds of retention in care were observed in younger age groups compared
to those aged >65 years, with those aged between 19-24 and 25-34 being 42% less likely to
be retained in care (335). Amongst over 87,000 PLWH in New York in 2010, rates of retention
in care were high, ranging from 75% in those aged 20 -29 to 86% in those aged >60. They
saw linearly increasing prevalence rates of retention in care with increasing 10 year age groups
above age 20, after adjusting for other demographic factors. Those aged between 50 -59 and
those aged >60 had 1.22 and 1.26 times higher prevalence rates of retention than those aged
20-29 (332). Similarly in Tennessee, adults aged 45-54 and over 55 were more than 20% as
likely to be retained in care as those aged 35-44 (333). In all the above studies, whilst the
youngest adult age group was least likely to be retained, adolescents were found to have
better rates of retention. Hall et al., who used this adolescent age group as the reference
category, did not see such strong associations between retention and care and age. Compared
to those aged between 13-24, a small 6% increased odds of retention in care was found for
those aged between 45-64 only (346). According to Los Angeles surveillance data, those aged

13-44 were 8% less likely to be retained in care than those aged above 44 (330).

Longitudinal assessments have similarly noted poor retention amongst young adults. The NA-
ACCORD followed over 61,000 individuals between 2000 and 2008 and used the HRSA HAB
measure of retention in care in each calendar year in follow-up observing a 20% decreased
likelihood of incomplete retention for each ten year increment in age (340). Another multi-

centre US study found people age over 50 to be 50% more likely to be retained than those

70



aged below 50 by the same definition over a maximum 7 years of follow -up (347). Two studies
by Crawford et al. investigated the effects of type and number of comorbidities on different
measures of retention in care and found that older age was associated with higher odds of
retention in care, independently of the burden of comorbidities (348, 349). Other measures
including proportions of visits attended (350), annual laboratory measures (351) and intervals
containing visits (341, 352, 353) have been assessed with similar conclusions drawn. Yehia et
al., considered 3 separate definitions of retention in care in 17,4 25 people who had at least
one outpatient visit between 2001 and 2009 in the HIV Research Network; one of 6 month
gaps in care, one of 3 month intervals containing visits and the HRSA HAB measure. Only
35% of people aged 18-29 had complete retention over all follow-up years as defined by no
gaps >6 months between visits. For all measures of retention in care considered, those aged
above 50 were approximately twice as likely to be retained in care as those aged below 30
(354). Those aged above 40 had a 20% decreased risk of experiencing a gap in care >6
months in an analysis of over 6000 publically insured individuals accessing care(355), whilst
those aged <25 had a 40% incre ased risk of experiencing a gap in care >6 months compared

to those aged above 45 in a single centre US study (356).

Studies that have not reported an association between age and retention in care have
generally not used the HRSA HAB definition of retention in care, with three studies considering
retention in the year after initial diagnosis or linkage to HIV care (241, 357, 358). Patterns of
engagement in care in a newly diagnosed group of individuals may differ from the wider
population of people living with diagnosed HIV and could explain why no association was seen
in these studies. One of the few studies to describe retention in care in a European setting
also did not report an association between age and retention in care, but found that the overall

retention rate was high at 92% (337, 359). Finally, a baseline analysis of a study aimed to
understand and improve engagement in care in women of colour in the US also found no
association. This measure of retention in care relied on self-reported HIV care engagement
level (360).

24.3.2 Mode of acquisition/sex

In a UK setting women have poorer retention in care than men. In the UK CHIC analysis
previously mentioned, women were less likely to be engaged in care in any given month (81%

months in care compared to 85% in men), although this association was attenuated after
adjusting for other demographic factors including route of acquisition (317). An analysis of
HIV surveillance data from England, Wales and Northern Ireland, demonstrated that women
were 50% more likely be lost to care than men (323). Studies in Canada and Australia, have
also reported women to be approximately 30% less likely to be retained in care (225, 344,

361).
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In the US, whilst no differences are observed in the crude proportions of men and women
retained in care (330, 333, 335, 340, 347, 351, 353, 357), in regression models that adjust
for mode of HIV acquisition, men have lower rates of retention (333, 335, 343, 351, 353,
355), being approximately 10% less likely to be retained in care than women (330, 332, 347,
354). MSM have better engagement in care than either heterosexuals or PWID, with PWID
reporting very low rates of retention in care. This is evidenced in a study of over 22 ,000
American PLWH in which, heterosexuals were 15% less likely than MSM to be retained
according to definitions of gaps in care, quarters with a clinic visi t and the HRSA HAB criteria.
PWID were between 24 and 33% less likely to be retained (354). Amongst over 15,000 PLWH
in Tennessee and 32000 in Los Angeles, PWID were 16% less likely to be retained than
heterosexuals and 12% less likely than MSM. Differences between MSM and heterosexuals
were smaller, with MSM approximately 5% more likely to be retained in care (330, 333).
Combining both sex and mode of acquisition, in a large study of over 100,000 individuals, Hall
et al., found that 50% of heterosexual females were retained in care according to the HRSA
HAB definition, compared to 45% of heterosexual males. Amongst PWID, 37% of males and
43% of females were retained in 2009 (347). This would also suggest that disparities exist
between men and women that are masked in populations where the majority of males report

MSM route of acquisition.

In the UK, MSM have better retention in care than heterosexuals or PWID as measured
through the time -updated measure of engagement in care and loss to care in HIV surveillance
data. PWID are most likely to disengage from care, being half as likely to be in care as MSM

in any given month of follow -up (317) and twice as likely to be lost to care (323).

2.4.3.3 Ethnicity

Black ethnicity is a risk factor for poor retention in care in both the UK and US (241, 332, 335,
340, 342, 347, 354). In the UK CHIC Study, whereas those of white ethnicity were engaged
in care for 86% of months, those of black African ethnicity were engaged in care for 81% of
months. Those of any other specified ethnicity, of whom the majority were black Caribbean
or other black ethnicity, were also less likely to be engaged in care than those of white
ethnicity (317). Across England, Wales and Northern Ireland, those of black African Ethnicity
were twice as likely to be lost to care (323). In the US, those of black ethnicity are between
4 and 17% less likely to be retained in care than those of white ethnicity (333, 346) according
analyses of surveillance data. In 2013, Adeyemi et al. drew attention to racial disparities in
engagement in care in a clinical cohort in Chicago, including nearly 5000 individuals of whom
65% were black. They found that black patients were 40% more likely to not be engaged in
care in 2010 than those of white ethnicity, demonstrating large disparities in care for these
ethnic groups than seen in surveillance estimates (343). This association has been shown to

remain amongst sub-groups of men (362) and veterans (352).
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One study by Olatosi et al. did not find those of black ethnicity to have worse engagement ,
but they were 18% less likely to be not in care than white individuals. In this analysis
undertaken in South Carolina, nearly three quarters of the population were black. The authors
speculate that white people might experience the disadvantages of being in a minority status
in this setting (351). This is supported by another study that had similarly high majority of
black ethnicity; 80% of the population living with HIV were black. The authors did not find

that those of black ethnicity were of increased risk of being not in care. However they were

at higher risk of being in tran sient care (353).

2.4.4 The impact of poor engagement in care on mortality

Poorerretention in HIV care correlates with poorer mortality outcomes. Different measures of
EIC have been shown to be associated with a greater risk of mortality including missed visits
(363), visit constancy and gaps in care (364). Amongst individuals newly diagnosed or
initiating care, both Tripathi et al., and Teixeira da Silva et al., have demonstrated that failure
to attend for a visit in fewer than 3 of four quarters over 2 initial years of care resultsina 3 -
4-fold higher risk of mortality (365, 366). Similarly, two US studies, in which approximately
two-thirds of individuals had missed at least one visit in the year after linking to HIV care,

linked missed visits to a higher risk of mortality. A single centre study of majority black

ethnicity individuals found a 2. 9-fold higher risk of mortality with any missed visits (367). The
Kaiser Permanente Northern California cohort, which is a larger multi-centre clinical database,
found a slightly smaller increased risk with any missed visits which was 1.7-fold higher than

for no missed visits (368).

Retention in care has been shown to be better in people on ART than amongst ART naive
individuals (340, 357, 364). Several studies have still reported an association between
retention in care and mortality amongst people starting treatment. One of the largest such
studies was conducted in a national Free ART program in China. In this study, of over 27,000
individuals, missing 1-2 or 3-5 of 5 scheduled visits in the 6 months following ART initiation
was associated with 30% and 70% increased risk of mortality. In a smaller single centre study
in South Africa, 2 or more missed visits in the 6 months after ART initiation was associated
with at least a 2 -fold higher risk of mortality. In the US, Mugavero et al., found 3 separate
measures of retention in care to be independently associated with mortality over the 2 years
following ART initiation. Those not retained in care were more than 2 times as likely to die
during follow up as those retained in care (367). Similarly the Department of Veterans Affairs
found an increasing number of quarters with a clinic visit in the fir st year on ART was
associated with reduced risk of mortality after adjusting for CD4 count, age, HCV co-infection
and comorbidity score (369). One study that did not show a strong association between

retention in care and mortality was a multicentre cohort in the US, which considered, over all
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clinic follow-up, a gap of 12 months without a clinic visit to be not retained; once someone
had experienced a gap they were classified as not retained for the remainder of fo llow-up.
After adjusting for time -updated measures of CD4 count, viral load and AIDS, as well as
baseline factors, having experienced such a gap in care was associated with a nonsignificant
20% increased risk of mortality over five years. (370). This was one of the only studies so far
to adjust for changing measures of HIV markers and is a possible explanation for the
attenuated effect after adjustment. However, a similar measure of loss to follow -up was not
associated with mortality in a smaller study of the Australian HIV Observational Database
(361).

Few studies linking retention in care to mortality have been conducted in the UK setting. In a
recent analysis of the UK CHC study a time -updated measure of retention in care was used
which describes the proportion of time in care that is classified as adhering to a visit schedule
(317). An advantage of a time-updated measure of retention in care to assess associations
with mortality, is that individuals to not need to have survived for an initial period of time in
order to be able to define retention in care , which may introduce bias. Whereas previous
studies excluded individuals who did not survive for the 1 or 2 years necessary to define
retention in care (367-369, 371), and so may be subject to a degree of survivorship bias, this
study allowed all individuals with at least one attendance to be included. The findings of this
study was that higher levels of engagement in care were associated with lower rates of
mortality. However, this study also found that adjusting for the most recent CD4 count
attenuated any association. This indicated that an association between engagement in care
and mortality might be explained by the fact that people with better engagement in care also

have higher CD4 counts and are more likely to be virologically suppressed if on ART(372).

2.45 Terminology in this thesis

In the continuum of care, and in much of the literature, the term retention in care is used to
refer to many measures of frequency of attendance for care (Section 2.4.1.1). This is a
different concept from LTFU whereby individuals cease to attend for care, or are lost to the
study cohort. Engagement in care in the context of the care continuum may be referred to in
the literature to more generally encompass involvement with HIV services, i.e. optimal
achievement of the stages of the care continuum, regular attendance of scheduled visits and
adherence to treatment. In subsequent chapters in this thesis, | intend to use this terminology
differently. | will refer to measures of attendance frequency as measu res of EIC, as opposed
to retention. The term retention in care will instead be used to indicate the absence of LTFU
Retention in care may occur, without individuals satisfying measures of visit frequency that
constitute EIC. Engagement with care will be used to refer more generally to involvement with

HIV services.
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2.5 ART uptake and use

2.5.1 Definition

The ART stage of the continuum of care indicates some level of ART use, usually in the year
considered, but sometimes ever use of ART up to or including the period of study is used.
Information on ART uptake utilised in continuum estimates has been obtained from

prescription data, medical note review, patient report or clinician reporting (Table 2.5.1).

Prior to recent guidelines changes, ART was not recommended in all individuals but would be
initiated based on criteria that included CD4 count, pregnancy, co-morbidities, disease status
and considerations of patient wishes and the potential for ongoing transmission. Leakage from
the continuum prior to ART initiation therefore, may have indicated non -eligibility to initiate
ART, and not merely been an indicator of sub-optimal progress along the care pathway.
However, failure to initiate once eligible for therapy would indicate sub -optimal care. In order
to be in a position to initiate ART once eligible, individuals need to be diagnosed and linked
to care before they reach the eligibility criteria for ART initiation. Further they need to be
retained in care and undergo regular CD4 monitoring in order to determine eligibility. A
commonly used definition of late ART initiation in the literature is initiation with a CD4 count
<200 cellssfmm?3, as ART initiation has been recommended in asymptomatic individuals at
higher CD4 counts than this since 2008, with a recommendation to initiate by this threshold
prior to this. Presence of an AID S-defining illness is also an indicator to initiate ART. Currently,
following the results of the START trial and changes to recommend immediate ART regardless

of CD4 count, what constitutes late ART is less clearly defined.

2.5.2 Prevalence of (late) ART  uptake

Amongst individuals accessing care in high income countries, ART use isvery high (373). In
2015 in the UK, 96% of people who attended for care were receiving antiretroviral therapy
(70); 83% of all PLWH in the UK. This was an increase on 2011, where only 84% of people
accessing care were on ART(218) and on 2004 when 66% were in receipt of treatment (74).
In recent years, there have been declines in the proportion of individuals in itiating ART with
a CD4 200 cells/mm?, from just over one -third in 2009 to approximately a quarter in 2013
(311, 312). This decline in late ART initiation and higher CD4 counts at ART initiation over
time has also been reported in other cohorts (374, 375) and reflects changes in treatment
guidelines and increasing knowledge around the potential benefits of treatment as prevention

for transmission. In the UK CHIC Study, of those to start ART with a CD4 count below 200
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cells/mm3, 75% had also presented with a CD4 count below this threshold, indicating that late

diagnosis is the primary reason for late ART initiation (223).
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Table 2.5.1: Proportion of PLWH in receipt of ART

according to continu

um of care estimates

Paper Country /population Data source Year Definition ART use Denominator % *
Backus Veterans Affairs Clinical Case Prescription fills from >2 ART Diagnosed 73%
2015(328) US / Veterans Registry 2013 classes Retained in care 94%
Beer US / White MSM . o . . 91%
2014(327) US / Black MSM Medical Monitoring Project 2009 Self-report ART use Linked to care 80%
Dombrowski Medical monitoring Project and - Linked to care 65%
2012(325) US / General population-based chart review 2009 ART prescription Diagnosed 53%
Doshi : . - In care 73%
2015(335) US / Ryan White Ryan White database 2011 ART prescription Diagnosed 64%
Gardner US / General Literature Review - - HIV infected 24%
2011(213) °
Austria/ General Clinical cohort 90%
Belgium/ General Clinical cohort 96%
Denmark/ General Clinical cohort 94%
France/ General Clinical cohort 93%
Germany/ General Clinical cohort 87%
Gourlay Greece/ General Clinical cohort 82%
2017(220)  |taly/ General Clinical cchort 2013 Everon ART HIV infected 80%
The Netherlands Clinical cohort 91%
Spain/ General Clinical cohort 76%
Sweden/ General Clinical cohort 92%
UK/ General Clinical cohort - UK CHIC Study 82%
Europe/ General - 71%
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Paper Country /population Data source Year Definition ART use Denominator %!
Hall : oo . Any ART prescription in past 12 . 0
2013(217) US / General Medical Monitoring Project 2009 months HIV infected 33%
Helleberg Denmark / General Danish HIV Cohort 2010 Record of current ART Diagnosed 73%
2013(329)
Horberg US / General Kaiser Permanente database 2010-2012 Filled _at_least 90 days of ART Diagnosed 66-71%
2015(232) prescription
Hsieh US / General Ser(_}prevelance study and cross 2007 Sdf-report ART use HIV Infected 27%
2015(247) sectional survey
ggrg’go) UK / General HIV surveillance data 2015 Clinician reported ART use HIV Infected 83%
Kohler SHCS Started ART before June 2012
2015(255) Switzerland / General ~ Survey of SHCS clinicians 2012 Survey response HIV Infected 71%
ART prescriptions ART sales data
Krentz Canada / Newly Linked Surveillance and Southern . o
2015(230) Diagnosed Alberta clinic database 2006-2013  Any ART use Diagnosed 75%
Lagasca Clinical Case Registry fo HIV i i A . a0
2015(233) US / Veterans Dept. of Veterans Affairs 2008-2013 Pharmacy utilisation of any ART Diagnosed 67-84%
Laisaar . Estonia HIV Database(clinical HIV Infected 18%
2016(229) Estonia / General cohort) 2013 On ART Retained in care 82%
Lourenco . . >2 drug dispensations, >3 . . 0
2014(225) Canada / General Linked provincial datasets 2011 months apart Retained in care 91%
Mangal Atlanta Veterans Affairs Medical o . 0
2014(231) US / General Centre database 2012 ART prescribedi chart review  HIV Infected 63%
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Paper Country /population Data source Year Definition ART use Denominator % *
Okeke US / White MSM National HIV Behavioural 2004.2014 riﬁtg §f°§;‘§h°rg2r""}§t0§5_ Disanosed 70-95%
2016(258) US / Black MSM Surveillance Surveys 2012) y 9 291 86%
Raimondo Infectious Disease Clinic .
0,

2017(235) Italy / General Databases 2013 Ever use Linked to care 96%
Raymond Regional service database, 0
2016(234) New Zealand / General hospital laboratory database 2015 Self-report current use HIV Infected 71%
Rosenberg US / White MSM . 39%
2014(261) US / Black MSM CDC surveillance 2009 (327) HIV Infected 20%

28%
Rowan Denver metropolitan area i Chart review. 2-log drop in 36%
2014(239) US/ General surveillance 2005-2009 viral load HIV Infected 72%

30%
Santos Respondent driven sample testing 3 0
2014(248) US / Transwomen study 2010 Self-report current ART HIV Infected 65%
Singh CDC surveillance, Medical - : 0
2014(227) US/MSM Monitoring Project 2010 ART prescription Diagnosed 50%
Supervie . o
2013(216) France/ General French Hospitals Database 2010 On ART >6 months HIV Infected 60%
van
Beckhoven Belgium / General AIDS reference centres database 2011 ART prescription Diagnosed 83%
2015(337)
van Sighem o
2014(376) Netherlands / General - 2014 - HIV Infected 64%
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Paper Country /population Data source Year Definition ART use Denominator %!
Whiteside - CDC surveillance, Medical - . 0
2014(228) US / Black ethnicity Monitoring Project 2010 ART prescription Diagnosed 46%
Wirtz . Respondent driven sample cross- o
2016(249) Russia / MSM sectional study 2010-2013 Self-report ART use HIV Infected 5%

MSM=Men who have sex with men; SHCS=Swiss HIV Cohort Study; ©C=Centers for Disease Control
1if range is given, then estimates are given for each calendar year within the interval; first an d last estimates are presented.




2.5.3 Disparities in ART uptake and use

2.5.31 Age

In the only study to consider ART initiation in people with known dates of HIV seroconversion
across Europe, each additional year older at the time of HIV infection resulted in a 20%
increase in the likelihood of ART initiation (377). This study has the benefit of being
independent of stage of HIV at diagnosis, but points to faster initiation of ART in older
individuals. This could be due to more rapid CD4 decline with older age (305), making older
people eligible to initiate ART sooner. Amongst newly diagnosed individuals, older people have
again been shown to be more likely to initiate ART in the UK. Between 2002 and 2011, a
higher proportion of older individuals initiated ART within 1 year of HIV diagnosis, increasing
from 40% in those aged 15 -24 to 56% in those aged 50 and above. However, in the same
age groups 45% and 70% of people were diagnosed late respectively, meaning that more
people in the older groups were eligible and in need to receive treatment (274). When
considering time from HIV diagnosis or entry into care to ART initiation, therefore,
comparisons between age groups should somehow account for stage of HIV disease at
diagnosis to remove its effect. Some studies that have done so have still found an association
with older age and increased likelihood of ART initiation (222, 274, 378, 379) . However, three
US studiesfound disparate results: one found no association between age and ART initiation
in the first year of care in a small single centre study that accounted for late diagnosis and
engagement in care (341); another found no association between age and time from diagnosis
to ART initiation (380); another, based on surveillance data, reported that increasing age was
associated with a decreased likelihood of ART initiation using a baseline time point that was

the latest of diagnosis or 1t January 2007 (381).

In comparisons only amongst those eligible for treatment, there is again evidence that older
people are more likely to initiate ART. An increasing likelihood of ART initiation was seen up
to age 59 in ART eligible individuals in North America, with a 23% increased likelihood in those
aged 50-59 over those 18-29 years old. With small numbers of PLWH aged over 60 in this
study, a non-significant 13% increased risk of ART initiation was found in this group (382). In
the UK CHIC Study, the likelihood of starting ART after a first recorded CD4 count <350
cells'mm?® between 2004 and 2008 increased by 15% for each 10 year increment in age,
accounting for the value of the initial CD4 count and most recent CD4 count (383). CD4-level
analyses have been performed to look at the probability of starting ART within 6 months of a

given CD4 count in two analyses of UK CHIC with conflicting results. CD4 level analyses are
a way of removing any influence of late diagnosis, where any CD4 counts below the eligible
threshold should, in theory, be followed by ART initiation. The earliest study by Stohr et al.,

found no association between age and ART initiation (384). However, Sethi et al., performed
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a similar analysis among a different population that included only MSM under follow up in later
years and found 14% increased odds of initiating ART for each 10 year increment in age
(385).

There is consensus that compared to younger PLWH, older PLWHSstarting ART do so at a
more advanced stage of HIV with lower CD4 counts, higher viral loads and more frequently
having experienced AIDS events. A large European collaboration of nearly 50,000 PLWH
starting ART between 1998 and 2006 observed decreasing medan CD4 count with increasing
age at ART initiation, with a difference of 83 cells/mm 2 in the median CD4 count at starting
ART between the oldest (>60 years) and youngest (18-29 years) adults. It was also observed
that over 30% of adults in different age g roups over 50 had an AIDS diagnosis prior to ART
initiation, compared to only 18% of those aged 18 -29 (306). Both single and multi-centre
studies in France that compared the characteristics of PLWH over the age of50 to those below
the age of 50 at ART initiation found the older group to have a lower median CD4 count at
ART initiation (in the region of 40 -60 cells/mm?), with approximately 10% higher prevalence
of ART initiation with CD4 count <200 cells/mm 2 or a previous AIDS diagnosis (309, 386). In
502 PLWH who started ART in the Toronto Hospital Immunodeficiency Clinic, 40% of people
aged over 50 started their first -line ART regimen with a CD4 count <100 cells/mm?3 compared
to 29% of those younger than 50, and 32% and 27% respectively started ART having already
had a prior AIDS diagnosis (387). In a much larger study of multiple provinces in the same
country, those aged >50 years were approximately twice as likely to initiate ART late (defined
as initiation with a CD4 count X200 cells/mm?) compared to those aged 18-29 (374). This is
likely entirely explained by late diagnosis, with another Canadian study demonstrating
consistent results for those diagnosed with a CD4 count X200 cells/mm?® and no association
amongst those diagnosed with a CD4 count above 200 cells/fmm? (375). This implies that late
diagnosis is the reason for later ART initiation in this setting. In the UK setting, those starting
ART aged 50 and above had a median CD4 count 50 cells/mn? lower than for those aged
below 30 (388).

2.5.3.2 Sex/mode of acquisition

Several studies report no difference in time to treatment uptake between men and women
independently of mode of HIV acquisition (377-379, 381, 389) or of late ART initiation (375,
390). In the French Hospital Database, within mode of acquisition groups, excluding MSM,
there was no difference in the time to ART initiation from study enrolment between men and
women (391). However, in two analyses of UK CHIC data, women were shown to be more
likely to initiate ART after any CD4 count (384) and were more represented amongst
individuals starting treatment late who had been diagnosed late, than those diagnosed in a
timely manner who initiated late or as per guidelines (223). These differences likely reflect

differences between heterosexual men and women with HIV in the UK, rather than women
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and MSM, as evidenced in another UK CHIGanalysis in which heterosexual women had shorter
time to ART initiation following a first CD4 count below 350 cells/mm 2 than heterosexual men
(383). Further, amongst only heterosexuals, women were more likely to i nitiate ART within 1
year of diagnosis than men, despite the fact that men were more likely to be diagnosed late
(274).

PWID are less likely to initiate ART after diagnosis and more likely to start ART late (391,
392). This was observed in the European cohort of people with known dates of HIV infection,
with PWID 21% less likely to initiate ART over the course of HIV infection than MSM (377).
This has also been shown in other European cohorts of diagnosed individuals accessing care
in Spain (378) and Switzerland (393). In the US, similarly, PWID newly enrolled in HIV care
(879) and eligible to start ART (382) were between 15 and 36% less likely to initiate therapy
than MSM, with a study of San Francisco surveillance data showing a similar trend for
heterosexuals and MSM who also nject drugs (381). Two UK CHIC analyses have
demonstrated PWID are less likely to initiate ART following a CD4 <350 cells/mm? (383) or at
any given CD4 count threshold (384). Whilst these studies adjust for stage of disease and
potentially higher rates of late diagnosis in PWID, it is possible that this delayed ART initiation
could instead be due to levels of EIC, which have been shown to be lower. However, in a
Canadian study of people accessing care in British Columbia, PWID who were classified as
retained in care in 2011 were still 50% more likely not to use ART than similarly retained
MSM, suggesting that other factors may also contribute to delayed ART initiation in PWID
(225).

2533 Ethnicity

In the UK, the role of ethnicity in late ART initiation is unclear. Black African individuals are
over-represented amongst those starting ART with a CD4 count below 200 cells/mm? due to
late presentation to care (45% as opposed to 13% of timely initiators), with white individuals
under-represented (38% vs. 73% in timely initiators) (223). ART initiation in the 6 mo nths
following any CD4 count, adjusted for its value, was 17% less likely amongst black and
minority ethnicity MSM compared to white in one UK CHIC analysis(385), but a hon -significant
18% increased likelihood of ART initiation was found in those of black ethnicity compared to
white in another analysis of CD4 counts in all acquisition risk groups (384). Neither black
African or black Caribbean ethnicity was associated with ART uptake in the year following
diagnosis amongst heterosexual men and women in the UK (274), or with ART uptake
following a CD4 <350 cells/mm? in the UK CHIC Study (383). In contrast, studies conducted
in the US almost exclusively find that those of black or other non -white ethnicities are less
likely to initiate ART (379, 381, 382, 394), with the HIV Outpatient Study also reportin g lower
CD4 counts at ART initiation in those of non-white ethnicity (380). This would suggest delayed

initiation of ART once in care amongst people of non-white ethnicity, as opposed to late
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diagnosis as a reasonfor late ART initiation. In a study of US military personnel, there was no
difference in ART initiation for those of black ethnicity compared to white in people eligible to

initiate ART according to clinical criteria, however, elective ART was less likelyto occur (389).

2.5.4 The impact of ART on mortality, according to timing of initiation

Initiation of ART reduces the rate of clinical progression in PLWH regardless of the stage of
HIV at initiation (395, 396). However, from early in the epidemic, observational studies have
found that lower CD4 counts at the time of ART initiation are a risk factor for higher mortality
(397-405). In an analysis of over 20,000 individuals who initiated ART, those with a pre-ART
CD4 count between 200 and 349 cells/rmm?® were less than half as likely to die over a median
3 years of follow-up than those <25 cells/mm 3. Mortality rates in those with a pre-ART CD4
count >350 cells/mm 2 were one-third of that in the lowest CD4 strata (406). This short term
difference in mortality has been extended to the longer -term through the calculation of life
expectancy in recent studies, one of which was an analysis of the UK CHIC cohort. In this
study of people initiating ART between 2000 and 2008, the additional years of li fe expected
to live at age 20 for those with a CD4 count between 200 and 350 cells/mm 2 was 53, resulting
in an expected age at death approximately 5 and 7 years below men and women in the
general population. In contrast, those initiating ART with a CD4 cou nt below 100 cells/mm?
were expected to live an additional 38 years from age 20; a difference in life expectancy of
15 years compared to the higher CD4 count group (205). Estimates based on observed
mortality in a Canadian cohort found that at age 20, life expectancy for people initiating ART
with a CD4 count below 50 cells/rmm? was 22, 29, 49 and 53 years for pre-ART CD4 counts of
<50, 50-199, 200-349 and >350 cells/mm 3, giving expected ages at death of 44, 49, 69 and
73, respectively (407). An earlier study of people starting ART in the US using lower CD4
count thresholds observed a 9 year difference in life expectancy at age 33 between those who
started with a pre-ART CD4 count below 50 cellss/mm?® and those with a CD4 above 200
cells'/mm?® (408). Compared to the general population, the excess risk of mortality is much
greater in those initiating ART with lower CD4 counts. Whereas mortality rates in people
starting ART with CD4 count above 200 cells/mm?® are approximately 2 to 3 times higher than
in the general population, a CD4 count below 50 cells/mm3 is associated with 9-15 times

higher rates of mortality (409, 410).

Three analyses of the ART-CC cohort have considered whether the impact of lower baseline
CD4 counts on mortality may diminish in the long term. The first study, including people
initiating ART between 1996 and 2004, found that compared to a CD4 count >350 cells/mm 2
at ART initiation, differences in mortality rates for those with CD4 counts <50 cells/mm? were
somewhat attenuated after 2 years on ART, but a trend to higher mortality with lower CD4

counts remained out to 6 years (411). However, more recent analyses with longer follow -up
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have looked at the association between baseline CD4 count and mortality after 10 years on
therapy finding no association (412). In people who initiated ART between 1996 and 1999
and who survived at least 10 years on therapy, unadjusted analyses showed an association
remained between the baseline CD4 count and mortality after 10 years, but adjusting for
recent CD4 counts attenuated any association. This suggests that baseline CD4 may still
impact mortality in the long term but that this is explained by subsequ ent sup-optimal

responses to ART in people with lower baseline CD4 counts(195).

Few studies have looked at cause specific mortality, but have found a CD4 <200 cells/mm 3 to
be associated with a 2.8-fold increased risk of AIDS mortality compared to >350 cells/mm 3
and a one-log increase in CD4 count to be associated with a 40% decreased risk of HIV-
related mortality. Whilst a log increase in the CD4 count was not strongly associated with non -
HIV related deaths in a study of 3724 ART initiators in the Netherlands, a CD4 <200 was
associated with a 2-fold higher risk of non -AIDS mortality in a group of women and MSM after
age 35 in the US (413, 414); possibly a reflection of diff erent classifications of non-AIDS or
non-HIV related death or different methodologies. The combined analysis of MSM in the MACS
Study and women in the Womends I nteragency
to account for lead-time bias, which may occur in comparisons of CD4 count at ART initiation,
as those starting with | ower -GpDire pcioto theabaselinea
of the analysis in which they have survived from a higher CD4 count to their current lower
CD4 count (415). Studies that have accounted for lead-time bias have seen no difference in
results (414).

The effect of delaying antiretroviral therapy at a given CD4 count is similarly as sociated with
increased mortality in observational studies. However many of these studies were conducted
with a goal to understanding whether ART should be initiated at higher CD4 counts than 350
cells/mm?® and so compare relatively high CD4 count thresholds. In the Swiss HIV cohort
Study, asymptomatic individuals initiating ART with a CD4 above 350 cells/mm? between 1996
and 1999 were matched to ART-naive individuals with a visit within one year of ART initiation
date who did not initiate ART with similar C D4 counts based on age, sex, viral load and mode
of HIV acquisition. Those who initiated treatment had 80% lower risk of mortality compared
to those who delayed therapy (416). Palella et al., looked within CD4 strata, at mortality rates
for people initiating ART in this strata or delaying to a lower CD4 strata. Whilst there was no
difference in mortality with delay of ART within CD4 strata 500 -750 cells/mm? or 350-500
cells/mm3, individuals with a CD4 between 200-350 cells/mm?® who initiated ART had a 70%
lower mortality rates than delaying ART (417). In similar analyses in a North American cohort
collaboration, Amongst individuals with ART-naive CD4 counts in the 351-500 cells/mm?
range, deferral of therapy was associated with a 69% increased risk of mortality, even at this

high CD4 values (418). Sterne et al., accounted for lead -time bias of deferring to lower CD4
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count strata by impu ting AIDS and mortality events in the deferral group prior to ART initiation.
With this adjustment, they similarly noted a trend to higher mortality with deferral of therapy
in all CD4 strata that had a lower limit below a lower limit of 350 cells/mm 3, with significantly
raised mortality in all CD4 count thresholds with a lower limits below 225 cells/mm 2 that
increased with each lower strata. Delaying to a CD4 count <100 cells/mm 2 from a CD4 count
between 100-199 cells/mm?® doubled the risk of mortality (415). The impact on mortality of
initiating ART with 6 months of different CD4 count thresholds between 200 and 500 cells/mm 3
was assessed in the HIV CAUSAL collaboration, which includes UK CHIC data. Observational
data were used to assess the mortality associated with different ART initiation thresholds,
accounting for time -dependent confounding introduced by the fact that people at higher risk
of mortality (i.e. those with lower CD4 counts) are more likely to initiat e ART in clinical
practice. Compared to initiating at a CD4 threshold of 500 cells/mm 3, initiating at a CD4 count
of 200 cells/mm? demonstrated a non-significant 20% higher risk of mortality, with no other
differences at intermediate CD4 count thresholds. The authors claim low mortality rates in the
intervening time whilst CD4 count declines from 500 cells/mm?2 to 200 cells/mm? and the
methods employed to account for bias may explain the different findings (419). Edwards et
al., performed a similar analysis, estimating 5 and 10 year cumulative incidence of mortality
for 3 initiation strategies at thresholds of 500, 350 and 200 cells/mm 2, this time using g-
formula to account for time -depending confounding of ART initiation. However, this study
agreed with previous findings, demonstrating increased 5 and 10 year mortality rates for both
the 200 and 350 cells/mm? CD4 thresholds compared with 500 cells/mm?. 10-year mortality
was 25% higher with a treatment strategy for ini tiation below CD4 counts of 200 and 8%
higher for a 350 cells/mm 2 threshold (420). Although not designed to assess this problem, a
sub-study of the SMART RCT, demonstrated a mortality disadvantage to delaying ART kelow

350 cells/mmé.

2.6 Virological response to antiretroviral therapy

2.6.1 Definition

Achievement of viral suppression isa commonly used indication of treatment success and the
final stage of the HIV continuum of care. It is a marker for clinical benefit and pot entially
reduced risk of onward transmission of HIV. In a continuum of care, a cut -off of 200 copies/ml
is most often used to indicate suppression, although this differs from setting to setting. This

is to overcome heterogeneity of viral load assay lower detection limits over time and between
settings (236). In clinical care, a viral load is considered suppressed when it is below 50

copies/ml. This is the threshold that is commonly used by most assays, although in recent
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years more sensitive assays have become available, and the threshold under which HIV has
been shown to not be transmitted (152). In a snap-shot continuum of care, the last viral load

in the calendar year of assessment is commonly used. Methods to account for those without

a viral load measure are not well defined. One approach would be to exclude these individuals
from the denominator. Another would be to include them and impute the value of the viral

load measure, for example, to assume that it is detectable.

Whilst a traditional continuum of care gives a cross-sectional measure of virological response

to treatment, over many years on treatment an in
the literature, as in clinical practice, virological response is measured in many ways. An initial

successful response to ART requires suppression of the viral load to undetectable within 24-

36 weeks of ART initiation. Individuals are considered to be experiencing virological failure if

the viral load does not become undetectable in this time. Following initial suppression, people

may experience a loss of virologic control. The extent of this virologic rebound may be
characterised as transi ent typchlly defired as ibelow wdDi ch a s
copies/ml), but detectable, viral load is recorded, or low -level viraemia, in which a more

prolonged period of time where the viral load is low but detectable is experienced. How

virological failure is defined varies, but could include 2 consecutive viral load measures above

a threshold of either 200 or 400 copies/ml or a single viral load above 1,000 copies/ml. A

measure not used in clinical practice but that has emerged in the literature is viraemia copy

years (VCY). This measure aims to capturethe total burden of HIV replication that occurs in

the presence of ART. It is calculated as the are
viral load measures over time, with undetectable viral loads contributing null values and is

expressed in copies x years per ml or logiocopies x years per ml (421).

2.6.2 Rate of virological success

In a HIV care continuum, a large number of populations, including the UK, report viral
suppression levels of over 90% among people on ART. As a proportion of all PLWH rates of
viral suppression are hugely variable, ranging from 19% to 78%. Whilst differences may
represent true disparities between different settings, they are also dependent on which earlier
stages are included in the continuum, the denominator used and definition of viral suppression
(Table 2.6.1).

In clinical practice, the t ime taken to achieve initial virological response is short with a median
3-5 months reported (387, 422-425); approximately 75-90% of people initiating ART will
achieve virological suppression by 6 (426) or 12 months (424, 427-431). Following
suppressbn, 15-45% can be expected to experience viral rebound or failure (428, 432-437),

with the higher estimates generally reported in earlier studies when ART regimens were less
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efficacious and less well tolerated. The rate of viral failure declines with longer time on ART,

from 30 /100 pyrs in first 2 years to 2 /100 pyrs after 10 years (438).
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Table 2.6.1: Rates of virological response to ART

Paper Country/population Data source Year  Definition Suppression ! Denominator %
Backus Veterans Affairs Clinical . .
0,
2015(328) US / Veterans Case Regstry 2013 Last VLXR00 Linked/ in VA care 65%
Beer US / White MSM Medical Monitoring . . 79%
2014(327) US / Black MSM Project 2009 Last VLYROO Linked/in care 64%
. HIV surveillance, Medical . .
Dombrowski o ! Linked/in care 65%
2012(325) US / General Monltorlqg Project and 2009 Last VL >48 Diagnosed 53%
chart review
Doshi . . _ Linked/ in care 73%
2015(335) US / Ryan White Ryan White database 2011 Last VLXR00 (M=F) Diagnosed 64%
Gardner US / Review of .
- - - 0,
2011(213) literature HIV infected 19%
Austria / General Clinical cohort 66%
Belgium / General Clinical cohort 66%
Denmark / General Clinical cohort 80%
France / General Clinical cohort 72%
Germany / General Clinical cohort 58%
Greece / General Clinical cohort 52%
(2363“”%0 ltaly / General Clinical cohort 2013  Last VL <200 or undetectable HIV infected 59%
17
(220) The Netherlands Clinical cohort 70%
Spain / General Clinical cohort 50%
Sweden / General Clinical cohort 7%
UK / General Clinical cohort (UK CHIQ 54%
- 60%

Europe / General
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Paper Country/population Data source Year Definition Suppression 1! Denominator %
Hall Medical Monitoring . 0
2013(217) US / General Project 2009 Most recent VL X200 HIV infected 25%
;Igllg(kfzrg) Denmark / General Danish HIV Cohort Study 2010  Most recent VL #§00 Diagnosed 70%
Horber 2010 61%
g US / General Kaiser Permanente 2011 Last VL each yearX200 Diagnosed 65%
2015(232) 2012 66%
gcl)erGng) UK / General HIV surveillance data 2015 LastVL in year X200 HIV infected 78%
Kohler Switzerland / General SHCS 2012 Closest VL to June 2012 <200 (SHCS) On ART 96%
2015(255) Survey of SHCS clinicians Survey results nonrSHCS HIV infected ~68%
Krentz Southern Alberta Clinic 2006- .
0,
2014(230) Canada / General database 2013 VL undetectable for >12 months HIV infected 46%
Laisaar . . HIV infected 12%
2016(229) Estonia / General Estonia HIV Study 2013  Most recent VL (last 12 months) <200 on ART 70%
Lourenco BC Centre for Excellence .
0,
2014(225) Canada / Gereral in HIV/AIDS 2011 >3 months undetectable in year On ART 85%
Mangal Atlanta Veterans Affairs . o
2014(231) US / General Clinic database 2012 Last VL in year %200 Infected 52%
Marks . . .
- 0,
2011(439) US / General Literature review Last VL in year X200 Infected 29%
Rosenberg . Black HIV Infected 16%
2014(261) UsS/MSM CDC surveillance 2009 (327) White HIV Infected 34%




Paper Country/population Data source Year Definition Suppression 1! Denominator %
Rowan US / General Denver metropolitan 2005- Mostrecent VL in last 12 months <200 HIV Infected 28%
2014(239) area surveillance 2009 (M=F) @ 18 months post-diagnosis On ART 72%
Singh US / MSM CDC surveillance 2010  Last VL in year <200 Diagnosed 42%
2014(227)
Supervie French Hospital 0
2010(216) France / General Database 2010 VL <50 HIV Infected 52%
van Belgian HIV Cohort Diagnosed 70%
Beckhoven Belgium / General Stu?j 2011 LastVL <50 Tregted 83%
2015(337) y
van Sighem The Netherlands / o
2014(376) General - 2014 - HIV Infected 58%
Wester Tennessee HIV . .

0,
2016(333) US / General surveillance 2013 Last VL in year <200 Diagnosed 56%
Whiteside US / Black ethnicity CDC surveillance 2010 Last VL in year <200 Diagnosed 35%
2014(228)
Wiewel New York City HIV VL <200  within 6 months  Diagnosed 43%
2015(237) US / General surveillance 2011 establishment in care In care 74%
Wirtz . Respondent driven 2010- . o
2016(249) Russia / MSM sample survey 2013 Patient report undetectable HIV Infected 3%
VL=viral load; SHCS=Swiss HIV Cohort Study CDC=Centers for Disease Control; MSM=Men who have sex with men; BC=British Columbia
Viral load given in copies/ml

16




2.6.3 Disparities in virological response to ART

26.31 Age

There is strong evidence of improved virological response to ART in patients of older age (379,
440). Viral load decline following ART initiation is greater on average amongst older individuals
(441-443). In alarge Europe-wide study of initial virological responses conducted by Sabin et
al., amongst nearly 50,000 people initiating ART, a 24%, 24% and 18 % increased risk of
achieving viral suppression in was found in those aged 50-54, 55-59 and >60 years when
compared to those aged 30-39 years (306). Several other European studies (402, 444), as
well as Canadian (424, 425, 445-447) and American studies (380, 448-451) have similarly
shown better initial virological response to ART with older age, with a large Canadian and US
cohort collaboration including over 9000 PLWH showing very similar results to the European
findings. Those aged 50-59 were 24% more likely to achieve virological suppression than
those aged 18-29, whilst those aged over 60 only had a 12% increased likelihood of
suppression (382). This smaller increased risk amongst the oldest individuals could be due to
smaller numbers of individuals in this group or could indicate an impact of co -morbidities and

potential drug-drug interactions occurring in an aging population (452).

In a UK setting, a small single centre study of people initiating EFV-based regimens found
each 10 year increment in age to be associated with a 30% decrease in the risk of viral failure
(435) and in the UK CHIC study with a 30% decreased risk of extensive triple-class failure
(453). Other studies from non-UK setting have similarly linked older age to a lower risk of
virological failure or rebound (425, 432, 437, 445, 447, 454) , including an analysis of clinical
trials participants (455). When considering crosssectional measures of virological response in
a continuum of care context, again older age is associated with higher probability of VL
suppression (314, 333, 335, 429) . Using surveillance data from over 19 US jurisdictions, Cohen
et al., found that 65% of 25 -34 years ol ds compared to 82
were virologically suppressed, giving a prevalence ratio of 0.85 (456). Further, in a consortium
of 22 HIV clinics in the US, those aged over 50 were approximately 2.5 times as likely to be

suppressed in a given calendar year, after adjustment for measures of retention in care (457)

This improved virological response has been attributed to poorer adherence in younger
compared to older adults (458). Studies that have accounted for adherence have found little
or no remaining association between older age and virological outcomes (459, 460). Silverberg
et al found that accounting for adherence levels reduced the excess likelihood of achieving
viral suppression in older adults from 15% in univariable analyses to only 3% after adjustment.
This study also investigated sustained virological response by considering viral failure but
found little difference in risk of failure after adjustment for adherence (308). Whilst a 1%

increased risk of viral suppressionand 2% decrease in the risk of viral rebound was observed
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per year older in ART initiators in the HOMER cohort, adjusting for adherence differences
attenuated this association (461). Amongst a cohort study of PWID in Canada, younger adults
were found to have lower adherence than older adults (462), but in one of two studies in this

cohort, adjusting for adherence did not alter the association between age and virological

response. This study used a stricter definition of viral suppression and included fewer adults
(463). Tumabarello et al. also adjusted for adherence and saw no effect of age on virological
suppression in univariable or multivariable analyses (464). Analysesthat have adjusted for
measures of engagement in care, have similarly not seen an independent effect of age on

virological response (436, 465).

Studies that have not observed an association with age, even without adjustment for
adherence, have often studied short-term virological response (422, 423, 431, 466, 467),
considered more adherent groups (468), or compared age within demographic sub-groups
(469-471).

2.6.3.2 Sex/mode of acquisition

Evidence of an association between sex and virological response to ART in the lierature is not
conclusive (472, 473), with the majority of studies reporting no differences between men and
women in initial response (378, 423, 431, 444, 451, 474 -476), viral load rebound (433, 455,
459, 461, 477-480) or continuum of care measures (235, 314, 337, 457, 481) . Whilst most
have relatively small sample sizes, the largest study to find no difference in initial viral
response was conducted amongst over 12000 individuals in the NA-ACCORD. This study
accounted for informative censoring due to loss to follow -up. But also combined Canadian and
US cohorts (466). Amongst over 7,000 people accessing care in the Bronx, New York, there

were no differences in the risk of suppression or rebound between men and women (429).

In the UK, a small single-centre study in London, in which gender was the exposure of interest
in people starting EFV regimens, saw no difference in time to virological failure after 24 weeks
of treatment (435). A subsequent analysis of attendees at this centre, which considered all
people initiating ART, found no association with initial virological response, but did find women
to be at higher risk of experiencing virological rebound (224) and another larger study of this
centre combined with a single centre in Germany, amongst ART initiators who maintained
suppression for a year, found women were more likely to experience virological rebound (468).
Similar findings were made amongst heterosexual women in a UK CHIC analysis as well as a
clinical cohort in Washington, DC (440) and another a multi-cohort collaboration in Canada
(445). In t he UK CHIC Study no difference was found in the time taken to achieve suppression
between men and women, but women appeared to experience virological rebound sooner; a
difference that was attenuated in adjusted analyses. Further, these univariate differenc es in

rates of viral rebound appeared to be explained by the inclusion of pregnant women in the
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study sample (482, 483). An earlier study of the Canadian cohort collaboration that included
half the number of indivi duals, in fact found women to be less likely to achieve an initial
virological response than men but did not assess rebound (424). Amongst one Canadian
province included in this study, women were both more likely t o achieve suppression but also
more likely to experience subsequent viral rebound (425), but in another Canadian province,
women retained in care in 2011, were less likely to be classified as having viral suppression
in a continuum of care than retained men (225). Weak evidence of faster time to initial
response in men has been observedin some studies (446, 484). Poorer virological responses
amongst women have been found in large US continuum of care studies (335, 343). Amongst
over 200,000 PLWH across 19 US juisdictions, 69% of women and 75% of men retained in
care in 2010 were suppressed; giving a prevalence ration of 0.93 (456). These studies
combined point towards a trend for poorer virological suppression in women, but s ome
conflicting findings and lack of information on the large confounding factor of ART use in
pregnancy in many studies mean this evidence is not strong. In continuum of care estimates
generated using surveillance data in New York City and Tennessee, men were less likely to
have viral suppression than women, though effect sizes were small, with only a 5% relative
difference (332, 333). These were not the only studies to report poorer virological response
among men, with both US (379, 437) and European studies (427, 485) reporting similar
findings.

People who acquired HIV through injecting drug use have poorer virological responses to ART
(332, 333, 456, 457) . In a European study of seroconverters, the rate of decline of viral load

after ART initiation was significantly lower for PWID than MSM (443). The Danish HV cohort
study demonstrated that, at 1 year after ART initiation, 55% of those reporting IDU as their
main risk for HIV acquisition had a viral load below 500 copies/ml, compared to 77% of non -
IDU. This difference remained 5 years after ART initiation, with 65% of PWID and 79% of

non-1DU having viral suppression (486). Several studies have similarly shown acquisition of
HIV through IDU to be associated with a 15-43% decreased risk of achieving initial viral
suppression in the year following ART initiation compared to MSM (379, 382, 431, 466, 487)

and non-IDU (424, 447). Failure to achieve initial suppression is 1.8-2.6 times more likely
amongst PWID starting ART than MSM (485, 488), and amongst people retained in care in
Canada, PWID were more likely not to be virologically suppressed (225). Viral rebound after
achieving suppression is between 30 and 150% more likely amongst PWID than MSM (429,
445), with the largest increased risk observed amongst people also reporting MSM exposure
risk in British Columbia (447). Few studies, however, can distinguish current from ever IDU.
In British Columbia, a large 70% decreased risk of initial suppression was found for current
IDU, and in the Swiss HIV cohort Study, a smaller 19% decrease was found of being currently
undetectable for current use compared to never. Both studies found no difference between

people who formerly injected drugs and never to have injected drugs (460, 489).
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2.6.3.3 Ethnicity

There are relatively few data on disparities in virological response to ART for different
ethnicities in the UK, In a UK CHIC analysis, amongst people initiating ART with a routine
baseline resistance test available, black African ethnicity was associated with a 15% increased
likelihood of suppression but was not associated with the risk of viral rebound adjusting for
viral subtype, but no other associations with ethnicity were observed (428). And amongst
MSM initiating ART in the cohort, no differences were observed in time to virological
suppression or having an undetectable viral load 12 months after ART initiation in black and

minority ethnicities, compared to those of white ethnicity (385).

Black ethnicity is a risk factor for poorer virological response to ART in other high income
countries. Initial response to ART is between 9 and 40% less likely for those of black ethnicity
(380, 431, 451, 466) ; viral rebound 30-100% more likely (436, 437, 440, 445, 455) . Measuring
viral suppression according to the last recorded viral load in a calendar year, 55% of black
individuals with diagnosed HIV in New York City were suppressed in 2010, compared to 65%
of white people translating to an 11% decreased odds of suppression (332). Similarly
measured viral suppression using surveillance data in Tennessee, and across multiple US
jurisdictions have shown 14% lower odds (333) and 15% lower prevalence (456) than those
of white ethnicity. Amongst Ryan White beneficiaries in 2011, a 10% lower likelihood of
suppression was found (335). The MMP in the US, which combines crosssectional surveillance
and patient interview data from sampled clinics and individuals, found differences in
suppression between white men and black men and women were partially but not entirely
explained by adjusting for poverty, homelessness and incarceration as well as demographic
and clinical factors (490). Over periods of time longer than one year, stronger associations
have been observed, showing those disparities in sustained viral suppression are greater
between ethnic groups (314, 457). However not all studies have observed strong evidence of
a difference between black and white ethnicity (343, 382, 429). Studies that have not found
an association between black ethnicity and virological response on ART are generally smaller
in size (448, 459, 476, 491), were conducted in a research study that only includes women
(492, 493) and two studies consider rebound in a group of individuals shown to maintain

suppression (468, 494), so restrict to a group who potentially have better adherence.

2.6.4 The impact of level of viral suppression on mortality

2.6.4.1 Initial response  to therapy

Several dfferent measures of viral non-suppression on ART are associated with increased risk
of mortality in PLWH, and this association appears largely independent of corresponding

changes in CD4 count. The initial viral load response within 6-12 months of ART initiation has

been found to be predictive of mortality in cohorts contributing to the ART -CC, but the
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protective threshold of viral load that is needed to be achieved is relatively high. In an analysis
that included 9,323 individuals initiating therapy in the early ART era (1998 -2001), any viral
load below 100,000 copies/ml at 6 months after ART initiation more than halved the risk of
mortality compared to a viral load above 100,000 copies/ml. The relative mortality decrease
with a viral load between 10,000 to 99,999 copies/ml was 55%, with a similar 59% decrease
in those with a viral load <500 copies/ml (495). In the only analysis to formally assess cause-
specific mortality, unsuppressed viral load at 12 months after ART initiation was found to be
strongly associated with AIDS related mortality (HR=3.61) as well as non -AIDS infections
(HR=3.26). A trend to higher risk of all other causes of mortality except suicide was observed,
with significant findings for liver-related and substance abuse related deaths (496).
Interestingly these causes of death are more likely to occur in PWID, who also have poorer
adherence and rates of suppression, but these analyses were mutually adjusted and still saw
independent effects. Other studies have suggested that viral non-suppression on ART may
play a greater role in HIV/AIDS-related mortality than for non -AIDS mortality, with poorer

suppression noted amongst those dying of AIDS-related causes (497).

In the Netherlands HIV cohort, ATHENA, which contributes to ART CC, 24 week viral load
amongst 3,678 individuals initiating ART between 1998 and 2003 was similarly associated with
mortality. Compared to a viral load below 500 copies/ml, those with a viral load above 100,000
copies/ml had nearly 4 times the risk of mortality during the study period, whereas non-
significant 80 and 90% increases were observed for viral loads 500-9,999 and 10,000-99,999
copies/ml (498). Amongst individuals with a suppressed viral load at 24 weeks in the ATHENA
cohort, loss of virologic control to low (median 50 -400 copies/ml over episode) or high (median
>400 copies/ml over episode) level viraemia was associated with 22% and 157% increased
risk of mortality over maintained suppression, but this was not significant. Interestingly,
raising the threshold from 400 to 1 ,000 copies/ml in a sensitivity analysis, the relative increase
in risk of mortality due to high level viraemia increased to 253% and was significant (499).
This would again suggest that it is higher levels of non-suppression on treatment that are

associated with mortality outcomes.

In a US study, 24 week viral load among ART initiators was associated with a 74% increased
risk of mortality per log 10 copies/ml increase, independently of the current CD4 count (421).
One other small study, not contributing to the ART -CC, was conducted in ART initiators
between 1996 and 1998 attending the Johns Hopkins University clinic. Amongst these 444
individuals, failure to achieve viral suppression below 500 copies/ml at any point in the 18

months following ART initiation was shown to be associated with a 3.5-fold increased risk of
mortality compared to maintained VL below this threshold. This study also considered another
group, who achieved suppression below this threshold but experienced a loss of virological

control to over 1,000 copies/ml over the first 18 months on ART, finding a non -significant
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80% higher mortality risk (500). Similarly, in the Danish HIV cohort, ART initiators prior to
2002 were grouped according to the proportion of time spent with a suppressed viral load
between 6 and 18 months after ART was initiated. An increasing probability of mortality was
observed with increasing proportion of time spent with a viral load above 400 copies/ml during
this initial period; 93% of individuals with maintained suppression survived 7.5 years after

ART initiation, compared to 76% of those who never achieved suppression (501).

2.6.4.2 \Viral load status over time on ART

Different measures of non-suppression over time on ART have been linked to higher mortality
risk, including time -updated viral load (502) and viraemia copy-years. Even after experiencing
virological failure, presence of an undetectable viral load below 50 copies/ml at any time on
ART may as much as half the risk of mortality compared to a detectable viral load (149). This
association between viral response over time on ART and mortality translates into differences
in the expected age at death, evidenced in a recent analysis of the UK CHIC Study. In this
study of over 21,000 individuals, a viral load >400 copies/ml at 1, 2, 3, 4 and 5 years after
initiating ART was associated with a 5-7 years lower life expectancy than for a suppressed
viral load, within different CD4 strata (206).

Greater viraemia copy years, over a median 4.1 years of follow-up, was associated with a
50% increase in mortality risk in the Italian Master cohort of individuals starting ART between
1998 and 2012. Using an early (before 8 months) and late (after 8 months) measure of VCY,
the authors further noted minimal effect of low -level VCY after 8 months, again suggesting
that low levels of viraemia do not have a meaningful impact on outcomes (503). The
prognostic value of VCY and other measures of viral suppression on ART, have been compared
in multiple studies. Whilst different measures were found to be independently predictive of
mortality, the best marker is still unclear. Mugavero et a I., combined VCY, haseline VL, 24
week VL and most recent VL in a single multivariable model adjusted for baseline
demographics, and current CD4, using inverse probability weights to allow for time -varying
confounding. They found only VCY remained associated with mortality of all the VL measures
considered (421). Conversely, in an earlier and smaller cohort in France, combining VCY, 8
month VL and latest VL in a single multivariable model saw the association between VCY and
mortality attenuated, with latest viral load was strongly associated with mortality (504). Laut
et al.,, compared 5 measures of viral suppression: current viral load; VCY; number of
consecutive months with a detectable viral load; percentage of time on ART spent suppressed,;
being stable on ART. Whilst higher rates of mortality were observed for current VL >10,000
copes/ml (vs 0-50), >1128 copies x year/ml (vs 0), and lower rates for >95% time on ART
suppressed, all measures hal poor discriminative ability, with AUROC between 0.5 and 0.6
(505).
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2.7 Summary

The HIV continuum of care is a useful and widely used framework for monitoring programme
performance and the potential for ongoing transm issionin agivenpopul at i on.

cross-sectional design omits certain information on patient outcomes which makes it limited
for understanding the success of HIV care programmes. Alternative longitudinal methods for
describing patient engagement with the same stages of HIV care pathway, that may
additionally include patient outcomes, are starting to be suggested in the literature , but
equally have some disadvantages. Suboptimal care, particularly late diagnosis, poor EIC, and
late ART initiation may be prevalent in certain settings, with certain demographic groups
identified as being at higher risk of sub -optimal care. However, fewer data on disparities are
available in the UK compared to other settings, particularly the US. It has been shown that
older individuals are more likely to be diagnosed late than y ounger individuals, who instead
may have poorer EIC and viral suppression rates. Those of black ethnicity have been shown
to be more likely to have sub-optimal diagnosis, EIC, ART uptake and vial suppression, but
with data largely from a US setting, in which socioeconomic status may be an important
contributing factor. Once diagnosed, PWID are more likely to have sub-optimal involvement
with HIV care, having poorer EIC, being less likely to start ART and lower rates of viral
suppression The measures of sub-optimal care considered have all been found to be
associated with mortality outcomes, but differences in the definitions used to define such sub -
optimal care can make direct comparisons difficult. Understanding the gaps in care
experienced by PLWH in the UK and the mortality burden associated with this is important to

improve outcomes in this population.
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Chapter 3: Study population, data collection
and methods

3.1 Introduction

This thesis presents analyses that have been performed using data from the UK Collaborative
HIV Cohort (CHIC) Study. This chapter gives a summary of the study, including methods of
data collection, cleaning and preparation of datasets. Here | also describe some common

statistical methods that have been used throughout the thesis.
3.2 The UK CHIC Study

The UK CHIC Studywas initiated in 2001 to collate data that are routinely captured in HIV
clinical care, with the initial objectives of describing the changing frequency of AIDS -defining
illnesses, ART uptake and outcomes and factors associated with virological and immunological
responses to ART. Eligible participants are HIV-positive individuals aged 16 and above who
have attended for care at any of the participating centres at least once since 1996. The study
does not require informed consent and data from all eligible attendees at patrticipating clinics
are collected. The UK CHIC Study was approved by a multicentre research ethics committee

and local ethics committees (506).

Originally, 6 centres provided data on 13,833 individuals: Chelsea and Westminster Hospitaj
Kings College Hospital; Royal Free HospitalBrighton and Sussex University Hospital;Mortimer
Market Centre; and St Marys Hospital. Since then, additional HIV centres have joined the
collaboration: Barts and the Royal London (2004); Edinburgh (2005); North Middlesex Hospital
(2005); Homerton University Hospital (2005); Bristol (2006); Leicester (2008); Middlesbrough
(2009) ; Wool wi ch (2010) ; 0)SYork @eld) Goweantsy (2015 pi t al
Chertsey, Ashf ord and St Waverbampten (2012)0 Mot Manchester (2014)
and Milton Keynes (2014). The most recent dataset holds data on 59,427 HIV-positive
individuals from 21 HIV centres throughout England and Scotland (Figure 3.2.1). This makes
the study the largest cohort of PLWH accessing care in the country, excepting national HIV
surveillance datasets, which collate minimal clinical data. The objectives of the study have
also evolved over time, and now additionally include a focus on comorbidities such as HBV

and HCV, pregnancy, resistance, toxicities and other adverse effects of ART(506, 507).
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Figure 3.2.1: HIV clinics that participate in the UK CHIC Study

Ml\;m?? North
« C::]tfe Middlesex
N Royal Free Hospital
}' Hospital Homerton

University
Hospital

LothianUniversity
Hospitals ; St Man@
' Hospital

Middlesbrouglﬁ
! Chelsea &

Barts/Royal
London Hospital

York Teaching | Westminster
Hospitals Hospital
° P Queen
Elizabeth
North Hospital
Manchester
Wolverhampton 7 St Georg@® Kings Cpllege
Hospital Hospital

Leicester Royal
Infirmarv

Univerist
Hospitals Coventry

Brighton and Sussex
University Hospitals

SouthmeadHospital,
Bristol

Ashford & St Pet&@
Hospitals, Chertsey
Milton Keynes

3.2.1 Data collection and checks

For each annual update, the UK CHIC Studycoordinator (Teresa Hill, TH) sends out a request
to all participating centres outlining the specifications for the data items requested and the
required variable formats (Appendix I). As the priorities of HIV care, and therefore the UK
CHIC Study objectives, have changed over time (508, 509), so the data items collected have
increased. Figure 3.2.2 shows the data items available for use in analyses in the UK CHIC
Study. In brief, these include: demographics; date and cause of death; ART data, CD4 and
CD8 counts; viral loads; AIDS diagnoses; Hepatitis serology testing; laboratory markers of
ART-related and other adverse events; HLA-B*5701 testing; attendance; and serious non-
AIDS events. Although not all of the latter data items are consistently available, all
participating centres are required to be able to p rovide at least the core data items that form
the main analysis dataset, namely demographics, ART, CD4 and CD8, viral loads andclinical
events. As such, certain data tables, namely serious nontAIDS events and clinic attendance,

are not yet used for analysis as they are inconsistently reported. Patient identifying data
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(initial, surname, soundex, clinic ID) are collected from centres for the purpose of tracking
patient records through each annual upload and allowing de-duplication of records from
individuals who appear more than once in the collated dataset. However, in-line with the
studyo6s dat and gthice policies, datanare pseudonymised meaning that these
identifiers are removed from the dataset and each entry is allocated a unique study number

(patnum) before the dataset is prepared and distributed to approved personnel for analysis.

The data request occurs in November of each year, with a submission deadline in December
of that year. However, in recent years there have been delays of up to 9 m onths in data
submission for some centres. Participating centres send all electronically available data at
point of submission. For some centres there is a delay in making the routinely collected data
available electronically, and so the information submitted does not cover the whole period of
time up to the data request. Upon receipt of data from the participating centres, TH runs a
set of queries to check for inconsistencies or errors in the formatting or quality of the data.
Those found are returned to t he appropriate centres for comment or correction. These checks
ensure that all collected data items adhere to the specified formats, that dates are consistent
and that all data items agreed to be submitted are received. At this stage changes are made
to ART data so that co-formulated ARVssuch as Atripla and Truvada are sub-divided into their
component parts. For example, a record for an individual receiving Atripla becomes three
separate records indicating receipt of the constituent components TDF, FTC andEFV.This is
done as not all centres are able to provide information on whether drugs are taken as a co -
formulation or separately. Where ART data are available only through prescription records,
ARV stop dates are imputed from the date of issue. Records without at least basic
demographic data (sex, ethnicity, mode of HIV acquisition) are excluded at this stage but their
clinic 1D, initial, soundex and allocated patnum is kept on record at the Medical Research

Council Clinical Trials Unit MRC CTU), where the main dataset is stored.
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Figure 3.2.2: Data items available for use in analysis: the UK CHIC Study
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3.2.2  De-duplication of records

PLWH willoften attend more than one HIV clinic over the course of their HIV care. As such,
a single individual may have different clinic IDs at different sites and subsequently hold

multiple records. In addition, within a clinic an individual may be incorrectly allocated more
than one clinic ID if they are not ident ified as having previously attended for care, for
example, someone who has not attended for care for a long period of time might not be

linked up to their old record when they re -attend, or a simple error in recording an
i ndividual 68s n anwreooidgnd tlinid I@ lzeidg cteated aThus, when data
from all participating centres is collated, some individuals will be represented by more than
one patient record in the dataset. Therefore, it is important to identify duplicate entries

and combine these patient records (510). Potential duplicate entries are initially identified
by looking for matching initial, soundex and date of birth. A computerised algorithm , based
on demographic and certain clinical factors is then used to decide whether these entries
are a definite match, a definite non -match or an indeterminate match. Indeterminate
matches are investigated further. Each indeterminate match is assessed by two
independent investigators from the UK CHIC Study team. Each investigator must decide,
based on the available demographic and clinical data (example Table 3.2.1), whether they
believe each pair of records is, in fact, a match. Where a consensus is reached by the two
investigators, the pair is linked or un-linked depending on the decision reached. Where
there is no consensus, a third investigator will check the records in the same way, and if
no majority decision is reached, the pair will remain as separate records in the dataset. For
entries that have been highlighted as a match, meaning that separate records exist relating

to a single individual, a single record is generated that combines the data from each entry.

A new study identifier is also generated for all patient records in the dataset and is referred
to as the duppatnum. This identifier remains unchanged from the patnum where a record
has not been linked to another. Where multiple records have been combined into a single
record, patnum is changed to a distinguishable number that takes the form of the year that
this number is generated, followed by a 5 digit unique study identifier e.g. 201100034,

2012004562.
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Table 3.2.1: Hypothetical example of demographic data of duplicate records for

manual review and final merged record

Record 1 Record 2 Merged Record
Duppatnum 138 14845 201300024
Soundex: J520 J520 J520
DOB: 01/01/1985 01/01/1985 01/01/1985
Sex M M M
Ethnicity: Black African Unknown Black African
Exposure: Heterosexual Unknown Heterosexual
HIV-positive: 24/08/2009 - 24/08/2009
Death. - - -

3.2.3 Generating the final dataset for analysis

The data collection and initial checks and de-duplication of the data take approximately
one year to complete. Following the de-duplication process, clinic ID, soundex and initials
removed leaving only the duppatnum. The data are sent to me in 14 separate text files
(patnum, demographics, ART, CD4 and CD8, viral loads, AIDS, hepatitis serology, HLA
B*5701 tests, attendance and four sets of laboratory test results) . | perform a series of
checks on each data file before combining them into a final dataset for use in analyses
using SAS. This dataset is named according to the year in which the duppatnum is
generated; this will be the year f ollowing the data request. For example, the CHIC2013
dataset contains data requested at the end of 2012, with duppatnums indexed with the

year 2013. The checks | perform are described in this sub-section

3.2.3.1 Generating the main dataset

All laboratory data, namely CD4 counts, CD8 counts, viral load measurements, HLAB*5701
tests and hepatitis serology tests must first be de -duplicated. This process, performed in
SAS, removes any test of the same date and result that have been repeated for a patient

record. Similarly for AIDS diagnoses, if there is a repeat of the same diagnosis on the same
date, any duplicated entries are removed. For CD4 and CDS8 test results, further checks are
performed for implausible and null values. Any CD4 or CD8 percentage tests with values
over 100 are deleted as 100 is the maximum possible value. CD4 and CD8 tests performed
on the same day with null values for all results are deleted as this indicates that the test

has failed.
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HIV viral load data are checked for consistency across the viral load value, lower level of
detectability of the assay used and undetectable indicator value. For example, a viral load
value below the known lower limit of detection of the assay used will be set to indicate an

undetectable result in the undetectable indicator variable if it is missing or incorrect.
Similarly, a result indicated to be undetectable with a specified assay will be given a value

of the lower level of detection if this value is otherwise missing.

For ART history and all corresponding start and stop dates, the first check performed is to
ensure that all stop dates occur after start dates. Where this is not the case, the start and
stop dates are assumed to have been entered under the wrong headings and are swapped.
This correction was decided upon since previous checking of errors of this kind with centres
found that this was often the reason for such errors . | then remove any ART episodes of a
given drug that are contained fully within another treatment episode of the same drug.
Overlapping episodes of a given drug are also looked for and the intermediate start and
stop dates removed to leave one episode spanning the whole period of the two overlapping
episodes. If a drug is reportedly started and stopped on the same day, the stop date is
changed to be a day later so that one day of follow -up is generated. Finally, gaps of less

than 2 weeks between two successive episodes of a given drug are removed.

Birth dates, death dates, entry into the study and last seen dates are then checked for

inconsigencies. Any dates of birth more than 100 years prior to the administrative

censoring date of the dataset are assumed to be errors in data entry and are set as missing.
A study entry date is created which takes the latest of 1St January 1996, earliest clinic
attendance date in the dataset and the date at which someone turns 16. The records of
thosewho wonét turn 16 until after the admi
are deleted. Date of death is checked against last seen dates and the date of the last
recorded CD4 count, viral load, AIDS events and drug start dates for consistency. If any of
these occur after death, this list is manually checked by me and amended if there is an
obvious error. Any queries that cannot be simply resolved are sent to TH, who checks
against the main dataset. By this time the next data submission has taken place so TH is
able to check any more recent data submitted on the individuals to confirm whether the

date of death or the conflicting clinical data is correct.

Once eachindividual file has been cleaned, de-duplicated and a new SAS dataset created,
these separate datasets are combined to create the main dataset. As a final step, if the
sex, ethnicity or mode of HIV acquisition is missing for an individual, then these data points

are completed using information from the
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3.2.3.2 Generating the toxicity dataset

In addition to the main dataset, d ata on laboratory testing of 29 markers of toxicity are
collected. Due to differences in testing practices between centres, not all centres submit
data on all of the laboratory markers requested. As UK CHIC is an observational database,
tests are performed only as part of routine care and thus the frequency of testing is
dependent on clinical status of the patient and the testing policies of centres. Furthermore,
this information is not available from all centres. | perform the following checks. For each
laboratory marker, the distribution of all test values is studied according to the unit of
measurement used. Test results with implausible values for a given unit of measurement,
are removed from the dataset. Where more than one unit of measurement may be used
for a single laboratory marker, the most common unit of measurement is chosen and any
test results not in this unit of measurement are converted wherever possible. For example,
haemoglobin could be measured in g/L or g/dL. As g/dL is the chosen unit of measurement,

any measures in g/L are multiplied by 10 to equal their equivalent in g/dL.
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Table 3.2.2: Laboratory marker normal ranges

Laboratory marker

Normal range (511, 512)

Implausible
value cut -off

ALT

AST

Albumin
Albumin (urine)

Albumin/Creatinine ratio (ACR)
Alkaline phosphatase

Amylase
Bilirubin
Calcium
Cholesterol (total)
Cholesterol (HDL)
Cholesterol (LDL)

Corrected calcium

Creatinine, serum

Creatinine phosphokinase

Glucose

Gamma-glutamyl transpeptidase
(GGT)

Haemoglobin

Lactate

Lactate dehydrogenase
Parathyroid hormone
Phosphate

Platelet count

Protein (Total)

Protein (24 hour)
Protein/Creatinine ratio (PCR)
Triglycerides

Urea

Vitamin D

5-40 U/L

5-45 U/L
34-48 g/L
0-2.8 mg/mmol
2.3 mg/mmol

40-129 U/L (male)
35-104 U/L (female)
28-100 U/L

0-21 pmol/L

2.1-2.6 mmol/L

<5.0 mmol/L

0.9-1.7 mmol/L

<4.0 mmol/L

2.2-2.7 mmol/L
62-106 pumol/L (male)

44-80 umol/L (female)

40-320 U/L (male)
25-200 U/L (female)
3.0-6.0 mmol/L

10-71 IU/L (male)
6-42 IU/L (female)
13-17 g/dL (male)
11-15 g/dL (female)

0.7-2.1 mmol/L
135-255 U/L
1.6-6.9 pmol/L
0.7-1.5 mmol/L
150-400 x10° cells/L
60-80 g/L
<150 mg/day
0-45 mg/mmol
<2.3 mmol/L
1.7-8.3 mmol/L
>75 nmol/L

>5000
>5000
>1000
>10000

>5000

>5000

<0 or >1000
>100

>100

>3000

>10000

>100
>5000

>1000

>10000

>100
>10000
>10000
>5000
>100
>500
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3.2.3.3 Date and cause of death

Date and cause of death are data items that are requested from participating UK CHIC
sites in the annual data request, with cause of death collected as a single free-text field.
However, the amount and quality of information on mortality has been believed to be

incomplete in the past. As part of this thesis | have undertaken a project to improve the
ascertainment of mortality data in the UK CHIC Study in recent years, which is outlined in
Chapter 4.

3.2.4 HIV drug resistance data

The UK HIV Drug Resistance Database (UK HDRD) is a database containing information on
routinely performed HIV drug resistance tests in the UK since 2001 (513). There are 14

participating virology laboratories who annually submit full genome sequences of all HIV

resistance tests performed during the year. By the end of 2013, over 114,0 00 sequences
were included in the database. These sequences are processed through the Stanford
University Genotypic Resistance Interpretation Algorithm to generate lists of resistance

mutations and drug susceptibility scores. Each year, once the pseudonomysed UK CHIC
dataset has been generated for use in analyses, this dataset is linked with the UK HDRD.

Records in the UK CHIC Study and UK HDRD that are believed to belong to the same

individuals are identified and linked based on clinic ID. In the most rece nt dataset,

resistance tests were available for 28,054 (51.8%) of 54,153 individuals in the UK CHIC
Study.

3.2.5 National Study of HIV in Pregnancy and Childhood

In order to obtain information on pregnancies that have occurred in womeni nthe UK CHIC
Study, UK CHIC records are linked to those in the National Study of HIV in Pregnancy and
Childhood (NSHPC)(514). The NSHPC receivesmandatory quarterly reports from all
maternity units in the UK detailing any HIV -positive pregnant women seen for care during
that quarter. Information reported includes the dates of pregnancies, expected dates of
delivery and the outcome, as well as information on ART, CD4 count and viral load at
delivery. Details of all children born to HIV -positive mothers are also reported to the
NSHPC, which includes information in the ascertained HIV status of these children.
However, only data relating to HIV -positive mothers and their pregnancy are shared with
the UK CHIC on an anrual basis. These data are linked using an algorithm that matches

patient records based on date of birth, ethnicity, CD4 count and ART.
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3.3 The UK CHIC Study Population

3.3.1 Overview

In my thesis | have used the CHIC2013, CHIC2014 and CHIC2015datasets for analyses,
depending on the time at which analyses were undertaken. These datasets contain
information that was requested from participating centres at the end of 2012, 2013 and
2014, respectively, with administrative censoring dates of 31%t December of the
corresponding year. Between the CHIC201L4 and CHIC2015 datasets, two additional centres
joined the study and contributed data, increasing the number of participating centres from
19 to 21. The centres attended by the largest nhumber of patients were those primarily
based in London, with over 12,000 of individuals having ever attended at the Chelsea &
Westminster hospital for HIV care (Figure 3.2.2Figure 3.3.1). The demographic
characteristics of the three versions of the dataset that were used are shown in Table 3.3.1
and were similar. Seventy-two percent were male, just over half were of white ethnicity,
28% were of black African ethnicity and 5% were of black Caribbean or other black
ethnicity. The majority of people h ad acquired HIV through sex between men and 37%
acquired HIV through heterosexual sex. Only 3% were reported to have acquired HIV
through IDU.
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