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Abstract

Objective: Despite improved access to antiretroviral therapy (ART) for people living with HIV
(PLHIV), HIV continues to contribute considerably to morbidity and mortality. Increasingly,
advanced HIV disease (AHD) is found among PLHIV who are ART-experienced.

Design: Using a multi-state model we examined associations between engagement with care and
AHD on ART in South Africa.

Methods: Using data from leDEA Southern Africa, we included PLHIV from South Africa,
initiating ART from 2004-2017 aged >5 years with a CD4 cell count at ART start and =1
subsequent measure. We defined a gap as no visit for 218 months. Five states were defined: “AHD
on ART” (CD4<200 cells/mm?3), “Clinically Stable on ART” (CD4 =200 or if no CD4 count,

viral load <1000 copies/ml), “Early Gap” (commencing <18 months from ART start), “Late Gap”
(commencing >18 months from ART start), and “Death”.

Results: Among 32452 PLHIV, men and those aged 15-25 were more likely to progress

to unfavourable states. Later year of ART start was associated with a lower probability of
transitioning from AHD to clinically stable, increasing the risk of death following AHD. In
stratified analyses, those starting ART with AHD in later years were more likely to re-engage in
care with AHD following a gap, and to die following AHD on ART.

Conclusions: In more recent years those with AHD on ART were more likely to die, and AHD
at re-engagement in care increased. To further reduce HIV-related mortality, efforts to address the
challenges facing these more vulnerable patients are needed.
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Introduction

Despite the successful scale-up in antiretroviral therapy (ART) programmes in the last
decade, many patients continue to experience advanced HIV disease (AHD). A large
proportion of people living with HIV (PLHIV) continue to present to care with low

CD4 cell counts, despite implementation of the treat all policy.[1-3] Reductions in HIV-
related mortality have plateaued in more recent years,[4l and HIV continues to contribute
considerably to hospital admissions and mortality in high burden settings.[%]

In South Africa, a growing proportion of adult HIV-related mortality is among ART-
experienced PLHIV,[®] and recent studies found that AHD is increasingly diagnosed among
ART-experienced patients who are returning to care after treatment interruption, or are
poorly adherent, or infected with a virus that is resistant to ART.[> 7]

Few studies have examined longitudinal trends in patient engagement in care and AHD on
ART as treatment programmes have expanded and matured in southern Africa. We aimed to
estimate the transition probabilities to and from an AHD on ART state using a multi-state
model, and to describe associations with transitions.

Methods

Study population

We used routinely collected data contributed to the International epidemiology Databases

to Evaluate AIDS Southern Africa (leDEA-SA) collaboration from the Khayelitsha ART
programme.[8] Khayelitsha is a peri-urban township in Cape Town, South Africa, with an
estimated population of 500,000, and one of the highest HIV burdens with a prevalence
among pregnant women of 34%. By 2017 approximately 40,000 patients were receiving
ART from public sector clinics.[®: 101 During the study period ART initiation guidelines were
revised several times to expand from ART eligibility based on CD4 cell count and other
co-morbidities, to all PLHIV becoming eligible for ART irrespective of CD4 cell count by
2016.[9. 11-14] Ethical approval to contribute anonymized, individual data to IeDEA-SA was
obtained from the University of Cape Town.

Eligibility criteria
We included all patients initiating ART from 2004-2017 aged >5 years at ART initiation,

with a CD4 cell count at ART initiation and at least one subsequent measure, ensuring =18
months between ART initiation and database closure (October 2018).
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States of care / Measures

We defined states of ART care from the time of each patients first CD4 cell count after ART
initiation. We defined a gap in care as having no recorded visit for =18 months, ensuring
patients were truly out of care and without ART during that time. Early and late gaps were
defined according to when they occurred during each patient’s follow-up. We defined five
states : “AHD on ART” (CD4 <200 cells/mm3), “Stable on ART” (CD4 =200 cells/mm3 or
if no CD4 count available in 12 month period, having a suppressed viral load (VL) (VL
<1000 copies/ml)), “Early Gap” (gap commencing <18 months from ART initiation), “Late
Gap” (gap commencing >18 months from ART initiation), and “Death”. For periods with
ongoing visits but no recorded CD4 cell count and no VL for >12 months, time on ART
was assigned to a censored state. Time on ART was also assigned to the censored state

for periods with a recorded VL >1000 copies/ml, and no recorded CD4 cell count for >12
months. The model assumed periods spent in this censored state were in either of the two
“on ART” states.

The World Health Organization (WHO) defines AHD among adults and children >5 years
as having a CD4 <200 cells/mm3 or WHO Stage 3 or 4 disease.[?] Clinical staging data
was not available throughout patient follow-up, so we used CD4 cell count only to indicate
AHD. We defined the stable state using both CD4 and VL measures, since from 2013
CD4 monitoring on ART was recommended only at 1 year after ART initiation, with VL
monitoring recommended at months 6, 12, and annually thereafter.[13]

Vital status was ascertained through linkage to the national population registry for patients
with a recorded South African national identity number. Follow-up time was measured until
death, transfer or database closure.

Model description

A parametric, continuous-time multi-state Markov model was used to identify associations
with transitioning between states. We modelled 12 transitions among 5 states, with reverse
transitions allowed except to early gap and from death (Figure 1), with transitions to and
from AHD on ART being the primary interest. The early gap state was the initial state

for any patient with a gap commencing <18 months on ART. This ensured that transitions
to a gap state from either of the “on ART” states were to the late gap state, removing

any potential time dependence. We estimated the five-year probability of transition between
states. We included the following fixed covariates to adjust for differences in transition by
sex (male or female), year of ART initiation (2004-2006, 2007-2009, 2010-2012, 2013-
2017), CD4 cell count at ART initiation (0-50, 51-200, 201-500 and >500 cells/mm3),
and age at ART initiation (5-<15, >15-<25, >25-<40 and >40 years). We also included

the time-updated covariates of any recorded prior tuberculosis diagnosis and any recorded
pregnancy. For the pregnancy covariate, to adjust for any potential increase in risk of a gap
post-partum,[16] we defined the post-partum period as between 9 months and 2 years after
the first antenatal date.

Multi-state models assume time spent in each state follow an exponential distribution and
transition probabilities are independent of previous states. Covariate effects are assumed
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constant over time and multiplicative, similar to Cox proportional hazard models. The model
allowed for unobserved transitions between the AHD and Stable on ART states, while the
exact time of transitions to and from gap states and to death were specified.

Sensitivity analyses were performed to address potential biases. Since ART eligibility
changed during the study period and was also based on clinical criteria which we were
unable to assess, we performed a stratified analysis by CD4 cell count at ART initiation

to explore potential differences in the effect of year of ART initiation on transition
probabilities. Those who started ART in the most recent years have shorter follow-up, with
late gaps occurring at a shorter duration on ART. We repeated our analysis using a restricted
dataset which included each patient’s first 5 years on ART only. To explore the effect of
missing CD4 cell count data during follow-up we modelled a best and worst case scenario
where all time in the censored state was assigned to Stable or to AHD on ART respectively.
To understand the potential effects of differences in mortality ascertainment, we repeated our
analysis using a restricted dataset including only those with South African identity numbers.

We used Stata version 15 for descriptive statistics, and the /msm package in R for the
multi-state model.[17]

Table S1 (Supplemental Digital Content (SDC) 1) summarizes characteristics of patients
included and excluded from our study. Our analysis included 32452 patients, of whom 63%
were linked to the national population registry. Among those excluded, 6718 (81%) initiated
ART after 2013 and had no CD4 cell count after ART initiation. At ART initiation median
age was 32.9 years (interquartile range (IQR): 27.9-39.2), median CD4 cell count was 175
(IQR: 94-267), 70% were female of whom 26% experienced pregnancy during follow-up,
and 33% had evidence of TB prior to or during follow-up. (Table 1)

Over a median follow-up of 6.1 years (IQR 3.4-8.9), 2859 (9%) died, 28226 (87%)
experienced the stable state, 11222 (35%) had AHD on ART, 4518 (14%) had an early

gap, and 6814 (21%) a late gap in care. Of those with AHD on ART, 3239 (29%) had 2 or
more episodes of AHD on ART, separated by either a gap or a stable state. Most patients
with AHD on ART had AHD as their starting state (6510, 58%), almost a third (3416, 30%)
had AHD directly after being stable, 9% (997) after an early gap and 9% (1053) after a late

gap.

While prevalence of AHD on ART declined between 2004-2017, (40% to 8%), the number
of PLHIV with AHD on ART has remained stable since 2009. (Figure 2) Prevalence of late
gap has steadily increased, while prevalence of stable state has remained steady since 2013.

Figure 3 summarizes the key results of our multi-state model by sex, age and year of ART
start. We found men were more likely to transition to unfavourable states (AHD on ART, late
gap and death), and less likely to transition to the stable state compared to women.(Figure
3A) Those aged 15-25 years were more likely to transition from stable to AHD on ART

and late gap, and from AHD on ART to late gap. Those aged 15-25 had a similar risk of
death to those aged >40 years.(Figure 3B) Later year of ART initiation was associated with
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reduced transition from stable to AHD on ART, increased transition from stable to late gap
and increased re-engagement in care in either the AHD on ART or stable states. Later year
was also associated with reduced transition from AHD on ART to stable, and increased
transition from AHD on ART to death. (Figure 3C)

Lower CD4 cell count at ART initiation was associated with worse progression, with
increased transition to AHD on ART, and reduced transition to stable. Those with higher
CDA4 cell count at ART initiation were more likely to transition to late gap. Having
tuberculosis and being post-partum was associated with increased risk of progression to
AHD on ART from stable.(Table S2, SDC 2)

Sensitivity Analyses

In stratified analysis by CD4 cell count at ART initiation, there were too few transitions

to model associations for those with CD4 >500 cells/mm3. For the other strata, aHRs
differed by year of ART initiation (Table S3, SDC 3). For those starting ART with low
CDA4 cell count (CD4 0-50 and 50-200), later year of ART initiation was associated with
increased risk of re-engaging in care with AHD. Transitioning from AHD to stable was less
likely, while mortality increased with later year. For those starting ART with higher CD4
count (CD4 of 200-500), transitions from stable to AHD on ART were less likely, while
transitions from stable to late gap increased with later year.

When restricting the dataset to include each patient’s first 5 years on ART, results were
similar, although for transitions from late gap many of the confidence intervals were no
longer significant when compared with the full dataset. (Table S4, SDC 4)

We did not see significant differences when exploring the effects of missing CD4 cell count
data (Tables S5 and S6, SDC 5 and 6), except for transitions from Stable to AHD on ART
in the worst case scenario. This suggests that we may be overestimating the association
between initiating ART with AHD and experiencing AHD on ART following a Stable state.
However, the worst case scenario is somewhat unrealistic since stable patients may be more
likely to have longer periods without CD4 monitoring.

When we restricted our analysis to only those linked to the national population registry
(Table S7, SDC 7), we found associations with transitions from AHD on ART did not
change substantially, although some were removed by widening of confidence intervals due
to smaller study size. Similarly there was little change in the results for transitions to AHD
on ART, but notably there was no longer an association between year of ART start and
transition from late gap to AHD on ART.

Re-engaging in care

Figures 4 and S1 (SDC 8) show the five-year probabilities of resuming ART after either gap
state, and the proportions re-engaging with AHD.

Across all covariates the probability of re-engaging after a gap was higher after an early
compared to a late gap. Women, those with higher CD4 cell count at ART initiation and
younger PLHIV had the highest probability of re-engaging in care.
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Across all covariates re-engaging in care with AHD was higher following a late gap
compared to an early gap. Among those re-engaging with AHD, a higher proportion were
men. There were smaller differences between age groups, with those aged 15-25 years being
more likely to re-engage with AHD. Higher CD4 cell count at ART initiation dramatically
reduced the proportion re-engaging with AHD. In later years a higher proportion re-engaged
with AHD especially among those with low CD4 cell count at ART initiation.

Comparing model projections with the observed prevalence of different states, our model
overpredicted AHD on ART and underpredicted the stable state. (Figure S2, SDC 9)
However, the observed prevalence assumed that where no CD4 cell count is recorded, the
patient remained in their previous state, unlike our model which allowed for unobserved
transitions. With stable patients less likely to have their CD4 cell count measured and longer
times between measures, the observed data may overestimate the prevalence of the stable
state and underestimate AHD on ART.

Discussion

While the prevalence of AHD has substantially decreased, the number of PLHIV
experiencing AHD on ART remained stable since 2009. We found that in more recent years
those with AHD on ART were increasingly more likely to die, and less likely to become
stable. Over time, progression to AHD from stable became less likely, but re-engaging in
care with AHD following a gap became increasingly more likely. The proportion of patients
in a stable state has not improved since 2013, and an increasing proportion are in the late gap
state. We found that male sex, age 15-25, and lower CD4 cell count at ART initiation were
associated with progression to unfavourable states. Those aged 15-25 at ART initiation were
as likely to die following AHD compared to older age groups, and more likely to transition
to AHD from any state than any other age group.

Those initiating ART with low CD4 cell counts in more recent years appear to be a
particularly vulnerable group. In our stratified analysis we found that among those with
low CD4 count at ART initiation, those initiating ART in later year were less likely to
transition from AHD to stable, more likely to die following AHD, and more likely to have
AHD when re-engaging in care. Re-engaging in care with AHD was far more likely among
those who initiate ART with low compared to higher CD4 cell counts. While those with
higher CD4 cell count at ART initiation were less likely to progress to AHD, and more
likely to transition to late gap, higher CD4 cell count dramatically reduced the proportion
with AHD among those re-engaging. Even so, for adults and adolescents initiating ART
more recently with CD4 cell count of 200-500, among those re-engaging in care >9% of
women and >15% of men were estimated to do so with AHD, suggesting that AHD will
continue to be a significant burden to the health system.

According to recent hospital-based studies among PLHIV in Southern Africa, relatively
few admitted patients are ART naive.[18-201 This marks a change from earlier years where
most AHD was seen among ART-naive patients, to an emerging challenge of patients
with AHD, aware of their HIV status and ART-exposed, but with very high mortality.
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Several studies have employed multi-state models to examine engagement in care and HIV
disease progression.[21-23] A Zambian study exploring patient stability found transitions to
an unstable state and gaps in care were common. They found similar results to our study,
with lower rates of transition from a stable state to instability, and higher rates of gaps
among those enrolling more recently. Men had lower rates of transition from an unstable to
a clinically stable state. They did not report transitions to death or include an adolescent age
group.[23]

Other Southern African studies simultaneously examining engagement in care and mortality
among PLHIV include a Zambian group-based multi-trajectory analysis.[?4] In broad
agreement with our findings, they found higher risk of mortality with worse engagement
trajectory. They identified trajectory groups that distinguished between early and late LTFU,
supporting the two gap states employed in our model. Trajectory group strongly predicted
mortality, independent of baseline characteristics. They did not explore trends over time. Our
findings are consistent with a number of studies which show that those with lower CD4 cell
count at ART initiation, men and adolescents have poorer outcomes.[25: 261 Our finding that
higher CD4 cell count was associated with increased probability of late gap is also consistent
with other studies.[27 28]

While several studies have demonstrated declining AHD at ART initiation, few have
examined outcomes of patients with AHD once on treatment. To our knowledge this is
the only study examining engagement in care and AHD on ART in Southern Africa. With
many PLHIV already ART-exposed, and an increasing number experiencing gaps in care,
our study used methods allowing for repeated disengagement and re-engagement in care,
instead of the more traditional linear ‘HIV cascade of care” approach. Our study follows
a large public sector cohort over many years, providing insights into the outcomes of
patients experiencing AHD on ART and how these have changed as ART programmes
have grown and policies shifted to more inclusive ART eligibility criteria. Our findings are
likely generalizable to other urban cohorts in the region where similar expansion in ART
programmes occurred.

Our study has several limitations. Our results regarding trends over time are subject to
some bias, since those initiating ART more recently had shorter follow-up, and their “late
gaps” thus occurred at shorter duration on ART. Our multi-state model assumes transition
probabilities are independent of time, whereas, adherence and engagement in care may vary
with duration on ART. Some potential bias was removed by including early and late gap
states and our sensitivity analysis found little bias when restricting data to each patient’s
first 5 years on ART. There may be some bias in our estimates due to differences in
mortality ascertainment with calendar year of ART initiation, and further research is needed
to quantify re-engagement in care with AHD. In the earliest years those with clinical disease
were eligible to start treatment regardless of CD4 cell count. While we included prior
tuberculosis diagnosis as a covariate, we were unable to include other clinical data. Those
initiating ART with higher CD4 cell counts during the earlier years of ART were likely to
have clinical illness, which would worsen their prognosis compared to patients initiating
ART with higher CD4 cell counts in later years. Our stratified analysis attempted to remove
this bias, but without knowing how the prevalence of clinical iliness at ART initiation has
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changed over time, we remain cautious in interpreting the hazard ratios especially for those
with higher CD4 count at ART initiation. It is possible that AHD is underestimated in

more recent years due to reduced CD4 monitoring. We made use of VL data, to include
periods without CD4 cell count measurement but with suppressed VL in the stable state.
We may, therefore, underestimate AHD since low CD4 cell count can persist even with
viral suppression.[29] With limited CD4 cell count data in later years we did not model

CDA4 cell count trajectory which may more accurately predict transitions to and from AHD.
Our model could not account for trajectory through previous states, potentially an important
predictor of outcomes.

Our finding that death following AHD is increasingly more likely suggests a change in
patient profile. Those initiating ART with a low CD4 cell count in more recent years did
not access treatment earlier in their disease progression despite it being available. Their
low CD4 cell count not only makes them more vulnerable to morbidity and mortality, but
they are likely a population facing extra barriers in accessing care and may have more
complicated clinical and psychosocial needs as a result. While CD4 cell count at ART
initiation has increased, there are concerns that starting ART without disease may increase
disengagement from care, ultimately leading to increased AHD after ART initiation. Our
study found that low CD4 cell count at ART initiation is strongly predictive of AHD on
ART, and while those with higher CD4 cell count were indeed more likely to experience
gaps care, higher CD4 cell count was also protective against having AHD when re-engaging.
This strongly supports universal ART combined with measures that reduce barriers to
re-engaging in care, and normalise interruptions, as a means of reducing AHD. While

only a small proportion of those with high CD4 cell count at ART initiation re-engage
with AHD, with the increasing proportion of patients who experience gaps in care, AHD
is likely to grow, and models of care such as welcome back services30-321 will be
important in identifying those who require more urgent care. As ART programmes shift

to a differentiated care approach, VL monitoring has been emphasized as an important tool
in identifying stable patients.[33] Our study emphasizes the importance of CD4 cell count
measurement, at least at ART initiation, in identifying more vulnerable patients. More data
from the treat all era is needed to understand how AHD trends are likely to change.

In conclusion, while AHD is declining in the modern ART era, those with AHD are more
likely to die, and AHD at re-engagement in care is increasing. To further reduce HIV-related
mortality, efforts to address the challenges facing these more vulnerable patients are needed,
along with programmes to ensure long-term retention in care.
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Figure 1:
Diagram of states and transitions of the multi-state model

ART: Antiretroviral treatment

Gap in care: no recorded visit for =18 months

Early Gap: gap commencing <18 months from ART start

Late Gap: gap commencing >18 months from ART start

AHD on ART: Advanced HIV disease on ART

Stable on ART: CD4 =200 cells/mm3 or if no CD4 count available in 12 monthperiod,
having viral load (VL) (VL <1000 copies/ml))

Censored state: In care with no recorded CD4 cell count or viral load for >12 months, or no
CD4 cell count and VL =1000 copies/ml
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Figure 2:
Number (A) and proportion (B) in each state by calendar year
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Table 1:
Characteristics of patients >5 years initiating ART between 2004-2017 in Khayelitsha, South Africa
(n=32452)
Characteristic Total AHD on ART AHD after After Early After Late After Stable
ART start Gap Gap
Total 32452 11222  35% 6510  58% 997 9% 1053 9% 3416  30%
Males 9877  30% 4314  38% 2682  41% 611  61% 358  34% 1203  35%
Sex Females 22575 70% 6908  62% 3828  59% 386  39% 695  66% 2213  65%
Median  32.9(27.9-39.2) 33.3(28.3-39.4)  34.4(29.4- 31.1 (26.5- 30.5 (26.6- 33.0 (27.9-
(IQR) 40.4) 37.1) 39.3)
Age at ART 5-<15 404 1% 97 1% 35 1% 8 1% 15 1% 4 1%
(jgzrrts) >15-<25 3618  11% 1133  10% 492 8% 155  16% 172  16% 391  11%
>25-<40 21048  65% 7383  66% 4269  66% 679 68% 733  70% 2192  64%
>40 7382 23% 2609 23% 1714  26% 155  16% 133  13% 792  23%
Median 175 (94-267) 97 (46-163) 69 (31-125) 147 (89-217) 129 (69-188) 112 (60-176)
(IQR)
CD4 cell 0-50 4192 13% 3028  27% 2438 37% 125 13% 179  17% 685  20%
A"g#”sttgﬁt 51-200 14793  46% 6561  58% 3621  56% 577  58% 652  62% 2171  64%
201-500 12035 37% 1576  14% = 434 7% 288 29% 213  20% 538  16%
>500 1432 4% 57 1% 17 0% 7 1% 9 1% 22 1%
2004-2006 4513  14% 2296  20% 1339  21% 90 9% 240 23% 1103 32%
vearof  2007-2009 6956  21% 3160  28% 1862  29% 201  20% 357  34% 1140  33%
ARTstart 20102012 9949  31% 3248 29% 1745  27% 398  40% 365  35% 837  25%
2013-2017 11034  34% 2518  22% 1564  24% 308  31% 91 9% 336  10%
Post-partum during 5804 18% 1683 15% 795 12% 190 19% 233 22% 612 18%
follow-up
TBat ART startor after 10657  33% 5434  48% 3315  51% 387 39% 491  47% 1761  52%
TB at ART start 7251  22% 3563  32% 2233  34% 268 27% 317  30% 1087  32%

TB: Tuberculosis

AHD: Advanced HIV disease

IQR: Interquartile range

Early Gap: gap in care (no recorded visit for 218 months) starting <18 months of ART start

Late Gap: gap in care (no recorded visit for 218 months) starting >18 months since ART start

Stable: CD4 =200 cells/mm3 or if no CD4 count available in 12 month period, having viral load (VL) (VL <1000 copies/ml))

¥ . ) ]
Post-partum period defined as between 9 months and 2 years after the first antenatal date
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