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Abstract

Background—As access to antiretroviral therapy (ART) expands, increasing numbers of older
patients will start treatment and require specialised long-term care. However the impact of age in
ART programs in resource-constrained settings is poorly understood. South Africa has the second
largest population of older (=50 years) people in sub-Saharan Africa. The HIV epidemic is also
ageing rapidly and the country has one of the highest HIV population prevalences worldwide. This
study explored the effect of age on mortality on ART in South Africa and whether this effect was
mediated by baseline immunologic status.

Methods—IeDEA-SA is a regional collaboration which combines routine observational data
from large ART programmes across Southern Africa. This study was a retrospective cohort
analysis of adults starting ART from 2004-2013 in six large South African cohorts: two primary
care clinics, three hospitals and a large rural cohort. The primary outcome was mortality;
secondary outcomes were loss to follow-up (LTF), immunologic and virologic responses. Patients'
vital status was ascertained through linkage to the National Population Register. Inverse
probability weighting was used to correct mortality for LTF. Mortality was estimated using Cox's
proportional hazards and competing risks regression. The interaction between baseline CD4+ cell
count and age was tested. Immunologic responses were graphed by age and duration on ART.

Findings—=83 566 patients were followed for 174 640 patient-years. Patients were predominantly
female, especially in the younger age groups: 81% (18 819/23 258) of patients 16-29 years and
66% (12 812/19 372) of those aged 30-34. Mortality increased with age in a dose response,
mediated by baseline immunologic status. Patients with CD4 counts <50 cells/uL were a
particularly high risk group, comprising 14% of all older patients starting ART. The percentage of
older patients enrolling increased with successive calendar years from 6% (290/4 999) in 2004 to
10% (35/9 657) in 2012/13, comprising 9% of total enrolment (7 295/83 566). By analysis closure,
14% of all patients still alive and in care were =50 years old.

Interpretation—Health services need re-orientation towards diagnosing and starting ART in
older individuals. Policies are needed for long-term care of older people with HIV.

Funding—Supported by NIH (NIAID), USAID & South African Centre for Epidemiological
Modelling & Analysis.

1 Background

The world's population is ageing rapidly. By 2050, the World Health Organisation (WHO)
estimates that there will be two billion elderly individuals (defined as =60 years old)
worldwide, 80% living in developing countries (1). South Africa has the second largest
population of older people in sub-Saharan Africa (SSA) (2). These numbers are expected to
increase. By 2025, nearly 5.23 million South Africans will be older than 60 years of age (3).
In addition to this rapid ageing in the general population, the HIV epidemic is ageing and the
total number of HIV-positive individuals older than 50 years in South Africa may triple in
the next 30 years (4). South Africa also has the largest ART programme worldwide, with an
estimated 2.3 million individuals still on treatment in the public sector by March 2013 (5).
The country is now facing the challenges of a successful ART programme in the middle of a
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major demographic transition. As access to treatment expands, increasing numbers of older
patients may start ART and require long-term care.

Initiating and retaining older individuals on ART has major public health implications.
Older people are not generally targeted for HIV prevention and testing (6). Health care
workers are less likely to ask about sexual practices and to diagnose HIV in older
individuals. As a result older people may start treatment with more advanced HIV disease
than younger people. In addition, older people are more likely to have co-morbidities and
may require more specialised care than younger patients (7). Studies suggest that HIV
mimics the effects of ageing in the immune system, compounded by long-term ART toxicity
and interactions with co-medications for other age-related conditions (8). Poorer outcomes
on ART have been reported in older adults compared to younger adults (9).

To date there has been limited research on age in ART programmes in resource-constrained
settings (10-13) and mortality has been estimated from standard patient record systems
which are known to miss a high proportion of deaths (14, 15). Using linkages with the South
African vital registration system, the International epidemiologic Databases to Evaluate
AIDS-Southern Africa (IleDEA-SA) collaboration is able to correct mortality estimates for
loss to follow-up (LTF), providing a unique opportunity to explore the long-term outcomes
of a large number of older individuals starting ART in South Africa since 2004. We
investigated the association between age and mortality risk and whether this effect was
modified by pre-ART immunologic status.

2.1 Study design and population

leDEA-SA is a regional collaboration which combines routine observational data from large
ART programmes across Southern Africa This study was a retrospective cohort analysis of
data from South African cohorts of IeDEA-SA providing ART services in three of the most
populous provinces (KwaZulu-Natal, Gauteng and Western Cape). Cohorts are
predominantly government-funded and follow standardised national ART guidelines.
Patients are broadly representative of patients accessing public sector ART in rural and
urban centres.

2.2 Data sources

Using a standardised data transfer format, participating leDEA-SA cohorts transfer
anonymised, routinely-collecteddata to the leDEA-SA data centre at the University of Cape
Town. This study included data from six cohorts: Gugulethu and Khayelitsha primary care
clinics and Tygerberg hospital (Western Cape province); McCord Hospital and Hlabisa, a
large rural cohort of 17 primary health care clinics (KwaZulu-Natal), and Themba Lethu, a
large urban public hospital in Gauteng. All ART-naive HIV-positive adults (16-80 years old)
who started ART 2004-2013 were eligible for inclusion.
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2.3 Statistical analyses

Cleaning, coding and analysis of data were done in Intercooled Stata 13.1 (STATA
Corporation, College Station, TX). Patients were followed from ART initiation to the
earliest of: death, LTF, transfer out (TFO) or alive at analysis closure. The primary outcome
was death. LTF, immunologic and virologic responses were secondary outcomes. LTF was
defined as no contact with the health facility for six months (17). The analysis excluded
patients enrolled up to six months prior to database closure to allow the LTF definition to be
met. Given that a high proportion of LTF patients were likely to have died, we used inverse
probability weighting to correct mortality for deaths misclassified as LTF (18). LTF patients
with ID numbers were linked to the National Population Register to confirm vital status and
date of death if deceased, and up-weighted to represent all LTF. TFO was defined by sites
and TFOs were censored at the date of TFO.

Patients were analysed by age group: 16-29 years old and 5-year groups thereafter.
Summary baseline characteristics (median, interquartile range (IQR) and proportions) were
described. The number and proportion of patients dead, the median follow-up times to death
and the rates and incidence of mortality were reported by age. The proportions of patients
>50 years old at ART initiation and at analysis closure were reported by calendar year of
enrolment.

Cox's proportional hazards models were used to assess crude and adjusted associations
between patient characteristics and outcomes. Models were adjusted for baseline patient
characteristics (gender, CD4+ cell count, WHO stage, haemoglobin, TB, weight and site of
ART initiation) and stratified by duration on ART. Assuming that data were likely missing
at random, we used multiple imputation (19) by chained equation methods (20) to impute
missing baseline covariates. We multiply imputed ten times CD4+ cell count (baseline, 12-
month and 24-month), baseline WHO stage, weight, haemoglobin and tuberculosis (yes/no).
We explored immunologic response by reporting and graphing CD4+ cell counts at baseling,
12, 24 and 36 months on ART. We reported the percentage of virally suppressed (viral load
(VL) measurement <400 copies/ml) among all patients with VLs at 12, 24 and 36 months.
We assessed whether the effect of age on mortality risk was modified by baseline CD4+ cell
count by recategorising age (16-39, 40-49 and 50+ years) and CD4+ cell counts (<50,
50-199 and =200 cells/pl). We included their interaction in the models and graphed the
hazard ratios of this interaction. We compared estimates of mortality and LTF using Kaplan-
Meier and competing risks methods and explored possible heterogeneity between cohorts by
comparing median ages, numbers (%) of patients =50 years old at ART initiation and at
analysis closure, and crude hazard ratios for the effect of age on mortality, by cohort.

2.4 Role of the funding source

This study was supported by funding from the United States (US) National Institutes of
Health Grant 5U01Al1069924, US Agency for International Development Cooperative
Agreement AID 674-A-12-00029, and the South African Centre for Epidemiological
Modelling and Analysis. The content of this publication is solely the authors' responsibility
and does not necessarily reflect the views or policies of the funders or the US Government.
The sponsor of the study had no role in study design, data collection, data analysis, data

Lancet HIV. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cornell et al.

3 Results

Page 5

interpretation, or writing of the report. The corresponding author had full access to all the
data in the study and had final responsibility for the decision to submit for publication.

Overall 84 078 eligible ART-naive adults started ART in these cohorts from 2004-2013. Of
these, 512 were excluded due to: missing/invalid dates (n=504) and unknown sex (n=8). The
analysis included 83 566 patients followed for 174 640 person-years (pyrs). The median
(IQR) follow-up time was 2.13 (0.77-4.13) pyrs.

The proportion of patients enrolled in successive age groups decreased from 23 258/83 566
(28%) among 16-29 year olds to 492/83 566 (1%) among those older than 65 years (Table
1). Patients were predominantly female (54 638/83 566, 65%), especially in the younger age
groups: 18 819/23 258 (81%) of patients aged 16-29 and 12 812/19 372 (66%) of those aged
30-34 years. The median CD4+ cell counts were similar in patients aged 16-29 (137
cells/uL, IQR 62-210) and 65+ years old (135 cells/uL, IQR 75-208), as were the
proportions of patients in WHO stages 111 and 1V (35 vs 34%). Among patients with TB
measurements at ART initiation, the proportions with TB decreased in older compared with
younger patients.

After correction for LTF, at analysis closure, 8 029/83 566(10%) had died, 8 961 (11%)
were TFO, 21 667 (26%) were LTF and 44 909 (54%) were alive and in care (Table 1).
Deaths increased from 8% (1 817/23 258) of patients aged 16-29 years to 19% (93/492) of
patients aged 65+ years while the percentage of patients LTF decreased from 29% (6 828/23
258) to 18% (88/492) in the same age groups. The median duration of follow-up was 777
(IQR 280-1510) person-days and decreased with older age. The overall mortality rate was
3.7/100 pyrs), increasing from 3.1 to 11.4/100 pyrs across the age groups (Table 1). At 12,
24 and 36 months the cumulative incidence of mortality was 6.9% (6.7-7.1), 9.2% (8.9-9.4)
and 10.8% (10.6-11.1) respectively, with slightly lower estimates derived from competing
risks analysis (Supplementary Table S1).

The percentage of patients aged =50 years at ART initiation increased from 6% (290/4 999)
in 2004 to 10% (35/9 657) in 2012/13, comprising 9% of total enrolment (7 295/83 566)
(Supplementary Table S2). Within cohorts, this ranged from 1 473/23 713 (6%) in
Khayelitsha to 2 167/19 946 (11%) in Hlabisa (Supplementary Table S3). At analysis
closure, 6 304/44 909 (14%) patients alive and in care were aged =50 years, ranging from 1
479/14 096 (10%) in Khayelitsha to 16% in the large cohorts of Themba Lethu (1 850/11
433) and Hlabisa (2 253/19 946).

In univariate analysis, there was a dose response between increasing age and the hazard of
death (Table 2). Compared with patients 16-29 years, the crude hazard was slightly higher in
those 35-39 years (HR 1.16, 95% CI 1.08-1.24) and three-fold higher in patients aged =65
years old (HR 3.00, 95% CI 2.43-3.70). These associations were attenuated but persisted in
multivariable analysis adjusted for baseline characteristics (aHR 2.52, 95% CI 2.01-3.17,
65+ vs. 16-29 years old). The effect of age on mortality persisted over duration on ART but
with less precise estimates (Table 2). Other baseline characteristics that increased the
adjusted risk of mortality were male gender (aHR 1.40, 95% CI 1.33-1.48), WHO stages
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IV vs. 1 & 1l (aHR 2.37, 95% CI 2.09-2.70, Stage IV vs. | & 1) and having any level of
anaemia compared with none. Compared with patients starting ART at a CD4+ cell count
<50 cells/uL, the hazard of mortality was lowest in patients enrolling at 200-349 cells/pL
(aHR 0.38, 95% CI 0.33-0.43). Having TB at ART initiation increased the risk of death in
crude but not in multivariable analysis (aHR 0.82, 95% CI 0.76-0.90). In a sensitivity
analysis limited to cohorts that collected 1D numbers, the point estimates were similar but
less precise. In analysis to explore heterogeneity, the point estimates for the effect of age on
the hazard of mortality were similar across all cohorts (Supplementary Table S3).

Although there was no difference in the baseline median CD4+ cell countsof the youngest
and oldest age groups, immunologic responses on ART were clearly age-related, with
smaller gains in CD4+ cell counts at older ages (Table 3). After 12 months on ART, the
median CD4+ cell count increase from baseline was 167 cells/uL (IQR 92-159), ranging
from 194 cells/uL (IQR 115-293) in the 16-29 year age group to 102 cells/pL (IQR 50-180)
in those older than 65 years of age. The differences in immunologic responses observed over
time appeared to be driven by responses in the first year on treatment (Figure 1). In
subsequent years, immunologic response followed the same age pattern as in the first year.
Although age increased the risk of mortality, this effect was modified by baseline
immunologic status and was more pronounced at lower baseline CD4+ cell counts (Figure
2). Comparing patients =50 years with those 16-39 years old, there was a 1.5 fold higher
hazard of death if they started ART at =200 cells/uL (aHR 1.54, 95% CI 1.33-1.78) and a
2.5 fold higher hazard if they started at <50 cells/uL (aHR 2.52, 95% CI 2.04-3.11)
(Supplementary Table S4). Overall, 1 103/7 295 (15%) older patients started ART with
CDA4+ cell counts <50 cells/uL, ranging from 205/2 167 (9%) in Hlabisa to 150/608 (25%)
in McCord.

Among patients with VL measures, virologic suppression was good across all ages ranging
from 84% to 88% at 12 months on ART (Table 3). Good virologic suppression was
maintained through to 36 months on treatment.

In crude and multivariable analysis patients all patients between 30 and 60 years of age at
enrolment had a lower hazard of LTF compared with the youngest patients (aHR 0.82, 95%
Cl10.74-0.91, 55-59 vs. 16-29 year old patients, Supplementary Table S5). The cumulative
incidence of LTF at 12, 24 and 36 months on ART was 12.2% (95% CI 12.0-12.5), 18.9%
(18.3-18.0) and 24.3% (23.9-24.5), with slightly lower estimates from competing risks
analysis (Supplementary Table S1).

4 Discussion

In this study of 83566 ART-naive individuals starting treatment 2004-2013, we observed
increasing proportions of patients =50 years old initiating ART in successive calendar years.
The hazard of mortality increased with baseline age while LTF did not. Although baseline
CDA4+ cell counts were similar across all age groups, the effect of age on mortality was
modified by baseline immunologic status and was more pronounced at lower CD4+ cell
counts. Among older patients, 19% initiated ART at <50 cells/uL and comprised a high risk
group. Early immunologic responses were diminished in older patients but virologic
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responses were good at all ages. At analysis closure, 14% of all patients alive and in care
were aged =50 years old, suggesting the need for specific consideration in planning for
future care.

In recent years there has been growing concern about the lack of data on HIV and ART in
older adults in Africa (6, 7, 21) . Our study provides important new evidence that a
substantial proportion of older individuals are initiating ART across South Africa, and that
this proportion has increased each successive year of enrolment. Despite the absence of a
programme targeting older individuals for HIV testing and treatment, nearly ten percent of
all new patients were aged 50+ years, similar to findings from Malawi (22), Uganda (23)
and nine countries in sub-Saharan Africa (24). This represents a substantial, and poorly
understood, burden of care in years to come. Initiating ART in older individuals raises a
number of important issues. People who are 50+ years are less likely to have ever tested for
HIV than those aged 15-49 years and older people are less likely than younger ones to have
used a condom during recent sex (25). Despite these factors, health care workers are less
likely to consider an HIV diagnosis in an older compared with a young patient (26). In
addition, compounding the body's natural ageing processes, older people experience higher
rates of non-communicable diseases than younger individuals, with possible interactions
between other chronic medications and ART (8). Health services need to target this
neglected group for HIV testing and prevention. Health care workers require training to
diagnose HIV in older individuals, initiate and manage them to ensure good outcomes on
treatment.

In particular, our results suggest that older patients starting ART with CD4+ cell counts <50
cells/uL should be recognized as a high risk group. Our study confirms a dose response
between increasing age at ART initiation and the hazard of mortality (9, 27) and the
association between baseline CD4+ cell count and mortality is well-established. Poorer
immunologic responses in older compared with younger patients in the first year on ART
have been documented in West Africa (28). Our study extends these findings through to
three years on treatment. In addition, to our knowledge this is the first study to report that
baseline immunologic status modified the effect of age on mortality, allowing us to identify
a group of patients requiring additional attention in ART programmes. While the risk of
mortality increased with age, the effect of age was strongest at the lowest baseline CD4+
cell counts. In other words, among patients who were healthier the risk of mortality was not
greatly increased by age at ART initiation. However among patients with severely
compromised immune systems, age had a stronger effect on their mortality risk. In these
cohorts, 15% of all older patients started treatment with CD4+ cell counts <50 cells/yL and
in two cohorts, =220% were in this high risk group. At a programme level, older individuals
starting ART at low CD4+ cell counts should be prioritised as a high risk category with
specific clinical and policy considerations.

The increasing proportion of older patients starting ART over successive years of enrolment
highlights the urgent need for more epidemiologic data on HIV in older adults. HIV
prevalence is not generally measured in older individuals. Prevalence estimates are largely
based on antenatal surveys limited to women of reproductive age and Demographic &
Health Surveys (DHS) restricted to adults <50 years. Extending the age limit of such
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surveys, the 2012 South African household survey reported +4% prevalence in individuals
>60 years (29). In contrast, community-level rural surveys have reported prevalence
between 60 and 70 years of age ranging from 10.3% to 19.8% in Limpopo (30) and 4.5% to
10% in KwaZulu Natal (31). While these are particularly severely affected areas with higher
prevalence levels than national averages, it is also possible that older adults are under-
represented in existing household surveys. Data are also needed on the duration of HIV
infection in older individuals prior to ART initiation. Older people may have been infected a
long time ago and may be a group of long-term survivors with particular features requiring
research. In our study, older patients did not have more advanced HIV disease at ART
initiation than younger patients. This finding suggests that at least some older patients may
have been recently infected (30). There is an urgent need to extend epidemiologic measures
beyond 50 years of age and to collect accurate data on HIV in older individuals to plan for
their care.

The study is strengthened by large patient numbers including >7,000 patients older than 50
years at ART initiation and good mortality ascertainment through linkage to the National
Population Register. The identification of a particular high risk group among older
individuals provides important new clinical and policy information. A further strength is
consistency of findings across cohorts, increasing confidence in the overall estimates.
However, interpretation of these results is subject to several limitations. These data come
from numerous ART programmes and there is a substantial amount of missing data such as
baseline CD4+ cell counts, which we addressed by using multiple imputation. A further
limitation is the lack of data on the cause of death. Previous studies have suggested that
older adults may have higher rates of adherence to ART, which could impact on outcomes
(36). However data on adherence were not routinely collected or included in these datasets
and we were unable to explore this possible association. It is likely that our findings are
generalisable to the national ART programme and to other settings in SSA, but further
research is needed in different contexts.

Age is routinely reported as a demographic variable but its specific effect on HIV-related
mortality has received surprisingly little attention in African ART programmes. Our study
suggests that ten years into the national ART programme, it is time to address the needs of
older adults with HIV in South Africa. Prevention and testing campaigns need to target older
adults. Health care workers need training in diagnosing HIV in older individuals and in
initiating and managing them on ART, to ensure good outcomes on treatment. The risks of
co-morbidities and interactions between ART and co-medication in older patients need to be
quantified. Policies for long-term care of older individuals with HIV are urgently needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in Context
Evidence before the study

The rapid ageing of the world, together with the ageing of the HIV epidemic, pose major
challenges to public health systems, particularly in developing countries. Ageing may
occur faster with AIDS in Africa (1) and antiretroviral therapy (ART) may change the
age composition of the HIV epidemic in sub-Saharan Africa (2). Despite the fact that
South Africa has the largest ART program worldwide, few studies have explicitly
assessed the effect of age on mortality on ART in South Africa (3-5). These have
reported higher mortality among older patients compared with young adults on ART, for
the first year on ART (5), through to 24 months(4) and beyond seven months on ART(3).
Compared to younger patients, older patients had lower rates of loss to follow-up, poorer
immunologic and better virologic responses to ART.

Added value of this study

Our study extended these findings through to three years on ART. In addition, our study
provided new evidence that baseline immunologic status modified the effect of age on
mortality on ART. Among patients who were healthier, the risk of mortality was not
greatly increased by age at ART initiation. However, older patients initiating ART at <50
cells/uL were a particularly high risk group requiring specific clinical and policy
considerations.

Implications of all available evidence

The available evidence confirms that a substantial proportion of older individuals are
initiating ART across South Africa and that this proportion has increased each successive
year of enrolment. Targeted programmes are required to increase voluntary counselling
and testing in older individuals. Health care workers require training to diagnose HIV and
to initiate ART earlier in older patients. In particular, patients =50 years of age enrolling
on ART with CD4+ cell counts <50 cells/pL are a high risk group for whom treatment
should be expedited. Policies for long-term care of older individuals with HIV are
urgently needed.
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Baseline

= 12 months on ART

=« 36 months on ART

Page 13

Age categories (years)

16-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65+ TOTAL

Patients enrolled, n 23258 19372 16231 10616 6794 4006 1991 806 492 83566
CDA4+ cell count (cells/pL)
Baseline

Median 137 120 117 120 124 128 125 130 135 125
12 months on ART

Median 324 294 274 273 273 261 263 266 240 291

Median increase from baseline 194 173 156 155 147 138 127 120 102 167
24 months on ART

Median 403 376 350 349 343 330 323 322 298 367

Median increase from 12 months 87 83 78 75 70 68 63 52 64 79
36 months on ART

Median 447 426 402 397 397 379 354 333 328 415

Median increase from 24 months 49 52 53 56 oSF 46 52 37 30 52
Virologic response
12 months

Patients with viral loads, n 8196 7868 6451 4149 2573 1404 660 250 104 31655

Proportion of patients suppressed 0.84 0.86 0.87 0.88 0.87 0.88 0.88 0.88 0.88 0.86
24 months

Patients with viral loads, n 5749 5710 4585 2863 1706 950 433 164 66 22226

Proportion of patients suppressed 0.82 0.86 0.87 0.87 0.88 0.86 0.88 0.88 0.86 0.85
36 months

Patients with viral loads, n 4064 4127 3250 2030 1196 653 264 90 30 15704

Proportion of patients suppressed 0.80 0.85 0.86 0.86 0.88 0.85 0.84 0.88 0.87 0.84

Figure 1. Median CD4 by age and duration on ART
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