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One of the most impactful global public health interventions
of modern times has been antiretroviral therapy (ART). This
has led to reduced HIV transmission; reduced morbidity from
opportunistic infections; and dramatically reduced mortality
[1–3], resulting in many people with HIV (PWH) surviving
into middle and old age. However, even as the lifespan of
PWH has increased and begun to more closely approach
those without HIV, PWH continue to experience high rates of
comorbidities and functional decline, with many comorbidities
occurring at higher rates and/or at younger ages than those
without HIV. In addition, geriatric syndromes, such as frailty
and falls, are becoming more prevalent in PWH. Thus, there
is an urgent need to focus on the healthspan of PWH rather
than just mortality.

Healthspan, in contrast to lifespan, is defined as the time
someone is healthy, not just alive [4]. As the population of
older PWH increases, more studies are needed that address
the myriad of unprecedented and unique challenges that
ensue. This supplement presents a range of studies utilizing
varied methodologies examining questions along the spectrum
of growing older while living with HIV, ranging from resilience
and suicidal risk among young adult PWH to comorbidities,
cognition and mental health disorders among older PWH,
including unmet needs for optimizing care for older adults
with HIV. Included studies are focused on two thematic areas.
The first encompasses outcomes across the lifespan, including
among younger and older PWH, and their comorbidities, men-
tal health and the UNAIDS 90-90-90 targets for global HIV
control (90% of PWH knowing their HIV status, 90% on ART
and 90% virally suppressed) [5]. The second thematic area
focuses on studies examining priorities for and approaches to
improving how health systems care for and support PWH as
they age.

Young adults with perinatally acquired HIV (YAPHIV) face
unique challenges as they grow older with HIV. They are at
increased risk of mental health comorbidities, such as depres-
sion, anxiety and substance use, as they transit to adulthood.
This transition coincides with increased self-awareness, estab-
lishing an identity and doing so within the setting of HIV-
associated stigma. Mental health issues can precipitate suici-
dal ideation, as has been reported among youth with other
chronic illnesses [6, 7].

Kreniske et al. examine attempted suicide among YAPHIV
and those perinatally exposed to but not living with HIV in
the Child and Adolescent Self-Awareness and Health study in
New York City [8]. They studied the unique roles of socio-
demographic, contextual and psychosocial factors on mental
health risks, such as how the impacts of pregnancy, substance
use and HIV stigma differ. Worryingly, a quarter of YAPHIV
in their study reported ever attempting suicide. Suicide
attempts were associated with disorders of mood, anxiety and
behaviour. They also were associated with higher occurrence
of HIV stigma and pregnancy. These findings highlight the
need to evaluate for suicidal risk among YAPHIV in care and
of efforts to understand the magnitude and associated factors
of all mental health challenges in relation to their peers.

Sirois et al. assessed the achievement of key early life
milestones by YAPHIV in the US Perinatal HIV/AIDS Cohort
national cohort [9]. Previous studies have suggested that
YAPHIV have increased the risk of abnormal neurological
development [10–12]. Their work expands on prior studies
by focusing on evidence of achievement by YAPHIV, includ-
ing high school diploma or graduate equivalency degree, post-
secondary education, or employment, as well as factors asso-
ciated with these milestones. While compelling, these poten-
tially reassuring results warrant additional evaluations in dif-
ferent contexts to confirm outcomes and better understand
other influences.

This supplement includes studies on renal disease, diabetes,
mental health and sarcopenia to better understand comor-
bidities among ageing adult PWH. While questions abound
regarding the relative impact of HIV and inflammation; ART
medication, including drug–drug interactions and polyphar-
macy; behavioural factors, such as diet, smoking, substance
use and physical activity; and environmental or genetic fac-
tors; it is clear that multiple causes contribute to the higher
rates of comorbidities among PWH compared to those with-
out HIV [13–18].

Studying participants with and without HIV in the African
Cohort Study, Chang et al. examined the prevalence and risk
factors of renal insufficiency, elevated blood pressure, dia-
betes and dysglycemia [19]. Overall, older PWH were at
higher risk for the comorbidities studied compared to PWH
<50 years. Interestingly, while the overall prevalence of the
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comorbidities studied was high, it was not associated with
HIV status. This is one of few studies from sub-Saharan
Africa comparing comorbidity risk between older PWH and
community-dwelling individuals without HIV. This study also
raises questions regarding differences in the populations of
those with and without HIV, and the need for better charac-
terization of behavioural risks related to diet, physical activity,
smoking and substance use.

Aurpibul et al. evaluated the prevalence and determinants
of neurocognitive impairment (NCI) specifically amnestic mild
cognitive impairment and dementia among older PWH from
Northern Thailand who had a long history of HIV and ART
[20]. The overall burden of NCI was substantial (87%), with
20% meeting their definition of dementia. While the preva-
lence of NCI in this study might be higher than has sometimes
been seen in other studies [21], this raises questions regard-
ing whether these differences are due to the population, the
measures used or other factors.

Other co-morbidity studies also demonstrate the need for
more detailed and comparable research across social and cul-
tural contexts. Luk et al. compared definitions of sarcopenia
from the Asia Working Group of Sarcopenia, including con-
sistency between criteria and construct validity as measured
by associations with mobility and physical functioning among
older PWH in Hong Kong [22]. This study is an example of the
use of contextually applicable definitions to advance the field.
Mwangala et al. present their study on the prevalence and
predictors of symptoms for depression and generalized anxi-
ety disorder among older PWH and those without HIV from
Kenya with psychosocial factors, such as HIV stigma, house-
hold HIV burden and loneliness, all serving as risk indicators
among PWH [23]. These findings reflect the value of longitu-
dinal assessments of cognitive, physical and mental health to
understand their impact on the trajectory of age-associated
decline among PWH.

These four studies on specific comorbidities among older
PWH provide updates on the magnitude and burden of mul-
timorbidity in the current ART era, including associated fac-
tors and modes of assessment in understudied regions. While
higher prevalence rates for comorbidities were found in some
but not all studies, risk factors differed among those with
and without HIV, emphasizing the importance of considering
comorbidities individually and careful evaluation among PWH
to best improve clinical care and outcomes.

Farley et al. [24] provide a contemporaneous evaluation
of the achievement of the UNAIDS 90-90-90 targets among
older versus younger PWH in 13 African countries [5, 24].
In comparison to younger PWH, older PWH have previously
been shown to have suboptimal HIV care and treatment out-
comes, especially with regard to immunological and virologi-
cal responses [25, 26]. Using representative Population-based
HIV Impact Assessments data, they found that older PWH
achieved the second and third 90 (i.e. initiate ART and are
virally suppressed). However, the first 90 on awareness of
HIV status remains a challenge. Only 80% of older PWH in
the study were aware of their HIV status, emphasizing the
need for targeted interventions to enhance HIV prevention
and testing in this population.

The pace of health transformation in low- and middle-
income countries (LMICs) most affected by the HIV epi-

demic needs to increase to provide chronic care for more
PWH who are surviving longer and growing older. The arti-
cle by Godfrey et al. describes how US PEPFAR-supported
countries now have the largest absolute numbers of older
PWH, larger still than all of the older PWH in North Amer-
ica and Western Europe, combined [27]. This burden will
only continue to increase in the coming years until an HIV
cure is achieved. It is clear that innovative and differenti-
ated service delivery (DSD) models will need to be employed
in order to meet the non-HIV health needs of older PWH
in these resource-constrained settings. Godfrey et al. out-
line lessons learned from PEPFAR programmes and suggest
adaptations that may be considered. They argue that older
PWH generally achieve good HIV treatment outcomes with
high rates of adherence and viral suppression, but instead
have other specific unmet needs, which include depres-
sion, cognitive impairment and frailty. PEPFAR-supported HIV
programmes have promoted implementing “simplified algo-
rithms/therapies, task-shifting and decentralize,” and suggest
these principles to guide the development of DSD for older
PWH. These models should incorporate the full extent of
care from maximizing opportunities for diagnosis with locally
validated tools to securing drug procurement and provision
pipelines, as well as strengthening existing monitoring and
evaluation. LMICs may leverage PEPFAR-developed capacity-
building frameworks established to facilitate task-shifting of
HIV treatment and extend this to the management of other
chronic comorbidities.

Linkage of health systems to the broader community for
social support will be imperative for any model of care for
an ageing population, especially given the increased reliance
on formal support networks among older PWH. In their
papers, Murzin et al. [28] and Reynolds et al. [29] use
qualitative methods to better understand the health needs
of older PWH in marginalized and rural communities from
two diverse economies: Canada and Uganda. Both stud-
ies highlighted several similarities with that of the age-
ing non-HIV population, drawing attention to the common,
dominant role poor social and structural determinants of
health play in influencing health and wellbeing. In many high-
income settings like Canada, support services may be avail-
able but poorly accessible by older PWH due to various
reasons, as opposed to a complete lack of support services
in low-resource settings. Multiple needs—such as maintain-
ing adequate nutrition and housing, mobility and sensory
aids, in-home support for daily activities and social/emotional
support—were common in both settings and among those
ageing without HIV. These studies also highlight how the
lived experiences of PWH, including trauma and stigma,
play a significant role in contributing to uncertainties about
the future, which is an additional source of anxiety for
ageing PWH.

Central to the transformation of any health system are the
data informing its evolution and adaptation. Marty et al. uti-
lized French national data to show that almost 20% of PWH
will be >70 years of age by 2030, and 40% would have been
on ART for >30 years [30]. By leveraging multiple research
and surveillance resources, their team has provided evidence
to guide local health systems to prepare for the levels of
ageing-related care these PWH will require. Their findings
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alert other contextually similar countries to the growing mag-
nitude of older PWH in their communities.

The papers in this supplement emphasize the need to
increase the capacity to design, test and evaluate different
models of care for older PWH. This will be critical to inform
our understanding of what works in different settings. More-
over, older PWH should be part of the teams designing and
evaluating implementation strategies as their lived experi-
ences are an invaluable resource for programmes. Service
outcomes should include stigma-reduction indicators and
patient-reported outcomes in addition to HIV-related parame-
ters as optimal health outcomes cannot be sustained over the
long term without an integral plan to address stigma and qual-
ity of life. In addition, research should be dedicated to rigor-
ous language and cultural adaptation and validation of critical
tools needed to screen PWH for age-associated and geriatric
conditions, such as frailty and cognitive impairment. This is
particularly critical given that many of the tools in current
use were developed for the general elderly population (65+
years) in high-income settings, and may not be well suited for
younger PWH (50+ years) experiencing overlapping patholo-
gies related to general ageing and HIV, nor for those in LMICs
where there are far fewer screening and referral services.

In this supplement, studies show how research can be
used to guide policy, care and treatment of individuals grow-
ing older with HIV. Health systems providing care for PWH
need to evolve in response to the available evidence to
meet the increasing health needs of both YAPHIV and older
PWH beyond that of viral suppression. In many settings, HIV
providers are the primary, if not the sole healthcare team
overseeing the overall health of PWH, a situation that will
invariably extend to managing non-communicable diseases,
and social and long-term care as PWH age [31]. Countries will
need to adopt integrated care approaches to HIV service pro-
vision that can be scalable in countries with a high HIV bur-
den in order to achieve longer and richer healthspans for all
those growing older with HIV.
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Abstract
Introduction: As children become adolescents and young adults (AYA), their risk for attempting suicide increases dramatically,
with chronic health conditions an important risk factor. This study examined correlates of suicidality across development in
AYA living with perinatally acquired HIV (AYALPHIV) and those perinatally HIV-exposed but uninfected (AYAPHEU).
Methods: Data come from an ongoing longitudinal New York City-based study (N = 339) with AYALPHIV and AYAPHEU
interviewed every 12–18 months from 2003 to 2019 (mean enrolment age = 12 years; current mean age = 27 years).
The Diagnostic Interview Schedule for Children (adolescent or young adult version) assessed psychiatric disorders and first-
reported suicide attempt. Generalized estimating equations were used to examine associations between first-reported suicide
attempt and socio-demographic, contextual and psychosocial correlates measured concurrently across six timepoints.
Results: At enrolment, 51% of participants were female, 72% heterosexual, 60% Black and 50% Latinx. Attempted suicide
was significantly higher among AYALPHIV (27%, CI 21–33%) compared to AYAPHEU (16%, CI 10–22%), with an OR of 1.74
(CI 1.04–2.92) in a model adjusting for age. For AYALPHIV, anxiety (OR 2.66, CI 1.46–4.85), mood (OR 3.62, CI 1.49–8.81)
and behaviour disorders (OR 5.05, CI 2.15–11.87) and past-year arrest (OR 3.05, CI 1.26–7.4), negative life events (OR 1.27,
CI 1.11–1.46), city stress (OR 2.28, CI 1.46–3.57), pregnancy (OR 2.28, CI 1.08–4.81) and HIV stigma (OR 2.46, CI 1.27–
4.75) were associated with increased odds of attempted suicide, while identifying as heterosexual (OR 0.27, CI 0.14–0.52),
higher personal (OR 0.45, CI 0.26–0.80) and family self-concept (OR 0.36, CI 0.22–0.57) were protective. Interactions by
HIV status and age were found: substance use was more strongly associated with attempted suicide among AYAPHEU than
AYALPHIV, while negative life events and higher religiosity were more strongly associated with increased odds of attempted
suicide among AYA ≥ 19 versus ≤ 18 years.
Conclusions: AYALPHIV compared to AYAPHEU faced unique risks for attempted suicide as they age into adulthood, with the
highest risk among AYALPHIV experiencing HIV stigma or pregnancy and the highest risk among AYAPHEU with substance
use. Assessing for suicide risk and correlates with attention to ageing can inform preventive interventions tailored to meet
AYALPHIV and AYAPHEU needs.
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1 INTRODUCT ION

Risk of attempting suicide increases dramatically as children
become adolescents and young adults (AYA) (10–30 years)
[1–5]. During this time, symptoms of mental illness and sub-

stance use often emerge [6], increasing the risk for suicidal
thoughts and behaviours [7–12]. Social (e.g. racial, gender-
based discrimination) [3, 13–18] and contextual (e.g. neigh-
bourhood violence) [19–21] factors may also contribute to
increased suicide risk among specific sub-groups of AYA, such
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as sexual and racial minorities. Youth with chronic illnesses
have shown higher suicidality in some studies [22], including
AYA affected by HIV [23], yet, no studies to our knowledge
have investigated proximal risk factors for suicidality among
AYA affected by HIV as they age across this critical devel-
opmental period [24]. Given the staggering numbers globally
of young people growing up with HIV or affected by mater-
nal HIV [25, 26], understanding suicidality in this population
is critical to informing much-needed evidence-based preven-
tion interventions [27, 28], particularly because the history of
attempted suicide is a strong predictor of later death by sui-
cide [29–31].

During adolescence, identity development incorporates sex-
ual, racial and ethnic identity, in the context of lived environ-
ments [32–37]. This process includes internalizing values and
conceptualizing how identity may impact social experiences
and life opportunities [35, 38]. Sexual and racial/ethnic minori-
ties are at increased risk for suicidality because of identity-
based discrimination, which has the strongest impact during
adolescence and young adulthood [3, 13–18, 39]. For peo-
ple living with HIV (PLWHIV), establishing an identity can be
especially complex as they grapple with a stigmatized, chronic,
transmittable infection [40, 41].

A recent systematic review and meta-analysis found that
PLWHIV, median age 39 years, had a 100-fold higher risk of
dying by suicide than people not living with HIV, with an even
higher risk for people living with AIDS [42]. While risk factors
for suicide in the general population of AYA are well docu-
mented [43–45], few studies have examined suicidality among
AYA living with perinatally acquired HIV (AYALPHIV) [24] and
those that have showed mixed results [46–50].

To further our understanding of predictors of suicide
attempts, we examined longitudinal data (adolescence through
young adulthood) from the Child and Adolescent Self-
Awareness and Health study (CASAH). CASAH was informed
by Social Action Theory (SAT) [51], which considers individ-
ual, social and contextual determinants of behavioural health
outcomes. The objective of the current analysis was to iden-
tify proximal risk and protective socio-demographic, contex-
tual and psychosocial factors associated with suicide attempts
in AYALPHIV and AYA who were perinatally HIV-exposed but
uninfected (AYAPHEU).

2 METHODS

2.1 Study population

CASAH is an ongoing longitudinal cohort study, now in its
19th year, that includes AYALPHIV (n = 207) and AYAPHEU
(n = 133) recruited from four New York City (NYC) medical
centres between 2003 and 2008 when participants were ages
9–16 years (mean = 12). One AYAPHEU was excluded from
the current analyses because they seroconverted during the
study. Detailed methods have been described elsewhere [52,
53]. In brief, inclusion criteria were perinatal HIV exposure;
cognitive capacity to complete interviews; English or Spanish-
speaking; and caregiver with the legal capacity to sign consent
for adolescent participation (AYA < 18 provided assent; those
≥ 18 years informed consent). Providers referred eligible clin-
ical patients to the study; 93% of all participants approached

enrolled. The current analyses include data collected until
2019 from participants’ psychosocial battery at six timepoints,
with participants aged 21–32 years (mean = 27) at the most
recent visit. Interviews were administered by trained research
assistants and participants were compensated for time and
travel expenses. The study was approved by the New York
State Psychiatric Institute Institutional Review Board.

2.2 Study measures

We selected risk and protective factors informed by SAT and
identified by studies on adolescent suicide, HIV and men-
tal health [7, 9–12, 22–24, 29, 47, 49, 54–67]. Unless oth-
erwise indicated, variables for the following age-appropriate
measures that had been used in other studies of PLWHIV and
racially and ethnically diverse US populations were assessed
at all timepoints. When applicable, we provide Chronbach’s
alpha as a measure of reliability (Table 1) [68, 69]. We then
examined data on potential correlates of the first reported
suicide attempt collected from the same timepoint as the
report for those who endorsed a suicide attempt.

2.2.1 Suicidality

Suicidality was assessed at each visit using one item from
the well-validated Diagnostic Interview Schedule for Children
(DISC) [70] “Have you ever in your whole life tried to kill
yourself or make a suicide attempt? (yes/no).” All participants
who reported any suicidality, including intentions were evalu-
ated for active suicidal ideation; no participants required being
taken to the emergency room, although mental health treat-
ment referrals were routinely made.

2.2.2 Socio-demographic factors

Socio-demographic variables at enrolment included sex
(female/male), age, sexual orientation (heterosexual/not),
perinatal HIV status (positive/negative), race and ethnicity,
and history of pregnancy in self or partner.

2.2.3 Contextual factors

Negative life events (measured at enrolment-FU3). This mea-
sure consists of 18 negative events (e.g. parents divorced
and death of family member) typically considered adverse
childhood experiences [71], developed by one of the authors
(CAM) and providers at a family-based HIV mental health pro-
gramme for the target population [72, 73], with higher scores
indicating more adverse life events. A total score was created
and has been used in multiple papers [74–76].
City Stress Inventory. The 16-item City Stress Inventory
assesses perceived neighbourhood stress, specifically urban
stressors (e.g. witnessing drug deals and gang violence) appro-
priate for AYA with an eight grade reading level [77]. AYA
reported how frequently they experienced these neighbour-
hood stressors in the past year using a 4-point scale [0 =
never; 4 = often]. Higher scores indicated a higher level of
neighbourhood stress.
Recent arrest or incarceration (measured FU2-5). A dichoto-
mous variable was created based on AYA self-report of an
arrest, spent time in jail or incarceration in the past year, with
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Table 1. Description of measures and timepoints collected in the longitudinal cohort of adolescents and young adults affected by

HIV living in the New York City Area

Measure Scale name Measure age group Cronbach’s α Enrol FU1 FU2 FU3 FU4 FU5

First attempted suicide The Diagnostic

Interview

Schedule for

Children

(adolescent or

young adult

version) (DISC)

[70]

Administered by age (<

18 years received the

child version, > 18

years received a

slightly modified young

adult version)

NA X X X X X X

Age, race/ethnicity, HIV

status, sexual orientation,

past year pregnancy

N/A All ages NA X X X X X X

Recent arrest or

incarceration

Monitoring the

Future [78]

All ages NA X X X X

Young adult negative life

events

Children’s Life

Events Inventory

[72]; Life Events

Questionnaire

[75]

Developed with children

ages 8–15 years [72],

but items are

appropriate for young

adults and have been

used in other studies

of youth living with

HIV [75]

NAa X X X X X

City stress City Stress

Inventory (CSI)

[77]

Appropriate for those

with an approximate

eight-grade reading

level [77]

NAa X X X X X X

Religiosity Adapted from

Monitoring the

Future [78]

All ages 0.77 X X X X X X

Self-concept Tennessee

Self-Concept

Scale [81]

All ages Personal: 0.72

Family: 0.78

Social: 0.53

X X X X

Psychiatric disorder Diagnostic Interview

Schedule for

Children (DISC)

[70]

Administered by age (<

18 years received the

child version, > 18

years received a

slightly modified young

adult version)

NA X X X X X X

HIV stigma Social Impact Scale

[82], HIV Stigma

Scale [147] (FU5)

Appropriate for all ages.

Before FU5, Social

Impact Scale was only

asked to PHIV who’s

caregivers disclosed

youth knew about

PHIV status.

0.84 X X X X X X

Abbreviation: FU, follow up.
aChronbach’s alpha computed at enrolment. The city stress index and life events scale both consist of items that are combined into an index
following a formative measurement framework, in which the items are the cause of the construct rather than the effect, and therefore, do not
follow a reflective measurement framework. Therefore, Chronbach’s alpha is not appropriate for these measures [68,69].

7



Kreniske P et al. Journal of the International AIDS Society 2022, 25(S4):e25984
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25984/full | https://doi.org/10.1002/jia2.25984

items from Monitoring the Future, a well-validated measure of
adolescent risk behaviour [78].

2.2.4 Psychosocial factors

Psychiatric disorders. We assessed psychiatric disorders with
the DISC, which has well-validated adolescent (< 18 years)
and young adult (> 18 years) versions [79]. Symptoms experi-
enced in the past year for the most common psychiatric diag-
noses were assessed, adhering to the Diagnostic and Statisti-
cal Manual of Mental Disorders [80] diagnostic criteria. The
following broad diagnostic categories were examined: mood
disorders, anxiety disorders, behaviour disorders and sub-
stance use disorders.
Religiosity. Participants reported their religious affiliation,
and, using 4-point Likert scales, past year frequency of par-
ticipation in religious activities, belief in a higher power and
the importance of religion or spirituality in their life appropri-
ate for AYA [78]. A total religiosity score was created ranging
from 0 to 18, with higher scores indicating higher religiosity
(Cronbach’s α = 0.77).
Self-concept (enrolment-FU3). Self-concept was measured
using the Tennessee Self-Concept Scale:2 (TSCS:2), appropri-
ate for AYA [81]. The TSCS:2 is composed of self-descriptive
items, each answered on a 5-point Likert Scale (0 = not at all;
5 = very much); higher scores reflect better self-concept. We
used three sub-scales: personal self-concept (e.g. “I’m a cheer-
ful person” Cronbach’s α = 0.72), family self-concept (e.g. “I
am a member of a happy family” Cronbach’s α = 0.78) and
social self-concept (e.g. “I am a friendly person” Cronbach’s α

= 0.53).
HIV stigma. Among AYALPHIV, HIV stigma was assessed with
the Social Impact Scale appropriate for AYA [82]. Using 18
items from a 4-point Likert-type scale, participants reported
how much they agreed with statements concerning social
rejection, isolation and internalized shame related to HIV (e.g.
“I feel I need to keep my HIV a secret”), with higher scores
indicating higher levels of HIV-related stigma (Cronbach’s α =
0.84).

2.3 Statistical analysis

Data were set in a long format with participants contributing
multiple observations over time. Descriptive statistics were
calculated and AYALPHIV and AYAPHEU participants were
compared on enrolment socio-demographic and psychosocial
variables. T-tests and chi-squared tests were used for contin-
uous and categorical variables, respectively. Additionally, we
plotted the cumulative incidence (1-Kaplan–Meier) of the time
to first suicide attempt with age as the x-axis.

Given the rare outcome of suicide attempt and the use
of repeated measures over time, we used logistic regres-
sion with generalized estimating equations (GEE) to individ-
ually estimate odds ratios (OR) and 95% confidence inter-
vals (CI) for the association between each socio-demographic,
contextual and psychosocial factor and having the first report
of attempted suicide (binary outcome), adjusting for age at
each survey round [83, 84]. Repeated observations were mod-
elled using an independent working correlation matrix, but
empirical standard errors were reported, which are robust to

the misspecification of the correlation structure. We exam-
ined these associations in the overall sample which included
both AYALPHIV and AYAPHEU, and among AYALPHIV and
AYAPHEU sub-groups. Overall sample models were addition-
ally adjusted for HIV status (PHIV or PHEU), and HIV stigma
was only examined among AYALPHIV. Similar to the way,
censoring is handled in grouped proportional hazards model
[85–87], for participants who ever reported a lifetime sui-
cide attempt, observations were included in the model up
until (and including) the observation in which a lifetime suicide
attempt was first reported. We explored potential interactions
by developmental stage by including an interaction term for
ages 9–18 and 19 and older, and by PHIV-status by includ-
ing a PHIV-status interaction term in analyses with the overall
sample. Analyses were completed using SAS version 9.4 [88].

3 RESULTS

At enrolment, 51% of participants were female (n = 172),
72% heterosexual (n = 227), 60% Black (n = 203) and 50%
Latinx (n = 170); 11% were Black and Latinx (n = 36) and two
participants were neither Black nor Latinx) with no significant
differences between AYALPHIV and AYAPHEU (Table 2). Par-
ticipants were followed for a mean of 8.5 years (minimum = 0
years [only enrolment], maximum = 15.9 years). The number
of participants reporting attempted suicide increased from 15
(8 females and 7 males) at enrolment to 76 (37 females and
39 males) at the most recent visit. Participants were on aver-
age 19 years old (standard deviation = 4.4) at first reported
suicide attempt.

Attempted suicide prevalence was significantly higher
among AYALPHIV (27%, 95% CI 21–33%) compared to
AYAPHEU (16%, 95% CI 10–22%, p = 0.02) (Table 2). In
the age-adjusted logistic marginal model accounting for par-
ticipants’ repeated observations, AYALPHIV had 1.74 times
higher odds than AYAPHEU of ever attempting suicide (95%
CI 1.04–2.92) (Table 3). Figure 1 shows the Kaplan–Meier
cumulative incidence estimates of first suicide attempt among
AYALPHIV and AYAPHEU in our sample. Based on these
estimates, by the time a child reached 17 (the median age of
all observations), the cumulative incidence of suicide attempt
was 6% for AYAPHEU and 10% for AYALPHIV.

3.1 Socio-demographic factors

In the age-adjusted and HIV status-adjusted logistic marginal
models accounting for repeated observations, for the over-
all and AYALPHIV populations, those who identified as het-
erosexual had lower odds of attempted suicide compared to
those who did not identify as heterosexual (Overall: OR =
0.3, 95% CI, 0.17–0.51; AYALPHIV: OR = 0.27, 95% CI 0.14–
0.52). Frequencies of specific non-heterosexual identities were
too small to examine separately.

3.2 Contextual factors

For the overall sample and AYALPHIV group, contextual fac-
tors significantly associated with increased odds of attempted
suicide were city stress (Overall: OR = 2.07, 95% CI 1.4–3.06;
AYALPHIV: OR = 2.28, 95% CI 1.46–3.57; negative life events
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Table 2. Description of the overall cohort and AYA living with perinatally acquired HIV (AYALPHIV) and AYA who were perinatally

HIV-exposed but uninfected (AYAPHEU) subgroups at enrolment

Overall sample

(N = 339)b
AYALPHIV

(n = 206)

AYAPHEU

(n = 133)

Diff between

groups

Variable n Mean (SD) or %b n Mean (SD) or %b n Mean (SD) or %b p-value

Attempted suicidea 76 22% (18%, 27%) 55 27% (21%, 33%) 21 16% (10%, 22%) 0.02

Socio-demographic factors

Sex 0.91

Male 167 49% 102 50% 65 49%

Female 172 51% 104 50% 68 51%

Identifies as straight/heterosexual 227 72% 130 69% 97 77% 0.11

Black/African-American 203 60% 131 63.59% 72 54.14% 0.08

Latinx 170 50% 99 48.06% 71 53.38% 0.34

Black and Latinx

Age 339 12.58 (2.25) 206 12.70 (2.16) 133 12.38 (2.37) 0.19

Abbreviations: AYALPHIV, adolescents and young adults living with perinatally acquired HIV; AYAPHEU, adolescents and young adults perina-
tally HIV-exposed but uninfected.
Bold indicates p < 0.05.
aAttempted suicide considers all survey rounds.
bNs may not sum to total due to missing data. Percentages are of those with non-missing data. Percentages may not sum to 100 due to
rounding.

(Overall: OR = 1.23, 95% CI 1.09–1.39; AYALPHIV: OR =
1.27, 95% CI 1.11–1.46); and having been arrested or spent
time in jail in the past year (Overall: OR = 2.56, 95% CI 1.16–
5.67; AYALPHIV: OR = 3.05, 95% CI 1.26–7.40).

3.3 Psychosocial factors

Among the overall and AYALPHIV populations, higher per-
sonal self-concept (Overall: OR = 0.51, 95% CI 0.32–0.83;
AYALPHIV: OR = 0.45, 95% CI 0.26–0.80) and family self-
concept (Overall: OR = 0.39, 95% CI 0.26–0.59; AYALPHIV:
OR = 0.36, 95% CI 0.22–0.57) were protective against
attempted suicide. Overall, psychosocial factors associated
with increased odds of attempted suicide included having any
anxiety disorder (Overall: OR = 2.88, 95% CI 1.76–4.7); AYAL-
PHIV: OR = 2.66, 95% CI 1.46–4.85; AYAPHEU: OR = 3.43,
95% CI 1.46–8.07); any mood disorder (Overall: OR = 4.39,
95% CI 2.29–8.41); AYALPHIV: OR = 3.62, 95% CI 1.49–
8.81; AYAPHEU: OR = 5.88, 95% CI 2.33–14.88); or any
behaviour disorder (Overall: OR = 4.70, 95% CI 2.39–9.23;
AYALPHIV: OR = 5.05, 95% CI 2.15–11.87; AYAPHEU: OR =
4.06, 95% CI 1.35–12.17). For the overall and AYAPHEU pop-
ulations, substance use disorder was associated with higher
odds of attempted suicide and we found evidence of inter-
action by PHIV-status (p = 0.04) with substance use as a
greater risk factor for attempted suicide in the AYAPHEU
group (Overall: OR = 2.60, 95% CI 1.49–4.73; AYAPHEU: OR
= 5.83, 95% CI 2.23–15.29). No significant association was
found in the AYALPHIV group.

Among AYALPHIV only, pregnancy and HIV stigma were
associated with increased odds of attempted suicide. A unit
increase in HIV stigma was associated with 2.46 times higher
odds of attempted suicide (95% CI: 1.27–4.75). AYALPHIV
who experienced pregnancy had 2.28 times higher odds of

attempted suicide compared to those who never experienced
pregnancy (95% CI: 1.08–4.81). A gender-by-pregnancy inter-
action term was tested, as it was hypothesized that associ-
ations between pregnancy and attempted suicide would be
higher for females; the interaction term was not significant (p
= 0.90).

3.4 Interaction by PHIV status and
developmental stage

Among older AYA (≥ 19 years), each negative life event
increased the odds of attempted suicide by a factor of 1.42
(95% CI: 1.15–1.76) with no significant association among
younger AYA (OR = 1.13, 95% CI: 0.97–1.33) (interaction p-
value = 0.09). Among older AYA, each unit increase in religios-
ity score increased the odds of attempted suicide by a factor
of 1.60 (95% CI: 1.11–2.31), with no significant association
among younger AYA (OR = 0.83, 95% CI: 0.54–1.28) (inter-
action p-value = 0.03).

4 D ISCUSS ION

Adolescence and young adulthood is a high-risk period for
attempting suicide [1–4], with AYALPHIV a particularly vul-
nerable group [49, 50]. The current findings extend the field,
not only by providing additional evidence that AYALPHIV are
at greater risk for suicide attempts across adolescence and
into young adulthood than AYAPHEU peers [23, 49, 50],
but also by showing proximal risk and protective factors for
both groups as they age through this developmental period.
For AYALPHIV, stigma and pregnancy were associated with
attempted suicide and for AYAPHEU, substance use was a risk
factor. Although our data suggest shared findings with other
populations of AYA [67, 89–91], differences were identified
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Table 3. Associations between first report of attempted suicide and socio-demographic, structural and psychosocial factors for

the overall cohort and within AYA living with perinatally acquired HIV (AYALPHIV) and AYA who were perinatally HIV-exposed

but uninfected (AYAPHEU) subgroups

Odds ratio (95% CI)a

Variable Overall AYALPHIV AYAPHEU

HIV status

Positive 1.74 (1.04, 2.92)

Negative (ref)

Socio-demographic factors

Sex

Male 0.8 (0.5, 1.28) 0.74 (0.42, 1.3) 1.00 (0.4, 2.45)

Female (ref)

Identifies as straight/heterosexual

Yes 0.30 (0.17, 0.51) 0.27 (0.14, 0.52) 0.37 (0.13, 1.04)

No (ref)

Race

Black/African-American 1.12 (0.68, 1.82) 1.28 (0.7, 2.32) 0.79 (0.33, 1.89)

Not Black/African-American (ref)

Ethnicity

Latinx 1.38 (0.86, 2.22) 1.21 (0.69, 2.12) 2.02 (0.8, 5.07)

Not Latinx (ref)

Ever experienced pregnancy

Yes 1.84 (0.98, 3.45) 2.28 (1.08, 4.81) 1.13 (0.35, 3.67)

No (ref)

Structural factors

Arrested/spent time in jail past year

Yes 2.56 (1.16, 5.67) 3.05 (1.26, 7.4) 1.20 (0.14, 10.13)

No (ref)

Negative life events 1.23 (1.09, 1.39) 1.27 (1.11, 1.46) 1.08 (0.85, 1.36)

City Stress Inventory 2.07 (1.4, 3.06) 2.28 (1.46, 3.57) 1.62 (0.74, 3.53)

Psychosocial factors

Religiosity 1.23 (0.93, 1.64) 1.14 (0.82, 1.58) 1.52 (0.85, 2.72)

Personal self-concept 0.51 (0.32, 0.83) 0.45 (0.26, 0.8) 0.68 (0.28, 1.64)

Family self-concept 0.39 (0.26, 0.59) 0.36 (0.22, 0.57) 0.51 (0.24, 1.09)

Social self-concept 1.10 (0.71, 1.72) 1.19 (0.68, 2.07) 0.87 (0.45, 1.68)

DISC anxiety disorder

Yes 2.88 (1.76, 4.7) 2.66 (1.46, 4.85) 3.43 (1.46, 8.07)

No (ref)

DISC mood disorder

Yes 4.39 (2.29, 8.41) 3.62 (1.49, 8.81) 5.88 (2.33, 14.88)

No (ref)

DISC behaviour disorder

Yes 4.70 (2.39, 9.23) 5.05 (2.15, 11.87) 4.06 (1.35, 12.17)

No (ref)

DISC substance disorder

Yes 2.60 (1.49, 4.73)b 1.83 (0.89, 3.78)b 5.83 (2.23, 15.29)b

No (ref)

HIV-specific factors

HIV stigma 2.46 (1.27, 4.75)

Abbreviations: AYALPHIV, adolescents and young adults living with perinatally acquired HIV; AYAPHEU, adolescents and young adults perina-
tally HIV-exposed but uninfected; DISC, Diagnostic Interview Schedule for Children [70].
aOR greater than 1 indicates a greater likelihood of attempted suicide. OR adjusted for age at each survey round and overall models were
adjusted for PHIV status.
bInteraction by PHIV status was significant (p = 0.041).
Bold indicates p < 0.05.
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Figure 1. Kaplan–Meier cumulative incidence estimates of first suicide attempt among AYA living with perinatally acquired HIV (AYAL-
PHIV) and AYA who were perinatally HIV-exposed but uninfected (AYAPHEU).

that suggest strategies for suicide prevention tailored for AYA
affected by HIV.

The association between pregnancy (self or partner) and
attempted suicide among AYALPHIV in our study is an impor-
tant finding for preventive interventions. Prior studies suggest
younger age among HIV-negative pregnant females is a risk
factor for suicidality [91–95]. Adult women living with HIV
have reported concerns regarding vertical HIV transmission,
providing for a child while living with HIV, or fears of mortality
[96–98], which may also be relevant to AYALPHIV of all gen-
ders. Future studies should examine the timing of pregnancy
in this population and mental health effects, including suicidal-
ity.

Similar to studies with the general population, we found
that non-heterosexual identity was significantly associated
with attempted suicide in both AYALPHIV and AYAPHEU
[3, 18]. Extensive research has demonstrated associations
between sexual identity discrimination and poor mental health
outcomes, with AYA sexual minorities being at the great-
est risk for suicidality [3, 17, 18]. Further research could
inform interventions by exploring how anti-LGBT discrimina-
tion might interact with feelings about growing up with HIV
and negatively impact AYA social and emotional development.

We identified associations between attempted suicide and
contextual factors, including recent arrests, city stress and
negative life events in the full cohort, with negative life events
having a stronger association with attempted suicide among
those who were 19 or older. Interventions for older AYA may
be able to stem the harm from exposure to negative life
events [99, 100], yet to date, no programmes exist specifi-

cally tailored to AYA affected by HIV [27, 28]. Further, these
contextual factors may be more salient for Black and Lat-
inx AYA given that they are more likely [53] than White
AYA to live in low-income neighbourhoods where negative life
events (e.g. family member death, neighbourhood violence and
recent arrest) have been associated with attempted suicide
[19, 20, 101] and are more common as compared to higher-
income neighbourhoods [21, 102–106]. Neighbourhood dis-
crepancies by race and ethnicity are likely the result of sys-
temic racism affecting housing and policing policies, the detri-
mental impact of which has been documented [64, 107–111].
Unfortunately, we could not examine racial differences as our
participants were predominantly Black and Latinx. Additional
research among ethnic and racial minorities affected by HIV
and suicidality is needed.

Prior study of suicidality among AYA affected by HIV has
found mixed results. Three cross-sectional studies (from Eng-
land, Thailand and South Africa) found no differences in
suicide risk between AYALPHIV versus those without HIV
[46–48]. Conversely, our current and prior work in the
United States [50] and a study in Rwanda [49] both found
an increased risk of suicidality among AYALPHIV compared
to AYA without HIV. Differences in the HIV epidemic and
affected populations across nations [112–114], as well as
cross-cultural differences, such as the impact of systemic dis-
crimination on people with intersectional identities, includ-
ing racial and ethnic minorities living with HIV in the United
States, could explain the previously noted mixed findings
internationally regarding HIV-status and adolescent suicidality
[115–117].
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As found in our study, stressful events can also lead
to other negative developmental outcomes [21, 102–105],
including mental illness, a known correlate of attempted sui-
cide among AYA [7–12, 118]. Self-concept, related to men-
tal health, is an important psychosocial factor that changes
during adolescence and young adulthood. Although positive
self-concept appears protective against suicidality in other
populations, it has not been previously examined over time
among AYALPHIV and AYAPHEU. We examined self-concept
across different domains [81]. Consistent with international
and US studies that suggest family processes influence suici-
dality among PLWHIV [58, 119], and among adolescents not
affected by HIV [12, 66, 67, 120], higher levels of family
self-concept were protective against attempted suicide among
the overall sample and AYALPHIV. In addition, personal self-
concept among the overall sample and AYALPHIV was pro-
tective, aligning with prior findings among HIV-negative youth
[121, 122].

There were also psychosocial risk factors unique to
AYAPHEU and AYALPHIV. Substance use was a risk fac-
tor for attempted suicide only among AYAPHEU, supporting
prior studies that highlight AYAPHEU as a vulnerable group
with unique risks that may require tailored interventions [41,
123, 124]. For AYALPHIV, HIV stigma was a risk factor for
attempted suicide. Interestingly, as in our prior work among
this cohort, we did not find significant associations between
HIV stigma and suicide attempts [50]. Early data from our
cohort suggested few participants told others about their HIV
which might have limited exposure to stigma. This changed
as young people aged, perhaps because of increased sexual
behaviour, potentially resulting in more opportunities for stig-
matizing experiences [37].

Notably, higher religiosity was associated with higher odds
of attempted suicide among AYA over 18 years of age, yet
in previous CASAH analyses, we found that religiosity was
protective against attempted suicide in earlier adolescence.
The changing direction of this association warrants further
study and suggests that as our cohort ages, religiosity may
shift from a neutral or protective factor to a risk factor for
attempted suicide. This changing dynamic between religiosity
and attempted suicide as our cohort ages may reflect changes
in sexuality, stigmatizing experiences or family dynamics, and
corresponds with prior mixed findings from studies of suicide
and religiosity in the general population [125, 126].

The longitudinal design of the current study was a strength,
allowing us to examine our aims as our cohort transitioned
into adolescence and young adulthood. Our use of standard-
ized and validated measures, including the DISC, to assess
mental health and attempted suicide was another strength
[70, 127, 128].

There were also limitations. Larger samples, including par-
ticipants in other countries, would be helpful in detecting
more nuanced group differences and moderators of our find-
ings, particularly larger samples of AYAPHEU. Additionally, our
study did not include an HIV-unexposed cohort, thus, limiting
the ability to examine the impact of perinatal HIV exposure
or familial HIV on suicidality. Over a lifetime, approximately
4.6% of US adults attempt suicide [129], although accord-
ing to a systematic review, the proportion may be as high as
3.1–8.8% among adolescents in the United States [130], with

an international study including 90 countries noting a range
of 10–15% [131]. Both AYAPHEU and AYALPHIV appear to
have an elevated risk of attempted suicide compared to HIV-
unaffected populations. Furthermore, as has been noted in
previous work, AYALPHIV have had better access to men-
tal health services through their ongoing HIV care systems
than AYAPHEU [53, 132], potentially minimizing group differ-
ences. In addition, our findings may not be generalizable to
AYALPHIV and AYAPHEU living outside NYC. However, NYC
is one of the epicentres of the United States. HIV epidemic
among women and children, with 22% of US paediatric HIV
cases from NYC; moreover, the demographics of CASAH par-
ticipants are similar to those reported in national studies of
AYAPHIV and AYAPHEU [53, 133–135]. Further, our results
align with prior studies in sub-Saharan Africa that suggest
the importance of mental health in understanding suicidality
among youth affected by HIV [24, 47, 49, 60].

5 CONCLUS IONS

Adolescence and young adulthood is a critical period when the
risk for attempted suicide rises precipitously [1–4]. We found
that as our cohort aged, several socio-demographic, contex-
tual and psychosocial factors placed AYA at increased risk for
suicidality and that only a higher self-concept was protective.
More negative life events and religiosity appeared to increase
the risk of attempted suicide for participants over 18 years.
Specific risks for attempted suicide for AYALPHIV were HIV
stigma and pregnancy, with substance use a risk for attempted
suicide among AYAPHEU. There is an urgent need to meet
the needs of AYA affected by HIV and highlighting these risks
for healthcare providers could be a needed first step towards
preventive interventions [27, 28].

In the context of the COVID-19 pandemic, we suspect
the risk of suicidality for this cohort and other AYA affected
by HIV may increase. Even before COVID, the multifaceted
impact of HIV, poverty and racism contributed to high rates
of behavioural health problems, health disparities and among
AYALPHIV, low rates of viral suppression [136–139], with few
available evidence-based interventions to support behavioural
health or HIV treatment adherence [27, 28]. The dispropor-
tionate burden of COVID-19 on Black and Latinx commu-
nities in the United States, and global COVID-related barri-
ers to treatment among PLWHIV, may exacerbate behavioural
health problems and limit access to services for chronic health
conditions, such as HIV and psychiatric disorders, thus poten-
tially contributing to increased risk for suicidality among AYA
affected by HIV [111, 140–146].
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Abstract
Introduction: Medical challenges, including perinatally acquired HIV (PHIV), can be considered adversity with the potential
to compromise individuals’ ability to meet societal expectations across the lifespan. Studies suggest that resilience, defined as
positive adaptation in the context of adversity, helps individuals overcome challenges and improve their quality of life. Few lon-
gitudinal studies have examined resilience in young adults with perinatally acquired HIV (YAPHIV) or perinatal HIV exposure,
uninfected (YAPHEU). We examined three young adult milestones, which can affect the life-long quality of life, as markers of
resilience: high school graduation, postsecondary education and current employment.
Methods: Analyses included YAPHIV and YAPHEU, ages 19–27 years, followed in longitudinal cohort studies: Pediatric
HIV/AIDS Cohort Study Adolescent Master Protocol (AMP) (7–17 years) and AMP Up (≥18 years). Factors known to influ-
ence the attainment of milestones (outcomes) were examined: executive function, cognitive efficiency (working memory and
processing speed), behavioural/social-emotional functioning, parent/caregiver mental/physical health and cumulative risk. HIV
disease markers for YAPHIV were examined. The most recent AMP assessment was used for each factor; outcomes were
measured at AMP Up 1-year follow-up. Separate robust Poisson regression models were used to assess associations of each
factor with each outcome; PHIV status was explored as an effect modifier of each association.
Results: Participants (N = 315; YAPHIV = 228): 58% female, 67% Black and 27% Hispanic. Compared to YAPHEU, YAPHIV
were older and from families with higher median income and fewer symptoms of parent/caregiver mental health/substance
use disorders. Proportions of YAPHIV and YAPHEU, respectively, who achieved each milestone were comparable: 82% versus
78% for high school graduation (p = 0.49), 45% versus 51% for postsecondary education (p = 0.35) and 48% versus 54% for
current employment (p = 0.32). Higher cognitive efficiency was positively associated with postsecondary education and cur-
rent employment. Higher executive function, age-appropriate behavioural/social-emotional functioning and lower cumulative
risk were associated with academic milestones. Among YAPHIV, positive associations were: higher current CD4 with postsec-
ondary education and lower nadir CD4 with current employment. PHIV status did not modify any association.
Conclusions: YAPHIV and YAPHEU demonstrated resilience, attaining at least one young adult milestone. Cognitive,
behavioural and social resources to support resilience in childhood and adolescence may provide the foundation for continued
achievement throughout adulthood.

Keywords: resilience; young adults; perinatal HIV-exposed uninfected; perinatal HIV infection; milestones; lifespan develop-
ment
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1 INTRODUCT ION

Resilience, defined as positive adaptation in the context of
risk or adversity [1, 2], is instrumental to the quality of life
and attainment of goals in young adulthood, particularly in the
areas of work and vocational or higher education. Quality-of-

life indicators in adulthood, such as financial stability, physical
and mental health, and life expectancy, are improved with the
attainment of high school and postsecondary education [3].
There is little information about high school graduation and
higher education in the population with perinatal HIV expo-
sure or perinatally acquired infection in the United States.
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Therefore, we examined the attainment of three societal mile-
stones known to contribute to the life-long quality of life: high
school graduation, postsecondary education and employment.

Perinatal HIV exposure, with or without perinatally
acquired HIV, can confer risks to development and wellbeing
in childhood [4–10] and subsequently to quality of life in
adulthood. Results from the Pediatric HIV/AIDS Cohort Study
(PHACS) documented lowered performance in children and
adolescents with perinatal HIV exposure compared to nation-
ally representative test standardization samples on measures
of key developmental domains. These include intellectual
ability and academic achievement [11–13], language [14, 15],
learning, memory, executive function [16–19] and adaptive
behaviour [11, 18]. Children and adolescents with perinatally
acquired HIV (PHIV) or with perinatal HIV exposure who are
uninfected (PHEU) demonstrated higher rates of behavioural
or emotional problems than their peers in the general popula-
tion. These rates were not attributed solely to PHIV because
children with PHEU showed similar or even higher rates of
mental health problems [20–22]. Youth with PHIV or PHEU
are often from vulnerable communities affected by poverty,
racism and discrimination, familial stressors and health dis-
parities that can affect development across multiple domains
[7, 23–27]. Thus, it is critical to determine factors that might
influence the attainment of young adult milestones as youth
transition through the lifespan. This knowledge could form
the basis for evidence-based interventions to benefit this
population.

Many factors are known to influence adaptation to adver-
sity: relationships with parents/caregivers and other adults;
friends and romantic partners; intelligence and problem-
solving skills; self-control, emotional regulation and planning;
and self-efficacy and motivation [2]. Risks to optimal devel-
opment include maternal education less than high school,
parental divorce or death, single-parent family, perceived indi-
vidual and structural racism and witnessing violence [2, 28].
Family socio-economic status (SES) is related to physical
health and achievement of societal milestones, such as high
school graduation, postsecondary education and sustained
employment; thus, poverty and low SES, whether chronic or of
recent onset, confer risks to development and are considered
major stressors for children, adolescents and families [23,
29–32]. Medical illnesses present additional stressors related
to disease and treatment. Regardless of the source of stress,
increases in the cumulative number of stressors have been
associated with increases in child maladaptation [2, 25–27];
Rutter [33] found child psychiatric problems increased sub-
stantially when any combination of four or more stressors was
present in the family. Despite this knowledge base, there is a
paucity of information about HIV and its effect on goal attain-
ment as youth with PHIV or PHEU age into young adulthood.

This study draws from research in the fields of resilience
and paediatric HIV to examine, from a lifespan developmen-
tal perspective, the influence of youth and parent/caregiver
characteristics on the attainment of young adult milestones
of high school graduation, enrolment in postsecondary educa-
tion and entry into the workforce. These outcomes reflect the
attainment of societal expectations for older adolescents and
young adults in the United States [3]. The hypotheses were:
(1) compared to young adults with PHEU (YAPHEU), a lower

proportion of young adults with PHIV (YAPHIV) will earn a
high school diploma or graduate equivalency degree (GED),
enrol in postsecondary education, or become employed; (2)
regardless of PHIV status, difficulties in youth cognitive and
behavioural development and parent/caregiver mental and
physical health will adversely affect the attainment of mile-
stones; (3) regardless of PHIV status, higher cumulative risk,
that is a greater number of individual, familial and life event
risks, will adversely affect the attainment of these milestones;
and (4) YAPHIV with better immune function will be more
likely to attain one or more milestones than those with poorer
immune function.

2 METHODS

2.1 Participants

The PHACS Adolescent Master Protocol (AMP) and PHACS
AMP Up are prospective cohort studies of children, adoles-
cents and young adults with PHIV or PHEU followed for long-
term evaluation of cognitive, behavioural, social-emotional and
physical health outcomes. In 2006, AMP began enrolling chil-
dren and adolescents, age 7–15 years, at 15 sites in the
United States and Puerto Rico, following them until their 18th
birthday. AMP follow-up ended in 2021. In 2014, AMP Up
began enrolment at 14 AMP sites for follow-up of AMP par-
ticipants and other eligible YAPHIV age 18 and older. All
YAPHIV and YAPHEU age 19 and older, who were previ-
ously followed in AMP and had completed the 1-year follow-
up visit in AMP Up, were eligible for this analysis. Semi-annual
and annual study visits in AMP included face-to-face test-
ing with participants, interviews with participants and par-
ents/caregivers and medical chart abstraction. Annual study
visits in AMP Up include interviews with participants, web-
based surveys and medical chart abstraction. Informed con-
sent and assent were obtained from parents/caregivers and
participants at the time of enrolment into AMP and from
participants at enrolment into AMP Up. Both protocols were
reviewed and approved by Institutional Review Boards at all
participating sites and Harvard T.H. Chan School of Public
Health.

2.2 Milestone outcomes

Attainment of education and employment milestones was
assessed by a web-based survey administered 1 year after
entry into AMP Up. High school graduation was defined as
receipt of a high school diploma or GED; participants report-
ing enrolment in postsecondary education without report-
ing receipt of a high school diploma or GED were counted
as high school graduates. Postsecondary education included
vocational or technical schools, 2-year associate degree or
certification programmes, 4-year college bachelor programmes
and graduate education. Employment was defined as current
part-time or full-time work.

2.3 Potential predictors

Several domains of functioning were evaluated as poten-
tially associated with the attainment of the three outcomes
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Figure 1. Compensatory (main effects) model of resilience in the AMP Up cohort of the Pediatric HIV/AIDS Cohort Study. Resilience
was defined by participants’ attainment of one or more young adult milestones. A measure of cumulative risk developed for this study
assessed the total number of risks present across all domains. All measures were collected during AMP except for the PHQ-9 and CES-
D-10 collected at entry into AMP Up. AMP, Adolescent Master Protocol; AMP Up, long-term follow-up of participants age 18 and older;
BASC-2, Behavior Assessment System for Children, Second Ed. [37]; BRIEF, Behavior Rating Inventory of Executive Function [36]; BRI,
Behavioral Regulation Index; CDC, Centers for Disease Control and Prevention; CES-D-10, Center for Epidemiological Studies Depres-
sion Scale [42]; MCI, Metacognition Index; PHQ-9, Patient Health Questionnaire [41]; Wechsler, Wechsler Intelligence Scale for Children,
Fourth Ed. [34] or Wechsler Adult Intelligence Scale, Fourth Ed. [35]; YAPHIV, young adults with perinatally acquired HIV.

(Figure 1). Measures of each domain were administered on a
regular schedule during AMP follow-up; not all measures were
scheduled for the same visit. Measures selected for this analy-
sis (Table 1) were obtained at the last AMP visit at which each
measure was administered. Only those considered valid by

internal test validity indices and/or examiner judgement were
included. Data from AMP were used as predictors; AMP Up
1-year follow-up data were used for outcomes. Each measure
was assessed individually to identify associations between
predictors and outcomes. The measures were also combined
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Table 1. Potential predictors measured during AMP and included in the analysis

Domain Measure Selected index/subtest score

Executive functioning Behavior Rating Inventory of Executive Function

(BRIEF) [36], participant self-report and

parent/caregiver report; administered as

interviews

Behavioral Regulation Index (BRI) and

Metacognition Index (MCI)

Cognitive efficiency Wechsler intelligence scales, child or adult version

as appropriate for age [34, 35]; face-to-face

testing with participant, using standardized

administration procedures

Working Memory Index (WMI) and Processing

Speed Index (PSI)

Behavioural and

social-emotional

functioninga

Behavior Assessment System for Children, Second

Edition (BASC-2) [37], participant self-report

and parent/caregiver report; administered as

interviews

Internalizing Problems, Emotional Symptoms and

Personal Adjustment indices from the

participant self-report; Externalizing Problems,

Behavioral Symptoms and Adaptive Skills indices

from the parent/caregiver report

Life events Life Events Checklist [38], participant self-report

of potentially traumatic events; administered as

interview

Average life events reported during AMP

follow-upb

HIV disease severity

(YAPHIV only)

a) CD4 count (cells/mm3)

b) Viral load (copies/ml)

c) Centers for Disease Control and Prevention

(CDC) classification [39]; data obtained through

medical chart abstraction

a) Nadir and most recent

b) Peak and most recent

c) Class C (AIDS-defining diagnoses) versus

non-Class C

Parent/caregiver

characteristics

a) Client Diagnostic Questionnaire (CDQ) [40]c;

administered as interview

b) Caregiver health interviewd

c) Caregiver quality of life interviewd

a) Number of positive screens for mental health

and substance use disorders

b) Number of functional limitations in physical

health

c) Number of potentially traumatic life events

during 12 months prior to interview

Abbreviations: AMP, Adolescent Master Protocol; PHACS, Pediatric HIV/AIDS Cohort Study.
aDepending on time of entry into AMP Up, symptoms of depression were measured with one of two depression screening instruments: the
Patient Health Questionnaire (PHQ-9) [41] or the Center for Epidemiological Studies Depression Scale (CES-D-10) [42]. Results are reported
only for descriptive purposes. Total score ≥10 on either measure indicated a positive screen for symptoms of depression, not a diagnosis.
Referrals for further clinical evaluation were provided as needed.
bA participant-reported screening measure for potentially traumatic life experiences (e.g. illness/death in family, witnessing violence and change
in residence) during the 12 months prior to the interview. The average life events score (total events reported over AMP follow-up divided by
total number of interviews completed in AMP) was used in the analysis to allow examination of chronic stress rather than recent stress.
cParent/caregiver self-report of symptoms of their own mental health and substance use. Positive scores indicated positive screens for disor-
ders, not diagnoses.
dParent/caregiver self-reports developed for the Pediatric AIDS Clinical Trials Group and subsequently used in PHACS.

into a study-specific cumulative risk index, based on research
indicating that cumulative stress is positively associated with
adverse outcomes [2, 25–27, 33]. The index score reflected
the total number of risks present across all domains. Risks
were defined as follows: (1) performance greater than 1.0
standard deviation below the mean for age on the Wechsler
[34, 35] Working Memory Index (WMI) and Processing Speed
Index (PSI) or above cutoffs indicating clinically relevant con-
cern on indices of the Behavior Rating Inventory of Execu-
tive Function (BRIEF) [36] and Behavior Assessment System
for Children, Second Edition (BASC-2) [37] (Table 1); (2) num-
ber of parent/caregiver-reported symptoms of their own men-

tal health, substance use and physical health problems >1; (3)
average number of participant-reported life events >3; and
(4) number of parent/caregiver-reported life events >3. The
total score ranged from 0 to 13, determined by calculating the
presence (1) or absence (0) of each risk.

Based upon prior research [2, 28–33], the following par-
ticipant and family characteristics were included in the mul-
tivariable models as confounding variables: participant age at
the time of measurement of each potential predictor, sex,
race/ethnicity, Wechsler [34, 35] Full-Scale Intelligence Quo-
tient (FSIQ) and family SES, using annual household income
and household density.
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2.4 Statistical analysis

Using chi-square or Fisher’s exact test, as appropriate, the
proportions of participants who attained each of the three
milestones were compared by PHIV status and age at out-
come measurement. Each of the potential predictors, as well
as proportions of participants who attained zero, one, two or
all three milestones, were compared by PHIV status. Sepa-
rate univariable and multivariable robust Poisson regression
models were fit to evaluate the association of each measure
with each milestone. Inverse probability of censoring weight-
ing was used to adjust for potential selection bias due to
loss to follow-up (censoring) of AMP participants who did not
enrol into AMP Up. Weights were generated by fitting logis-
tic regression models for 669 AMP participants (excluding five
deaths and four with no visits after enrolment into AMP),
with censoring as the outcome. Variables included as predic-
tors of censoring were age, FSIQ and education at the most
recent AMP visit, sex, race/ethnicity and research site, as well
as the potential predictors of the milestone outcomes. The
model for YAPHIV also included CD4 and viral load at the
most recent AMP visit. The weights were then incorporated
into the Poisson regression models. To evaluate whether any
of the associations differed by PHIV status (effect modifica-
tion), an interaction term between PHIV status and each mea-
sure was added to the univariable and multivariable models.

The multiple imputation approach was used to account for
missing predictor and covariate measures. Fully conditional
specification with discriminant function was used to impute
missing data for categorical variables; the predictive mean
matching method was used to impute missing data for contin-
uous variables. Sensitivity analyses were conducted using the
complete case analysis approach, excluding participants with
missing data on any measure from the multivariable models.
Analyses were conducted using SAS version 9.4 (SAS Institute,
Cary, NC).

3 RESULTS

3.1 Participant and parent/caregiver
characteristics

AMP enrolled 678 participants. As of 1 January 2020, there
were 712 participants enrolled in AMP Up, 411 of whom
were previously enrolled in AMP (61%). Of the 411, 315 (228
YAPHIV and 87 YAPHEU) had completed the AMP Up Year 1
web-based survey and were included in the analysis. Table 2
summarizes participant and parent/caregiver characteristics
for YAPHIV and YAPHEU and disease severity for YAPHIV.
Compared to YAPHEU, YAPHIV were older (mean age 20.2
vs. 20.8 years, respectively, p = 0.002; range 19–27 years),
more often from families with greater financial resources per
person supported (p < 0.001) and with parents/caregivers less
likely to screen positive for mental health or substance use
disorders (p < 0.001 and p = 0.03, respectively). Measures of
HIV disease severity indicated that 39% of YAPHIV had nadir
CD4 <200 cells/mm3 and 28% had received a CDC Class C
classification [39] at some time in their lives. For the majority
of YAPHIV, the most recent CD4 count was ≥500 cells/mm3

(63%), and the most recent viral load was <400 copies/ml
(64%). Primary caregivers included biological parents (43%

YAPHIV vs. 77% YAPHEU); biological family members (24%
vs. 14%, respectively); and non-biological family, such as adop-
tive and foster parents (32% vs. 9%, respectively). These data
are presented for descriptive purposes and were not included
in the analysis. A majority of parents/caregivers (68–72%) had
a high school education or higher; 48–59% reported at least
one limitation in physical health.

3.2 Milestone outcomes

The proportions of YAPHIV and YAPHEU, respectively, who
achieved each of the milestones were comparable: 82%
versus 78% for high school graduation (p = 0.49), 45% versus
51% for postsecondary education (p = 0.35) and 48% versus
54% for current employment (p = 0.32). The proportions of
YAPHIV and YAPHEU, respectively, who attained zero (11%
vs. 16%), one (27% vs. 16%), two (37% vs. 37%) or all three
milestones (24% vs. 31%) were also similar (p = 0.14). A small
number of participants (n = 40; 13%) did not achieve any
milestones (Table 3). This finding was associated with lower
family SES and lower participant FSIQ, as well as lower cog-
nitive efficiency and executive functioning (data not shown),
which may be related to FSIQ. Among the 19-year-olds (n =
151), 72% had graduated high school by the AMP Up Year
1 follow-up visit; high school graduation rates were 93% for
those age 22 and older (n = 59) (Table 3). There was greater
variability across ages in the attainment of the other two
milestones.

3.3 Comparisons by PHIV status

3.3.1 Executive functioning

On average, YAPHIV and YAPHEU were within age expecta-
tions on the Behavioral Regulation Index (BRI) and Metacogni-
tion Index (MCI) of the BRIEF, with no significant differences
between the groups (Table 4).

3.3.2 Cognitive efficiency

Compared to same-age peers in the Wechsler standardiza-
tion samples, on average, YAPHIV and YAPHEU were within
the Wechsler Low Average to Average range for age on the
WMI and PSI and did not differ statistically from one another
(Table 4). However, 9–10% of participants in both groups
showed impairment in working memory (WMI <70); 6–7%
showed impairment in processing speed (PSI <70).

3.3.3 Behavioural and social-emotional functioning

According to the BASC-2 parent/caregiver reports, YAPHEU
were more likely to show symptoms of externalizing behaviour
problems than YAPHIV, although results for both groups, on
average, were within age expectations. According to partic-
ipant self-reports, there were no differences between the
groups on any BASC-2 measures of behavioural and social-
emotional functioning (Table 5); on average, both groups were
within age expectations. Participants (18%) in both groups
screened positive for symptoms of depression on the Patient
Health Questionnaire (PHQ-9) [41] or Center for Epidemio-
logical Studies Depression Scale (CES-D-10) [42] completed
at AMP Up entry.
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Table 2. Participant and parent/caregiver characteristics measured during AMP

Perinatal HIV status

YAPHIV (n = 228) YAPHEU (n = 87) p-value

Participant characteristics

Age (years) at AMP Up Year 1 follow-up visit Mean (SD) 20.8 (1.6) 20.2 (1.5) 0.002a

Sex M 93 (41%) 39 (45%) 0.52b

F 135 (59%) 48 (55%)

Race/Ethnicity Black, non-Hispanic 160 (70%) 50 (57%) 0.13b

White/other, non-Hispanic 12 (5%) 5 (6%)

Hispanic 55 (24%) 30 (34%)

Unknown 1 (0%) 2 (2%)

Family SES Annual income per person

supported, Mdn

(Q1, Q3)

$8000 ($5000, $15,000) $5000 ($3333, $7500) <0.001a

Wechsler FSIQ Mean (SD) 84.2 (16.3) 86.3 (15.4) 0.30a

Nadir CD4 count, cells/mm3 ≥500 40 (18%) n/a

200–499 100 (44%) n/a

<200 88 (39%) n/a

Most recent CD4 count, ≥500 144 (63%) n/a

cells/mm3 200–499 65 (29%) n/a

<200 19 (8%) n/a

Peak viral load, copies/ml ≤20,000 13 (6%) n/a

>20,000 to <100,000 35 (15%) n/a

≥100,000 180 (79%) n/a

Most recent viral load, <400 145 (64%) n/a

cells/mm3 400 to <1000 14 (6%) n/a

≥1000 69 (30%) n/a

CDC Class C Yes 63 (28%) n/a

No 165 (72%) n/a

Parent/caregiver characteristics

Education High school or greater 164 (72%) 59 (68%) 0.49b

Less than high school 62 (27%) 27 (31%)

Unknown 2 (1%) 1 (1%)

Limitations in physical health Yes 109 (48%) 51 (59%) 0.12b

No 106 (46%) 33 (38%)

Positive screen for mental Yes 46 (20%) 38 (44%) <0.001b

health disorder No 150 (66%) 45 (52%)

Unknown 32 (14%) 4 (5%)

Positive screen for substance Yes 11 (5%) 11 (13%) 0.03b

use disorder No 185 (81%) 72 (83%)

Unknown 32 (14%) 4 (5%)

Life events in past year 0–3 168 (74%) 70 (80%) 0.63b

> 3 24 (11%) 12 (14%)

Unknown 36 (16%) 5 (6%)

Abbreviations: AMP, Adolescent Master Protocol; AMP Up, Adolescent Master Protocol for Participants 18 Years of Age and Older; CDC,
Centers for Disease Control and Prevention [39]; n/a, not applicable; SES, socio-economic status; Wechsler FSIQ, Wechsler Intelligence Scale
for Children, Fourth Ed. [34] (ages 6–16) or Wechsler Adult Intelligence Scale, Fourth Ed. [35] (ages 17 and older) Full-Scale Intelligence
Quotient; YAPHEU, young adults with perinatal HIV exposure, uninfected; YAPHIV, young adults with perinatally acquired HIV.
aT-test with equal variance.
bChi-square test.
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Table 3. Distribution of milestones by age at AMP Up Year 1 follow-up visit

Age (years) at AMP Up Year 1 follow-up visit

Milestone Total (N = 315) 19 (n = 151) 20 (n = 53) 21 (n = 52) ≥22 (n = 59) p-valuea

High school graduation Yes 254 (81%) 109 (72%) 43 (81%) 47 (90%) 55 (93%) 0.001

No 61 (19%) 42 (28%) 10 (19%) 5 (10%) 4 (7%)

Enrolment in postsecondary education Yes 146 (46%) 67 (44%) 32 (60%) 20 (38%) 27 (46%) 0.12

No 169 (54%) 84 (56%) 21 (40%) 32 (62%) 32 (54%)

Current employment Yes 156 (50%) 63 (42%) 30 (57%) 27 (52%) 36 (61%) 0.05

No 159 (50%) 88 (58%) 23 (43%) 25 (48%) 23 (39%)

Number of milestones attained 0 40 (13%) 29 (19%) 4 (8%) 4 (8%) 3 (5%) 0.02

1 76 (24%) 36 (24%) 14 (26%) 13 (25%) 13 (22%)

2 117 (37%) 55 (36%) 14 (26%) 24 (46%) 24 (41%)

3 82 (26%) 31 (21%) 21 (40%) 11 (21%) 19 (32%)

Abbreviation: AMP Up, Adolescent Master Protocol for Participants 18 Years of Age and Older.
High school graduation, high school diploma or graduate equivalency degree.
Enrolment in postsecondary education, enrolment in technical and trade schools, college (freshman to senior year), associate and bachelor
degrees and graduate school.
Current employment, part-time or full-time employment at the time of the AMP Up Year 1 follow-up visit.
aChi-square test.

3.3.4 Cumulative risk

The average score on the cumulative risk index (Table 6)
did not differ between YAPHIV and YAPHEU (3.1 vs. 3.2,
respectively, p = 0.81), but the frequency of individual risks
in several domains was greater than expected. In executive
functioning, 20% of YAPHIV demonstrated risk on BRI, and
26% demonstrated risk on MCI, according to parent/caregiver
reports. In cognitive efficiency, 22–44% of participants met
the criteria for the definition of risk in WMI or PSI. In
behavioural and social/emotional functioning, according to
parent/caregiver reports, 21–23% of YAPHEU demonstrated
behavioural problems, while 28–30% of both groups demon-
strated lower-than-expected adaptive skills. Approximately
50% of YAPHIV and YAPHEU averaged more than three
potentially traumatic life events per year during the course of
AMP, meeting one of the definitions of risk. Parents/caregivers
of YAPHIV and YAPHEU (17% vs. 31%, respectively) reported
one or more difficulties in their own mental health, physical
health or substance use. Parents/caregivers in both groups
(11–14%) reported three or more potentially traumatic life
events occurring within the 12 months prior to the interview.

3.4 Predictors of attainment of young adult
milestones

Higher cognitive efficiency was positively associated with
enrolment into postsecondary education and current
employment (Figure 2a). Higher executive function, per
parent/caregiver report, and lower cumulative risk were asso-
ciated with a greater likelihood of attaining both academic
milestones (Figures 2a and b). Age-appropriate behaviour
(BASC-2 parent/caregiver report) was positively associated
with high school graduation, while age-appropriate adaptive
skills (BASC-2 participant self-report and parent/caregiver
report) and perceived lack of difficulty in emotional function-
ing (BASC-2 participant self-report Internalizing Problems

and Emotional Symptoms indices) were positively associated
with enrolment in postsecondary education. Lack of functional
limitations in caregiver physical health was associated with
a lower likelihood of employment (Figure 2b). For YAPHIV,
positive associations were: higher current CD4 with post-
secondary education and lower nadir CD4 with current
employment (Figure 3). PHIV status did not modify any asso-
ciations. The results of the complete case analysis approach
were similar to those of the multiple imputation approach for
missing data.

4 D ISCUSS ION

Resilience among YAPHIV and YAPHEU participants was
demonstrated by their attainment of one or more young
adult milestones. Although PHIV is an important aspect of
participants’ lives, it was not determinative of success in
milestone attainment. Rather, success was influenced more
by participants’ development during childhood and adoles-
cence across the cognitive, behavioural and social/emotional
domains examined.

Despite well-documented early and sometimes ongoing
risks for individuals affected by HIV, the proportions of young
adults who attained each milestone did not differ by PHIV sta-
tus, contrary to Hypothesis 1. Attainment of milestones was
positively associated with higher participant executive func-
tioning, cognitive efficiency and behavioural/social-emotional
functioning, as well as fewer parent/caregiver risks and lower
cumulative risk, supporting Hypotheses 2 and 3. For YAPHIV,
higher current CD4 was positively associated with postsec-
ondary education; the current viral load was not associated
with any of the outcomes. Thus, Hypothesis 4 was partially
supported. The finding that lower nadir CD4 was positively
associated with current employment is counterintuitive; it is
possible that residual or unmeasured confounding contributed
to the observed association.
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Table 4. Measures of executive functioning and cognitive efficiency collected during AMP

Perinatal HIV status

Domain and measures YAPHIV (n = 228) YAPHEU (n = 87) p-value

Executive functioning

BRIEFa Participant Self-Report

Behavioral Regulation Index (BRI) Mean (SD) 50.3 (12.1) 50.4 (11.4) 0.95c

T ≥ 65: Yes 29 (13%) 8 (9%) 0.42d

No 170 (75%) 66 (76%)

Unknown 29 (13%) 13 (15%)

Metacognition Index (MCI) Mean (SD) 51.4 (11.4) 49.5 (11.4) 0.23c

T ≥ 65: Yes 29 (13%) 8 (9%) 0.42d

No 170 (75%) 66 (76%)

Unknown 29 (13%) 13 (15%)

BRIEF Parent/Caregiver Report

Behavioral Regulation Index (BRI) Mean (SD) 52.4 (11.6) 54.9 (12.9) 0.13c

T ≥ 65: Yes 23 (10%) 12 (14%) 0.32d

No 169 (74%) 60 (69%)

Unknown 36 (16%) 15 (17%)

Metacognition Index (MCI) Mean (SD) 55.6 (12.5) 53.1 (12.1) 0.14c

T ≥ 65: Yes 46 (20%) 16 (18%) 0.77d

No 146 (64%) 56 (64%)

Unknown 36 (16%) 15 (17%)

Cognitive efficiency

Wechslerb Working Memory Index (WMI) Mean (SD) 86.8 (15.0) 90.2 (14.6) 0.08c

WMI > 115 7 (3%) 4 (5%) 0.34d

WMI = 85–115 113 (50%) 53 (61%)

WMI = 70–84 77 (34%) 22 (25%)

WMI < 70 23 (10%) 8 (9%)

Wechslerb Processing Speed Index (PSI) Mean (SD) 90.6 (16.4) 94.2 (14.7) 0.07c

PSI > 115 16 (7%) 7 (8%) 0.34d

PSI = 85–115 133 (58%) 61 (70%)

PSI = 70–84 55 (24%) 14 (16%)

PSI < 70 16 (7%) 5 (6%)

Abbreviations: AMP, Adolescent Master Protocol; YAPHEU, young adults with perinatal HIV exposure, uninfected; YAPHIV, young adults with
perinatally acquired HIV.
aBRIEF, Behavior Rating Inventory of Executive Function [36], reported as T-scores with Mean = 50, SD = 10. T ≥ 65 is considered clinically
significant.
bWechsler, Wechsler Intelligence Scale for Children, Fourth Ed. [34] (ages 6–16) or Wechsler Adult Intelligence Scale, Fourth Ed. [35] (ages 17
and older), reported as standard scores with Mean = 100, SD = 15. WMI/PSI < 70 indicates impaired performance.
cT-test with equal variance.
dChi-square test.

The National Center for Education Statistics (NCES) [43]
reports public high school graduation rates for young adults
who complete high school within 4 years of entering ninth
grade. In 2019, the rates were 86% for the United States
general population and 80%, 82% and 89% for Black, His-
panic and White students, respectively. In our study, 81%
of the total sample (N = 315) met the high school gradua-
tion/GED milestone, and graduation rates increased steadily
from 72% for 19-year-olds to 93% for those age 22 and older.
The comparison between NCES data and the present study is
not equal because the NCES report does not reference stu-
dent age, only timely graduation, and our sample of graduates
included participants who attained a GED, while the NCES

sample does not. While the total high school graduation rate
in our sample is consistent with NCES data for Black and His-
panic students, the relatively low proportion among 19-year-
olds (72%) indicates the presence of difficulties that may have
impeded their academic progress. Developmental delays and
subsequent difficulties in cognition, executive functioning and
language [8, 9, 11–19], and possibly school absences due to
medical complications, were present throughout the lives of
many PHACS participants and may contribute to the slower-
than-expected graduation rate.

Regarding mental health, 18% of 19-year-olds in each
group screened positive for depression, comparable to a sam-
ple of 18- to 29-year-olds in the general population who
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Table 5. Measures of behavioural and social-emotional functioning collected during AMP

Perinatal HIV status

Measure YAPHIV (n = 228) YAPHEU (n = 87) p-value

BASC-2a Participant Self-Report

Internalizing Problems Mean (SD) 48.4 (10.3) 47.0 (10.5) 0.28c

Clinically significant T ≥ 70 8 (4%) 3 (3%) 0.92d

At risk T = 60–69 21 (9%) 7 (8%)

Average T < 60 189 (83%) 76 (87%)

Unknown 10 (4%) 1 (1%)

Emotional Symptoms Index Mean (SD) 48.4 (10.4) 47.1 (10.1) 0.30c

Clinically significant T ≥ 70 10 (4%) 2 (2%) 0.46d

At risk T = 60–69 16 (7%) 9 (10%)

Average T < 60 192 (84%) 75 (86%)

Unknown 10 (4%) 1 (1%)

Personal Adjustment Mean (SD) 50.5 (9.7) 51.2 (9.8) 0.59c

Clinically significant T ≤ 30 8 (4%) 2 (2%) 0.75d

At risk T = 31–40 21 (9%) 10 (11%)

Average T ≥ 41 189 (83%) 74 (85%)

Unknown 10 (4%) 1 (1%)

BASC-2 Parent/Caregiver Report

Externalizing Problems Mean (SD) 48.6 (10.1) 52.4 (10.5) 0.003c

Clinically significant T ≥ 70 9 (4%) 9 (10%) 0.07d

At risk T = 60–69 17 (7%) 9 (10%)

Average T < 60 194 (85%) 69 (79%)

Unknown 8 (4%) 0 (0%)

Behavioral Symptoms Index Mean (SD) 49.5 (10.7) 52.3 (10.5) 0.04c

Clinically significant T ≥ 70 13 (6%) 7 (8%) 0.29d

At risk T = 60–69 21 (9%) 13 (15%)

Average T < 60 186 (82%) 67 (77%)

Unknown 8 (4%) 0 (0%)

Adaptive Skills Mean (SD) 47.8 (11.4) 47.9 (11.1) 0.94c

Clinically significant T ≤ 30 15 (7%) 7 (8%) 0.63d

At risk T = 31–40 54 (24%) 17 (20%)

Average T ≥ 41 151 (66%) 63 (72%)

Unknown 8 (4%) 0 (0%)

PHQ-9b or CES-D-10b , Total ≥ 10 Yes 42 (18%) 16 (18%) 0.96d

No 183 (80%) 71 (82%)

Unknown 3 (1%) 0 (0%)

Abbreviations: AMP, Adolescent Master Protocol; YAPHEU, young adults with perinatal HIV exposure, uninfected; YAPHIV, young adults with
perinatally acquired HIV.
aBASC-2, Behavior Assessment System for Children, Second Ed. [37], reported as T-scores, Mean = 50, SD = 10.
bPHQ-9, Patient Health Questionnaire [41]; CES-D-10, Center for Epidemiological Studies Depression Scale [42]. Depending on time of entry
into AMP Up, symptoms of depression were measured with one of two depression screening instruments. Results are reported only for
descriptive purposes. Total score ≥ 10 on either measure indicated a positive screen for symptoms of depression, not a diagnosis. Referrals
for further clinical evaluation were provided as needed.
cT-test with equal variance.
dChi-square test.

completed a similar screener [44]. In addition, participants in
our sample reported symptoms of depression and anxiety at a
level commensurate with their peers in a national standardiza-
tion sample [37].

To our knowledge, there are only two reports examin-
ing similar milestones in longitudinal studies of YAPHIV and
YAPHEU. In the Bellevue pediatric cohort study (birth years

1977–1978) conducted in New York City, 57% of YAPHIV,
age 19 and older, had graduated high school or earned a
GED [45]; YAPHEU were not included, thus limiting com-
parisons with the present study. Investigators with the Child
and Adolescent Self-Awareness and Health Study (CASAH;
enrolment in 2003–2008) [46] reported on the attainment
of young adult milestones among YAPHIV and YAPHEU, age
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Table 6. Risk index: frequency of participant and parent/caregiver risks by perinatal HIV status

Perinatal HIV status

YAPHIV YAPHEU

(n = 228) (n = 87)

Risk present (n, %)

Participant risks

Performance discrepant from age expectationsa on measures of:

Executive functioning (BRIEF)b

Participant or parent/caregiver report, BRI ≥ 65 45 (20%) 19 (22%)

Participant or parent/caregiver report, MCI ≥ 65 60 (26%) 20 (22%)

Cognitive efficiency (Wechsler)

WMI < 85 100 (44%) 30 (34%)

PSI < 85 71 (31%) 19 (22%)

Behavioral/social-emotional functioning (BASC-2)

Participant self-report, Internalizing Problems > 60 29 (13%) 10 (11%)

Participant self-report, Emotional Symptoms > 60 26 (11%) 11 (13%)

Participant self-report, Personal Adjustment < 40 29 (13%) 12 (14%)

Parent/caregiver report, Externalizing Problems > 60 26 (11%) 18 (21%)

Parent/caregiver report, Behavioral Symptoms Index > 60 34 (15%) 20 (23%)

Parent/caregiver report, Adaptive Skills Index < 40 69 (30%) 24 (28%)

Number of participant-reported life events > 3, averaged over

all life event interviews completed in AMP

110 (48%) 47 (54%)

Parent/caregiver risks

Number of parent/caregiver mental health, substance use and

physical health problems > 1c
38 (17%) 27 (31%)

Number of parent/caregiver-reported life events > 3 in 12

months prior to interview

24 (11%) 12 (14%)

Mean Index Scored 3.1 (2.6) 3.2 (2.9) p = 0.81d

Abbreviations: AMP, Adolescent Master Protocol of the Pediatric HIV/AIDS Cohort Study (PHACS); BASC-2, Behavior Assessment System for
Children, Second Ed. [37]; BRIEF, Behavior Rating Inventory of Executive Function [36]; BRI, Behavioral Regulation Index; MCI, Metacogni-
tion Index; PSI, Processing Speed Index; Wechsler, Wechsler Intelligence Scale for Children, Fourth Ed. [34] (ages 6–16) or Wechsler Adult
Intelligence Scale, Fourth Ed. [35] (ages 17 and older); WMI, Working Memory Index; YAPHEU, young adults with perinatal HIV exposure,
uninfected; YAPHIV, young adults with perinatally acquired HIV.
aDefined as T-scores or standard scores greater than 1.0 standard deviation from the population mean.
bFor the BRIEF, when the participant self-report and parent/caregiver report were both available (n = 225), the report with the higher score
(indicating greater difficulty) was used in the analysis.
cOnly parents/caregivers with available data for all three measures were included in the calculation.
dEach variable was assigned a score of 0 or 1 depending on the absence (0) or presence (1) of the variable. The total score for each participant
ranged from 0 to 13; higher scores indicated greater total adversity.

18–28 years, living in New York City: 67% graduated high
school or earned a GED, 19% were in college, 42% were
employed; 38% were neither in school nor working. Mile-
stone attainment was higher in AMP Up than in CASAH,
but both studies found no differences in attainment between
YAPHIV and YAPHEU. Important differences between the
study samples might have contributed to discrepancies in
results. CASAH was recruited from four sites in New York
City versus 14 sites across the United States, and participants
in CASAH were older than those in AMP Up at the time mile-
stone attainment was assessed.

Attainment of academic and employment milestones is not
the only way to define resilience; however, these milestones
are important in United States society and predictive of suc-
cess in adulthood [3]. Understanding of HIV disease and
appropriate treatment has improved substantially since the

early days of the epidemic, resulting in reduced morbidity
and mortality. Because of these advances, our participants
were likely better able to participate in social and educational
activities available to their peers, possibly contributing to the
attainment of young adult milestones. It is important to note
that data included in this analysis were obtained prior to the
COVID-19 pandemic. Results of future studies may differ for
youth who missed social, educational and psychotherapeutic
opportunities or access to comprehensive medical care due to
pandemic-related restrictions in 2020–2022.

This study has several strengths, including a large num-
ber of participants, longitudinal follow-up through childhood
and into young adulthood, and the use of standardized, well-
researched measures of functioning. Some limitations were
noted. The sample might not be representative of the gen-
eral population of YAPHIV or YAPHEU since all participants
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Figure 2. (a) Adjusted associations between predictors and attainment of young adult milestones. The association between each pre-
dictor and outcome is presented as follows: the solid diamond represents the prevalence ratio, and the horizontal line represents the
95% confidence interval. In addition, the dotted vertical line represents the null value (prevalence ratio = 1.0). The adjusted preva-
lence ratio for the attainment of a specific milestone compared participants with a specific predictor versus a reference group. Each
model adjusted for sex, race/ethnicity, Wechsler FSIQ (except the model for cognitive efficiency due to potential overcorrection), family
socio-economic status (an index including annual income and household density) and age at the time of measurement of each predictor.
aIndicates lower frequency or intensity of problems. (b) Adjusted associations between predictors and attainment of young adult mile-
stones. The association between each predictor and outcome is presented as follows: the solid diamond represents the prevalence ratio,
and the horizontal line represents the 95% confidence interval. In addition, the dotted vertical line represents the null value (prevalence
ratio = 1.0). The adjusted prevalence ratio for the attainment of a specific milestone compared participants with a specific predictor
versus a reference group. Each model adjusted for sex, race/ethnicity, Wechsler FSIQ, family socio-economic status (an index including
annual income and household density), and age at the time of measurement of each predictor. BASC-2, Behavior Assessment System for
Children, Second Ed. [37]; BRIEF, Behavior Rating Inventory of Executive Function [36]; Risk index, a study-specific summary of risks;
Wechsler FSIQ, Wechsler Intelligence Scale for Children, Fourth Ed. [34] or Wechsler Adult Intelligence Scale, Fourth Ed. [35] Full-Scale
Intelligence Quotient.
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Figure 3. Adjusted associations between measures of HIV disease severity and attainment of young adult milestones in YAPHIV. The
association between each predictor and outcome is presented as follows: the solid diamond represents the prevalence ratio, and the
horizontal line represents the 95% confidence interval. In addition, the dotted vertical line represents the null value (prevalence ratio =
1.0). The adjusted prevalence ratio for the attainment of a specific milestone compared YAPHIV participants with a specific measure of
HIV disease severity (predictor) versus a reference group. Each model adjusted for sex, race/ethnicity, Wechsler FSIQ (except the models
for nadir CD4 and peak viral load), family socio-economic status (an index including annual income and household density) and age at
the time of measurement of each predictor. Wechsler FSIQ, Wechsler Intelligence Scale for Children, Fourth Ed. [34] or Wechsler Adult
Intelligence Scale, Fourth Ed. [35] Full-Scale Intelligence Quotient; YAPHIV, young adults with perinatally acquired HIV.

were involved in medical follow-up and chose to stay engaged
in longitudinal research conducted at selected sites in the
United States. We cannot say how youth who remained on
study differed in the attainment of young adult milestones
from those who opted to discontinue participation. However,
results from unweighted models were largely consistent with
those from models weighted to reduce selection bias, suggest-
ing minimal bias in the association of predictors with the mile-
stones. A comparison group of non-HIV-affected children was
not included. In longitudinal paediatric research, several chal-
lenges make the inclusion of an appropriate comparison group
particularly difficult: (1) enrolling a sufficiently large, represen-
tative sample who do not experience the medical condition(s)
under study and who may not receive potential study-related
benefits and (2) minimizing attrition among participants who
are in generally good health. Our cohort is a unique one,
and it was important to compare the participants’ perfor-
mance to that of their age-mates in the United States gen-
eral population. The standardization samples from each instru-
ment included in the analyses are representative of United
States children and youth at various ages, providing appropri-
ate comparison groups and allowing us to determine how well
our cohort of young adults was achieving the goals expected
of them in United States society. Although self-report mea-
sures can be perceived as potentially biased, the measures
included in this study were psychometrically sound and con-
tained internal validity indices to account for response pat-

terns. The study did not include measures of social determi-
nants of health, structural racism or various forms of discrim-
ination; findings from such measures could further our under-
standing of factors influencing the attainment of young adult
milestones by YAPHIV and YAPHEU in the United States.

Due to advances in HIV medicine, the current generation of
young adults with PHIV is living in comparatively good health.
However, the older generation of adults over 50 living with
HIV are experiencing high rates of age-related comorbidities,
including heart disease, hypertension, liver and bone disease,
and neurocognitive impairment; these difficulties are occur-
ring approximately 16 years earlier than in adults without
HIV [47]. As the younger generation ages, they may become
increasingly vulnerable to the medical comorbidities that the
older generation is experiencing; there is already evidence of
a higher risk for cardiovascular disease in youth with PHIV
[48]. In our study, early difficulties did not define the partic-
ipants’ ultimate ability to demonstrate resilience by achieving
societal expectations, and these achievements may offer per-
sonal and societal benefits that buffer young adults from the
effects of future complications. These findings highlight the
need for early identification of emerging difficulties and pro-
vision of ongoing culturally relevant, community-oriented ser-
vices throughout the lifespan to support further education,
sustained employment, social-emotional wellbeing and reten-
tion in medical care for younger and older adults living with
HIV.
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5 CONCLUS IONS

Future studies of resilience in youth with PHIV and PHEU
should examine additional milestones typically involved in the
transition to adulthood, such as sustained employment, finan-
cial independence, romantic and committed partner/marital
relationships and parenthood. Our findings suggest it is
important to maintain developmental surveillance and inter-
ventions, including access to medical care and age-appropriate
multidisciplinary supports, throughout the lifespan. With tar-
geted and timely support, we can strengthen cognitive and
behavioural/social-emotional functioning to promote resilience
and thereby increase rates of education, employment and
medical wellbeing among YAPHIV and YAPHEU.
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Non-communicable diseases by age strata in people living with
and without HIV in four African countries
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Abstract
Introduction: Non-communicable diseases (NCDs) are an important driver of morbidity among ageing people living with HIV
(PLWH). We examined the composite role of age and HIV status on NCDs in people living with and without HIV.
Methods: The African Cohort Study (AFRICOS) prospectively enrols participants aged ≥15 years with and without HIV at
12 sites in Kenya, Tanzania, Uganda and Nigeria. From 21 January 2013 to 1 September 2021, we assessed participants for
renal insufficiency (estimated glomerular filtration rate <60 ml/minute/1.73 m2), elevated blood pressure (BP) (any systolic BP
>139 mmHg or diastolic BP >89 mmHg), obesity (body mass index >30 kg/m2), diabetes mellitus (DM) (fasting glucose ≥126
mg/dl or antidiabetic medication) and dysglycemia (fasting glucose ≥99 mg/dl or non-fasting ≥199 mg/dl). Multivariable logistic
regression with generalized estimating equations was used to estimate odds ratios (ORs) and 95% confidence intervals (CIs)
for factors associated with each NCD. The main exposure of interest was a composite of HIV status and age dichotomized
around 50 years. All models were adjusted for study site and sex. The renal insufficiency model was additionally adjusted for
elevated BP and dysglycemia.
Results and discussion: Of 3761 participants with age data, 557 (14.8%) were age ≥50, 2188 (58.2%) were females and
3099 (82.4%) were PLWH. At enrolment, the prevalence of elevated BP, dysglycemia, renal insufficiency and obesity were n
= 128 (26.9%), n = 75 (15.8%), n = 8 (1.7%) and n = 40 (8.4%), respectively, for PLWH ≥50. Compared to people without HIV
age <50, PLWH age ≥50 had increased adjusted odds of having DM (OR: 2.78, 95% CI: 1.49–5.16), dysglycemia (OR: 1.98,
95% CI: 1.51–2.61) and renal insufficiency (OR: 6.20, 95% CI: 2.31–16.66). There were significant differences by study site,
specifically, participants from Nigeria had the highest odds of elevated BP, dysglycemia and renal insufficiency as compared to
Uganda.
Conclusions: There was a high burden of NCDs in this African cohort with differences by geographic region. In order to
promote healthy ageing with HIV, screening and treatment for common NCDs should be incorporated into routine HIV care
with attention paid to geographic heterogeneity to better allocate resources.

Keywords: Africa; LMIC; HIV epidemiology; quality of life; cohort studies; HIV care continuum
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1 INTRODUCT ION

People living with HIV (PLWH) are experiencing increased
life expectancy in both high- and low-income countries with
some life expectancy nearing that of people living without HIV
(PLWoH) [1–5]. As the access to antiretroviral therapy (ART)
is scaled up and progress is made in reaching UNAIDS 95-95-
95 targets, the median age of PLWH is expected to increase.
Recent data demonstrate that one-third of PLWH in the U.S.
President’s Emergency Plan for AIDS Relief (PEPFAR) pro-
grammes are age >50 [6]. As the PLWH population ages, it

is important to understand the effect of HIV and age to pro-
mote healthy ageing.

Non-communicable diseases (NCDs), such as diabetes and
cardiovascular disease, have been associated with HIV and are
important drivers of morbidity and mortality [7–9]. Studies
show that PLWH in sub-Saharan Africa have a high prevalence
of NCDs, such as hypertension [10]. PLWH appear to have a
higher prevalence of NCDs, such as hyperglycaemia and dia-
betes, as compared to PLWoH [11, 12]. Previous work from
the African Cohort Study (AFRICOS) showed that PLWH on
ART have an increased risk of NCDs compared to PLWH not
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on ART [13]. We investigated the prevalence and factors asso-
ciated with NCDs in AFRICOS, focusing on age and HIV sta-
tus.

2 METHODS

2.1 Study setting and population

AFRICOS is an ongoing prospective cohort enrolling at
12 clinics across five programmes supported by PEPFAR:
Kayunga, Uganda; South Rift Valley, Kenya; Kisumu West,
Kenya; Mbeya, Tanzania; and Lagos and Abuja, Nigeria [13].
PLWH were recruited from randomized lists of current PEP-
FAR clinic patients and those with new HIV diagnoses.
Enrolees were encouraged to bring partners in for testing
and recruitment. PLWoH were also recruited from commu-
nity members accessing HIV testing, a small subset of partic-
ipants was recruited from prior research studies. Participants
were included if they were age ≥15 years, intended to be a
long-term area resident, willing to provide contact informa-
tion, consented to data/specimen collection and storage for
future use, and understood English or the local language. Indi-
viduals were excluded if they were pregnant at enrolment.

The study was approved by institutional review boards of
the Walter Reed Army Institute of Research and all collabo-
rating institutions. All participants provided written informed
consent.

2.2 Procedures

At enrollment, all participants were administered a medical
history, physical exam, demographic questionnaire and under-
went phlebotomy. PLWH underwent confirmatory HIV rapid
diagnostic testing, CD4 T-lymphocyte count and HIV Viral
Load (VL) [14]. Study visits occurred every 6 months and par-
ticipants provided medical history, completed a physical exami-
nation and underwent laboratory assessments. Study clinicians
performed medical record reviews and extracted ART start
date and regimen at every visit. HIV rapid tests were per-
formed at each visit for PLWoH and CD4 counts and VL were
performed at every visit for PLWH. All participants had an
assessment of serum creatinine and blood glucose performed
annually. Study-specific laboratory assessments included tests
that were not part of routine care at study sites; test results
were shared with care providers. All assessments were per-
formed in laboratories that were accredited by the College of
American Pathologists or had successfully completed external
quality assurance.

2.3 Data collection and definitions

Demographic variables, including sex, age, education level, HIV
status and clinical care site, are reported for the enrolment
visit. For PLWH, ART use and VL stratum were combined
into the following categories: not on ART, on ART and VL
<1000 copies/ml, and on ART and VL ≥1000 copies/ml. CD4
nadir was categorized as <200, 200–349, 350–499 and ≥500
cells/mm3. All data were recorded on paper case report forms
and double entered into the ClinPlus platform (DZS Software
Solutions, Bound Brock, NJ).

Elevated blood pressure (BP) was defined as systolic blood
pressure of >139 mmHg, diastolic blood pressure >89 mmHg
or receipt of antihypertensive medications. Abnormal BPs
were repeated for confirmation. Dysglycemia was defined as
fasting glucose ≥99 mg/dl, non-fasting glucose ≥199 mg/dl or
receipt of hypoglycaemic medications. Diabetes mellitus (DM)
was defined as fasting glucose ≥126 mg/dl or receipt of hypo-
glycaemic medications. Renal insufficiency was defined as the
estimated glomerular filtration rate <60 ml/minute/1.73 m2

calculated using the Modification of Diet in Renal Disease
equation [15]. Obesity was defined as a body mass index
(BMI) of >30 kg/m2.

2.4 Statistical analyses

The main exposure of interest was a composite of HIV sta-
tus and age dichotomized around 50 years. Comparisons
of demographic characteristics and other parameters across
groups of interest were made using Pearson chi-squared test
for categorical variables and the Kruskal–Wallis test for con-
tinuous variables. Longitudinal analyses involved multivariable
logistic regression with generalized estimating equations, clus-
tered by a participant to account for repeated measures, to
estimate odds ratios (ORs) and 95% confidence intervals (CIs)
for factors associated with each NCD. NCDs were assessed at
every follow-up visit and the model was time updated. Once
diagnosed with an NCD, a participant would not have addi-
tional events of that disease. DM and dysglycemia models
were adjusted for potential confounders, including study site
and sex. Renal insufficiency models were adjusted for elevated
BP and dysglycemia given the known risk factors for disease
[16, 17]. Analyses were performed in SAS 9.3 (SAS, Cary, NC)
and Stata 16.0 (StataCorp, College Station, TX).

3 RESULTS AND DISCUSS ION

3.1 Demographics and clinical characteristics

Between 21 January 2013 and 1 September 2021, 3762
participants were enrolled in AFRICOS and 3761 with age
data were included in these analyses (Table 1). Data from
the enrolment visit are presented in Table 1. Most of the
cohort were PLWH, 3099 (82.4%). There were fewer par-
ticipants aged ≥50, with the least comprised of PLWoH age
≥50 (n = 80, 2.1%). Among PLWH age <50, 1572 (60.0%)
had virologic suppression less than 1000 copies/ml. In com-
parison, a greater proportion of PLWH age ≥50 had viro-
logic suppression less than 1000 copies/ml (n = 351, 73.6%).
Thirty-six percent (n = 1135) of participants had a CD4 nadir
below 200 cells/mm3. Thirty-five percent (n = 1099) had an
enrolment CD4 above 500 cells/mm3. Most PLWH were on a
non-nucleoside reverse transcriptase inhibitor or an integrase
strand transfer inhibitor (INSTI); only 5.5% were on a pro-
tease inhibitor based regimen.

3.2 Prevalence of NCDs

There was a higher prevalence of NCDs in the ≥50 age
group for both PLWH and PLWoH at enrolment (Figure 1).
In PLWH age ≥50, the most common NCD was elevated BP
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Table 1. Demographic and clinical characteristics of study participants stratified by age and HIV status at enrolment

<50, PLWoH <50, PLWH ≥50, PLWoH ≥50, PLWH Total

n = 582 n = 2622 n = 80 n = 477 N = 3761 p-value

Study site <0.001

Kayunga, Uganda 95 (16.3%) 478 (18.2%) 18 (22.5%) 72 (15.1%) 663 (17.6%)

South Rift Valley, Kenya 176 (30.2%) 881 (33.6%) 32 (40.0%) 168 (35.2%) 1257 (33.4%)

Kisumu West, Kenya 123 (21.1%) 448 (17.1%) 17 (21.3%) 103 (21.6%) 691 (18.4%)

Mbeya, Tanzania 91 (15.6%) 488 (18.6%) 6 (7.5%) 109 (22.9%) 694 (18.5%)

Abuja and Lagos Nigeria 97 (16.7%) 327 (12.5%) 7 (8.8%) 25 (5.2%) 456 (12.1%)

Sex <0.001

Male 249 (42.8%) 1007 (38.4%) 41 (51.2%) 276 (57.9%) 1573 (41.8%)

Female 333 (57.2%) 1615 (61.6%) 39 (48.8%) 201 (42.1%) 2188 (58.2%)

Age (years), median (IQR) 32 (25.3–39) 35.4 (28.4–41.5) 54.8

(52.45–58.75)

54.8

(52.2–58.7)

37 (29.2–45.1) <0.001

Education <0.001

Primary or less 266 (45.7%) 1451 (55.3%) 47 (58.8%) 306 (64.2%) 2070 (55.0%)

Secondary or above 315 (54.1%) 1168 (44.5%) 33 (41.3%) 171 (35.8%) 1687 (44.9%)

Missing 1 (0.2%) 3 (0.1%) 0 (0.0%) 0 (0.0%) 4 (0.1%)

BMI 30+ <0.001

No 500 (85.9%) 2456 (93.7%) 66 (82.5%) 436 (91.4%) 3458 (91.9%)

Yes 81 (13.9%) 161 (6.1%) 14 (17.5%) 40 (8.4%) 296 (7.9%)

Missing 1 (0.2%) 5 (0.2%) 0 (0.0%) 1 (0.2%) 7 (0.2%)

Diabetes <0.001

No 293 (50.3%) 2546 (97.1%) 38 (47.5%) 457 (95.8%) 3334 (88.6%)

Yes 8 (1.4%) 31 (1.2%) 2 (2.5%) 18 (3.8%) 59 (1.6%)

Missing 281 (48.3%) 45 (1.7%) 40 (50.0%) 2 (0.4%) 368 (9.8%)

Dysglycemia <0.001

No 275 (47.3%) 2360 (90.0%) 33 (41.3%) 400 (83.9%) 3068 (81.6%)

Yes 26 (4.5%) 217 (8.3%) 7 (8.8%) 75 (15.7%) 325 (8.6%)

Missing 281 (48.3%) 45 (1.7%) 40 (50.0%) 2 (0.4%) 368 (9.8%)

Renal insufficiency 0.35

No 296 (50.9%) 2562 (97.7%) 39 (48.8%) 469 (98.3%) 3366 (89.5%)

Yes 1 (0.2%) 31 (1.2%) 0 (0.0%) 8 (1.7%) 40 (1.1%)

Missing 285 (49.0%) 29 (1.1%) 41 (51.2%) 0 (0.0%) 355 (9.4%)

Elevated BP <0.001

No 503 (86.4%) 2371 (90.4%) 49 (61.3%) 348 (73.0%) 3271 (87.0%)

Yes 79 (13.6%) 247 (9.4%) 31 (38.8%) 128 (26.8%) 485 (12.9%)

Missing 0 (0.0%) 4 (0.2%) 0 (0.0%) 1 (0.2%) 5 (0.1%)

ART type <0.001

EFV 959 (36.6%) 201 (42.1%) 1160 (37.4%)

NVP 521 (19.9%) 169 (35.4%) 690 (22.3%)

DTG 159 (6.1%) 0 (0.0%) 159 (5.1%)

PI 148 (5.6%) 22 (4.6%) 170 (5.5%)

ART naïve 827 (31.5%) 82 (17.2%) 909 (29.3%)

Other 8 (0.3%) 3 (0.6%) 11 (0.4%)

CD4 count nadir (cells/mm3) <0.001

<200 906 (34.6%) 229 (48.0%) 1135 (36.6%)

200–349 538 (20.5%) 111 (23.3%) 649 (20.9%)

350–499 259 (9.9%) 37 (7.8%) 296 (9.6%)

500+ 268 (10.2%) 28 (5.9%) 296 (9.6%)

Missing 651 (24.8%) 72 (15.1%) 723 (23.3%)

(Continued)
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Table 1. Continued

<50, PLWoH <50, PLWH ≥50, PLWoH ≥50, PLWH Total

n = 582 n = 2622 n = 80 n = 477 N = 3761 p-value

CD4 count (cells/mm3) 0.23

<200 479 (18.3%) 96 (20.1%) 575 (18.6%)

200–349 600 (22.9%) 123 (25.8%) 723 (23.3%)

350–499 563 (21.5%) 101 (21.2%) 664 (21.4%)

500+ 947 (36.1%) 152 (31.9%) 1099 (35.5%)

Missing 33 (1.3%) 5 (1.0%) 38 (1.2%)

Duration on ART <0.001

<6 months 379 (14.5%) 52 (10.9%) 431 (13.9%)

6 months–5 years 797 (30.4%) 166 (34.8%) 963 (31.1%)

5+ years 602 (23.0%) 173 (36.3%) 775 (25.0%)

ART naïve 827 (31.5%) 82 (17.2%) 909 (29.3%)

Missing 17 (0.6%) 4 (0.8%) 21 (0.7%)

Viral suppression <1000

copies/ml

<0.001

Not suppressed 995 (37.9%) 122 (25.6%) 1117 (36.0%)

Suppressed 1572 (60.0%) 351 (73.6%) 1923 (62.1%)

Missing 55 (2.1%) 4 (0.8%) 59 (1.9%)

Note: Participant characteristics at enrolment, by age and HIV status. Significant differences between the four age/HIV status groups were
assessed using Pearson chi-squared tests for categorical variables and Kruskal–Wallis for continuous variables to identify whether the propor-
tion with a particular characteristic is different in one or more groups as compared to the others.
Abbreviations: ART, antiretroviral therapy; DTG, dolutegravir; EFV, efavirenz; NVP, nevirapine; PI, protease inhibitor; PLWH, people living with
HIV; PLWoH, people living without HIV.

Figure 1. Prevalence of non-communicable diseases at enrolment. The prevalence of NCDs by age and HIV status at enrolment visit.
Abbreviations: PLWH, people living with HIV; PLWoH, people living without HIV; BP, blood pressure.

(26.9%), followed by dysglycemia (15.8%), obesity (8.4%) and
renal insufficiency (1.7%). PLWoH had a statistically significant
increased prevalence of elevated BP and obesity when com-
pared to PLWH in the same age group. There were no signif-
icant differences seen between PLWoH and PLWH age ≥50
for renal insufficiency and dysglycemia.

3.3 Factors associated with NCDs

Participants were followed for a median (IQR) of 4.66 (1.74–
6.08) years to evaluate factors associated with NCDs. In the
multivariable analysis for factors associated with dysglycemia
and diabetes (Table 2), there were significant increases in
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odds of having both diseases in PLWH and PLWoH age ≥50
when compared to PLWoH age <50. There were no signifi-
cant differences when comparing PLWH age <50 to PLWoH
age <50. Study site differences were seen for dysglycemia
and diabetes. Participants in Nigeria had 4.66 (95% CI: 3.52–
6.17) and 2.12 (95% CI: 1.13–3.99) odds of having dysg-
lycemia and diabetes, respectively, compared to participants in
Uganda. Participants in Kenya and Tanzania also had signifi-
cantly higher odds of having dysglycemia as compared to par-
ticipants in Uganda. BMI >30 was significantly associated with
dysglycemia and diabetes.

The multivariable analysis for renal insufficiency (Table 2)
demonstrated increased odds for PLWH age <50, PLWoH and
PLWH age ≥50 of having renal insufficiency when compared
to PLWoH age <50. The greatest odds of disease were seen
in PLWoH age ≥50 with wide CIs overlapping with the PLWH
age ≥50 CI’s. Study site differences were again seen with par-
ticipants in Nigeria having 4.0 (95% CI: 2.12–7.53) odds of
having renal insufficiency compared to participants in Uganda.
Participants with elevated BP and dysglycemia had increased
odds of having renal insufficiency, 1.91 (95% CI: 1.32–2.76)
and 1.48 (95% CI: 1.00–2.19), respectively.

4 D ISCUSS ION

NCDs are a leading cause of morbidity and mortality in low-
and middle-income countries [7, 18]. In this observational
cohort in four sub-Saharan African countries, there was a high
burden of NCDs. Over a quarter of PLWH age ≥50 had ele-
vated BP and over 15% had dysglycemia. Factors associated
with NCDs were consistent with those known to be a risk fac-
tor for NCDs, such as obesity increasing the risk for diabetes
or diabetes increasing the risk for renal insufficiency [16, 17].

Geographic heterogeneity was seen with NCDs in
AFRICOS. Cohort participants in Nigeria had the highest
odds of having dysglycemia and renal insufficiency. NCDs
account for up to 29% of all deaths in Nigeria [19]. Dietary
differences could account for the differences seen in renal
insufficiency as Nigerians appear to have higher salt intake
than recommended [20]. The study sites in Nigeria were
only in urban centres, which may explain dietary and physical
activity differences potentially accounting for differences seen
in NCDs [21]. Further analyses will be needed to understand
the aetiology for the geographic heterogeneity seen and to
better guide interventions.

Treatment of HIV with ART has been implicated in the
development of certain NCDs by side effects or toxicity. Long-
term use of tenofovir disoproxil fumarate (TDF) can result
in nephrotoxicity. Dolutegravir raises serum creatinine with-
out changing renal function because it inhibits proximal renal
tubular secretion of creatinine by organic cation transporters
[22]. In addition, the increased odds of renal insufficiency at
a younger age in PLWH may be due to “accelerated ageing”
where conditions seen in older persons appear in PLWH at a
younger age [8, 23]. In this cohort, there was an association
seen with renal insufficiency in the age <50 group with PLWH
having increased odds of having disease compared to PLWoH.
While this analysis did not focus on aetiology, the risk of renal
disease in PLWH can be modified by changing ART regimens.

Most participants in this cohort are on TDF and considera-
tions can be made to switch to newer, less nephrotoxic, teno-
fovir formulations in areas of high renal insufficiency preva-
lence.

INSTIs, particularly second-generation INSTIs, have been
implicated in substantial weight gain [24–26]. While over 70%
of PLWH age ≥50 were on an INSTI at the most recent visit,
DTG was not programmatically rolled out by PEPFAR until
late 2018 [27]. The maximum exposure time of DTG at the
time of this analysis would have been 3 years. Even though
the prevalence of obesity in PLWH age ≥50 was significantly
lower compared to age-matched counterparts without HIV,
the prevalence of obesity should be monitored as the dura-
tion of DTG increases. If the evidence for DTG association
with weight gain becomes stronger, programmatic considera-
tions can be considered weighing the benefits of DTG against
other options.

This study has multiple strengths, including a diverse pop-
ulation with extensive data collected since 2013. Limitations
are that this is an observational cohort with a low number of
participants aged≥50, particularly PLWoH in that age group
that limit statistical power. Testing for diabetes, dysglycemia
and renal insufficiency was not added to study procedures for
PLWoH until 2017 and, therefore, these data are not available
for these participants. However, data were included for sub-
sequent visits by these participants after amendment imple-
mentation. We attempted to adjust for confounders, including
study site, age, HIV status, sex and other diseases, known to
increase the risk of NCDs; however, we did not adjust for ART
exposure differences given the inclusion of PLWoH. We were
unable to adjust for other confounders, such as physical activ-
ity and nutrition, as these were not collected as part of the
study.

5 CONCLUS IONS

This study provides NCD prevalence and characteristics in an
ageing sub-Saharan African PLWH population. There was a
large burden of NCDs in this cohort that varied by geographic
region. If left unmitigated, NCDs can lead to downstream
effects, such as neurologic and cardiovascular disease, causing
significant morbidity and mortality. Treating individuals with
multiple comorbidities is complex and models of care will need
to be developed to appropriately manage these individuals.
The geographic component is important because in areas with
high burdens of NCDs it will be important to appropriately
allocate resources to promote healthy ageing with HIV.
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16. Kazancioğlu R. Risk factors for chronic kidney disease: an update. Kidney Int
Suppl (2011). 2013;3(4):368–71.
17. Barnes AS. The epidemic of obesity and diabetes: trends and treatments. Tex
Heart Inst J. 2011;38(2):142–4.
18. Gouda HN, Charlson F, Sorsdahl K, Ahmadzada S, Ferrari AJ, Erskine H,
et al. Burden of non-communicable diseases in sub-Saharan Africa, 1990–2017:
results from the Global Burden of Disease Study 2017. Lancet Glob Health.
2019;7(10):e1375–87.
19. WHO. Noncommunicable Diseases (NCD) Country Profiles. 2018. Available
from: https://www.who.int/publications/m/item/noncommunicable-diseases-nga-
country-profile-2018
20. Odili AN, Chori BS, Danladi B, Nwakile PC, Ogedengbe JO, NwegbuMM, et al.
Salt Intake in Nigeria: a nationwide population survey. Eur Heart J. 2020;41(Sup-
plement_2). https://academic.oup.com/eurheartj/article/41/Supplement_2/
ehaa946.2866/6003969
21. Akarolo-Anthony SN, Willett WC, Spiegelman D, Adebamowo CA. Obesity
epidemic has emerged among Nigerians. BMC Public Health. 2014;14:455.
22. Milburn J, Jones R, Levy JB. Renal effects of novel antiretroviral drugs.
Nephrol Dial Transplant. 2017;32(3):434–9.
23. Onen NF, Overton ET, Seyfried W, Stumm ER, Snell M, Mondy K, et al. Aging
and HIV infection: a comparison between older HIV-infected persons and the gen-
eral population. HIV Clin Trials. 2010;11(2):100–9.
24. Bourgi K, Rebeiro PF, Turner M, Castilho JL, Hulgan T, Raffanti SP, et al.
Greater weight gain in treatment-naive persons starting dolutegravir-based
antiretroviral therapy. Clin Infect Dis. 2020;70(7):1267–74.
25. Norwood J, Turner M, Bo C, Rebeiro P, Shepherd B, Bebawy S, et al. Weight
gain in persons with HIV switched from efavirenz-based to integrase strand trans-
fer inhibitor–based regimens. J Acquir Immune Defic Syndr. 2017;76(5):527–31.
26. Esber AL, Chang D, Iroezindu M, Bahemana E, Kibuuka H, Owuoth J, et al.
Weight gain during the dolutegravir transition in the African Cohort Study. J Int
AIDS Soc. 2022;25(4):e25899.
27. Updated recommendations on first-line and second-line antiretroviral regi-
mens and post-exposure prophylaxis and recommendations on early infant diagno-
sis of HIV: interim guidelines. Supplement to the 2016 consolidated guidelines on
the use of antiretroviral drugs for treating and preventing HIV infection. Geneva:
World Health Organization; 2018.

37



Aurpibul L et al. Journal of the International AIDS Society 2022, 25(S4):e25983
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25983/full | https://doi.org/10.1002/jia2.25983

RESEARCH ARTICLE

Neurocognitive performance and quality of life of older adults
with HIV on antiretroviral treatment in Northern Thailand
Linda Aurpibul1 , Patumrat Sripan1, Arunrat Tangmunkongvorakul1, Wilawan Chaikan1,
Saowalak Sarachai1 and Kriengkrai Srithanaviboonchai1,2,§

§Corresponding author: Kriengkrai Srithanaviboonchai, Research Institute for Health Sciences, Chiang Mai University, 110 Intavaroros Road, Chiang Mai 50202,
Thailand. (kriengkrai.s@cmu.ac.th)

Abstract
Introduction: With virologic suppression and longer life expectancy, older adults with HIV (OAHIV) are at risk for neurocogni-
tive impairment (NCI). This study investigated neurocognitive performance, quality of life (QOL) and the association between
OAHIV determinants.
Methods: This cross-sectional study was conducted in OAHIV aged ≥ 50 years on antiretroviral treatment at community
hospitals in Northern Thailand between September and November 2020. The Montreal Cognitive Assessment Thai Version
(MoCA-T) and the Thai-validated Medical Outcomes Study HIV (MOS-HIV) were used. NCI was defined as MoCA-T scores
<25: 16–24 for amnestic mild cognitive impairment (aMCI) and <16 for dementia. For QOL, higher scores meant better
QOL; a physical health summary T-score ≥50 was defined as good QOL.
Results: Overall, 269 OAHIV were enrolled; 59% were female and 99% had virologic suppression. The current median age
was 61.8 years (interquartile range [IQR] 58.9–65.7). The median duration of antiretroviral treatment was 10.5 years (IQR
8.5–13.5). The current median CD4 count (234 tested) was 484 cells/mm3 (IQR 339–634), and 99% had plasma HIV RNA
<40 copies/ml (229 tested). The median MoCA-T score was 20.0 (IQR 16.3–23.0). There were 234 OAHIV (87.3%) with
NCI: 182 (67.9%) with aMCI and 52 (19.4%) with dementia. A hundred and ninety (70.6%) had good QOL. Bivariate analy-
sis revealed no correlation between MoCA-T scores and QOL. Multivariable linear regression analysis revealed that MoCA-T
score was associated with older age (r = –0.144, p = 0.002), lower education (r = 0.629, p < 0.001), lower income (r = 0.797,
p = 0.040) and shorter treatment duration (r = 0.189, p = 0.006).
Conclusions: The vast majority of OAHIV with virologic suppression had NCI. Approximately two-thirds had a mild impair-
ment and one-fifth had dementia. Neurocognitive performance and QOL were not correlated. Addressing mild NCI would
enable more targeted monitoring. Early intervention and support could minimize functional impairment with increased age.
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1 INTRODUCT ION

Due to the widespread use of effective antiretroviral treat-
ment (ART), the median age of people with HIV (PWHIV)
has increased [1]. In 2016, an estimated 5.7 million PWHIV
globally were over the age of 50 [2] accounting for 30% of
adults with HIV in high-income countries, and varying from
6% to 17% in other regions of the world [3]. In Thailand,
the national scale-up of HIV care began in 2000 [4]. Many
patients on ART have survived into their fifties, and are now
considered older adults with HIV (OAHIV). Apart from age-
related illnesses, studies have demonstrated an increased risk
of chronic non-AIDS-related diseases, including neurocogni-
tive complications in OAHIV, partly related to chronic inflam-
mation [5].

Neurocognitive impairment (NCI) is one among several
comorbidities associated with a decline in activities of daily
living, cognitive symptoms and functional status in PWHIV [6].
NCI classifications include asymptomatic NCI, mild neurocog-
nitive disorders and HIV-associated dementia [7]. Prior to
the widespread availability of ART, the prevalence of NCI in
ART-naïve adults with HIV in an Indian study between 2003
and 2004 was 60% [8]. NCI remained prevalent in the initial
ART era, though profound HIV-associated neurocognitive
disorders were only infrequently seen [9]. A report from a
Southeast Asian consortium study in 2006 documented mod-
erate to severe HIV-related NCI in 12% of PWHIV in both
ART-naïve and ART treatment groups [10]. The 2NN study
in Thailand in 2008 documented NCI in 37.5% of PWHIV at
a median age of 41.2 years who had good virologic control
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[11]. More recently, a 2015–2017 study in Bangkok reported
an NCI prevalence of 59.4% among PWHIV with a median
age of 54.3 years [12]. Factors associated with NCI included
increased age, being female, low education, depression and
low income [13, 14]. It is possible that pre-existing neuro-
logical deficits were present prior to ART initiation, or that
NCI developed later due to ongoing inflammatory processes
associated with chronic HIV infection [15]. The consequences
of NCI include poor medical adherence, disruption of daily
functioning, decreased quality of life (QOL) and increased risk
of mortality [16]. The impact of NCI on health-related QOL
of PWHIV in all domains was documented [17]. Meanwhile,
a Kenyan study reported worse QOL in PWHIV without
significantly different cognitive deficits [18]. There have been
several studies of QOL among PWHIV in Thailand. However,
an association between QOL and NCI has not been well
established [19, 20].

In this study, we hypothesized that even with sustained
virologic suppression through ART, OAHIV could remain at
increased risk for impaired QOL and early NCI. The study
objective was to determine the frequency of NCI among Thai
OAHIV residing in communities. We assessed the correlation
between neurocognitive performance and QOL and looked for
factors associated with NCI in this population.

2 METHODS

2.1 Study design and population

A cross-sectional study was conducted at 12 community
hospitals in Chiang Mai, Thailand between September and
November 2020. The study population was OAHIV in a
prospective cohort study, which was started in August 2015.
The primary aim of the cohort is to follow the QOL and
health outcomes of OAHIV receiving the national standard of
HIV care. The national AIDS programme covered antiretro-
viral medication, CD4 counts and laboratory safety parame-
ter measurements every 6 months, and annual HIV-RNA test-
ing. Treatment for comorbidities and other diseases is cov-
ered under the universal healthcare coverage scheme for all
Thai citizens. In every community hospital, an HIV clinic had
been set up that was separated from the outpatient ser-
vices for general patients, which afforded greater privacy and
confidentiality. For this cohort, 12 hospitals were selected
from a total of 23 community hospitals in the province,
according to the advice of the Chiang Mai Provincial Pub-
lic Health office. Specifically, the selected hospitals had been
serving larger populations with HIV since the national HIV
programme was launched in 2002. In 2015, potential partic-
ipants were approached and invited to join the cohort study
during routine clinical visits. The inclusion criteria were (1)
living with HIV, (2) being aged ≥50 years and (3) receiving
ART at study enrolment. Each hospital approached its oldest
patients first. After enrolment, all participants were continu-
ously followed in HIV clinics for regular care at 2- or 3-month
intervals under the Thai national AIDS programme. All partici-
pants who attended their annual follow-up visits in 2020 were
invited to join this study.

2.2 Sample size estimation

The prevalence of NCI among PWHIV and non-HIV older
adults in other studies were between 59.4% and 71.4% [12,
21]. In our study, the estimated prevalence was 80%. The
evaluable number of participants was 246, which would have
80% power at the confidence interval of 95% to assess NCI.

2.3 Ethics statement

The study was approved by the Ethics Committee at the
Research Institute for Health Sciences, Chiang Mai Univer-
sity (Certificate approval number 35/2020). Written informed
consent was obtained from each participant. The study staff
assessed their literacy prior to the consent process (e.g.
through reading out loud). Literate participants gave written
consent, while low literacy and illiterate participants provided
consent with a thumbprint in presence of an impartial witness.

2.4 Data collection and tools

A range of demographic characteristics (sex, age, education,
monthly income, number of family members and year of HIV
diagnosis) were obtained as part of the main study. Clini-
cal data (date of ART initiation, current CD4, HIV RNA and
comorbidities) were extracted from hospital records by HIV
clinic staff. After consent, the assessment took place in a pri-
vate space within the hospital. Cognitive performance was
assessed by certified investigators (physicians and nurses)
using the Thai version of the Montreal Cognitive Assessment
(MoCA-T). MoCA-T is a screening measure that covers eight
cognitive domains, including attention and concentration, visu-
ospatial/executive function, memory, language, visuoconstruc-
tional skills, conceptual thinking, calculations and orientation.
MoCA-T has been validated with acceptable reliability for use
in screening for amnestic mild cognitive impairment (aMCI) in
Thai patients. The internal consistency was demonstrated to
have a Cronbach’s alpha coefficient of 0.914 [13]. MoCA-T
has also been used in studies among PWHIV after ART initia-
tion [12, 14]. When an assessment was completed, all scores
were summed out of a total possible score of 30. For individ-
uals with ≤6 years of education, one point was added to their
summed score. In this study, NCI was defined as a MoCA-T
score <25. Scores 16–24 were defined as aMCI, and scores
<16 as dementia. With these cut-offs, the areas under the
receiver-operating characteristics (ROC) curve were 0.813 for
aMCI and 0.938 for Alzheimer’s disease compared to healthy
controls in a psychometric properties study [22].

Health-related QOL was assessed using the Thai-validated
version of the Medical Outcomes Study HIV (MOS-HIV) [23].
It was developed from the MOS-Short form 20 with addi-
tional constructs relevant to PWHIV, and has been used
in HIV-related clinical trials as an outcome measure [24].
It consists of 35 close-ended items measuring 11 dimen-
sions of health-related QOL, namely general health percep-
tion, physical functioning, role functioning, social function-
ing, cognitive functioning, pain, mental health, energy fatigue,
health distress, QOL and health transition. For each question,
participants would provide their responses in 2- to 6-point
Likert scales. Some questions were in the positive direction,
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and some were reversed. The dimensions are scored rang-
ing from 0 to 100. Higher scores indicate better perceived
QOL. The dimensions are then aggregated into the physical
health summary (PHS) and mental health summary (MHS) sta-
tus scores, in which they are linearly transformed to a 0–100
scale using factor-analysis-based or regression-based weights.
The standardized scores (T-scores) had a mean of 50 and
a standard deviation of 10. The norm-based standardization
dimension scores, the PHS and MHS T-scores, were reported.
Higher dimension scores meant better QOL. Based on the
Norm-Based Scoring, a PHS T-score of ≥50 was defined as a
good QOL [25].

2.5 Statistical analysis

Statistical analysis was performed using SPSS version 22.0
(IBM Corporation, New York). Demographic characteristics
were presented by numbers (percentages) for categorical
data, means (standard deviation, SD) for continuous data with
normal distributions and medians (interquartile range [IQR])
for continuous data with non-normal distributions. A com-
parison of demographic characteristics between OAHIV with
impaired and good QOL was made using the chi-square test
or Fisher’s exact test, as appropriate for categorical variables,
and Mann–Whitney tests for continuous variables. The out-
come variables of interest in this study were total MoCA
score and domain scores, the proportion of participants with
NCI (aMCI and dementia), PHS and MHS T-scores, and item-
ized scores in 11 dimensions of QOL. Bivariate correlation
between each score was analysed. Linear regression was used
to identify factors potentially associated with MoCA scores:
age, sex, education, time since HIV diagnosis, time from HIV
diagnosis to ART initiation, duration on ART, monthly income,
CD4 at study entry, current CD4, marital status and presence
of comorbidities. In the multivariable regression analysis, fac-
tors with statistical significance in univariable analysis or that
had a potential role as confounders were included. Statistical
significance was defined as p < 0.05.

3 RESULTS

3.1 Characteristics of study participants

Two hundred and sixty-nine OAHIV were approached. All
provided consent and were enrolled in this study. One hun-
dred and fifty-nine (59.33%) were female. QOL assessments
were completed in 268, and one PWHIV was excluded due
to insufficient literacy. Their median age was 61.8 years (IQR
58.9–65.7), and the median monthly income was 4000 Baht
(IQR 2000–10,000; ∼125 US Dollars). Two hundred and
thirteen (79.5%) received ≤4 years of formal education. The
median duration from HIV diagnosis to ART initiation was
15.4 years (IQR 10.6–19.3); 233 (86.6%) started ART (non-
nucleoside reverse transcriptase-based regimens) between
1998 and 2013 while they were immunosuppressed, and 36
(13.4%) started ART after 2013 when it became available for
all at any CD4 level. The median ART duration at the time
of this study was 10.5 years (IQR 8.5–13.5). The current
median CD4 cell count was 484 cells/mm3 (IQR 339–634) of
234 tested, and 99% were virologically suppressed (HIV-RNA

<40 copies/ml) of 229 tested. Comorbidities were reported
in 119 (44.4%) of the participants and included dyslipidaemia
in 101 (37.7%), diabetes in 35 (13.1%) and renal diseases
in 5 (1.9%). There was no difference in demographic char-
acteristics between OAHIV with impaired and good QOL
(Table 1).

3.2 Quality of life

The median PHS T-score was 54.97 (IQR 48.07–58.46). There
were 190 OAHIV (70.6%) with good QOL (PHS T-score ≥50)
and 79 (29.4%) with impaired QOL (PHS T-score <50). The
highest physical health dimension scores were role and social
functioning, whereas the lowest dimension score was gen-
eral health. The median mental health dimension (MHS) T-
score was 58.40 (54.30–61.74), with the highest score for
health distress and the lowest dimension score was health
transition. The PHS and MHS T-scores were significantly cor-
related (Pearson’s coefficient 0.522, p < 0.001). Those with
good QOL also had a significantly higher median MHS T-score
(59.54 vs. 54.03 in those with impaired QOL, respectively; p <

0.001). When comparing groups, OAHIV with impaired QOL
had significantly lower median scores than those with good
QOL in all dimensions, except for the health transition domain.
Scores were especially divergent in pain scores and in energy
& fatigue (vitality) scores (Table 2).

3.3 Neurocognitive performance

During the assessment, all participants were asked to com-
plete each test consecutively without skipping. The median
MoCA score was 20.0 (IQR 16.3–23.0). The median MoCA
scores were not different between OAHIV with good and
impaired QOL (z = –0.868, p = 0.385). The three domains
with the lowest scores included language, abstraction and
delayed recall. There were 234 OAHIV (87.3%) with NCI
(score <25). A hundred and eighty-two (67.9%) had aMCI
(scores 16–24), whereas 52 (19.4%) had dementia (scores
<16) (Table 2).

3.4 Correlation

The bivariate correlation revealed no relationship between
MoCA and PHS T-score (r = 0.030, p = 0.627), MHS T-score
(r = 0.033, p = 0.587) or cognitive functioning dimension
score (r = 0.006, p = 0.925) (Table 3). Comparison between
OAHIV with dementia and those with better neurocognitive
performance (MoCA scores <16 vs. ≥16) also revealed no sig-
nificant differences in PHS T-score (z = –1.736, p = 0.083)
and MHS T-scores (z = –0.506, p = 0.614), or any QOL
dimension scores.

3.5 Factors associated with NCI

The univariate linear regression revealed that age, education,
ART duration and income were associated with MoCA scores,
whereas sex, duration of HIV or treatment, CD4 at study
entry, current CD4 and comorbidities were not associated. In
the multivariable analysis, sex and comorbidities were specif-
ically included as potential determinants of NCI. We found
positive association with MoCA scores for years of education
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Table 1. Demographic characteristics of all older adults with HIV in this study

Characteristics Total

OAHIV with

impaired QOL

OAHIV with good

QOL p-value

Test

statistics

Number of OAHIV 269 79 (29.4%) 190 (70.6%)

Sex

Female 159 (59.3%) 43 (27.0%) 116 (73.0%) 0.314 –1.004

Male 110 (40.9%) 36 (32.7%) 74 (67.3%)

Age (years) 61.8 (58.9–65.7) 62.0 (59.0–66.0) 61.0 (59.0–65.3) 0.934 –0.083

Age > 60 years 160 (59.5%) 47 (29.4%) 113 (70.6%) 0.998 –0.003

Formal education

0–4 years 213 (79.5%) 57 (72.7%) 156 (82.1%) 0.055 –2.260

5–12 years 46 (17.2%) 16 (20.3%) 30 (15.8%)

> 12 years 10 (3.7%) 6 (7.6%) 4 (2.1%)

Monthly income (Thai baht) 4000

(2000–10,000)

5000

(3000–10,000)

3800

(2000–9000)

0.056 –1.914

Marital status

Married or in a relationship 106 (39.4%) 28 (35.4%) 78 (41.1%) 0.391 –0.856

Single/separated/divorced 163 (60.6%) 51 (64.6%) 112 (58.9%)

Duration since HIV diagnosis (years) 26.2 (23.3–28.8) 26.6 (24.0–29.1) 25.9 (23.2–28.7) 0.522 –0.640

Duration on ART (years) 10.5 (8.5–13.5) 9.9 (8.1–13.1) 10.8 (8.5–13.6) 0.114 –1.581

Current CD4 cell count, cells/mm3

(n = 234)

484 (339–634) 468 (305–590) 501 (357–666) 0.227 –1.209

Current virologic suppression 227/229 (99.1%) 70/70 (100%) 157/159 (98.7%) 1.000 –0.940

Comorbidities 119 (44.4%) 32 (40.5%) 87 (45.8%) 0.427 0.793

Renal disease 5 (1.9%) 1 (1.3%) 4 (2.1%) 1.000 0.463

Diabetes 35 (13.1%) 11 (13.9%) 24 (12.6%) 0.774 –0.286

Dyslipidaemia 101 (37.7%) 27 (34.2%) 74 (38.9%) 0.462 0.734

Note: Data in median (interquartile range, IQR), mean (standard deviation, SD) or number (%) as appropriate. Impaired QOL was defined as
a physical health summary (PHS) T-score < 50, and good QOL was defined as PHS T-score ≥ 50. p-value by chi-square, Fisher’s exact or
Mann–Whitney test.
Abbreviations: ART, antiretroviral treatment; OAHIV, older adults with HIV; QOL, quality of life.

(β = 0.629, p < 0.001), ART duration (β = 0.189, p = 0.006)
and monthly income (β = 0.797, p = 0.040), while age was
negatively associated (β = –0.144, p = 0.002) (Table 4).

4 D ISCUSS ION

More than two-thirds of OAHIV in this study had good QOL,
while 87.3% of them had NCI, including one-fifth who had
dementia. There was no correlation between their neurocog-
nitive performance and QOL. Low MoCA scores were associ-
ated with older age, fewer years of formal education, shorter
duration on ART and low income.

Recently, the MoCA-T has been increasingly used to iden-
tify Thai PWHIV with NCI and is a user-friendly tool for NCI
screening in HIV clinics. The median MoCA score of our study
participants was 20.0 (IQR 16.3–23.0), which was lower than
the median MoCA score of 24 (IQR 21–26) reported in a pre-
vious study in Bangkok [12]. The frequency of NCI in their
cohort of 340 OAHIV (median age of 54.3 years) with good
immune status and virologic suppression was 59.4%, which
was lower than in our study. Nearly one-third of their par-
ticipants had a bachelor-level education or higher, were living

with an HIV diagnosis for a median of 18.3 years (IQR 14.9–
20.9) and had been taking ART for a median of 16.1 years.
With similar immunologic and virologic outcomes, our partici-
pants were older, less educated and experienced a median of
15.4 years delay between HIV diagnosis and ART initiation.

A large majority (86.6%) of OAHIV in our study started
ART before the test and treat era in 2013. During that period,
ART was not prescribed for PWHIV under the National AIDS
programme until they developed some degree of immunosup-
pression. Meanwhile, the Bangkok study enrolled participants
from a long-term study cohort in which ART was initiated
approximately 2 years after the HIV diagnosis as a part of
the clinical trial in 2002. The delayed ART initiation in our
participants might explain the higher rate of NCI. Another
neurocognitive study was conducted among Thai PWHIV
with virologic suppression, at the mean age of 45 years and
a median ART duration of 12.1 years, where the frequency
of NCI was 43% [14]. Their mean MoCA score of 22.24 ±
3.83 was significantly lower than the HIV-negative compar-
ison group. Within the HIV group, worse performance was
observed in those who were older and had lower incomes. No
associations with HIV-related characteristics were reported,
which is in line with our study findings.
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Table 2. Neurocognitive performance and quality of life of OAHIV in this study

Characteristics

Maximum

scores Total

OAHIV with

impaired QOL

OAHIV with good

QOL p-value

Test

statistics

Quality of life (MOS-HIV), n = 269

Physical health summary T-score 54.97

(48.07–58.46)

41.01

(33.75–46.84)

56.93

(54.59–59.43)

<0.001 –12.914

General health 100 65.00

(55.00–82.00)

50.00

(35.00–65.00)

70.00

(60.00–80.00)

Physical functioning 100 91.67 (75.00–100) 66.67

(41.67–75.00)

91.67 (83.33–100)

Role functioning 100 100 (100–100) 50.00 (0–50.00) 100 (100–100)

Social functioning 100 100 (100–100) 60.00 (40.00–100) 90.00 (80.00–100)

Pain 100 77.78 (55.56–100) 44.44

(44.44–66.67)

88.89 (66.67–100)

Mental health summary T-score 58.40

(54.30–61.74)

54.03

(49.02–58.97)

59.54

(56.49–62.75)

<0.001 –6.790

Cognitive functioning 100 90.00

(80.00–95.00)

85.00

(75.00–90.00)

90.00

(85.00–95.00)

Mental health 100 92.00 (80.00–100) 84.00

(76.00–96.00)

96.00 (80.00–100)

Energy & fatigue (vitality) 100 85.00

(70.00–95.00)

65.00

(50.00–80.00)

90.00 (80.00–100)

Health distress 100 100 (100–100) 90.00 (75.00–100) 100 (100–100)

Quality of life 100 75 (75–75) 75.00

(50.00–75.00)

75.00 (50.00–100)

Health transition 100 50.00

(50.00–75.00)

50.00

(50.00–75.00)

50.00

(50.00–75.00)

Neurocognitive performance (MoCA), n = 268

Median scores (IQR) 30 20 (16.3–23.0) 20.0 (16.0–24.0) 20.0 (17.0–22.0) 0.385 –0.868

Mean scores ±SD 19.3 ± 4.7 19.7 (5.0) 19.2 (4.6) 0.418 0.812

Domain scores

Visuospatial/executive 5 2.9 (1.4) 2.9 (1.4) 2.9 (1.4) 0.810 0.241

Naming 3 2.5 (0.8) 2.5 (0.7) 2.4 (0.8) 0.390 0.862

Attention 6 4.3 (1.4) 4.3 (1.4) 4.3 (1.4) 0.853 0.186

Language 3 0.8 (0.9) 0.9 (0.9) 0.7 (0.8) 0.100 1.649

Abstraction 2 0.6 (0.8) 0.7 (0.8) 0.6 (0.8) 0.447 0.762

Delayed recall 5 1.8 (1.6) 1.9 (1.6) 1.8 (1.6) 0.489 0.693

Orientation 6 5.7 (0.7) 5.8 (0.6) 5.7 (0.8) 0.435 0.782

Neurocognitive impairment, n (%) 234 (87.3%)

aMCI, n (%) 182 (67.9%) 48 (60.8%) 134 (70.9%) 0.052 1.499

Dementia, n (%) 52 (19.4%) 15 (19.0%) 37 (19.6%)

Note: MoCA, the Thai version of the Montreal Cognitive Assessment; MOS-HIV, the Thai-validated version of the Medical Outcomes Study
HIV; NCI, neurocognitive impairment (scores < 25); aMCI, amnestic mild cognitive impairment (scores 16–24); dementia (scores <16). Bold
values highlights that they are summary T-scores, which are significantly different between the two groups.
Abbreviations: IQR, interquartile range; OAHIV, older adults living with HIV; SD, standard deviation.

There was a study conducted in 2020 among older villagers
in the rural area of Northern Thailand where the prevalence
of aMCI was 71.4% [21]. The mean age of their participants
was 68.3 years and 95.1% had formal education of ≤4 years,
which was more similar to our participants. Apart from hav-
ing HIV, the higher prevalence of NCI in our study could be
affected by the diversity in geographic, ethnocultural and edu-

cation factors. Despite having Thai citizenship, some partici-
pants were from ethnic minorities (Shan people, Yunnan and
hill tribes) who may have had less access to formal educa-
tion in childhood. In the present study, we found low domain
scores in language, abstraction and delayed recall, while in
their study, the most common impairments were executive
function, attention and delayed recall.
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Table 3. Bivariate correlation between MoCA and quality of life scores in older adults with HIV (n = 268)

Quality of life dimensions

Correlation

coefficientsa p-value Medianb
Test statistic

(U) p-value

Physical health summary T-score 0.030 0.627 54.97 7981.0 0.796

General health 0.052 0.395 65.00 8072.5 0.914

Physical functioning 0.098 0.108 91.67 7363.0 0.188

Role functioning 0.007 0.909 100.00 7749.5 0.446

Social functioning –0.041 0.503 100.00 7629.5 0.257

Pain 0.047 0.444 77.78 7958.0 0.762

Mental health summary T-score 0.033 0.587 58.40 7816.0 0.595

Cognitive functioning 0.006 0.925 90.00 7756.5 0.521

Mental health –0.014 0.824 92.00 7754.5 0.519

Energy & fatigue (vitality) 0.038 0.539 85.00 8095.0 0.943

Health distress 0.041 0.506 100.00 7986.0 0.778

Quality of life 0.032 0.599 75.00 7824.0 0.580

Health transition –0.023 0.708 50.00 8008.5 0.806

Note: Data in median (IQR) or number (%).
aPearson correlation estimates.
bComparison between those with dementia (MoCA score < 16) and those with normal or mild impairment (score ≥16).

Table 4. Univariable and multivariable linear regression analysis of factors associated with MoCA scores of OAHIV

Covariate

Univariable Multivariable*

R β coefficient (95% CI) p-value β coefficient (95% CI) p-value

Sex 0.079 0.753 (–0.399 to 1.905) 0.199 0.307 (–0.698 to 1.312) 0.547

Age (years) 0.214 –0.187 (–0.291 to –0.084) <0.001 –0.144 (–0.234 to –0.054) 0.002

Education (years) 0.470 0.678 (0.524–0.831) <0.001 0.629 (0.475–0.783) <0.001

Duration from HIV diagnosis 0.004 0.004 (–0.124 to 0.132) 0.951

Time from HIV diagnosis to

ART initiation (years)

0.089 –0.071 (–0.167 to 0.025) 0.146

Duration on ART (years) 0.148 0.190 (0.036–0.343) 0.015 0.189 (0.056–0.322) 0.006

Current monthly income (Thai

baht)

0.236 1.693 (0.852–2.534) <0.001 0.797 (0.035–1.559) 0.040

CD4 at study entry (year 1) 0.002 0.003 (–0.126 to 0.131) 0.969

Current CD4 (year 5) 0.036 0.036 (–0.002 to 0.003) 0.586

Marital status 0.072 0.696 (–0.465 to 1.857) 0.239

Comorbidities 0.074 –0.700 (–0.167 to 0.025) 0.089 –0.658 (–1.634 to 0.0317) 0.185

Abbreviations: ART, antiretroviral treatment; CI, confidence interval; MoCA, the Montreal cognitive assessment; OAHIV, older adults with HIV.
*Factors with statistical significance or potential role as confounders were included in the multivariable analysis.

The impairment in delayed recall indicates impaired mem-
ory and is an early sign of AD, while impaired visuospa-
tial/executive function indicates neurodegenerative change
[26]. However, our participants did not perceive their mem-
ory problems (the median cognitive function domain score in
QOL was 90/100). Moreover, they had a high role and social
functioning (median scores 100/100). Low perceived difficulty
in their daily activities might have been due to low instrumen-
tal activities involved. Our participants lived in communities
with relatively low technology environments, where high-level
cognitive skills were not required. This may have been why
their NCI did not affect their perceived QOL. The investiga-

tors who performed NCI assessment in our study reported
language and abstraction as the most problematic domains.

Different MoCA score cut-offs were mentioned across
studies. In a US study, the frequency of NCI in OAHIV was
67% when a cut-off of ≤26 was used. Their mean score
was 25.2±3.0, the mean age of their participants was 58.2
years and the mean duration of HIV infection was 18 years;
98% were on ART and 92% were virologically suppressed
[6]. A Malaysian study reported that 64.3% of PWHIV, mean
age 44.7 years, had cognitive impairment using a MoCA cut-
off score of ≤26 [27]. However, when the adjusted T-scores
were applied instead of the standard scores, it resulted in
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decreased frequency of cognitive impairment in their study
to 23.4%. Another study in Thailand was conducted in a ter-
tiary care hospital among 74 PWHIV with a mean age of 45.6
years, about half were diagnosed with NCI using the Frascati
criteria [28]. Their ROC analysis revealed that using a lower
MoCA cut-off of ≤23 instead of ≤24 would yield higher speci-
ficity of the MoCA in screening for NCI. As using different
MoCA cut-off results in varying frequencies of impairment, it
is difficult to make direct comparisons between studies, and
the results must be interpreted with caution.

Determination of QOL in PWHIV is critical as it allows
healthcare providers to better understand their patients’
perceptions of their health and life satisfaction [29]. HIV
programme assessment based on clinical outcomes alone
may not be sufficient to ensure the wellbeing of OAHIV
experiencing age-related changes after years on ART. We
found that two-thirds of OAHIV in this study had good
QOL. Those with good physical health (PHS) also had higher
mental health (MHS) T-scores. This was in line with a 2017
study in Northern Thailand which reported that 96.3% of
PWHIV aged 20–60 years reported overall QOL at mod-
erate levels, as assessed by the World Health Organization
QOL brief assessment tool [30]. They mentioned that CD4
count <200 cells/mm3 was associated with low QOL. We
did not see this association, as our participants had higher
median CD4 counts at the time of the study. Another study
in 2012 on PWHIV at a tertiary care hospital in Thailand
also used the MOS-HIV. Their population’s median age was
42 years, the mean duration following HIV diagnosis was
6.8 years and 54% had been on ART for between 1 and
5 years [20]. They reported that age <50 years was a
positive predictive factor for PHS while being on ART and
having good compliance were positive predictive factors
for MHS.

An earlier analysis of our cohort using data from 2015 to
2017 demonstrated that QOL in OAHIV could improve or
be maintained over time [19]. Our participants were virolog-
ically suppressed, which indicated good ART compliance, and
we did not see an age difference between those with good
and impaired QOL. A Pakistani study reported that age >50
years, CD4 count >500 cells/mm3 and a primary/secondary
education were associated with better QOL when compared
to younger participants with a lower CD4 count, or those with
tertiary education [31]. We found no significant difference
in education or neurocognitive performance between OAHIV
with impaired and good QOL. However, the observed high
scores in the role and social functioning dimensions suggested
that there might be other determinants of QOL that were
stronger contributors (i.e. socio-demographic, social support,
geographic or environmental factors). Sex, marital status and
physical exercise engagement were predictors of QOL in a
study among Thai OAHIV [19]. A Kenyan study documented
poorer QOL and mental health in PWHIV with low literacy
in relation to the HIV-negative group, despite exhibiting no
significant cognitive deficits [18]. Living with the chronic dis-
ease might partly explain the low QOL, as we observed the
lowest median scores in the pain, role functioning and energy
& fatigue (vitality) domains in OAHIV with impaired QOL.
Screening for frailty and addressing support needs could be
useful interventions in this context.

The low median health transition scores in all study partici-
pants regardless of their QOL might have been impacted by
the Covid-19 pandemic. At the time of the assessment, the
worsening Covid-19 situation in Northern Thailand resulted in
many new public health restrictions (e.g. social distancing, face
masks and limited travel). Since the health transition ques-
tion asked about physical health and emotional condition com-
pared to the previous 4 weeks, these restrictions could have
been a factor in their responses.

The study had several strengths. To our knowledge, this is
the first neurocognitive study of community-dwelling OAHIV
in rural Thailand. Our study participants represented the first
generation of PWHIV in the country who acquired HIV from
heterosexual contact. After they were diagnosed, delays in
accessing treatment during that period resulted in immuno-
suppression. After starting ART, they have continuously been
receiving HIV care through the Thai national programme for
over a decade. The results revealed the presence of NCI of
varying severity, which highlights the need for monitoring,
intervention and social support. The findings from this study
can help inform policymakers and may encourage more bud-
get allocations to tailor health programmes for OAHIV. Our
study limitations include enrolment bias, as only OAHIV who
visited the clinics were included, in which case those with
profound dementia or extreme QOL might not be included.
Second, there were some participants with low literacy for
whom MoCA might not be the optimal screening tool. How-
ever, we chose this instrument because of its widespread use
in Thailand, which allowed us to make comparisons with other
studies in Thai OAHIV. Third, we did not include data on all
historic or current opportunistic infections and comorbidities,
which could have been the cause of chronic inflammation or
affected the central nervous system function. Fourth, we did
not assess NCI in older adults without HIV of comparable
age, sex, education level and geographic location for compari-
son. This limited our ability to make conclusions regarding the
effects of such factors on the study results.

5 CONCLUS IONS

We documented NCI in a large majority of OAHIV with
immune recovery and virologic suppression following delayed
ART initiation. Further assessment of functioning to address
problems in performing activities of daily living is required
in those with low scores. More research to identify poten-
tially modifiable factors affecting neurocognitive performance
in ageing populations who started ART both later and sooner
after HIV acquisition is warranted. Early detection of NCI
among this population would allow healthcare providers to
monitor, counsel or intervene appropriately in a more timely
manner.
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Abstract
Introduction: Sarcopenia is an important clinical syndrome in older people living with HIV (PLWH). With a change to the Asia
sarcopenia definition in 2019, we aimed to determine whether health outcomes were associated with different definitions of
sarcopenia among Asian PLWH.
Methods: We performed a prospective cross-sectional study enrolling PLWH aged ≥35 years from January 2018 to Novem-
ber 2021. We defined sarcopenia by the Asia Working Group of Sarcopenia (AWGS) criteria in 2014 and 2019. AWGS-2014
included low muscle mass plus weak handgrip strength and/or slow gait speed. AWGS-2019 included low muscle mass plus
low muscle strength or physical performance, while the presence of all defines severe sarcopenia. We measured appendicular
skeletal muscle mass using dual-energy X-ray absorptiometry, handgrip strength, usual gait speed, five-time chair stand test
and Short Physical Performance Battery. Correlations between each sarcopenia definition and health-related quality of life
(using EQ-5D-5L and SF-36) and functional disability were determined.
Results: One hundred and fifty Asian PLWH were enrolled, 132 (88%) were male, mean age was 60±10 years, duration of
HIV diagnosis was 13 (IQR 8–18) years and current CD4 count was 574 (IQR 362–762) cells/mm3, 67 (45%) had multimor-
bidity, 64 (43%) had polypharmacy. Prevalence of sarcopenia by AWGS-2014, AWGS-2019 and severe sarcopenia was 17.3%,
27.3% and 18.0%, respectively. Age, education and polypharmacy were associated with sarcopenia. Sarcopenia (AWGS-2014)
and severe sarcopenia were associated with mobility, physical functioning and physical component score (SF-36). All three
criteria were associated with impaired instrumental activities of daily living (IADL). After age and sex adjustment, sarcopenia
(AWGS-2014) (adjusted odds ratio/aOR 5.4, 95% confidence interval/CI 2.0–15.1) and severe sarcopenia (aOR 5.1, 95% CI
1.9–14.0) were associated with mobility and physical component score (SF-36) (β coefficients –5.3342, p = 0.022 and –5.412,
p = 0.019). Sarcopenia (AWGS 2014) (aOR 5.2, 95% CI 1.7–16.2), sarcopenia (AWGS-2019) (aOR 4.5, 95% CI 1.5–13.1) and
severe sarcopenia (aOR 3.5, 95% CI 1.1–10.9) were associated with impaired IADL in fully adjusted models.
Conclusions: In a sample of Asian PLWH, 17.3%, 27.3% and 18.0% had sarcopenia as defined by AWGS-2014, AWGS-2019
and severe sarcopenia, respectively. Sarcopenia by AWGS-2014 and severe sarcopenia correlated with parameters of poor
health outcomes, while sarcopenia by AWGS-2019 correlated with functional disability.

Keywords: HIV; sarcopenia; quality of life; disability; polypharmacy; ageing
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1 INTRODUCT ION

Sarcopenia, deriving from the Greek words sarx (meaning
“flesh”) and penia (meaning “loss”), was proposed by Irwin
Rosenberg in 1988 to describe an age-related loss of muscle
mass and function [1]. Sarcopenia predicted functional decline,
disability, hospitalization, mortality and increased health costs
in older adults in the general population [2–4]. The prevalence

of sarcopenia in the general older adult population ranged
from 10% to 30% [2].

Sarcopenia is appreciated to be an important phenomenon
among older people living with HIV (PLWH) [5]. The pooled
prevalence of sarcopenia among PLWH was 24% in a recent
meta-analysis, and PLWH had a six-fold increased risk of sar-
copenia compared with matched HIV-uninfected controls [6].
Among PLWH, sarcopenia was associated with demographic
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and HIV-related factors, including age, sex, education, employ-
ment status, smoking, alcohol use, longer duration of HIV
infection, CD4 count and longer exposure to anti-retroviral
therapy [6–8]. Among PLWH, sarcopenia was associated with
functional impairment, disability and mortality risk [8, 9]. At
present, there is a paucity of data evaluating the prevalence
and risk factors of sarcopenia among Asian PLWH [6, 8].

Since the development of the first consensus definition of
sarcopenia in 2009 [2], definitions of sarcopenia have evolved
as new evidence emerged. In 2010, the European Working
Group on Sarcopenia in Older People (EWGSOP1) defined
sarcopenia as low muscle mass together with either low mus-
cle strength or low physical performance [10]. A revised ver-
sion in 2018 (EWGSOP2) focused on low muscle strength,
while confirming the diagnosis by low muscle quantity or
quality, and defining severe sarcopenia with the additional
presence of poor physical performance [11]. In 2014, the
Asia Working Group for Sarcopenia (AWGS-2014) defined
sarcopenia as low muscle mass plus either weak handgrip
strength or slow gait speed [12]. An updated version in
2019 (AWGS-2019) retained the original definition of “loss
of skeletal muscle mass plus loss of muscle strength and/or
reduced physical performance” and added the category of
“severe sarcopenia,” which included all three components [13].
In AWGS-2019, the thresholds for handgrip strength and gait
speed were lowered, measures of physical performance were
expanded to include a Short Physical Performance Battery
(SPPB) and a five-time chair stand test [12, 13].

Currently, there are no data comparing the AWGS-2014
and AWGS-2019 definitions of sarcopenia among PLWH in
Asia. It is uncertain which definition of sarcopenia would be
more applicable in PLWH. Therefore, we performed this study
to determine the prevalence and risk factors of sarcopenia
among PLWH living in Hong Kong SAR, China, and the corre-
lation between different definitions of sarcopenia and health
outcomes.

2 METHODS

2.1 Study design and setting

We performed an observational cross-sectional study involv-
ing PLWH recruited from January 2018 to November 2021
at the Prince of Wales Hospital Infectious Diseases clinic in
Hong Kong. This clinic received referrals from other HIV clin-
ics for screening or management of chronic comorbidities in
PLWH. Inclusion criteria were positive HIV antibody and age
of 35 years old or above. The only exclusion criterion was the
refusal to consent. The study protocol was approved by the
Joint Chinese University of Hong Kong—New Territories East
Cluster Clinical Research Ethics Committee.

2.2 Data collection

We recorded demographic and clinical information for all par-
ticipants at each study visit. This included date of birth, sex,
smoking, alcohol intake, comorbidities included in Charlson’s
Comorbidity Index, hepatitis B and C co-infection, year of
diagnosis of HIV, history of AIDS-defining illness, current and
previous anti-retroviral drug regimens, medications other than

anti-retroviral drugs, current CD4 count, CD4:CD8 ratio and
HIV RNA level. We defined multimorbidity as the presence of
two or more chronic comorbidities, and polypharmacy as tak-
ing five or more non-anti-retroviral drugs.

During the study visit, we measured handgrip strength, gait
speed, chair stand test and SPPB. We measured handgrip
strength three times for both hands, using Jamar Hydraulic
Hand dynamometer (5030J1, Sammons Preston, Bolingbrook,
IL), with the participant sitting with 90° elbow flexion. The
best performance of all trials was used for analyses. We
calculated gait speed by measuring the average time of two
trials taken to walk 6 metres at a normal pace, using a stop-
watch. We performed the chair stand test by measuring the
time taken to perform five chair stands. We performed SPPB,
which included the ability to stand for up to 10 seconds with
feet positioned in side-by-side, semi-tandem and tandem posi-
tions, usual gait speed and five-time chair stand test [14].
All participants underwent dual-energy X-ray absorptiome-
try using the Hologic QDR 4500A fan-beam densitometer
(Hologic, Inc., Bedford, MA) to measure appendicular skeletal
muscle mass, which was adjusted by body height.

2.3 Definition of sarcopenia

We defined sarcopenia using AWGS-2014 and AWGS-2019
criteria. AWGS-2014 defines sarcopenia as the presence of
low muscle mass (height-adjusted muscle mass <7 kg/m2 in
men and <5.4 kg/m2 in women) plus weak handgrip strength
(<25 kg in men and <18 kg in women) and/or slow gait speed
(≤0.8 m/second) [12]. AWGS-2019 defines sarcopenia as low
muscle mass (cut-offs as above) plus low muscle strength or
physical performance, while the presence of all three com-
ponents defines severe sarcopenia. Low muscle strength is
defined as handgrip strength <28 kg for men and <18 kg
for women, and low physical performance as gait speed <1
m/second, SPPB score ≤9 or five-time chair stand test ≥12
seconds [13].

2.4 Outcome measures

We measured the following health outcomes: health-related
quality of life (QOL) and functional disability. We mea-
sured health-related QOL by the EuroQOL 5-dimensional
5-Level questionnaire (EQ-5D-5L) and 36-item Short Form
Health Survey (SF-36). The EQ-5D-5L questionnaire contains
five dimensions of QOL: mobility, self-care, usual activities,
pain/discomfort and anxiety/depression. Each of these dimen-
sions is graded as “no problem,” “slight problem,” “moderate
problem,” “severe problem” and “extreme problem.” Partici-
pants with any severity of the problem in a particular dimen-
sion were considered as having a problem with that dimen-
sion. The EQ-5D-5L index was converted from the EQ-5D-
5L health states using an established Hong Kong value set
by weighting each participant’s self-report health status to
a single preference-based health index [15]. The EuroQOL
Visual Analogue Scale (EQ-VAS) is the self-reported overall
health perception of the participants, recording their self-
rated health on a vertical scale from 0 (the worst health) to
100 (the best health) scale.
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Participants also completed the Chinese (Hong Kong) ver-
sion of SF-36 [16], which covers eight health domains, includ-
ing physical function, role limitations related to physical
health, bodily pain, mental health, and role limitations related
to emotional health, social functioning, vitality and general
health. The eight domain scores were summarized into two
summary scores: the physical component summary (PCS) and
the mental component summary scores. Higher scores indi-
cate better QOL.

Functional disability was defined as an impairment in any
domains of activities of daily living (ADL) or instrumental ADL
(IADL) [17]. We measured ADL by means of the Katz Index
[18] and IADL by Lawton Instrumental Activities of Daily Liv-
ing (IADL) [19]. The Katz Index assesses dependence or inde-
pendence concerning six essential functions of ADL (feeding,
continence, bathing, transferring, toileting and dressing). Each
domain is scored from 0 (independence) to 6 (total depen-
dence). The Lawton IADL scale measures eight domains of
function (ability to use telephone, shopping, food prepara-
tion, housekeeping, laundry, mode of transportation, responsi-
bility for own medications and the ability to handle finances).
Requirement of any assistance in any domain was considered
as having impairment in ADL or IADL.

2.5 Statistical analysis

We presented descriptive statistics as number (percent-
age), mean ± standard deviation or median (interquar-
tile range/IQR), as appropriate. We determined agreement
between the different definitions of sarcopenia and severe
sarcopenia using Cohen’s kappa test. Kappa was interpreted
as poor if value was < 0.20, fair if 0.21–0.4, moderate if 0.41–
0.60, good if 0.61–0.80 and very good if 0.81–1.00 [20]. We
compared baseline demographic and clinical variables between
those with and without sarcopenia or severe sarcopenia
according to different definitions using chi-square, Student’s t
and Mann–Whitney U test, as appropriate. Age, sex and vari-
ables identified to be associated with each definition of sar-
copenia in the above univariate analyses were included in mul-
tivariable binary logistic stepwise regression models, to deter-
mine the variables that were independently associated with
each definition of sarcopenia and severe sarcopenia. For each
regression analysis, collinearity was assessed using the vari-
ance inflation factor.

Associations between different definitions of sarcopenia or
severe sarcopenia and disability and health-related QOL mea-
sures were determined using the chi-square test and Stu-
dent’s t-test, as appropriate. The logistic regression model for
binary outcome measure and linear regression model for con-
tinuous outcome measure were used to determine the associ-
ation between sarcopenia and these outcomes in multivariable
models. The associations between each definition of sarcope-
nia and the outcome measures were determined in two multi-
variable models: model 1 adjusted for age and sex, and model
2 adjusted for age, sex and variables with significant indepen-
dent association with each definition of sarcopenia. Correla-
tion between different components included in the definitions
of sarcopenia and disability and health-related QOL measures
were determined using logistic regression for binary outcome
measures and linear regression analyses for continuous out-

Figure 1. Venn diagram showing the number of participants with
sarcopenia and severe sarcopenia diagnosed by AWGS-2014 and
2019 definitions. Abbreviation: AWGS, Asia Working Group for
Sarcopenia.

come measures. Statistical significance was defined as a p-
value less than 0.05. Statistical analyses were conducted using
SPSS (IBM version 26).

3 RESULTS

One hundred and fifty-six PLWH who were followed up in the
clinic were invited to participate in this study, six refused to
consent, and 150 participants were recruited. The mean age
was 60±10 years, 88.0% were male, 98.7% were Chinese and
the median (IQR) duration of HIV diagnosis was 13 [8–18]
years. All participants were receiving antiretroviral therapy,
with a current CD4 count of 574 (362–762) cells/mm3, and
94% having undetectable HIV RNA (<20 copies/ml). Multi-
morbidity and polypharmacy were present in 45% and 43% of
participants, respectively. The baseline demographic and clini-
cal characteristics are shown in Table 1.

Among all participants, 26 (17.3%) and 41 (27.3%) had sar-
copenia as defined by AWGS-2014 and AWGS-2019 criteria,
respectively, while 27 (18.0%) had severe sarcopenia accord-
ing to AWGS-2019 criteria (Figure 1). Among the 41 par-
ticipants diagnosed to have sarcopenia by AWGS-2019 def-
inition, all had low muscle mass, 31 (75.6%) had low mus-
cle strength, with an additional number of 10 (24.4%) par-
ticipants having low physical performance alone. Agreement
between AWGS-2014 and 2019 definitions of sarcopenia was
good (kappa 0.716), and so was agreement between AWGS-
2014 definition of sarcopenia and severe sarcopenia defined
by AWGS-2019 definition (kappa 0.794).

Both definitions of sarcopenia and severe sarcopenia were
associated with older age, lower level of education, lack of
employment, lower CD4 count, higher Charlson’s comorbid-
ity index, multimorbidity and polypharmacy. On multivariable
analyses, sarcopenia defined by AWGS-2014 was indepen-
dently associated with age, education and polypharmacy, while
sarcopenia defined by AWGS-2019 was independently associ-
ated with age (Table 1 and Tables S1–S3).
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The associations between different definitions of sarcope-
nia and various health outcomes are presented in Table 2.
Sarcopenia defined by AWGS-2014 criteria and severe sar-
copenia defined by AWGS-2019 criteria were associated with
problems with mobility, physical functioning domain and PCS
of SF-36. Both definitions of sarcopenia and severe sarcope-
nia were associated with problems with usual activities and
impairment in IADL.

As for the individual components of the definitions of
sarcopenia, muscle mass was not associated with any of
the health outcomes, while handgrip strength, five-time chair
stand test, gait speed and SPPB score were associated with
one or more of the health outcomes, including EQ-5D-5L
index, several EQ-5D-5L domains, physical functioning and
PCS of SF-36, and impaired ADL and IADL (Table S4). More-
over, the different cut-offs for handgrip strength, gait speed
and criteria for low physical performance in the AWGS-2014
and AWGS-2019 definitions had similar correlations with
these health outcome measures (Tables S5a and 5b).

One or more of the definitions of sarcopenia were asso-
ciated with a problem with mobility, a problem with usual
activities, physical functioning, PCS and impairment in IADL,
in the unadjusted and/or adjusted models. The other health
outcomes did not show a significant correlation with any
of the sarcopenia definitions. Table 3 shows the significant
associations between various definitions of sarcopenia and
health outcomes. Both sarcopenia defined by AWGS-2014
and severe sarcopenia retained an association with a prob-
lem with mobility and usual activities, impairment in IADL and
PCS, after adjusting for age and sex. Both definitions of sar-
copenia and severe sarcopenia were independently associated
with impairment in IADL in the fully adjusted models. Sar-
copenia defined by AWGS-2019 had a trend of association
with the EQ-5D-5L index and PCS of SF-36.

4 D ISCUSS ION

In this study, we aimed to determine the prevalence of sar-
copenia using the two AWGS definitions and whether health
outcomes were associated with these definitions of sarcope-
nia among Asian PLWH. The prevalence of sarcopenia defined
by AWGS-2014 and AWGS-2019 and severe sarcopenia was
17.3%, 27.3% and 18.0%, respectively. Different definitions of
sarcopenia were independently associated with age, education
level, current CD4 count and/or polypharmacy. The AWGS-
2014 definition of sarcopenia and severe sarcopenia defined
by AWGS-2019 was associated with more health-related QOL
outcome measures, while both definitions of sarcopenia and
severe sarcopenia were associated with functional disability.

A recent meta-analysis revealed that PLWH had a 13%
pooled prevalence of sarcopenia when using both muscle
mass and muscle function to define sarcopenia [6]. Few stud-
ies have been performed in Asian populations to evaluate the
prevalence of sarcopenia among PLWH [6]. Two studies per-
formed in India defined sarcopenia using low muscle mass
alone showing a prevalence of 40% in middle-aged men [21]
and 18% in pre-menopausal women [22]. In one study per-
formed in Malaysia, involving predominantly Chinese PLWH,
the prevalence of sarcopenia (defined by AWGS-2014 criteria)

was 8%, while the prevalence in a subgroup of PLWH older
than 50 years was 17% [8].

Studies performed in the general Asian older adult popu-
lations with a large sample size revealed a consistent preva-
lence of sarcopenia ranging from 6% to 12% using the
AWGS-2014 criteria [13, 23], while more recent studies using
AWGS-2019 criteria demonstrated the prevalence of sarcope-
nia ranging from 11% to 18% [24, 25]. Our findings supported
previous evidence showing a higher prevalence of sarcopenia
among PLWH compared with matched HIV-uninfected popu-
lations [6, 8, 21, 22, 26].

We have identified older age, lower education level, lower
current CD4 count and presence of polypharmacy as risk
factors associated with sarcopenia. Older age, lower edu-
cation level and lower CD4 count have previously been
shown to correlate with sarcopenia or low muscle mass [6,
8, 27, 28]. On the other hand, the correlation between
polypharmacy and sarcopenia was less well studied among
PLWH. In a recent scoping review evaluating the relationship
between sarcopenia and polypharmacy in the general popula-
tion, polypharmacy and the number of medications were inde-
pendently associated with sarcopenia in community-dwelling
older adults in the majority of studies [29]. One longitudinal
study in Japan demonstrated polypharmacy as an independent
predictor of new-onset sarcopenia over a 5-year follow-up
period [30]. Possible explanations include direct muscle tox-
icities via mitochondrial and metabolic pathways of multiple
classes of medications and indirect mechanisms involving poor
nutrition and reduced physical activity due to polypharmacy
[31]. Moreover, the rate of polypharmacy is higher in those
with comorbidity [32, 33]. Polypharmacy can be an indirect
marker of increased comorbidity, which is also a risk factor for
sarcopenia.

We observed a higher prevalence of sarcopenia when the
AWGS-2019 definition was adopted, as compared with the
AWGS-2014 definition. Similar observations were made in
non-HIV-infected populations in Asia [24]. AWGS-2019 def-
inition has more lenient cut-offs for defining weak handgrip
strength and slow gait speed, and includes additional criteria
of chair stand test and SPPB in defining physical performance.
These changes resulted in more PLWH fulfilling the diagnosis
of sarcopenia under the AWGS-2019 definition.

With the changes in the criteria defining sarcopenia, it
would be important to determine which is the more appropri-
ate definition to be adopted in PLWH [20]. To evaluate this
issue, we determined the correlation between different defi-
nitions of sarcopenia and health outcomes, including disability
and QOL.

EQ-5D-5L and SF-36 were both commonly used instru-
ments for the assessment of QOL among individuals with sar-
copenia in the general population. For example, in determin-
ing the construct validity of a sarcopenia-specific QOL mea-
sure, it was shown to have a positive correlation with both
the EQ-5D-5L index as well as individual domain scores of
these tools, including physical functioning of SF-36 and the
domains of mobility and usual activities in EQ-5D-5L [34].
Therefore, these measures of both collective scores and indi-
vidual domains will be useful in reflecting QOL among people
with sarcopenia. In general populations of older adults, sar-
copenia was associated with reduced health-related QOL, as
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measured by EQ-5D-5L index [35–37] and domains of mobil-
ity, self-care, usual activity [35–37] and physical functioning
[38–40]. The findings of our study population of PLWH were
consistent with these observations.

The AWGS-2014 sarcopenia definition and severe sarcope-
nia in AWGS-2019 identified individuals with the most severe
loss of muscle mass and function. Therefore, not unexpect-
edly, participants with sarcopenia in these two categories in
our study had the most correlation with parameters associ-
ated with worse physical health-related QOL. In other words,
these two definitions were able to identify individuals with
the highest risk of poor health outcomes, and evidence-based
interventions for sarcopenia to prevent future disability are
urgently required for these individuals [41].

On the other hand, it is uncertain whether the less strin-
gent AWGS-2019 definition of sarcopenia would include indi-
viduals who are in fact not at risk for poor health out-
comes. We observed that the AWGS-2019 definition corre-
lated with impairment in IADL and had a trend of correla-
tion with poorer health-related QOL. The lower thresholds
of handgrip strength, gait speed and physical performance
in AWGS-2019 also had similar correlations with health out-
come measures as the higher thresholds adopted in AWGS-
2014 (Tables S5a and 5b). This suggested that these revised
criteria for defining sarcopenia can potentially contribute to
the early identification of PLWH at risk of functional disabil-
ity, without over-diagnosing sarcopenia in low-risk individuals.
These changes in AWGS sarcopenia definition can foster sar-
copenia prevention and treatment programmes among PLWH.
Implementing interventions at an early stage for the treat-
ment of sarcopenia can potentially improve their QOL and
avoid the development of disability in the future. We sug-
gest that future research involving longitudinal study design
and a larger sample size should be conducted to evaluate
the correlation of incidence of poor health outcomes, includ-
ing functional disability, hospitalization and mortality, with the
revised definition of sarcopenia among Asian populations of
PLWH.

The increase in the prevalence of sarcopenia with the
changes in AWGS definitions was in contrast to a reduc-
tion in the prevalence of sarcopenia among PLWH with the
change from EWGSOP1 to EWGSOP2 [20]. This reduction
was partly due to more conservative cut-offs for the deter-
mination of low muscle strength and low muscle mass in
EWGSOP2. Moreover, in EWGSOP2, physical performance
was only adopted to define severe sarcopenia but not sar-
copenia, while AWGS-2019 expanded the measures for phys-
ical performance to define sarcopenia. There were concerns
with these changes in the revised EWGSOP2 criteria, which
would limit its use in identifying at-risk PLWH with sarcopenia
and prevent the implementation of early interventions for the
avoidance of progression to disability [20, 42]. Our findings
supported both AWGS and EWGSOP guidelines in including
both muscle mass and muscle strength in defining sarcope-
nia. While muscle mass was not associated with any of the
health outcome measures, muscle strength, as represented by
handgrip strength and/or five-time chair stand test, correlated
with several measures of QOL and disability. On the other
hand, measures of physical performance, including gait speed
and SPPB, correlated with even more health outcome mea-

sures (Table S4). These parameters had also been shown to
predict mortality among PLWH [43, 44]. Our findings, there-
fore, supported AWGS-2019 in including the presence of
either muscle strength or physical performance in the defini-
tion of sarcopenia. Monitoring of these parameters in older
PLWH is important in the clinical setting to identify individu-
als who would benefit from interventions to improve physical
function.

There are some limitations to our study. Firstly, we included
a relatively small sample size involving PLWH of Chinese eth-
nicity. The results may not be generalizable to other Asian
populations of PLWH. Secondly, this was a cross-sectional
study, thus we could not make conclusions around the causa-
tion of the risk factors associated with sarcopenia. Likewise, a
longitudinal study in the future will be needed to determine
whether an early diagnosis of sarcopenia with the AWGS-
2019 definition can be adopted to predict incident disability
and other health outcomes. Longitudinal studies would also
allow the determination of the impact of different interven-
tions in treating sarcopenia on a decline in physical function
and development of disability. Thirdly, the thresholds used to
define low muscle mass, weak handgrip strength, slow gait
speed and low physical performance were derived from older
HIV-uninfected adults for AWGS definition. It is likely that
this may under-estimate the true prevalence of sarcopenia
among our cohort of PLWH, who had a younger chronolog-
ical age. Future studies involving age- and sex-matched HIV-
uninfected controls to determine the prevalence of sarcope-
nia among PLWH would be important. Moreover, we did not
include a gold standard for measuring muscle mass (e.g. com-
puted tomography scan [45]), this limited our determination
of sensitivity and specificity of each definition of sarcopenia
against a reference standard.

5 CONCLUS IONS

Among this sample of Chinese PLWH, the AWGS-2019 defi-
nition identified a higher prevalence of sarcopenia compared
with the AWGS-2014 definition. While the AWGS-2014 defi-
nition and severe sarcopenia defined by the AWGS-2019 cri-
teria correlated with the most parameters of poorer health-
related QOL, the AWGS-2019 definition could potentially
identify early-risk individuals who may benefit from early
interventions to prevent future disability.
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Additional information may be found under the Supporting
Information tab for this article:
Table S1. Multivariate regression analyses of variables associ-
ated with AWGS 2014 definition of sarcopenia.

Table S2. Multivariate regression analyses of variables associ-
ated with AWGS 2019 definition of sarcopenia.
Table S3. Multivariate regression analyses of variables associ-
ated with severe sarcopenia (AWGS 2019).
Table S4. Correlations between muscle mass, muscle strength
and physical performance parameters and health-related qual-
ity of life and disability.
Table S5a. Correlations between different cutoffs of muscle
strength (handgrip strength) and gait speed and health-related
quality of life and disability.
Table S5b. Correlations between different cutoffs of five chair
stand test, short physical performance battery (SPPB) and
physical performance parameters and health-related quality of
life and disability.
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Prevalence and factors associated with mild depressive and
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Abstract
Introduction: Empirical research on the burden and determinants of common mental disorders (CMDs), especially depression
and anxiety, among older adults living with HIV (OALWH) in sub-Saharan Africa is inadequate. To bridge the gap in Kenya we:
(1) determined the prevalence of CMDs among OALWH on routine HIV care compared to HIV-negative peers; (2) investi-
gated HIV status as an independent predictor of CMDs in older adults; and (3) investigated CMD determinants.
Methods: In a cross-sectional study conducted between 2020 and 2021, the prevalence of CMDs and associated determi-
nants were investigated at the Kenyan coast among 440 adults aged ≥50 years (257 OALWH). The Patient Health Question-
naire and Generalized Anxiety Disorder scale were administered alongside measures capturing biopsychosocial information.
Logistic regression was used to examine the correlates of CMDs.
Results: No significant differences were found in the prevalence of mild depressive symptoms, 23.8% versus 18.2% (p = 0.16)
and mild anxiety symptoms, 11.7% versus 7.2% (p = 0.12) among OALWH compared to HIV-negative peers, respectively. HIV
status was not independently predictive of CMDs. Among OALWH, higher perceived HIV-related stigma, ageism, increasing
household HIV burden, loneliness, increasing functional disability, sleeping difficulties, chronic fatigue and advanced age (>70
years) were associated with elevated CMDs. Among HIV-negative older adults, loneliness, increased medication burden and
sleeping difficulties were associated with elevated depressive symptoms. Easier access to HIV care was the only factor asso-
ciated with lower CMDs among OALWH.
Conclusions: On the Kenyan coast, the burden of moderate and severe CMDs among older adults is low; however, both
OALWH and their HIV-negative peers have a similar relatively high burden of mild depressive and anxiety symptoms. Our
results also suggest that determinants of CMDs among OALWH in this setting are predominantly psychosocial factors. These
results highlight the need for psychosocial interventions (at the family, community and clinical levels) to mitigate the risks of
mild CMDs as they are known to be potentially debilitating.

Keywords: common mental disorders; HIV infection; older adults; prevalence; correlates; Kenya
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1 INTRODUCT ION

Common mental disorders (CMDs), especially depression and
anxiety, are among the leading causes of disability worldwide
[1, 2] and cost the global economy about US$1.2 trillion a
year [3]. Notably, the global burden of both disorders has
not reduced since 1990, despite compelling evidence of cost-
effective interventions [4]. Efforts to address this substantial
burden of CMDs should be directed at the most vulnerable in

society, including older adults living with HIV (OALWH) resid-
ing in sub-Saharan Africa (SSA). In Kenya, the increasing popu-
lation of OALWH [5] is experiencing an elevated incidence of
chronic age-related conditions [6], all potentially resulting in
an increase of CMDs.

The prevalence of depression among OALWH in SSA ranges
from 6% to 59% [7] compared to 26% among their HIV-
negative peers [8]. Outside SSA, estimates of depression
among OALWH range from 19% to 45% in Asia [9, 10], 39%
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to 90% in the United States [11, 12], 16% to 35% in Latin
America and the Caribbean [13], and 28% in Europe [14].
Anxiety, on the other hand, ranges from 3% to 21% among
OALWH in SSA [7] and 35% to 56% in high-income countries
(HICs) [14, 15].

Understanding the determinants of CMDs among older
adults is critical in designing and implementing contextually
relevant mental health interventions. A recent review indi-
cated that frequently reported determinants of depression
among OALWH were mainly socio-demographic in nature [7].
Among psychosocial factors, HIV-related stigma [16], HIV sta-
tus disclosure [16] and increasing disability scores have been
associated with higher odds of depressive symptoms, while
social support [17], resilience [16] and spirituality [17] have
been shown to be protective factors. Biomedical and lifestyle
factors, including alcohol use [17], current/former tobacco
smoking [18] and back pain [19], have been associated with
elevated levels of depression among OALWH. Among HIV-
negative older adults in SSA, rural residence [20, 21], poor
social network [20], living alone [22], being female [8, 20] and
a lifetime of unskilled occupation [21] have been associated
with elevated odds of depression. No study in SSA has exam-
ined the determinants of anxiety among OALWH.

Several reasons call for investigating depression and anxi-
ety among older adults. Firstly, known risk factors for CMD,
such as poverty, are more prevalent in older ages [23, 24].
Secondly, CMDs in late life are severely under-researched and
underdiagnosed in primary care [7, 25]. Besides, the progno-
sis of CMDs among old adults appears to be worse than for
young people [26]. Late-life CMDs may also elevate the risk
of developing dementia [27]. Among people living with HIV
(PLWH), depression and anxiety have been associated with
non-adherence to combination antiretroviral therapy (cART),
risky sexual behaviours, reduced quality of life and higher sui-
cide rates [28–30]. Given that CMDs are rarely detected but
can have serious health impacts on older people, it is increas-
ingly important to assess for mild, moderate and severe levels
to determine the scale of the problem [31].

To bridge the gap in Kenya, our study seeks to: (1) deter-
mine the prevalence of depressive and anxiety symptoms
among OALWH compared to their HIV-negative peers; (2)
investigate HIV status as an independent predictor of depres-
sive and anxiety symptoms in the older adults; and (3) inves-
tigate the determinants of CMDs among older adults at the
coast of Kenya.

2 METHODS

2.1 Study design and setting

This cross-sectional study was conducted at the Kenyan coast
in Kilifi and Mombasa Counties between February 2020
and October 2021. The majority of Kilifi residents are rural
dwellers whose main form of livelihood is subsistence farm-
ing and small-scale trading [32]. Kilifi has an adult HIV preva-
lence of 4.5% [33]. Mombasa County borders Kilifi County
to the north and is considered urban. The common sources
of income in Mombasa county include tourism, wholesale and
retail trade. The Mombasa adult HIV prevalence is 7.5% [33].

2.2 Study participants and recruitment

2.2.1 Older adults living with HIV

OALWH were recruited from two public HIV specialized clin-
ics in Kilifi and Mombasa Counties. As inclusion criteria, par-
ticipants had to be aged ≥50 years of age, with a confirmed
HIV seropositivity status, and on cART.

In both facilities, we were assisted by community health
volunteers or healthcare providers in reviewing existing
records to identify all potential participants. We used system-
atic sampling to identify potential clients for the study.

2.2.2 Older adults without HIV

All HIV-negative older adults were recruited in Kilifi County.
The Kilifi Health and Demographic Surveillance System was
used to identify families with eligible older adults. Poten-
tial participants aged ≥50 were randomly identified from the
existing database and followed up at their homes using GPS
coordinates. To be included in the study, individuals had to be
≥50 years, and residents of Kilifi county, and provide consent
for participation, including willingness to be tested for HIV
using a rapid HIV testing kit (OraQuick) for a confirmation of
HIV-negative status. We chose HIV-negative adults aged ≥50
years as our comparison group to the OALWH based on pre-
vious research [34, 35].

2.3 Sample size calculations

Our sample size was calculated using previous studies from
Uganda [36] and South Africa [35]. An overall sample size of
at least 372 individuals was needed to detect a difference in
CMDs between OALWH and HIV-negative community con-
trols at 80% power and a 5% level of statistical significance.
A sample of 450 participants was considered sufficient, allow-
ing for missing data.

2.4 Measures

The research instruments were programmed on android
tablets using the Research Electronic Data Capture (RED-
Cap) platform [37] for face-to-face interviewer administration.
All research assistants were trained for 2 weeks by the first
author prior to data collection.

2.4.1 Socio-demographic and asset index form

Socio-demographic information was captured in REDCap. We
also collected information on individual and family ownership
of disposable assets for asset index computation. Participants
were also asked to provide information on their access to
social support, food security in the past week, the number of
PLWH within the household and whether they were caring for
a sick family member.

2.4.2 General health form

We captured the participant’s anthropometric details. Other
information included hours spent on sedentary activities in a
day, sexual activity, household HIV burden, number of medica-
tions one used and common somatic complaints.
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Among OALWH, HIV-specific information questions were
asked relating to the disclosure of HIV status and access to
HIV care. Information regarding their current cART regimen
and overall duration on cART was extracted from medical
records. Blood samples were also collected from OALWH for
viral load testing.

2.4.3 Psychosocial measures

The brief 12-item HIV stigma scale [38] was utilized to assess
participants’ perceived HIV-related stigma. Higher scores indi-
cate a greater level of perceived stigma. In the current study,
this scale yielded good internal consistency alpha, 0.78 (95%
CI 0.73, 0.83).

The 12-item World Health Organization Disability Assessment
Schedule 2 (WHODAS 2) [39] was used to assess for functional
disability among participants. Higher scores indicate a greater
level of disability. In this study, the tool demonstrated good
internal consistency alpha, 0.77 (95% CI 0.70, 0.84).

The UCLA 8-item loneliness scale [40] was used to assess
participants’ perceived loneliness. Higher scores equate to a
greater level of loneliness. In the present study, this scale
had acceptable internal consistency alpha, 0.61 (95% CI 0.56,
0.64).

The 20-item Ageism survey [41] was used to assess partici-
pants’ experiences of ageism. Higher scores indicate more fre-
quent experiences of ageism. In the current study, the internal
reliability (Cronbach’s alpha) was 0.89 (95% CI 0.87, 0.92).

2.4.4 Measures of common mental disorders

The 7-item Generalized Anxiety Disorder scale (GAD-7) [42]
and the 9-item Patient Health Questionnaire (PHQ-9) [43]
were utilized to measure anxiety and depressive symptoms
in the previous 2-week period, respectively. The total scores
range from 0 to 21 for GAD-7 and 0 to 27 for PHQ-9.
For GAD-7, total scores of 5–9, 10–14 and 15–21 repre-
sent mild, moderate and severe anxiety symptoms, respec-
tively [44]. Total scores of 5–9, 10–14 and 15–27 indicate
mild, moderate and severe depressive symptoms [45], respec-
tively. A cut-off score of ≥5 for both PHQ-9 and GAD-7
was used to define a positive screen for depressive and anx-
iety symptoms in the current study, similar to previous stud-
ies in Ethiopia [46] and Tanzania [47]. In the present study,
the internal consistency alphas for PHQ-9 and GAD-7 were
good, 0.75 (95% CI 0.70, 0.79) and 0.74 (95% CI 0.70, 0.79),
respectively.

2.4.5 Translation of new study measures

All study questionnaires not previously adapted to the local
language of Swahili underwent the recommended adaptation
procedure in line with international guidelines [48].

2.5 Statistical analysis

All analyses were carried out in STATA version 15.0 (Stata-
Corp LP, College Station, TX, USA). Independent Student’s t-
test and Chi-square test were used to compare differences
in continuous and categorical independent variables, respec-
tively. We used proportions as percentages to estimate the

prevalence of CMDs among OALWH and their HIV-negative
counterparts. The Chi-square test was utilized to compare
group differences on binary outcome variables. To investigate
HIV status as an independent predictor of CMDs, we uti-
lized logistic regression analyses adjusting for exposure vari-
ables that accounted for differences in CMDs. To examine
the correlates of CMDs, we used logistic regression models
to explore univariate relationships between the binary out-
come variables and the different exposure variables. Expo-
sure variables with a p-value < 0.15 in the univariate analy-
sis were subsequently entered into the multivariable models
using forward selection (data for OALWH and HIV-negative
older adults were analysed separately for this set of analy-
ses). In all models, collinearity was checked and for all tests
of the hypothesis, a two-tailed p-value < 0.05 was regarded
as statistically significant. The overall fit of the final models
was examined by Hosmer and Lemeshow (HL) goodness of fit
test where a p-value of > 0.05 was considered a good fit. The
HL test results were cross-checked using McFadden’s pseudo-
R squared statistic.

2.6 Ethics approval and consent to participate

The study was approved by the Kenya Medical
Research Institute Scientific and Ethics Review Unit
(Ref: KEMRI/SERU/CGMR-C/152/3804). Permission to
conduct the study was granted by the research office
Kilifi (Ref: HP/KCHS/VOL.X/171) and Mombasa (Ref:
COH/Msa/RSC/04). All respondents provided written
informed consent for their participation.

3 RESULTS

3.1 Sample characteristics

A total of 440 participants were included in this study, with a
mean age of 60.1 (SD = 6.9) years. The participant response
rate was 90%. This included 72 (16%) OALHIV in Mombasa
and 368 (84%) in Kilifi. Most participants had formal educa-
tion (63.2%), were unemployed (65.5%), lived in multigenera-
tional households (81.6%) and cared for a sick family member
(66.4%). OALWH were likely to be younger, unmarried, more
educated, have lower monthly household income, live alone,
with a smaller number of dependents and more food insecure
(Table 1).

3.2 HIV-related characteristics of OALWH

The majority of the OALWH had disclosed their HIV status
(95.3%) and were on first-line cART treatment (90%). The
mean (SD) duration of HIV treatment was 11.4 (4.3) years.
Nearly, all (98.1%) of the OALWH had a viral load of ≤1000
copies/ml (Table 2).

3.3 Prevalence estimates for CMDs

The prevalence of mild depressive symptoms was 23.8%
among OALWH compared to 18.2% in the comparison group
(p = 0.16). The prevalence of mild anxiety symptoms was
11.7% among OALWH compared to 7.2% in the comparison
group (p = 0.12). The prevalence of comorbid mild depressive
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Table 1. Characteristics of the study population by HIV status, N = 440

HIV status

Characteristic

Total sample

N = 440

Older adults

without HIV,

n = 183

Older adults

living with HIV,

n = 257 p-value

Socio-demographic

Age (years)

50–59 227 (51.6) 84 (45.9) 143 (55.6) 0.02

60–69 171 (38.9) 74 (40.4) 97 (37.7)

≥70 42 (9.5) 25 (13.7) 17 (6.6)

Sex

Female 258 (58.6) 98 (53.6) 160 (62.3) 0.07

Male 182 (41.4) 85 (46.4) 97 (37.7)

Marital status

Never married 12 (2.8) 4 (2.2) 8 (3.1) <0.001†

Separated/Divorced/Widowed 181 (41.1) 45 (24.6) 136 (52.9)

Married/cohabiting 247 (56.1) 134 (73.2) 113 (44.0)

Education level

None 162 (36.8) 90 (49.2) 72 (28.0) <0.001†

Primary 182 (41.4) 65 (35.5) 117 (45.5)

Secondary 73 (16.6) 22 (12.0) 51 (19.9)

Tertiary 23 (5.2) 6 (3.3) 17 (6.6)

Employment

Unemployed 288 (65.5) 126 (68.9) 162 (63.0) 0.1

Employed 116 (26.3) 39 (21.3) 77 (30.0)

Retired 36 (8.2) 18 (9.8) 18 (7.0)

Monthly household income (Ksh)

≤10,000 279 (63.4) 69 (37.7) 210 (81.7) <0.001

Above 10,000 161 (36.6) 114 (62.3) 47 (18.3)

Living arrangements

Multiple generational families 359 (81.6) 169 (92.3) 190 (73.9) <0.001†

Single generational families 41 (9.3) 6 (3.3) 35 (13.6)

Alone 40 (9.1) 8 (4.4) 32 (12.5)

Number of dependents, mean (SD) 3.2 (2.6) 3.6 (2.5) 2.9 (2.7) 0.01

Caring for a sick family member, OM = 2

Yes 291 (66.4) 104 (57.1) 187 (73.1) 0.001

No 147 (33.6) 78 (42.9) 69 (26.9)

Access to instrumental/social support

None 199 (45.2) 93 (50.8) 106 (41.2) 0.07

Sometimes 215 (48.9) 83 (45.4) 132 (51.4)

Most of the time 26 (5.9) 7 (3.8) 19 (7.4)

Food insecurity (lack of food in the past week),

OM = 3

Never 293 (67.1) 134 (73.6) 159 (62.4) 0.002†

Sometimes 119 (27.2) 45 (24.7) 74 (29.0)

Most of the times/always 25 (5.7) 3 (1.7) 22 (8.6)

Asset index scorea—mean (SD) 2.3 (1.5) 1.9 (1.2) 2.5 (1.6) <0.001

Body mass index—mean (SD), OM = 11 24.9 (6.0) 24.7 (6.1) 25.0 (5.9) 0.7

Loneliness scoreb—mean (SD), OM = 3 13.9 (3.7) 13.0 (3.4) 14.6 (3.7) <0.001

Functional disability scorec—mean (SD), OM = 2 2.5 (4.3) 1.5 (3.0) 3.1 (4.9) <0.001

Ageism scored—mean (SD) 4.2 (5.9) 3.0 (4.4) 5.0 (6.6) <0.001

Hours spent in sedentary activities in a day, mean

(SD), OM = 12

4.5 (2.6) 4.3 (2.1) 4.6 (2.9) 0.3

(Continued)

60



Mwangala PN et al. Journal of the International AIDS Society 2022, 25(S4):e25977
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25977/full | https://doi.org/10.1002/jia2.25977

Table 1. (Continued)

HIV status

Characteristic

Total sample

N = 440

Older adults

without HIV,

n = 183

Older adults

living with HIV,

n = 257 p-value

Sexually active, OM = 4

Yes 206 (47.3) 105 (57.4) 101 (39.9) <0.001

No 230 (52.7) 78 (42.6) 152 (60.1)

Sleeping difficulties in the past month, OM = 4

None 276 (63.3) 125 (68.3) 151 (59.7) 0.01†

Sometimes 131 (30.1) 53 (29.0) 78 (30.8)

Most of the times/always 29 (6.6) 5 (2.7) 24 (9.5)

Chronic fatigue

Yes 56 (12.7) 21 (11.5) 35 (13.6) 0.5

No 384 (87.3) 162 (88.5) 222 (86.4)

Number of medications participants are currently

using, mean (SD), OM = 8

1.6 (1.6) 0.4 (1.2) 2.4 (1.2) <0.001

Note: All numbers are reported as frequencies with percentages unless otherwise stated. p-values are for the difference between OALWH and
their HIV-negative peers by sample characteristic. p-values have been derived from Chi-square test (or Fisher’s exact test) and independent
Student’s t-test for categorical and continuous independent variables, respectively.
Abbreviations: Ksh, Kenya shillings; OM, observation with missing value; SD, standard deviation.
aScore range = 0–8, higher scores indicate better socio-economic status.
bScore range = 8–27, higher scores indicate greater loneliness.
cScore range = 0–33, higher scores indicate increasing disability.
dScore range = 0–34, higher scores indicate increasing ageism.
†Based on Fisher’s exact test.

and anxiety symptoms among OALWH was 10.1% compared
to 4.4% in the comparison group (p = 0.03) (Table 3).

3.4 Association between HIV status and CMDs

In univariate and multivariate logistic regression analyses, HIV
seropositivity was not significantly associated with depressive
or anxiety symptoms (Table 4). However, HIV seropositivity
was significantly associated with higher odds of a positive
screen for depressive and anxiety symptoms co-occurrence in
univariate but not in the multivariate model.

3.5 Determinants of CMDs in OALWH

Table 5 presents results from logistic regression analyses
exploring the determinants of CMDs among OALWH.

3.5.1 Depressive symptoms

In the multivariable logistic regression model, factors signif-
icantly associated with higher odds of depressive symptoms
among OALWH were functional disability, ageism, sleeping dif-
ficulties, chronic fatigue, increasing household HIV burden and
perceived HIV-related stigma. Easier access to HIV care was
significantly associated with lower odds of depressive symp-
toms.

3.5.2 Anxiety symptoms

In the multivariable analyses, age ≥70, perceived loneliness,
functional disability, ageism and sleeping difficulties were sig-

nificantly associated with higher odds of anxiety symptoms
among OALWH.

3.5.3 Comorbid depressive and anxiety symptoms

In the multivariable analyses, perceived functional disability
and ageism were significantly associated with higher odds
of comorbid depressive and anxiety symptoms. Easier access
to HIV care was significantly associated with lower odds of
comorbid depressive and anxiety symptoms.

3.6 Determinants of CMDs in HIV-negative older
adults

The current work largely focused on OALWH. As such, we
only provide a summary of the factors associated with CMDs
among the HIV-negative older adults using the available data,
particularly focusing on mild depressive symptoms whose
prevalence was relatively high in the current sample, that
is >10%. In multivariable analyses (Table S1), sleeping diffi-
culties, perceived loneliness and increasing medication bur-
den were significantly associated with higher odds of a pos-
itive screen for depressive symptoms among HIV-negative
older adults. Greater sedentary behaviour and higher monthly
household income were significantly associated with lower
odds of depressive symptoms.
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Table 2. HIV-related clinical and psychosocial characteristics

of OALWH, n = 257

Characteristic

Mean (SD) or

frequency (%)

HIV status disclosure

Yes 245 (95.3%)

No 12 (4.7%)

Household HIV burden, mean (SD); OM = 5 1.4 (1.6)

cART regimen

First line 233 (90.7%)

Second line 23 (8.9%)

Third line 1 (0.4%)

cART regimen change/interruption since HIV

diagnosis

Yes 110 (42.8%)

No 147 (57.2%)

Duration on cART (years), mean (SD), OM = 10 11.4 (4.3)

Viral suppression, OM = 45

Yes 208 (98.1%)

No 4 (1.9%)

Access to HIV care, OM = 4

Easily accessible 169 (66.8%)

Not easily accessible 84 (33.2%)

Perceived HIV-stigma score, OM = 1

Personalized stigmaa—mean (SD) 5.0 (1.9)

Disclosure concernsb—mean (SD) 8.6 (2.0)

Concerns about public attitudesc—mean (SD) 7.6 (2.2)

Negative self-imaged—mean (SD) 6.4 (2.1)

Overall stigmae—mean (SD) 27.5 (5.4)

Abbreviations: cART, combination antiretroviral therapy; OM, obser-
vation with missing value; OALWH, older adults living with HIV.
aScore range = 3–12, higher scores indicate greater stigma.
bScore range = 3–12, higher scores indicate greater stigma.
cScore range = 3–12, higher scores indicate greater stigma.
dScore range = 3–12, higher scores indicate greater stigma.
eScore range = 12–44, higher scores indicate greater stigma.

4 D ISCUSS ION

To our knowledge, this is the first study in Kenya and
among the first reports from SSA investigating CMDs among
OALWH compared to their HIV-negative peers. Our study
found a relatively high burden of mild depressive and anx-
iety symptoms; however, HIV status was not independently
associated with these symptoms. The correlates of CMDs in
our study were predominantly psychosocial factors, many of
which are potentially modifiable, thus highlighting the need to
address the psychosocial needs of these adults alongside their
biomedical needs.

Our finding of no significant differences in the prevalence
of CMDs between OALWH and their HIV-negative peers is
dissimilar to other emerging reports in SSA. In rural Uganda,
OALWH on cART had a significantly lower prevalence of
probable depression than their HIV-negative peers [36], sim-
ilar to what was reported in rural South Africa [35]. Our

finding also offers an interesting contrast to the predominant
findings in HICs showing that OALWH present with worse
CMDs than their HIV-negative peers [24]. The observed vari-
ation could reflect contextual differences across settings, for
example healthcare systems, informal support systems and
mental health resources that are likely to alter the risk pro-
file of these adults. HIV status was not found to be an inde-
pendent predictor of CMDs in our study. This observation
is consistent with previous findings from South Africa [49]
and Uganda [19] but contrasts with common research find-
ings in HICs [24]. Our study may be part of an emerging body
of evidence in SSA showing that the psychological health of
OALWH is not worse than among those without HIV.

HIV-related stigma was significantly associated with higher
odds of depressive symptoms among OALWH in our study.
These findings are consistent with previous findings in the
literature [12, 16, 50] and provide additional evidence of
the critical role of addressing intersecting stigma in improv-
ing the mental wellbeing of OALWH. Relatedly, ageism was
also significantly associated with higher odds of depressive
symptoms, anxiety symptoms and their co-occurrence among
OALWH. This finding is consistent with previous research
conducted outside SSA [51]. Ageism could have an adverse
impact on the mental health of OALWH through psychologi-
cal, behavioural and physiological pathways [52]. Interventions
addressing both ageist and HIV-stigmatizing attitudes at the
community level will potentially improve the mental health of
OALWH.

Increasing household HIV burden was significantly asso-
ciated with higher odds of depressive symptoms among
OALWH in our study. This may be related to the high care-
giving burden often experienced by OALWH caring for HIV-
positive children. This observation concurs with previous find-
ings in the study setting [53].

Loneliness is common among older adults in general [54]. In
this study, higher perceived loneliness was significantly associ-
ated with elevated odds of anxiety symptoms among OALWH
and depressive symptoms among HIV-negative older adults.
Our finding is consistent with previous studies from HICs
[12, 55]. Theoretical models suggest that loneliness has cog-
nitive, biological and social consequences that could poten-
tially heighten the risk of subsequent CMDs [56]. Higher
perceived functional disability was also strongly associated
with higher odds of depressive symptoms, anxiety symptoms
and their co-occurrence among OALWH in the current study,
consistent with previous findings [19, 57, 58]. Since func-
tional disability occurs frequently among OALWH, there is
a need for early identification to help preserve functional
independence.

Sleep disturbance is a prominent symptom in people with
CMDs, especially depression, and was formerly regarded as
a main secondary indicator of depression [59]. Nonetheless,
multiple prospective studies have identified insomnia as an
independent risk indicator for emerging or recurrent depres-
sion, suggesting that sleep problems are not necessarily sec-
ondary effects of CMDs but a predictive prodromal symptom
[60, 61]. In this study, persistent sleep problems were signif-
icantly associated with higher odds of depressive symptoms,
anxiety symptoms and their co-occurrence among OALWH
and higher odds of depressive symptoms among HIV-negative
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Table 3. Prevalence of common mental disorders in OALWH versus their HIV-negative peers

Older adults without HIV, n = 181 Older adults living with HIV, n = 256

Number

Prevalence

(95% CI) Number

Prevalence

(95% CI) p-value

Severity of depressive symptoms

Mild 28 15.5 (10.5, 21.6) 49 19.1 (14.5, 24.5) 0.3†

Moderate 5 2.8 (0.9, 6.3) 8 3.1 (1.4, 6.1)

Severe – – 4 1.6 (0.4, 4.0)

Positive depressive symptoms screen (cut-off ≥5)

Yes 33 18.2 (12.9, 24.6) 61 23.8 (18.7, 29.5) 0.2

Severity of anxiety symptoms

Mild 13 7.2 (3.9, 12.0) 26 10.2 (6.7, 14.5) 0.1†

Moderate – – 4 1.6 (0.4, 4.0)

Positive anxiety symptoms screen (cut-off ≥5)

Yes 13 7.2 (3.9, 12.0) 30 11.7 (8.0, 16.3) 0.1

Positive screen for comorbid depressive and anxiety symptoms

Yes 8 4.4 (1.9, 8.4) 26 10.1 (6.7, 14.5) 0.03

Abbreviation: 95% CI, 95% confidence interval; OALWH, older adults living with HIV.
†Based on Fisher’s exact test.

older adults. This finding is consistent with previous find-
ings [59, 62, 63]. A combination of pharmacological and
non-pharmacological interventions for sleep disturbances may
effectively reduce and possibly prevent CMDs [64].

Chronic fatigue was also significantly associated with
increased odds of depressive symptoms among OALWH in
our study, similar to what has been reported elsewhere [65,
66]. Fatigue is a vital indicator of ageing-related declines in
health and functioning [67]. Fatigue management strategies,
such as adequate rest and sleep, are likely to improve the
mental health of OALWH. Among HIV-negative older adults,
an increased medication burden was also significantly asso-
ciated with higher odds of depressive symptoms, consistent
with previous findings [68]. While the exact mechanism for
this association is unknown, we know that the use of medica-
tion increases as the number of medical conditions rises. Mul-
tiple medications, which are easily detected by clinicians, can
provide an important clue to healthcare providers to further
investigate depression in their clients.

Among socio-demographic factors, old age (≥70 years) was
significantly associated with higher odds of anxiety symptoms
in OALWH, while higher monthly household income was sig-
nificantly associated with lower depressive symptoms among
HIV-negative older adults. Mixed findings have been reported
on these factors previously [69].

Easier access to HIV care was the only protective indicator
for CMDs in OALWH in the current study. Given that many
OALWH in Kenya face unique challenges with seeking HIV
care services [70], programmes aimed at strengthening HIV
care access or financial support have the potential to improve
OALWHs’ mental wellbeing. Further decentralizing HIV care
into the community possibly utilizing community health work-
ers may also be beneficial.

Among HIV-negative older adults, an increasing number of
hours on sedentary activities was significantly associated with
lower odds of depressive symptoms. More studies are needed

to better understand the mechanism involved. Emerging data
suggest that passive sedentary behaviours, for example televi-
sion watching, increase the risk of depression, while mentally
active sedentary behaviours, for example reading, may be pro-
tective against depression [71].

Most of our data (about 84%) were collected after
the onset of the COVID-19 pandemic. Some studies have
reported elevated levels of loneliness, depression, anxiety
and insomnia among older adults following the outbreak of
COVID-19 [72–74], while others have reported no changes
before and during the pandemic despite increased loneliness
during the pandemic [75]. Other studies have shown that
younger populations have had higher rates of CMDs com-
pared to older adults [76–79]. While it is possible that the
emergence of the pandemic may have created an environ-
ment where the determinants of poor mental health could
have been exacerbated, our study found low prevalences
of CMDs, similar to previous research, suggesting higher
resilience to the mental health effects of COVID-19 [80].
The long-term impacts of the pandemic remain unclear, espe-
cially in SSA where data on older adults’ mental health are
very scarce. More studies are needed to elucidate these
findings.

The strengths of the current study include the focus on a
neglected but rapidly growing population of OALWH, the use
of a comparison group and sufficient sample size. Nonethe-
less, the cross-sectional nature of the study precludes any
conclusion on causality. We recruited our OALWH from public
HIV clinics, as such, our findings may not be readily generaliz-
able to OALWH who may be out of care or attending private
or urban HIV clinics or recruited from the community. We
also utilized self-report screening measures which could be
subject to reporting bias. Relatedly, the mental health screen-
ing measures do not give a clinical diagnosis of the studied
CMDs, hence, we only report the symptomatology of these
conditions.

63



Mwangala PN et al. Journal of the International AIDS Society 2022, 25(S4):e25977
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25977/full | https://doi.org/10.1002/jia2.25977

Table 4. Association between HIV status and common mental disorders across the whole sample of older adults

Positive screen for depressive

symptoms

Positive screen for anxiety

symptoms

Comorbid depressive and anxiety

symptoms

Crude

analysis Adjusted analysis Crude analysis Adjusted analysis

Crude

analysis Adjusted analysis

Covariate OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI)

HIV status

Seronegative Ref Ref Ref Ref Ref Ref

Seropositive 1.40 (0.87,

2.25)

0.54 (0.27, 1.07) 1.72 (0.87,

3.39)

0.46 (0.18, 1.19) 2.46* (1.09,

5.57)

0.74 (0.25, 2.22)

Sex

Male Ref Ref Ref

Female 1.68 (0.84, 3.38) 2.49 (0.95, 6.54) 1.93 (0.67, 5.56)

Age (years)

50–59 Ref Ref Ref

60–69 0.89 (0.46, 1.70) 1.78 (0.71, 4.47) 1.72 (0.59, 4.98)

Above 70 0.56 (0.19, 1.69) 3.99* (1.08, 14.71) 3.94 (0.92, 16.94)

Marital status

Never married Ref Ref Ref

Separated/Divorced/

Widowed

0.14* (0.03, 0.69) 0.40 (0.06, 2.75) 0.83 (0.06, 11.27)

Married/cohabiting 0.12* (0.02, 0.62) 0.48 (0.07, 3.53) 1.26 (0.09, 18.17)

Asset Index score 0.77* (0.60, 0.98) 1.06 (0.77, 1.46) 0.91 (0.63, 1.32)

Sexually active

No Ref Ref Ref

Yes 2.61* (1.24, 5.47) 0.96 (0.38, 2.43) 0.81 (0.28, 2.29)

Functional disability score 1.18** (1.09, 1.28) 1.14* (1.05, 1.24) 1.14* (1.04, 1.24)

Loneliness score 1.12* (1.03, 1.22) 1.16* (1.04, 1.30) 1.12 (0.99, 1.27)

Ageism score 1.10** (1.04, 1.16) 1.16** (1.08, 1.24) 1.16** (1.08, 1.25)

Caring for a sick family

member

2.08* (1.08, 4.02) 3.50* (1.32, 9.28) 3.07* (1.03, 9.20)

Chronic fatigue 3.14** (1.46, 6.72) 1.80 (0.69, 4.67) 1.86 (0.66, 5.24)

Sleeping difficulties for the

past month

None Ref Ref Ref

Sometimes 4.62** (2.38, 8.98) 3.64* (1.47, 9.03) 4.69* (1.59, 13.88)

Most of the time/always 10.89** (3.57,

33.24)

4.89* (1.35, 17.63) 7.30* (1.76, 30.27)

Number of the final model 431 431 431

Hosmer–Lemeshow test X2 = 433.90;

p = 0.25

X2 = 307.20;

p = 0.99

X2 = 338.67;

p = 0.99

Variance explained 35.0% 36.4% 38.8%

Abbreviations: aOR, adjusted odds ratio; CMD, common mental disorder; GAD, generalized anxiety disorder; OR, odds ratio; Ref, reference
group.
*p-value < 0.05, **p-value < 0.001.

Despite the outlined limitations, this study has important
implications for the care of older adults in our setting. We
observed substantial levels of mild depressive and anxiety
symptoms in both OALWH and their HIV-negative peers,
highlighting the need for culturally appropriate mental health
interventions in these older adults, regardless of their HIV
status. Routine screening for CMDs should be strength-
ened to identify those at risk. Risk indicators for depressive

symptoms, anxiety symptoms and their co-occurrence in
this study were predominantly psychosocial factors. Unfor-
tunately, there is a paucity of research on psychosocial
interventions among OALWH [81] and those in the general
population [82], especially in SSA. Our findings highlight
the need to strengthen the evidence base for interventions
for CMDs among older adults in low-resource settings like
Kenya.
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Table 5. Univariate and multivariable analysis of correlates of common mental disorders among OALWH

Positive screen for depressive

symptoms

Positive screen for anxiety

symptoms

Comorbid depressive and anxiety

symptoms

Covariate

Univariate

analysis OR

(95% CI)

Multivariable

analysis aOR

(95% CI)

Univariate

analysis OR

(95% CI)

Multivariable

analysis aOR

(95% CI)

Univariate

analysis OR

(95% CI)

Multivariable

analysis aOR

(95% CI)

Age (years)

50–59 Ref Ref Ref Ref Ref Ref

60–69 0.77 (0.41, 1.44) 0.55 (0.23, 1.32) 1.18 (0.51, 2.72) 2.03 (0.66, 6.20) 1.12 (0.45, 2.76) 0.73 (0.19, 2.84)

≥70 1.35 (0.44, 4.15) 1.00 (0.19, 5.24) 4.19** (1.27,

13.80)

7.43** (1.25,

44.36)

4.55** (1.37,

15.09)

4.76 (0.70,

32.55)

Sex

Male Ref Ref Ref Ref Ref Ref

Female 1.34 (0.73, 2.45) 1.36 (0.58, 3.19) 1.79 (0.76, 4.19) 2.17 (0.58, 8.08) 1.73 (0.70, 4.29) 2.59 (0.64,

10.45)

Marital status

Never married Ref – – – – –

Separated/Divorced/

Widowed

0.19** (0.04,

0.82)

– – – – –

Married/cohabiting 0.16** (0.04,

0.73)

– – – – –

Education level

None Ref – Ref – Ref –

Primary 0.80 (0.41, 1.57) – 0.51* (0.22,

1.19)

– 0.52* (0.22,

1.25)

–

Secondary 0.78 (0.34, 1.80) – 0.38* (0.11,

1.24)

– 0.20** (0.04,

0.96)

–

Tertiary 0.16* (0.02,

1.28)

– 0.28 (0.03, 2.30) – 0.31 (0.04, 2.59) –

Monthly household

income (Ksh)

≤10,000 Ref – Ref –

Above 10,000 0.33*** (0.12,

0.86)

– 0.13* (0.02,

1.02)

– 0.16* (0.02,

1.22)

–

Living arrangements

Multiple generational

families

– – – – Ref –

Single generational

families

– – – – 2.11* (0.77,

5.78)

–

Alone – – – – 1.05 (0.29, 3.82) –

Number of dependents,

mean (SD)

– – 0.87* (0.74,

1.04)

– – –

Caring for a sick family

member

No Ref – – – – –

Yes 0.63* (0.33,

1.16)

– – – – –

Food insecurity (lack of

food in the past week)

Never Ref Ref – Ref –

Sometimes 2.92*** (1.55,

5.49)

– 4.21*** (1.75,

10.14)

– 5.95*** (2.18,

16.20)

–

(Continued)

65



Mwangala PN et al. Journal of the International AIDS Society 2022, 25(S4):e25977
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25977/full | https://doi.org/10.1002/jia2.25977

Table 5. (Continued)

Positive screen for depressive

symptoms

Positive screen for anxiety

symptoms

Comorbid depressive and anxiety

symptoms

Covariate

Univariate

analysis OR

(95% CI)

Multivariable

analysis aOR

(95% CI)

Univariate

analysis OR

(95% CI)

Multivariable

analysis aOR

(95% CI)

Univariate

analysis OR

(95% CI)

Multivariable

analysis aOR

(95% CI)

Most of the

times/always

2.9** (1.11,

7.62)

– 6.21** (1.96,

19.70)

– 9.56*** (2.76,

33.15)

–

Loneliness score, mean

(SD)

1.21*** (1.12,

1.32)

1.29*** (1.16,

1.43)

1.16** (1.01,

1.34)

1.28*** (1.15,

1.42)

Functional disability

score, mean (SD)

1.25*** (1.15,

1.35)

1.15** (1.04,

1.28)

1.19*** (1.10,

1.28)

1.10** (1.01,

1.20)

1.18*** (1.10,

1.27)

1.12** (1.03,

1.22)

Ageism score, mean (SD) 1.14*** (1.08,

1.19)

1.10** (1.04,

1.17)

1.17*** (1.10,

1.24)

1.14*** (1.06,

1.23)

1.17*** (1.11,

1.24)

1.23*** (1.13,

1.33)

Hours spent in sedentary

behaviours in a day,

mean (SD)

– – – – 1.13* (1.00,

1.28)

–

Sexually active

No – – Ref – Ref –

Yes – – 0.44* (0.18,

1.06)

– 0.44* (0.17,

1.15)

–

Sleeping difficulties in the

past month

None Ref Ref Ref Ref Ref –

Sometimes 6.59*** (3.18,

13.66)

3.51** (1.38,

8.89)

10.17*** (3.29,

31.47)

6.41** (1.73,

23.83)

11.75*** (3.28,

42.0)

–

Most of the

times/always

25.60*** (9.00,

72.99)

8.82*** (2.33,

33.37)

18.25*** (4.94,

67.40)

6.18** (1.26,

30.22)

20.31*** (4.80,

85.96)

–

Chronic fatigue

No Ref Ref Ref – Ref –

Yes 7.90*** (3.66,

17.02)

5.41** (1.78,

16.38)

2.68** (1.09,

6.62)

– 3.36** (1.33,

8.46)

–

Number of medications

participants are

currently using, mean

(SD)

– – – – 1.24* (0.94,

1.64)

–

HIV status disclosure

Yes Ref – – – – –

No 2.40* (0.73,

7.85)

– – – – –

Household HIV burden,

mean (SD)

1.30** (1.09,

1.55)

1.37** (1.08,

1.74)

1.20* (0.98,

1.47)

– 1.21* (0.98,

1.49)

–

cART regimen

change/interruption

since HIV diagnosis

No – – Ref – Ref –

Yes – – 2.13* (0.97,

4.68)

– 1.88* (0.82,

4.34)

–

Access to HIV care

Not easily accessible Ref Ref Ref – Ref Ref

Easily accessible 0.47** (0.26,

0.85)

0.35** (0.15,

0.83)

0.36** (0.16,

0.78)

– 0.29** (0.12,

0.68)

0.16** (0.04,

0.60)

(Continued)
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Table 5. (Continued)

Positive screen for depressive

symptoms

Positive screen for anxiety

symptoms

Comorbid depressive and anxiety

symptoms

Covariate

Univariate

analysis OR

(95% CI)

Multivariable

analysis aOR

(95% CI)

Univariate

analysis OR

(95% CI)

Multivariable

analysis aOR

(95% CI)

Univariate

analysis OR

(95% CI)

Multivariable

analysis aOR

(95% CI)

Perceived HIV-stigma

score, mean (SD)

Personalized stigma 1.21** (1.04,

1.41)

1.27** (1.02,

1.59)

1.16* (0.96,

1.42)

– 1.25** (1.02,

1.54)

–

Disclosure concerns – – – – – –

Concerns about public

attitudes

1.23** (1.06,

1.42)

– 1.29** (1.06,

1.57)

– 1.23** (1.00,

1.51)

–

Negative self-image 1.22** (1.06,

1.40)

– 1.20** (1.00,

1.44)

– 1.36** (1.12,

1.66)

–

Overall stigma 1.11*** (1.05,

1.18)

– 1.10** (1.02,

1.20)

– 1.13** (1.04,

1.23)

–

n for the final model 251 252 245

Variance explained 41.7% 41.0% 42.0%

Hosmer–Lemeshow test X2 = 241.96;

p-value = 0.35

X2 = 210.85;

p-value = 0.79

X2 = 176.09;

p-value = 0.99

cvMean AUC (95% CI) 0.91 (0.87, 0.96) 0.88 (0.82, 0.95) 0.92 (0.89, 0.96)

Note: Only a priori variables (age and sex), as well as those with p-value < 0.15 in the univariate analysis or multivariable p < 0.05, are pre-
sented here. Ten independent variables were fitted for the multivariable model on depressive symptoms, seven variables for both the anxiety
symptoms and CMD comorbidity.
Abbreviations: aOR, adjusted odds ratio; cvMean AUC, cross-validated mean area under the curve for the final multivariable model; OR, odds
ratio; Ref, reference group; OALWH, older adults living with HIV.
*p value < 0.15, **p value < 0.05, ***p value < 0.01.

5 CONCLUS IONS

Ambulatory, out-patient OALWH and their HIV-negative peers
from the community have similar levels of mild depressive
and anxiety symptoms. Additionally, living with HIV is not
predictive of CMDs in this setting. Our study provides an
initial understanding of the determinants of CMDs from a
low-resource setting. Modifiable risk factors, such as ageism,
HIV-related stigma, loneliness, functional disability and sleep-
ing difficulties, represent a target for preventive interventions
through psychosocial interventions at the family, community
and clinical levels.
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Abstract
Introduction: Achieving optimal HIV outcomes, as measured by global 90-90-90 targets, that is awareness of HIV-positive
status, receipt of antiretroviral (ARV) therapy among aware and viral load (VL) suppression among those on ARVs, respectively,
is critical. However, few data from sub-Saharan Africa (SSA) are available on older people (50+) living with HIV (OPLWH). We
examined 90-90-90 progress by age, 15–49 (as a comparison) and 50+ years, with further analyses among 50+ (55–59, 60–
64, 65+ vs. 50–54), in 13 countries (Cameroon, Cote d’Ivoire, Eswatini, Ethiopia, Kenya, Lesotho, Malawi, Namibia, Rwanda,
Tanzania, Uganda, Zambia and Zimbabwe).
Methods: Using data from nationally representative Population-based HIV Impact Assessments, conducted between 2015and
2019, participants from randomly selected households provided demographic and clinical information and whole blood speci-
mens for HIV serology, VL and ARV testing. Survey weighted outcomes were estimated for 90-90-90 targets. Country-specific
Poisson regression models examined 90-90-90 variation among OPLWH age strata.
Results: Analyses included 24,826 HIV-positive individuals (15–49 years: 20,170; 50+ years: 4656). The first, second and
third 90 outcomes were achieved in 1, 10 and 5 countries, respectively, by those aged 15–49, while OPLWH achieved out-
comes in 3, 13 and 12 countries, respectively. Among those aged 15–49, women were more likely to achieve 90-90-90 targets
than men; however, among OPLWH, men were more likely to achieve first and third 90 targets than women, with second 90
achievement being equivalent. Country-specific 90-90-90 regression models among OPLWH demonstrated minimal variation
by age stratum across 13 countries. Among OLPWH, no first 90 target differences were noted by age strata; three countries
varied in the second 90 by older age strata but not in a consistent direction; one country showed higher achievement of the
third 90 in an older age stratum.
Conclusions: While OPLWH in these 13 countries were slightly more likely than younger people to be aware of their HIV-
positive status (first 90), this target was not achieved in most countries. However, OPLWH achieved treatment (second 90)
and VL suppression (third 90) targets in more countries than PLWH <50. Findings support expanded HIV testing, prevention
and treatment services to meet ongoing OPLWH health needs in SSA.
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1 INTRODUCT ION

Persons living with HIV (PLWH), including those in low-
and middle-income countries, have experienced extended life
expectancies due to the success of antiretroviral (ARV) thera-
pies [1]. In 2014, the Joint United Nations Programme on HIV
and AIDS (UNAIDS) launched the 90-90-90 global targets for
2020: 90% of PLWH will know their HIV status (first 90);
90% of those aware will receive sustained ARV therapy (ART)
(second 90); and of these, 90% will achieve viral load suppres-
sion (VLS) (third 90) [2], as a stepping stone towards achiev-
ing the end of the AIDS epidemic as a public health threat
by 2030 with 95-95-95 global targets for 2025 [3, 4]. In
2019, a modelling study examined data released by UNAIDS
and found that 60 out of 170 countries were able to report
on all three 90 targets; many of these countries, however,
were not likely to achieve 90-90-90 targets by 2020 although
three countries in sub-Saharan Africa (SSA) were among the
six that achieved the model targets [5]. Studies of HIV preva-
lence among older adults, 50 years of age and older (50+),
have shown increases in the number of older persons living
with HIV (OPLWH), in general, and particularly in Eastern and
Southern Africa [1, 6, 7].

With this growing and ageing population of OPLWH, it
is important to focus on older adults and their risk for
HIV as well as to understand how OPLWH have progressed
towards the UNAIDS 90-90-90 targets in SSA [8]. A recent
systematic review and meta-analysis using data published
between 2014 and 2018 among PLWH aged 15 and older
that examined progress towards 90-90-90 targets by a range
of socio-demographics found a mixed picture in SSA [9]. Both
males and females have made progress towards achieving
the 90-90-90 targets by age group. Women within each
age group demonstrated more progress along the cascade
overall compared with men, and older adults achieved more
progress towards the 90-90-90 targets than younger age
groups [9].

To date, measuring progress towards 90-90-90 among the
OPLWH has been challenging for several reasons. First, stud-
ies examining HIV in SSA have largely focused on younger
adults, despite the growth in the number of OPLWH [1, 6, 10,
11]. Secondly, not all studies have reported on all three 90s,
usually focusing on one or two of the 90s, with more recent
attempts examining all 90-90-90 targets [5, 12–15]. Thirdly,
most studies that assessed 90-90-90 progress have relied on
programmatic data, which are restricted to the subset of the
population living with HIV who have accessed services, rather
than the entirety of people living with HIV [16].

We examined 90-90-90 target achievement by age and
sex using nationally representative samples of adults in 13
SSA countries: Cameroon, Cote d’Ivoire, Eswatini, Ethiopia,
Kenya, Lesotho, Malawi, Namibia, Rwanda, Tanzania, Uganda,
Zambia and Zimbabwe. We further assessed the progress
towards 90-90-90 targets among subsets of individuals by
age strata among OPLWH. Finally, we assessed the associa-
tions between age and achievement of the 90-90-90 targets
among OPLWH, by country, using Poisson regression mod-
els, to inform efforts to address gaps in services for this
population.

2 METHODS

2.1 Data source

Data for the 13 countries (Cameroon 2017–2018, Cote
d’Ivoire 2017–2018, Eswatini 2016, Ethiopia 2017–2018,
Kenya 2018, Lesotho 2016–2017, Malawi 2015–2016,
Namibia 2017, Rwanda 2018–2019, Tanzania 2016–2017,
Uganda 2016–2017, Zambia 2016 and Zimbabwe 2015–
2016) were collected as part of the Population-based HIV
Impact Assessment (PHIA) surveys between 2015 and 2019.
The PHIA surveys selected a nationally representative sample
using a stratified two-stage cluster sampling design to pro-
vide a population-level assessment of the burden of HIV at
national and sub-national levels [17, 18]. The surveys were
funded by the United States President’s Emergency Plan for
AIDS Relief (PEPFAR) and conducted by ministries of health
with support from ICAP at Columbia University, the Univer-
sity of California at San Francisco (Namibia PHIA) and the
US Centers for Disease Control and Prevention (CDC). The
PHIA survey design and implementation have been previously
described [18, 19]. At the time the PHIAs were conceived, the
HIV burden varied across these countries among 15–49 year
old; seven countries had an HIV prevalence ranging from 1.5%
to 7.3% (Ethiopia—1.5%, Rwanda—3.0%, Cote d’Ivoire—3.7%,
Cameroon—4.3%, Tanzania—5.3%, Kenya—5.6% and Uganda—
7.3%); four countries had an HIV prevalence ranging from
10.6% to 15.0% (Malawi—10.6%, Namibia—14.3%, Zambia—
14.3% and Zimbabwe—15.0%); and two countries had an HIV
prevalence above 20% (Lesotho—23% and Eswatini—26%).
The ARV coverage varied among these countries at that
time as well; six countries had ARV coverage below 50%
(Cote d’Ivoire—24.4%, Cameroon—26.0%, Lesotho—35.0%,
Tanzania—37.0%, Ethiopia—40.0% and Uganda—40.0%);
and seven countries had ARV coverage well above 50%
(Zambia—76.9%, Kenya—78.5%, Eswatini—82.0%, Malawi—
83.0%, Namibia—90.0%, Zambia—90.0% and Rwanda—91.0%)
[20–32].

2.2 Eligibility criteria and survey domains

Eligibility criteria for this analysis were based on age ≥15
years old and whether the person slept in the household the
night before the interview. Upper age limits for individual eli-
gibility varied by country: 59 years of age for Lesotho and
Zambia, 64 years of age for Cameroon, Cote d’Ivoire, Ethiopia,
Kenya, Malawi, Namibia, Rwanda and Uganda, and no upper
age limit in Eswatini, Tanzania and Zimbabwe. Household and
individual interviews were conducted among consenting indi-
viduals (minors provided informed assent), capturing demo-
graphic, behavioural and clinical data, including self-reported
HIV status, testing history and medication uptake.

2.3 Laboratory procedures

Consenting participants provided blood specimens for HIV
diagnostic testing, using the national HIV rapid testing algo-
rithm and counselling was provided to all survey participants
in their homes. Blood specimens for all HIV-positive partic-
ipants were further tested for CD4+ T-cell enumeration in
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the household, viral load (VL) testing at central laboratories
and qualitative testing for selected ARVs, at the University of
Cape Town, South Africa. VL testing was performed on the
Abbott m2000 (Abbott Molecular, Des Plaines, IL, USA), the
bioMérieux NucliSens EasyMag/EasyQ (bioMérieux, Marcy-
l’Étoile, France) or the Roche COBAS AmpliPrep/COBAS Taq-
Man (Roche Diagnostics, Pleasanton, CA, USA) platforms. VLS
was defined as <1000 copies/ml [33].

2.4 Ethics approval

The surveys were approved by the Institutional Review
Boards at Columbia University Irving Medical Center, the Uni-
versity of California at San Francisco (Namibia only), the CDC
and the local ethics board in each country.

2.5 Measures

We examined 90-90-90 progress by sex and age (15–49, 50+)
in the 13 PHIAs. The first 90 (HIV status awareness) outcome
was defined as the proportion of participants who tested HIV
positive during the PHIAs, who self-reported being HIV posi-
tive during the interview, prior to learning the result of house-
hold HIV testing, or if ARVs were detected in their blood. The
second 90 (ART use among aware) was defined as the pro-
portion of aware participants who self-reported taking ARVs
or had ARVs detected in their blood, and the third 90 (VLS)
was defined as the proportion of ART users who have HIV-1
RNA <1000 copies/ml.

Descriptive statistics and model variables included basic
demographics, such as sex, age groups (50–54, 55–59, 60–
64, 65 and older), residence and other measures of socio-
economic status as well as a variety of treatment outcome
variables.

2.6 Analysis

We calculated 90-90-90 estimates by age (15–49 and 50+)
and sex for each of the 13 countries, and accounted for sur-
vey design with Jackknife variance estimation. These anal-
yses were performed with SAS version 9.4. We calculated
weighted percentages to describe demographic characteris-
tics, partner’s HIV status, time since HIV diagnosis and time
on ART, among OPLWH from all 13 countries, using the Taylor
Series method on variance estimation. We pooled the variance
strata and Primary Sampling Units recorded on the country-
level data files, re-numbered strata to make unique ones, then
produced the variance estimates with the Taylor Series lin-
earization method in the pooled dataset. We fit three multi-
variate Poisson regression models per country, one for each
of the 90-90-90 targets, among OPLWH, to examine how 90-
90-90 progress varied by age strata among OPLWH (50–54,
55–59, 60–64, 65 and older) [34, 35]. We adjusted the first
90 models for sex, residence, employed, wealth quintile, edu-
cation, marital status and partner HIV status-self-reported.
We adjusted the second 90 models for the same variables
as the first 90 models as well as the number of years since
diagnosis. We adjusted the third 90 models for the same vari-
ables as the first 90 and the number of years since initiating
ART. We reported adjusted prevalence ratios (aPR) to mea-
sure the association between these factors and the 90-90-90

outcomes. We constructed models using Stata 15. All compar-
isons reported are significant at p < 0.05.

3 RESULTS

3.1 90-90-90 targets

A total of 20,170 PLWH 15–49 years of age and 4656
OPLWH 50+ were included in the analyses. Figure 1 shows
the progress towards 90-90-90 targets for each of the 13
countries. The target for awareness of HIV-positive status
(first 90) was achieved among women aged 15–49 and among
50+ (women and men) in Eswatini, among 50+ (women and
men) in Namibia, as well as among men 50+ in Lesotho. The
target for ARV treatment (second 90) was achieved among
those aged 15–49 (women and men) in six countries and
among women aged 15–49 in four other countries, while the
target was achieved in all 13 countries among 50+ (women
and men). The VLS target (third 90) was achieved by those
aged 15–49 (women and men) in one country and by women
aged 15–49 in three countries and men aged 15–49 in
one country, while the VLS target was achieved among 50+
(women and men) in eight countries and men 50+ in three
countries and women 50+ in one country. Among those aged
15–49, women were more likely to have achieved the 90-90-
90 targets than men; however among those 50+, men were
more likely to have achieved the first (3 countries vs. 2 coun-
tries, respectively) and third (11 countries vs. 9 countries,
respectively) 90 targets than women, with second 90 achieve-
ment being equivalent.

3.2 OPLWH demographics

Among all 4656 OPLWH from the 13 countries, as noted
in Table 1, there were more women than men (56.42% vs.
43.68%) identified, with the majority of OPLWH in the 50–
59 age range (50–54 years: 46.27%; 55–59 years: 32.55%),
the majority resided in rural areas (60.89%) and were not cur-
rently employed (57.23%). The OPLWH had a similar wealth
status as the general population, with 61.65% in the upper
60% wealth quintile for their country. Most men (78.71%)
were married or living with a partner compared with just
26.69% of women, while almost half of women (47.27%) were
widowed compared with just 8.60% of men. The highest level
of educational completion for most (58.37%) was a primary
school. Most (79.44%) of the women reported no partner in
the household compared with 31.75% of men, while 39.40%
of the men reported having one or more HIV-positive part-
ners compared to 8.20% of the women. Among OPLWH,
66.09% of the women reported having no sexual partners
in the past 12 months compared with 20.04% of men, and
36.05% of the men reported that one or more of their part-
ners think/told/tested HIV positive compared with 10.44% of
the women.

3.3 OPLWH treatment status

Among all OPLWH in Table 2, 21.25% were unaware of their
HIV-positive status. Among OPLWH, 27.21% did not have
ARVs detected in their blood and 26.50% were not virally
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Figure 1. Antiretroviral-adjusted 90-90-90 estimates among 15–49 and 50+ years, 13 countries, Population-based HIV Impact Assess-
ments, 2015–2019.
Notes: – – – – – – represents the 90-90-90 target; Survey dates: Cameroon 2017–2018, Cote d’Ivoire 2017–2018, Eswatini 2016,
Ethiopia 2017–2018, Kenya 2018, Lesotho 2016–2017, Malawi 2015–2016, Namibia 2017, Rwanda 2018–2019, Tanzania 2016–2017,
Uganda 2016–2017, Zambia 2016 and Zimbabwe 2015–2016.
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Table 1. Pooled 13 country descriptive socio-demographic statistics among older persons living with HIV aged 50 and over

Males Females Total

N % (95% CIs) N % (95% CIs) N % (95% CIs)

Sex

Male 1911 43.58 (42.15–45.02)

Female 2745 56.42 (54.98–57.85)

Age

50–54 837 46.51 (44.01–49.01) 1275 46.08 (44.07–48.09) 2112 46.27 (44.73–47.81)

55–59 606 32.73 (30.52–34.94) 900 32.42 (30.64–34.19) 1506 32.55 (31.11–34.00)

60–64a 335 15.87 (14.45–17.3) 437 16.83 (15.38–18.27) 772 16.41 (15.41–17.42)

65+b 133 4.89 (4.08–5.69) 133 4.67 (3.67–5.67) 266 4.77 (4.08–5.45)

Residence

Urban 640 38.21 (36.11–40.30) 939 39.81 (37.93–41.68) 1579 39.11 (37.72–40.50)

Rural 1271 61.79 (59.70–63.89) 1806 60.19 (58.32–62.07) 3077 60.89 (59.50–62.28)

Employed

Yes 907 54.30 (52.06–56.54) 799 33.85 (31.99–35.72) 1706 42.77 (41.32–44.22)

No 1004 45.70 (43.46–47.94) 1943 66.15 (64.28–68.01) 2947 57.23 (55.78–58.68)

Wealth quintile

Lower 40% 802 35.95 (33.87–38.02) 1288 40.20 (38.41–41.99) 2090 38.35 (37.00–39.69)

Upper 60% 1108 64.05 (61.98–66.13) 1455 59.80 (58.01–61.59) 2563 61.65 (60.31–63.00)

Marital status

Never married 102 2.98 (2.35–3.61) 276 6.28 (5.27–7.30) 378 4.84 (4.24–5.45)

Married or living together 1449 78.71 (76.86–80.56) 764 26.69 (24.93–28.45) 2213 49.36 (47.65–51.07)

Divorced or separated 161 9.70 (8.26–11.14) 389 19.76 (17.96–21.56) 550 15.38 (14.05–16.71)

Widowed 196 8.60 (7.35–9.85) 1310 47.27 (45.33–49.21) 1506 30.42 (29.02–31.81)

Education

None 246 10.45 (9.03–11.87) 551 26.02 (24.03–28.00) 797 19.22 (17.88–20.55)

Primary 1055 59.36 (57.20–61.52) 1589 57.61 (55.62–59.59) 2644 58.37 (56.79–59.96)

Post primary 605 30.18 (28.16–32.21) 592 16.38 (15.18–17.57) 1197 22.41 (21.28–23.53)

Partner HIV status-measured

One or more partner HIV positive 749 39.40 (37.27–41.53) 265 8.20 (7.22–9.18) 1014 21.80 (20.41–23.19)

All partners HIV positive 393 23.96 (21.96–25.96) 128 5.37 (4.53–6.20) 521 13.47 (12.48–14.45)

Don’t know or missing 82 4.89 (3.88–5.89) 191 6.99 (6.25–7.74) 273 6.08 (5.47–6.68)

No partner in household 687 31.75 (29.65–33.86) 2161 79.44 (77.97–80.90) 2848 58.65 (57.00–60.31)

Partner HIV status-self-reported

One or more partner

think/told/tested HIV positive

736 36.05 (33.84–38.26) 387 10.44 (9.52–11.35) 1123 21.52 (20.25–22.78)

All partners think/told/tested HIV

negative

359 20.47 (18.75–22.19) 207 8.05 (6.99–9.10) 566 13.42 (12.43–14.41)

Don’t know or missing 433 23.44 (21.45–25.42) 455 15.43 (13.93–16.92) 888 18.89 (17.58–20.21)

No partner in the past 12 months 370 20.04 (17.94–22.14) 1692 66.09 (64.09–68.09) 2062 46.17 (44.29–48.05)

Country

Malawi 155 9.16 (8.11–10.21) 184 8.27 (7.44–9.10) 339 8.66 (8.15–9.17)

Zambia 148 8.79 (7.97–9.61) 184 6.74 (6.03–7.46) 332 7.64 (7.13–8.14)

Eswatini 243 2.16 (1.91–2.41) 337 1.69 (1.52–1.86) 580 1.90 (1.76–2.04)

Tanzania 149 17.76 (15.62–19.90) 225 20.51 (18.84–22.18) 374 19.31 (18.29–20.33)

Zimbabwe 348 16.00 (14.46–17.55) 428 11.95 (11.09–12.81) 776 13.72 (12.91–14.53)

Uganda 116 10.66 (9.73–11.59) 167 10.34 (9.25–11.44) 283 10.48 (9.76–11.20)

Lesotho 209 3.03 (2.65–3.41) 339 2.84 (2.60–3.09) 548 2.92 (2.72–3.12)

Cameroon 75 5.4 (4.67–6.13) 113 6.28 (5.56–7.00) 188 5.90 (5.35–6.45)

(Continued)
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Table 1. (Continued)

Males Females Total

N % (95% CIs) N % (95% CIs) N % (95% CIs)

Namibia 183 2.12 (1.85–2.38) 311 2.34 (2.14–2.53) 494 2.24 (2.10–2.38)

Cote d’Ivoire 42 4.44 (3.68–5.19) 65 6.26 (5.12–7.39) 107 5.46 (4.79–6.13)

Ethiopia 33 3.72 (3.12–4.32) 52 3.22 (2.88–3.57) 85 3.44 (3.13–3.75)

Kenya 121 13.49 (12.10–14.88) 203 16.19 (14.96–17.42) 324 15.02 (14.23–15.80)

Rwanda 89 3.27 (2.90–3.65) 137 3.36 (3.04–3.68) 226 3.32 (3.14–3.51)

Note: Upper age limits varied by country.
aExcludes Lesotho and Zambia.
bIncludes only Eswatini, Tanzania and Zimbabwe.
On residence, Lesotho had three categories: urban, rural and peri-urban, and peri-urban was collapsed into urban, while in Ethiopia, small urban
was classified as rural and large urban was classified as urban.

suppressed. More than one-third (37.04%) of OPLWH had a
CD4+ cell count ≥500 per μl, 27.03% had a CD4+ cell count
of 350–499 per μl, 22.71% had a CD4+ cell count of 200–
349 per μl, 10.87% had a CD4+ count of 100–199 per μl
and 2.36% had a CD4+ count of <100 per μl. Of all OPLWH,
12.68% indicated that they were never tested for HIV before
the survey, and among those who were aware of their HIV-
positive status, 6.82% had been diagnosed within the past
year. Almost all OPLWH (96.99%) with detectable ARVs in
their blood were taking first-line ART regimens (guidance at
the time of the surveys) and more than half (54.84%) of those
on ART indicated that they initiated treatment 5 or more
years prior to the survey.

3.4 OPLWH country-specific Poisson regression

Table 3 shows the first 90 awareness models for all 13 coun-
tries. There were no significant differences in awareness of
HIV-positive status by age stratum among OPLWH (p > 0.05).
In Table 4, the second 90 on treatment models for all 13
countries are presented. Three countries showed variation in
the second 90 by older age strata but not in a consistent
direction. With regard to the second 90, in Eswatini, those
aged 60–64 who were aware of their HIV-positive status
were more likely to be on treatment than those aged 50–
54 years old (aPR: 1.06, 95% confidence intervals [CI]: 1.01–
1.11, p < 0.05). In Cameroon, those aged 60–64 who were
aware of their HIV-positive status were less likely to be on
treatment than those 50–54 years old (aPR: 0.95, 95% CIs:
0.91–0.99, p < 0.05). In Rwanda, those aged 55–59 who were
aware of their HIV-positive status were more likely to be on
treatment than those 50–54 years old (aPR: 1.01, 95% CIs:
1.00–1.02, p < 0.05), while those 60–64 years of age were
less likely to be on treatment than those 50–54 years old
(aPR: 0.98, 95% CIs: 0.96–1.00, p < 0.05). Table 5 shows
the third 90 VLS models for the 13 countries. One country
showed higher achievement of the third 90 in an older age
stratum. In Ethiopia, those aged 60–64 who were on treat-
ment were more likely to have VLS compared to those 50–54
years old (aPR: 1.10, 95% CIs: 1.00–1.20, p < 0.05).

4 D ISCUSS ION

Overall, OPLWH have made more progress towards achieve-
ment of 90-90-90 UNAIDS targets than PLWH aged 15–49.
Progress by OPLWH towards 90-90-90 UNAIDS targets was
noted in all 13 countries included in this analysis, which sug-
gests they are well positioned to reach the 95-95-95 tar-
gets by 2025 as well. In two countries, Eswatini and Namibia,
OPLWH have achieved all three 90-90-90 targets. In the
other 11 countries, OPLWH have all achieved one or both of
the second and third 90-90-90 targets. However, achievement
of the first 90, that is awareness of HIV-positive status, con-
tinues to be a challenge [36, 37].

In the models we used, there was minimal variation demon-
strated by age strata among OPLWH in the 13 countries.
There was no variation in awareness by older age groups,
three countries showed variation in treatment by older age
groups—although not in a consistent direction, and one coun-
try showed higher VLS by an older age group. This lack of
difference by age strata among OPLWH could indicate that
those who have survived with HIV over the age of 50 are
experienced with taking medications and older age does not
diminish that fact.

Our findings are consistent with those from both a mod-
elling study utilizing UNAIDS data and results from a system-
atic review and meta-analysis of 92 studies, which showed
heterogeneity of 90-90-90 progress across countries, sex and
age groups [5, 9]. Both studies, which did not specifically focus
on OPLWH, noted more progress towards 90-90-90 targets
among OPLWH compared with younger age groups, but nei-
ther examined progress among OPLWH in the various age
strata within that group [5, 9]. Our findings among PLHIV
aged 15–49 years were similar to other research as we also
found that women were more likely to achieve the 90-90-
90 targets than men; however, we noted different 90-90-90
progress among men and women among OPLWH in our study,
with men making more progress to achieve the first and third
90 targets than women, while second 90 achievement was
similar [5, 9].

A key finding highlighted by our study is the gap noted
in the achievement of the first 90, that is awareness of
HIV-positive status, among OPLWH [10, 37]. We found that
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Table 2. Pooled 13 country descriptive clinical statistics among older persons living with HIV aged 50 and over

Males Females Total

N % (95% CIs) N % (95% CIs) N % (95% CIs)

Diagnosis and treatment status (ARV-adj)

Unaware of HIV status 316 22.46 (20.16–24.76) 404 20.31 (18.72–21.89) 720 21.25 (19.94–22.56)

Aware of HIV status and not on ART 60 2.98 (2.36–3.60) 94 2.49 (1.98–3.00) 154 2.70 (2.30–3.11)

Aware of HIV status and on ART 1535 74.56 (72.20–76.91) 2247 77.20 (75.56–78.84) 3782 76.05 (74.71–77.39)

ARVs detected

Yes 1467 70.39 (67.99–72.79) 2165 74.65 (72.92–76.38) 3632 72.79 (71.34–74.23)

No 437 29.61 (27.21–32.01) 566 25.35 (23.62–27.08) 1003 27.21 (25.77–28.66)

VLS

Yes 1460 70.90 (68.51–73.29) 2176 75.51 (73.74–77.27) 3636 73.50 (72.02–74.97)

No 450 29.10 (26.71–31.49) 566 24.49 (22.73–26.26) 1016 26.50 (25.03–27.98)

CD4 cell count per μl

<100 50 3.19 (2.58–3.81) 37 1.69 (1.13–2.24) 87 2.36 (1.95–2.76)

100–199 221 14.57 (12.89–16.25) 161 7.89 (6.48–9.31) 382 10.87 (9.77–11.97)

200–349 473 29.09 (26.69–31.49) 414 17.58 (15.79–19.37) 887 22.71 (21.11–24.30)

350–499 453 27.11 (24.88–29.34) 566 26.97 (24.90–29.04) 1019 27.03 (25.32–28.75)

≥500 500 26.04 (23.80–28.27) 1215 45.88 (43.58–48.17) 1715 37.04 (35.32–38.75)

Testing history

Never tested 155 11.39 (9.49–13.29) 243 13.69 (12.15–15.22) 398 12.68 (11.67–13.70)

Tested in the past year 547 27.83 (25.98–29.68) 719 26.44 (24.75–28.13) 1266 27.04 (25.74–28.34)

Tested more than 1 year ago 1113 56.61 (54.22–59.01) 1663 56.27 (54.39–58.14) 2776 56.42 (54.98–57.86)

Don’t know or missing 96 4.17 (3.42–4.93) 120 3.61 (2.85–4.37) 216 3.85 (3.33–4.38)

Number of years since diagnosis

Less than 12 months 97 6.96 (5.98–8.02) 135 6.71 (5.78–7.64) 232 6.82 (6.11–7.53)

1 to less than 5 years 453 32.32 (29.97–34.66) 634 31.78 (29.84–33.71) 1087 32.01 (30.44–33.58)

5 years or more 868 60.73 (58.30–63.15) 1334 61.51 (59.59–63.43) 2202 61.17 (59.6–62.75)

Antiretroviral regimen (among ARV

detected)

First line (EVP, NVP and INSTI) 1435 96.89 (96.38–97.40) 2120 97.06 (96.30–97.83) 3555 96.99 (96.49–97.49)

Second line (PI, LPV and ATV) 29 3.07 (2.57–3.58) 42 2.71 (1.95–3.47) 71 2.86 (2.36–3.36)

Both 2 0.04 (0.00–0.09) 3 0.23 (0.22–0.23) 5 0.15 (0.13–0.17)

Number of years since initiating ART

Less than 12 months 125 8.78 (7.77–9.79) 196 10.69 (9.25–12.12) 321 9.87 (8.96–10.78)

1 to less than 5 years 466 35.43 (33.07–37.79) 647 35.18 (33.15–37.22) 1113 35.29 (33.66–36.91)

5 years or more 758 55.79 (53.45–58.13) 1131 54.13 (52.11–56.16) 1889 54.84 (53.28–56.41)

Note: CD4 cell count does not include Kenya or Rwanda as CD4 testing was not conducted.
Abbreviations: ART, antiretroviral therapy; ARV, antiretroviral; VLS, viral load suppression; EVP, Emtricitabine/rilpivirine/tenofovir; NVP, Nevirap-
ine; INSTI, Integrase strand transfer inhibitors; PI, protease inhibitor; LPV, Lopinavir; ATV, Atazanavir.
Definitions: Diagnosis and treatment status: Percent distribution of HIV-positive persons by HIV diagnosis and treatment status; ARVs
detected: Percent distribution of HIV-positive persons by the presence of detectable ARVs; VLS: Among HIV-positive persons, percentage with
viral load suppression (< 1000 copies/ml); CD4 cell count per μl: Among HIV-positive persons, percentage with CD4 count within each range;
Testing history: Percentage of persons who ever received HIV testing and received their test results; Number of years since diagnosis: Percent
distribution of HIV-positive persons by time since diagnosis; Antiretroviral regimen (among ARV detected): Among those with detected ARVs,
percent distribution on first line, second line or both regimens; Number of years since initiating ART: Among those self-reporting taking ARVs,
percent distribution of time since initiating ART.

21.3% of all OPLWH were unaware of their HIV-positive sta-
tus before the surveys, and more than half (54%) of these
unaware OPLWH had never previously been tested. Existing
research suggests that older adults have less knowledge and
understanding of HIV infection than younger age groups and
are, therefore, less likely to seek testing [37]. Providers often
do not consider older adults to be at risk for HIV so there

is hesitation to discuss risk behaviours associated with HIV
acquisition, such as inquiring into sexual activity and other risk
behaviours, though older adults may have similar risks of HIV
infection as younger adults [8, 10, 11, 38–40]. This provider
bias combined with a lack of understanding of ongoing trans-
mission risk for HIV infection in this population among both
the providers and the older adults results in many missed
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opportunities for HIV testing, access to HIV prevention and
initiation and retention in treatment services. Country HIV
programmes could benefit from additional strategies to raise
awareness among healthcare providers and increase health
communication campaigns about testing and existing preven-
tion interventions (such as knowledge of partner HIV status
and the use of condoms, PrEP or treatment as prevention [U
= U] for discordant couples) targeting older populations in
SSA [41, 42].

Many OPLWH will wait to test for HIV until symptomatic
which results in a delay in diagnosis of HIV and initiation of
ART, resulting in poorer health outcomes [8, 38, 43]. In addi-
tion, age-disparate relationships are associated with higher
HIV acquisition among adolescent girls and young women
[44]. As such, more effective case-finding among older men
may also have positive consequences on reducing onward
transmission. Innovative testing strategies to reach older
adults, such as establishing tailored testing initiatives for this
age group, use of self-testing and delivery of testing through
community-based services, have been shown to be useful to
increase more frequent and earlier testing [5, 45]. In addition,
OPLWH are managing other chronic health conditions and are
at higher risk of developing age-associated non-communicable
diseases, such as cardiovascular disease, neurocognitive disor-
ders and fraility [46]. Older adults may be more likely to seek
medical care for reasons other than HIV but provider-initiated
counselling and testing may be overlooked for this population
because they are thought not to be at risk [47]. These find-
ings suggest the need for further sensitization and training for
health providers to elicit sexual and history of risk behaviours
among older patients and to offer them HIV testing as a com-
prehensive strategy to identify all HIV-positive individuals and
combining with non-HIV care management, as part of routine
provider-initiated counselling and testing [48, 49].

The finding that OPLWH were more likely to be aware of
their HIV-positive status than younger PLWH may be due
to survivor bias; those who remained unaware of their HIV-
positive status longer were more likely to have died compared
to those who became aware sooner, that is at a young age.
Studies have shown that age is associated with adherence to
ART and achievement of VLS [50]. One study that assessed
mortality in SSA among HIV-positive individuals on ART found
that sex differences in all-cause mortality and loss-to-follow-
up noted in younger people were also present among those
ages 50–59, with older women on ART at greater risk of
death as they age compared with men [51]. Additionally, there
is a potential cohort effect for mortality among the OPLWH
who have survived to this point compared with younger
PLHIV [38, 52]. There was a global mortality peak from AIDS-
related deaths in 2005/2006, at a time when our OPLWH
cohort was aged 35–50, and since 2010, there has been a
50% reduction in AIDS-related deaths in Eastern and South-
ern Africa [53]. Additionally, PHIA surveys in many countries
were conducted before test and treat protocols and treat-
ment with dolutegravir was fully rolled out, potentially con-
tributing to some countries not achieving the third 90 yet
[54–56].

The study has several strengths. One key feature is that the
PHIA surveys provided nationally representative data for all
13 countries, including HIV-related biomarkers. Because the

PHIA surveys are collected in the household, they capture
information on those who may not be engaged in care and
accessing health services, including older people who may be
living with HIV and have yet to access treatment. The find-
ings highlight the importance of expanding the age limits of all
HIV surveys and surveillance efforts, to track progress among
the growing population of OPLWH. The study also has some
limitations. The surveys were all cross-sectional in nature and
only represent one time point. However, repeat PHIA sur-
veys have been done in several countries, which will permit
the assessment of trends among OPLWH over time in the
future. Additionally, the upper age ranges varied across PHIA
surveys: two countries did not have data for ages above 59,
and eight countries did not have data for ages 65 and older.
We examined results of 90-90-90 achievement by upper age
limit in each country and did not observe any differences
in 90-90-90 achievement between countries based on upper
age limit; successful achievement was distributed across all
countries.

5 CONCLUS IONS

In conclusion, finding gaps in the knowledge of HIV-positive
status among OPLWH in several African countries highlights
the importance of focused HIV awareness and the need to
expand HIV testing efforts for older adults, as it impacts the
care and treatment cascade and reduces longevity and quality
of life. At the same time, HIV programmes and providers could
use these findings to support improved HIV counselling, edu-
cation and screening of older adults on risk behaviours and
offer them HIV prevention, testing and treatment services.
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Abstract
Introduction: Differentiated service delivery (DSD) models for HIV are a person-centred approach to providing services
across the HIV care cascade; DSD has an increasing policy and implementation support in high-burden HIV countries. The
life-course approach to DSD for HIV treatment has focused on earlier life phases, childhood and adolescence, families, and
supporting sexual and reproductive health during childbearing years. Older adults, defined as those over the age of 50, rep-
resent a growing proportion of HIV treatment cohorts with approximately 20% of those supported by PEPFAR in this age
band and have specific health needs that differ from younger populations. Despite this, DSD models have not been designed
or implemented to address the health needs of older adults.
Discussion: Older adults living with HIV are more likely to have significant co-morbid medical conditions. In addition to the
commonly discussed co-morbidities of hypertension and diabetes, they are at increased risk of cognitive impairment, frailty
and mental health conditions. Age and HIV-related cognitive impairment may necessitate the development of adapted educa-
tional materials. Identifying the optimal package of differentiated services to this population, including the frequency of clinical
visits, types and location of services is important as is capacitating the healthcare cadres to adapt to these challenges. Tech-
nological advances, which have made remote monitoring of adherence and other aspects of disease management easier for
younger populations, may not be as readily available or as familiar to older adults. To date, adaptations to service delivery
have not been scaled and are limited to nascent programmes working to integrate treatment of common co-morbidities.
Conclusions: Older individuals living with HIV may benefit from a DSD approach that adapts care to the specific challenges of
ageing with HIV. Models could be developed and validated using outcome measures, such as viral suppression and treatment
continuity. DSD models for older adults should consider their specific health needs, such as high rates of co-morbidities. This
may require educational materials, health worker capacity building and outreach designed specifically to treat this age group.
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1 INTRODUCT ION

The President’s Emergency Program for AIDS Relief (PEPFAR)
is a U.S. Government programme launched in 2003 to address
the growing HIV pandemic in areas of the world most affected
by new infections and deaths from HIV [1]. The programme
has grown rapidly in both scale and breadth of HIV treat-
ment services offered over the last two decades, largely by
prioritizing the identification of people living with HIV, link-
ing them to HIV care and treatment, and ensuring treatment
continuity to achieve and maintain viral suppression. By the
end of the fiscal year 2021, the PEPFAR programme sup-
ported HIV treatment for nearly 19 million people with HIV
across 50 countries, many of which are in Africa [2]. In 2021,
among people accessing HIV services in PEPFAR-supported
countries, 3.6 million or 21% were older adults—defined as

50 years or older. Of this cohort of older adults, 57% were
female. This is a notable increase from only 5 years prior
where the older adults made up 1.5 million (11%) people liv-
ing with HIV on treatment (Figure 1). The growth in the rel-
ative and absolute population of older adults living with HIV
reflects both new clients initiating treatment in this age group
and clients who have been part of the PEPFAR programme in
prior years ageing into this cohort, with the latter account-
ing for a larger portion of the increase [2]. Among coun-
tries supported by PEPFAR, there is considerable variation in
the proportion of the cohort that is older adults, with ranges
from 7% to 30% across cohorts in 2021 [3]. While this pro-
portion is lower than in many North American and western
European cohorts, where older adults comprise nearly 50%
of the treatment population, the absolute number of older
adults living with HIV in PEPFAR-supported countries is three
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Figure 1. The number of people on HIV treatment in PEPFAR-supported countries, 2017–2021, among older adults and those under
50 years of age. Between 2017 and 2021, the proportion of the HIV treatment cohort 50 years of age and above has increased from
11% to 21%. Abbreviation: PWH, people living with HIV.

times higher [4] than those in North America and western
Europe.

Since 2015, the World Health Organization has recom-
mended differentiated service delivery (DSD) models for HIV
treatment to support “treat all” and in recognition of the
diversity of needs of people living with HIV [5–7]. DSD for
HIV has been defined as a person-centred approach that
adapts HIV services to meet the needs and expectations
of people living with and at risk of acquiring HIV while
acknowledging the constraints of the heathcare system.
Adaptations for specific populations have addressed specific
challenges, including stigma and discrimination, psychosocial
support needs and provision of care outside of traditional
clinical venues [8–11]. Endorsed by PEPFAR and the Global
Fund [12], DSD has been included in national HIV guide-
lines and implementation has been scaled up, particularly in
high-burden HIV countries. There has also been a concurrent
focus on a life-course approach in HIV programmes. This life-
course approach to DSD for HIV treatment has focused on
earlier life phases—childhood and adolescence, families, and
supporting sexual and reproductive health during childbearing
years. Further, DSD for key populations—including men who
have sex with men, people who inject drugs, sex workers and
transgender people—has been designed to support improving
HIV outcomes in these populations. Currently, there are no
DSD models specifically designed for older adults, a rapidly
growing cohort of individuals living with HIV.

In this commentary, we argue that with an ageing popula-
tion of people living with HIV on treatment, health service
providers and organizations acknowledge their unique chal-

lenges and consider developing DSD for HIV treatment mod-
els for older adults. We present common challenges faced
by older adults living with HIV and suggest adaptations that
might be considered and areas of research to ensure person-
centred care for the ageing cohort of people living with HIV.

2 D ISCUSS ION

2.1 HIV and ageing in the PEPFAR programme

Older adults have better treatment outcomes as measured
by treatment continuity and viral suppression compared with
younger people in the PEPFAR programme. Older adults liv-
ing with HIV have the lowest proportion of loss to follow up
with less than 2% experiencing an interruption in treatment
when established on ART in a given quarter globally [13].
Older adults living with HIV also have the highest viral sup-
pression rates with over 99% of clients [13] in the age group
with viral load results available being suppressed (defined as
VL<1000 c/ml). Thus, as effective therapies have improved
the lifespan of people living with HIV, programmes can strive
to enhance the quality of life as individuals age by tailoring
services unique to this age group [14].

2.2 An ageing treatment cohort with specific
health needs

Although older adults living with HIV may not need inten-
sive, specific, support for HIV treatment compared with the
specific counselling needs of younger people, they may have
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social and mental health needs that warrant consideration in
DSD models. Three specific health challenges should be con-
sidered for older adults living with HIV:

1. High prevalence of co-morbidities and associated treat-
ments

Older adults bear a significant burden of non-communicable
diseases, and some studies document a greater prevalence of
co-morbidities in people living with HIV compared to those
without HIV, including in African cohorts [15–17]. Many indi-
viduals with HIV have multiple co-morbidities with some of
the most common being diabetes, hypertension, obesity and
renal insufficiency [18]. Additionally, older adults living with
HIV are at increased risk of severe outcomes from both the
long-term complications of HIV treatment itself and other
infectious diseases, including COVID-19 and tuberculosis; the
morbidity risk for these conditions may be additive. Being on
multiple drugs related to co-morbidities can create additional
challenges for individuals living with HIV, including drug–drug
interactions, adherence requirements for multiple medications
and differing management requirements for chronic diseases
[19]. Drug dispensation schedules for medicines other than
antiretroviral therapy (ART) may differ significantly and the
differences in frequency of required clinical and laboratory
monitoring needed for other conditions can make manage-
ment of these conditions more complicated, requiring multiple
visits to healthcare facilities. There is a robust discussion in
the international HIV treatment community about how best to
build capacity within the healthcare system to provide holistic
care for chronic diseases and provide integrated services for
those with multiple co-morbidities, including HIV. As countries
determine their best response, policymakers and healthcare
providers may be able to leverage various PEPFAR-supported
platforms—such as remote training modules for healthcare
workers providing DSD, electronic medical records and drug
dispensation tools—to achieve integrated service delivery to
older adults.

2. High prevalence of geriatric syndromes

Older individuals have an age-associated decline of phys-
iological reserve and function and intrinsic capacity, which
include sensory (vision and hearing), nutrition, mobility,
depressive symptoms and cognitive decline, resulting in
increasing vulnerability to a variety of stressors, including co-
morbidities. This has been called frailty in the medical liter-
ature and an increasing body of work identifies frailty as an
independent risk factor for mortality and morbidity in both
high resource and resource-limited contexts [20–22]. Frailty is
prevalent in the few studies that have evaluated it in Africa
being more common in women, with a similar prevalence in
people living with HIV and in those without but may appear
earlier in individuals with HIV [23–26].

Cognitive impairment is common among people living with
HIV affecting up to 50% of individuals, including those who
are on effective ART [27–30]. In older adults, cognitive
impairment may complicate treatment especially when there
are multiple co-morbidities [31]. Older adults commonly expe-
rience mental health challenges, both related and unrelated to
their HIV status, including depression, isolation and loneliness
[32]. Depression is a common neuropsychiatric comorbidity

and is associated with “unhealthy ageing” characterized by
accelerated neurocognitive decline [33]. The changes to daily
life related to COVID-19 restrictions are also likely to have
further exacerbated many of these factors. Loss of spouse,
income and other life-changing events may further impact the
mental health and wellbeing of these individuals.

Screening for frailty and other geriatric syndromes is rec-
ommended by many authorities but there is no consensus on
the timing of screening and screening tools. Tools must be
validated for the particular setting in which they are used
[21, 22] and there are few studies evaluating evidence-based
interventions to address these geriatric syndromes to scale in
order to improve outcomes in this vulnerable group. DSD for
older adults could be designed to account for culture-specific
interventions and ageing-related geriatric syndromes most rel-
evant to their populations.

2.3 Where to from here

The provision of HIV treatment globally has been hailed as
an unprecedented public health victory and the first chronic
disease model scaled up in resource-limited settings. Corner-
stones of HIV treatment programmes have been simple thera-
pies, task-shifting and decentralization. Service delivery adap-
tations to the “building blocks” of services delivery—the fre-
quency of services, the location of services and the package of
services provided should be designed to address the specific
challenges related to ageing. For example, where DSD for HIV
treatment has reduced clinical consultations for many people
by separating clinical consultations from drug refills, an older
adult with co-morbidities may require different types of eval-
uations and monitoring to address their health needs.

1. Apply the key enablers from DSD for HIV treatment to
expand integration

As outlined by Bygrave et al., DSD for HIV has been
enabled by “simplified algorithms, optimized formulations,
secure drug supply and strengthened monitoring and evalua-
tion systems” [34]. In addition, the removal of user fees has
supported improved uptake and access to HIV treatment and
linkage to HIV care already has promoted linkage to over-
all healthcare use and access [35]. Management of comorbid
conditions and linkage to community-based services for social
support will likely be an important component of care pro-
vision. Even if all aspects of the health of an older individ-
ual cannot be addressed with the public health approach, cer-
tain conditions that are highly prevalent and amenable to an
algorithmic approach to management and could be executed
by providers with fewer years of formal medical training can
result in substantial gains in further decreasing morbidity and
mortality. Such conditions may include well-controlled hyper-
tension [36] and diabetes. Mechanisms used to procure drugs
for HIV can be extended to diagnostics and treatments for
these conditions as well.

2. Adapt or develop screening tools and treatment algo-
rithms for common co-morbidities validated in settings
with high HIV burdens

Screening for cognitive disorders and mental health issues
may be important in this population, and screening tools
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appropriate for the cultural and age context may need to be
developed or adapted. These tools will need rigorous valida-
tion in the population in which they are deployed. The “trans
diagnostic approach” in which it is recognized that mental
health disorders often co-occur and may have a shared under-
lying pathology has been helpful for the diagnosis and treat-
ment of mental illness in resource-limited settings and would
need to be adapted to include identification and treatment of
age-related cognitive disorders [37, 38].

3. Follow country-based innovations where HIV services are
evolving and adapting to changing needs

There are emerging nascent examples from countries to
provide more person-centred care, primarily to improve the
integration of common non-communicable diseases. In South
Africa, the Central Chronic Medicines Dispensing and Dis-
tribution (CCMDD) programme pre-packs medications for
chronic diseases, including HIV, hypertension and diabetes,
for distribution through health facilities and community pick-
up points. More than two million clients are provided with
medications pre-packed by CCMDD, including 12% who are
receiving ART plus other non-communicable disease med-
ications [39]. During COVID-19, emphasis was placed on
expanding the proportion of people collecting refills from
community pick-up points [10]. The investments made in
healthcare worker training, capacity building, creating and
modifying algorithms for care could all be applied to the wider
health sector and bring a chronic disease care model to many
countries that do not currently have one.

In Ethiopia, there is strong interest in the ministry of health
to leverage the systems and the DSD capabilities developed in
the PEPFAR platform to support the management of chronic
co-morbidities among people on ART. The country was early
to adopt 6-monthly ART refills in 2017 [40], subsequently
offering additional DSD for HIV treatment models and accel-
erating access to extended ART refills to specific populations,
including pregnant and breastfeeding women and newly ini-
tiated people of treatment in response to COVID-19 [10].
To support the management of chronic diseases, it is antici-
pated that the experience gained from these successes in HIV
treatment, including establishing national guidelines, technical
working groups, scaled training and mentorship models, task
shifting among health workers, data monitoring and use, and
continuous quality improvement practices for HIV treatment,
will provide a solid foundation for next steps with chronic dis-
ease management for older adults with HIV.

4. Increase research, including implementation science and
qualitative research, that focuses on service delivery for
older adults living with HIV

As countries and implementers innovate and adapt HIV
services to the challenges of older adults, implementation
research will be critical to understanding what works. Out-
come measures, such as viral suppression and treatment con-
tinuity, are already established, but there may be other out-
comes that are important to measure, including outcomes of
co-morbidities. Quality of life, “loss of frailty” and commu-
nity connectedness may be useful to measure. As individu-
als live longer, it will be important to compare mortality and
co-morbidities to the non-HIV populations. These efforts have

the potential to improve the health and wellbeing of the gen-
eral population.

Most older adults in treatment programmes are “success-
ful” patients: they have been on effective therapy, often for
decades, and have experienced changes in ART regimen and
delivery systems. These individuals have successfully navi-
gated HIV treatment and may be a valuable resource for pro-
grammes. These older individuals may be more treatment lit-
erate with respect to HIV than their younger counterparts,
but their treatment literacy needs are poorly understood.
Treatment literacy is associated with positive outcomes for
HIV and several chronic conditions, including heart failure and
diabetes [41–43], such as the need for age-appropriate vac-
cines and falls prevention. The experience of older adults in
PEPFAR programmes is poorly documented, and qualitative
research in this area can inform how to provide the best
information and care. More data are needed on the experi-
ence of older adults in treatment in PEPFAR settings and an
effort should be made to harness the experiences of these
individuals to improve care for all.

3 CONCLUS IONS

It is time for HIV programming to include specific DSD for
HIV treatment models to address the needs of an ageing HIV
cohort. With global decreases in new infections and contin-
ual increases in the number of people living with HIV on
treatment, an ageing HIV cohort is an indicator of the huge
progress and success of the HIV response. Building on expe-
riences of adapting services, HIV services for specific popula-
tions, such as adolescents and key populations, acknowledging
the realities of an ageing cohort and learning how to best pro-
vide person-centred HIV care that will improve the quality of
life of an older person living with HIV will be important.

The HIV needs of older adults are not limited to those liv-
ing with HIV who are established on treatment. Older adults
also require access to HIV prevention with their sexual health
needs addressed beyond their reproductive years. Further, as
the number of people living with HIV who do not know their
status continually declines, HIV testing will be important for
those previously not diagnosed and in this older cohort.

The initiative to care for the whole older adult will need
commitment from global funders and in close partnership with
ministries of health to achieve the best outcomes. As pro-
grammes are being implemented, care needs to be taken to
develop outcome measures of success, document outcomes
and successful models in the field so that they can be rapidly
disseminated around the world to keep up with the pace of
the ageing HIV population. Importantly, this would also align
with the agreed-upon UN sustainable development goal (SDG
3) of “ensuring health lives and promote well-being for all at
all ages” [44].
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“We can hardly even do it nowadays. So, what’s going to happen in
5 years from now, 10 years from now?” The health and community
care and support needs and preferences of older people living
with HIV in Ontario, Canada: a qualitative study
Kate Murzin1,§ ,# , Elizabeth Racz1,#, D. M. Behrens1, Tracey Conway1, George Da Silva1, Eimear Fitzpatrick2,
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Abstract
Introduction: The population of people living with HIV (PLWH) is ageing consequent to effective treatment and a steady
stream of new diagnoses among older adults. PLWH experience a greater burden of age-related comorbidities and poorer
social determinants of health compared to their HIV-negative peers, yet comprehensive requisites for care and support as
PLWH age remain poorly understood. Preferences And Needs for Ageing Care among HIV-positive Elderly people in Ontario,
Canada (PANACHE ON), explored the health and community care and social support needs and preferences of a diverse
group of older PLWH (age 60+) and described life course experiences among older PLWH that shape these needs and pref-
erences and whether they are met.
Methods: PANACHE ON was a qualitative community-based participatory research study. In-person focus groups using a
semi-structured interview guide were co-facilitated by pairs of trained older PLWH from July to October 2019. Purposive
sampling bolstered the inclusion of communities disproportionately affected by HIV in Ontario. Descriptive analysis was used
to summarize demographic data; participatory data analysis was conducted by a subset of the research team, with transcripts
double-coded and analysed using NVIVO 12 Plus.
Results: A total of 73 PLWH participated, 66% identified as men. The mean age was 64 years (range 55–77) and median
time living with HIV was 23 years (range 2–37). The current and anticipated needs of older PLWH, many of which were only
partially met, included necessities such as food and housing, mobility and sensory aids, in-home support, social and emotional
support, transportation and information. Three experiences—trauma, stigma and uncertainty—intersected in the lives of many
of our participants, shaping their needs for care and support, and impacting the ease with which these needs were met.
Conclusions: Unmet health and social needs and limited control over the availability and accessibility of ageing-related care
and support due to resource constraints or reduced capacity for self-advocacy results in anxiety about the future among older
PLWH, despite their well-developed coping strategies and experience navigating systems of care. These study findings will
inform the development of the first national needs assessment of older PLWH in Canada.
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1 INTRODUCT ION

The number of people living with HIV aged 50 or older
(PLWH50+) worldwide was projected to reach 7.5 million in
2020 [1], and in sub-Saharan Africa alone, will surpass 9 mil-
lion by 2040 [2]. By 2030, it is estimated that one in four
PLWH in high-income settings will be at least 60 years old
(PLWH60+) [3]. In 2015, the median age of PLWH in Ontario
was 48 and an estimated 4300 PLWH were 55 years old or

older [4]. Given the excess burden of age-related comorbidi-
ties on PLWH [5], relevant ageing-related care and supports
are long overdue.

The 2006 ROAH study, the first to assess the com-
prehensive needs of ageing PLWH [6], found that multi-
morbidity was the norm, depression and stigma common, and
PLWH50+ had more unmet practical and emotional support
needs than HIV-negative older adults. Since then, research in
several jurisdictions has increased understanding of the lived
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experiences of older PLWH and their impact on ageing-related
needs for care and support [7–13].

A comprehensive needs assessment of older PLWH to
inform policy and practice change has never been conducted
in Canada. Four qualitative studies have provided most of
the information available on the multi-dimensional wellbe-
ing of PLWH50+ in Ontario. Of these, only one garnered
detailed narratives on service use and unmet needs, engag-
ing 11 PLWH50+ in one city in 2009 [14]. Data from these
participants were also used to explore their housing and men-
tal health experiences [15, 16]. A second examined factors
contributing to disability and uncertainty among PLWH50+
in Southern Ontario [17, 18]. The remaining two explored
successful ageing among PLWH50+ residing in two urban
settings producing a significant body of literature detailing
resilience strategies, environmental barriers to ageing well
and trajectories of episodic disability over time [19–31].
Cultural considerations [32] and specific psychosocial issues
affecting older PLWH in Ontario (i.e. cognitive health [33, 34],
peer support [35], stigma [36, 37] and housing and food secu-
rity [38]) have been investigated in isolation.

A literature review reveals gaps in our understanding of
the comprehensive care and support needs of older PLWH
in Ontario. Prior studies engaged PLWH50+ so findings were
shaped by the responses of predominantly middle-aged par-
ticipants, most of whom resided in urban settings in South-
ern Ontario. Involvement by women and racialized people has
been underreported or lacking; data from the single study
focused on service use are outdated; and an explicit focus
on “ageing successfully” may have the limited analysis of the
impact of poor social determinants of health among older
PLWH lacking personal resilience strategies.

To address these gaps and inform development of the
first national-level comprehensive needs assessment survey of
older PLWH in Canada, we conducted a qualitative pilot study.
The purpose was to describe the health and community care
and social support needs and preferences of a diverse group
of PLWH60+ from across Ontario. Additionally, we aimed to
describe the life course experiences which shape their needs
and the extent to which they are being met.

2 METHODS

Preferences And Needs for Ageing Care among HIV-positive
Elderly people in Ontario, Canada (PANACHE ON) was
a community-based participatory research (CBPR) study.
Approximately half of our 32-member research team identi-
fied as older PLWH (n = 18), many with academic research
training, extensive CBPR experience and/or front-line roles in
community-based HIV organizations (CBHO). The team was
rounded out by clinician–researchers (n = 2), CBHO staff
(n = 8) and academic researchers (n = 4). Our work was
guided by CBPR principles like equitable partnerships, com-
munity and researcher capacity-building, mutual respect for all
forms of knowledge and a commitment to translating research
into action [39]. Most study activities, including data collec-
tion and primary analysis, occurred between May 2019 and
August 2021.

PLWH60+ were recruited through CBHOs using posters
and social media channels. Nine focus groups were planned;
five were open to all PLWH60+, and four were desig-
nated for “priority populations”—communities disproportion-
ately affected by HIV in Ontario [40] including those who self-
identified as: gay, bisexual and other men who have sex with
men (gbMSM); women; racialized persons; and people with
drug use experience. Focus groups enable participants to build
on or challenge ideas raised by others and provide the added
value of peer support, a need well-documented among PLWH
and older adults [41–43].

A semi-structured interview guide was developed collabora-
tively with PANACHE’s Research Tool Development working
group; content was based on relevant themes emerging from
HIV and ageing literature and a prior concept mapping exer-
cise engaging the full PANACHE team [44]. Seven intersect-
ing themes were explored: social supports and stigma; sexual
health; physical health; mental health; housing; food security;
and finances. Existing partnerships with CBHOs were lever-
aged to support recruitment and establish comfortable meet-
ing spaces. Eight peer research associates (PRAs) were hired
and trained in focus group facilitation and co-facilitated in
pairs.

Nine focus groups (5–13 participants) were conducted
between July and October 2019. Self-reported demographic
data, including birth year, estimated years living with HIV, gen-
der identity, sexual orientation, racial background, household
composition, income source and housing type, were collected
using an anonymous survey prior to each focus group.

Focus group data analysis was conducted by a sub-
committee of the PANACHE research team, including PLWH,
and guided by DEPICT [45], a six-step model that facili-
tates participation in qualitative data analysis by stakeholders
with differing levels of research literacy and experience. The
model prioritizes collaboration and transparency. Two mem-
bers engaged in “dynamic reading” of the transcripts, an induc-
tive process for identifying ideas emerging from the focus
group discussions; ideas were organized under the seven
themes outlined in the interview guide and defined and/or
exemplified using transcript data. Through “engaged codebook
development,” 74 ideas were consolidated into 25 codes by
the analysis team. In the “participatory coding” phase, each
transcript was coded independently by two team members.
New codes were added as ideas emerged that did not fit
elsewhere. Coded data were consolidated in NVIVO 12 Plus.
“Inclusive review and summarizing of categories” as well as
“collaborative analyzing” were done through 13 virtual anal-
ysis team meetings, as necessitated by COVID-19-related
restrictions.

This study received ethics approval from the University of
Toronto HIV REB Protocol #: 00037889. Participants pro-
vided written informed consent. PRAs facilitated confidential-
ity discussions at the start of each session.

3 RESULTS

The PANACHE ON focus groups included 73 participants
whose demographics are displayed in Table 1. The mean
age of participants was 64 years and the mean time since
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Table 1. Summary data PANACHE ON participants, N = 73

Characteristic n (%)

Age, year

Mean 64

Range 55–77

Gender identitya

Man 49 (66%)

Woman 21 (28%)

Transwoman 1 (1%)

Two spirit 2 (3%)

Not specified 1 (1%)

Sexual orientation

Gay 34 (47%)

Straight (heterosexual) 25 (34%)

Bisexual 8 (11%)

Asexual 3 (4%)

Not specified 3 (4%)

Racial background

White 39 (53%)

Black 14 (19%)

Indigenous 6 (8%)

East Asian 3 (4%)

Latin-American 3 (4%)

Southeast Asian 2 (3%)

Mixed race 2 (3%)

South Asian 1 (1%)

Not specified 3 (4%)

Length of time living with HIV, years

<10 11 (15%)

10–19 16 (22%)

20–29 27 (37%)

30+ 18 (25%)

Unknown 1 (1%)

Housing

Rent 51 (70%)

Own 12 (16%)

Housing facility 3 (4%)

Room (in house) 2 (3%)

Not specified 5 (7%)

Household compositiona

Live alone 45 (59%)

Live with a spouse or

partner

14 (18%)

Live with a child/children 8 (11%)

Live with extended family 3 (4%)

Live with unrelated

people

5 (7%)

Not specified 1 (1%)

Employment

Employed full time 2 (3%)

Employed part time 9 (12%)

(Continued)

Table 1. (Continued)

Characteristic n (%)

Income source

Employment only 2 (3%)

One benefit sourceb 32 (44%)

Part time employment + at least one benefit 9 (12%)

Multiple benefit sources 29 (40%)

Not specified 1 (1%)

aValues do not equal the total number of study participants (n = 73)
as some participants selected more than one response.
bBenefit sources reported included: Ontario Works (OW); Ontario
Disability Support Program (ODSP); Old Age Security (OAS); Guaran-
teed Income Supplement (GIS); Canada Pension Plan (CPP); Canada
Pension Plan—Disability (CPP-D); Private Pension; and Private Dis-
ability Pension.

HIV diagnosis was 22 years. Two-thirds of participants self-
identified as men and one-third as women including one trans
woman. Half identified their race as White. Most rented their
dwelling or lived in supportive housing; and living alone was
the norm (n = 45, 59%). Most relied on one or more public
or private benefit programmes for income.

3.1 Current needs of older PLWH in Ontario

Our focus group participants described varying needs ranging
from basic survival to community inclusion. Affordable, safe,
secure housing and healthy, plentiful food were the most cited
needs, often arising because they were partially unmet.

Physical and mental health needs included medication, med-
ical supplies, mobility aids, dental work, eyeglasses, hearing
aids, psychological therapy and crisis response services. A few
described needing another person physically present in their
living space, or close by, in case of illness or injury, specifi-
cally falls. The need for more information on ageing (e.g. care
options, financial planning and service navigation) was explic-
itly raised and a lack of clear understanding of government
benefits was observed.

Several social and emotional needs were mentioned, includ-
ing companionship, emotional, spiritual and peer support, and
inclusion in the HIV community. Several participants linked
their need for community engagement with the practical need
to be mobile (e.g. to see friends and to get to their local
CBHO), which was becoming more difficult with age.

3.2 Needs: met and unmet

Participants reported using health services, including phar-
macy, primary care, specialist care, dentistry/denturism, vac-
cination, laboratory, occupational therapy, vision and hear-
ing services, and cognitive assessment and support. Many
described seeking or accessing mental healthcare, including
crisis intervention, psychiatry and counselling. Massage was
the most mentioned complementary therapy need.

Not all participants’ health needs were being met by all
these services and barriers to fulsome service access included
social determinants of health (e.g. inability to afford uninsured
services, including complementary therapy, vision and hearing
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services, dental work and certain vaccinations), provider
issues (e.g. concerns about confidentiality, lack of knowledge
about HIV and ageing) and structural challenges (e.g. siloed
care, subjective assessments of eligibility for services and
lack of just-in-time services). Several people underlined the
need for coordinated models of care and patient–provider
relationships where they felt heard. One long-term survivor
felt abandoned by his local CBHO due to an unmet need for
crisis care:

“when I’ve called, “oh well we can’t today, maybe we
can bring someone out to you tomorrow”, or. . . “why
should we provide you that service?” So, I lay there no
food in the house, medically sick, and unless I call the
ambulance, which I don’t have the money to pay, I’ve
got two bills right now. . . I’m locked down.” (Group 1,
Participant 7)

Workarounds were often used to partially address unmet
health needs, for example accessing free rehabilitation
and complementary health services through local CBHOs,
although these services were available on a time-limited
basis or too infrequently. One modest income pensioner
used a monthly plan to pay a substantial hearing aids co-pay.
Compensatory strategies, such as recording passwords and
employing physical or electronic reminders for appointments
and medication, were used by several to manage lapses in
memory.

Subsidized housing was relied upon by a large proportion,
and although these services alleviated the pressure of pay-
ing market rent and prevented homelessness, they were the
source of significant challenges. One woman described wait-
ing 16 years for a subsidized unit and then being told it
might take another 3–5 years for seniors’ housing placement.
Several described community housing living environments as
extremely stressful due to the consistent presence of law
enforcement and emergency services, crime, infestations, dis-
repair and bully managers.

Food banks and community meals, often provided by
CBHOs, were used by many to address basic nourishment
needs. Even so, participants lamented the lack of food choices
and the need to ration the limited quantity of food pro-
vided. CBHOs were also a significant source of needed social
and peer support among most participants. Even so, ageism
within the HIV community and gaps in relevant HIV services
(e.g. person-to-person appointment reminders and groups for
PLWH60+) were raised.

Participants’ unmet needs differed with their community
size. Those residing in a major urban centre referred to “city
stress” and feeling more vulnerable to victimization with age.
gbMSM in one small city grieved the loss of local gay bars
limiting spaces for socializing. Many living outside cities loved
their surroundings but access to community services was
limited by transportation issues and capacity within small
CBHOs.

3.3 Anticipated future care and support needs
and preferences

There was a strong preference for ageing in the community,
but many questioned the suitability of their current housing

in the future. Several participants spoke of the potential need
to move with age—whether to liquidate assets for retirement,
downsize in response to increasing financial pressures or find
housing to accommodate declining functional status (e.g. to be
closer to transit services if they can no longer drive; to elimi-
nate property maintenance)—but questioned available housing
options.

Many older PLWH were uncertain as to their ability to
live alone due to expected changes in mobility or capacity
to perform instrumental activities of daily living (iADLs) (e.g.
home maintenance and cooking), especially those living rurally.
One respondent pre-emptively moved into a building with
iADL supports in anticipation of future needs. A few men-
tioned family supports may enable ageing in place more eas-
ily, while others lacked informal caregiver support. Concerns
were raised around the need to hide their sexual orientation
or HIV status if relocating to a seniors’ complex, subsidized
housing building or long-term care centre for fear of stigma
from other residents and/or staff. Participants questioned the
safety of residential care for seniors, regardless of HIV status,
due to neglect, understaffing, victimization and lack of regula-
tory oversight.

Several also worried about increasing isolation and loneli-
ness with age or feared dying alone. Impaired vision and hear-
ing, mobility challenges and declining function were potential
contributing factors. At least one participant reported missing
local CBHO social events due to episodic illness, and another
worried worsening mobility would increase their reliance on
visits from others.

3.4 Lived experiences shape ageing care and
support needs and preferences

Three intersecting themes emerged in our analysis—trauma,
stigma and uncertainty—and their cumulative burden affected
participants’ present-day and future care and support needs,
and the likelihood these are, or will be, met. Traumatic expe-
riences across the life course often resulted in the loss of
financial security and social and caregiving support. Expe-
riences of HIV stigma and ageism increased isolation and
reliance on formal services, and amplified concerns about
discrimination in care settings. Current and common anxi-
ety about meeting basic needs led to concerns about future
resources.

3.4.1 Past trauma and loss have compromised the
safety net

Our participants described life-long traumatic experiences,
often related to HIV, including diagnosis with poor progno-
sis, abandonment by loved ones after disclosure and signif-
icant losses (i.e. people, aspirations, sense of security and
capital) due to illness; these experiences had both an imme-
diate and enduring impact. Loss of intimate relationships
decreased social capital, and for some, prohibited the devel-
opment of new connections. Many worried about inadequate
social support for ageing at home in the absence of prac-
tical support from their family of origin. One gay man liv-
ing long-term with HIV described the challenge of seeking
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support from those with whom you lack an established
history:

“I have been HIV for a very extended period of time,
and have lost a lot of my connections, people have died.
Period, that is our reality. As an individual, you don’t
have that sort of formative relationship with new peo-
ple. So the dynamics in terms of looking for support
from them is a bit different, it almost is nonexistent.”
(Group 1, Participant 4)

Hopelessness, bad advice and/or episodic illness led to
material losses (e.g. earning potential and assets) for some,
compromising their financial security. Many described living
in poverty having given up opportunities to earn and save,
dispensing with assets and being forced into an inescapable
reliance on disability benefit programmes. Uncertainty about
meeting basic needs for food and shelter was a daily reality
for many. A gay man who was “new to HIV” described the
swift and significant financial impact of starting disability ben-
efits:

“But I had RRSPs and everything, I saved all that, but. . .
and I had a legal practice. But I got really sick when it
happened. It wiped everything out.” (Group 7, Partici-
pant 4)

Past HIV-related trauma impacted mental health and per-
manently compromised the social and financial safety nets of
participants in our study shaping their emotional and practical
care and support needs in older adulthood. Community-based
services, especially CBHOs, helped meet social, informational
and emotional needs, especially for those with limited informal
support. Community support programmes for seniors helped
with loneliness even for those with supportive partners:

“There’s a woman that works. . . a very young lady, a 22-
year-old, she’s wonderful. And she now calls me every
day . . . Monday to Friday, at 4:30 and chats with me. Do
you know what a ray of sunshine that has made in my
life.” (Group 3, Participant 7, Gay Man)

Programmes designed to address basic needs directly (e.g.
subsidized housing and food banks) were insufficient, forcing
the individual to make ends meet. Personal strategies to par-
tially meet survival needs with limited resources included: liv-
ing rurally, rationing food, using public utilities (e.g. internet in
libraries) and paying with credit cards and high-interest loans;
but these trade-offs added to participants’ burden.

3.4.2 Experiences of stigma shape assumptions
about ageing care and support

Discriminatory treatment from others was a common experi-
ence. HIV stigma was enacted in one-on-one relationships and
communities.

Participants also described the impact of embodying mul-
tiple intersecting stigmatized identities based on race, class,
HIV, age, sexual orientation and drug use, such that they
were unable to determine which biases were responsible for

impeding access to resources or support. A racialized gay man
described multiple layers of stigma in his cultural community,
saying:

“I’m from Jamaica myself, and trust me, okay, it’s homo-
phobic, it’s HIV-phobic, it’s every phobia you can con-
ceive. . . ” (Group 8, Participant 3, Racialized Gay Man)

Few participants described experiencing or observing HIV
stigma when accessing health services; however, several
shared the belief that doctors were dismissive towards people
ageing with HIV, with one woman saying:

“You know, 60-some years old and you’ve got HIV, so
we’re not going to bother looking into that. . . but it
seems to be happening at a younger age than [sic] peo-
ple that are positive because they’re going well you’re
on bonus time anyway and. . . ” (Group 5, Participant 1)

Several participants, especially gbMSM, adamantly refused
to internalize HIV stigma and ended relationships to protect
against it. In contrast, internalized stigma was evident in the
narratives of others who described feeling ashamed about liv-
ing or dying with HIV/AIDS or were hard on themselves for
not disclosing to loved ones. One woman living with HIV long-
term described how learning that Undetectable = Untransmit-
table changed her whole view of herself:

“I phoned my partner right away and I said “I’m clean.”
And he goes “what are you talking about?” I said “I can’t
give it to you. I’m clean now.” And for 20-some years I
felt dirty because that’s how the public perceived me,
that because I had AIDS at that one time, that I was
dirty.” (Group 3, Participant 2, Woman)

Ageist assumptions and behaviours transcended multiple
interactions and environments from dating to healthcare
and community services to society. Participants described
instances where they were tokenized, rejected and ignored
by individuals and institutions. One individual observed that
ageism in the HIV community is not addressed with the same
urgency as other forms of stigma:

“. . . and it’s really strikingly so around the issue of age
too, in this age. . . in this era of identity politics, and age-
ing issues just are not there, they’re not ever there and
you usually get a blank look when you bring them up
at the conferences and so on.” (Group 4, Participant 5,
Diagnosed < 10 years)

Internalized ageism and ableism were also observed. One
participant depicted ageing as the process of “transitioning
from a productive life. . . to one where. . . you become some-
one who requires care.” Another did not discuss ageing or
their chronic illness with family to avoid being a “hindrance.”
Increasing difficulty with activities of daily living was “embar-
rassing.”

Both internalized stigma and past and present experi-
ences of discrimination increased anticipated stigma. We
observed widespread fear of neglect and mistreatment in
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ageing care that may impact willingness to engage regardless
of need.

3.4.3 Uncertainty makes planning for care
and support more difficult

Some participants described experiencing uncertainty in their
daily lives. Constant worry about paying for food and
medicine tested their coping ability. One individual reflected
on the need to adapt to the onslaught of new age-related ill-
nesses:

“. . . it just keeps evolving and it takes time to accept
each one of these conditions. And we seem to hold in
that pattern of waiting to be able to accept it and then
something else happens.” (Group 1, Participant 7, Gay
man living long-term with HIV)

Overall, participants did not see their circumstances
improving with time. Ageing was seen as an anxiety-provoking
process of becoming more vulnerable and having insufficient
resources to compensate for decreasing personal capacity.
Participants used the words dread, worry, concern and panic
to describe anticipated ageing-related changes in financial
security, health, safety, autonomy, independence, care and
social support.

Uncertainty about the availability and accessibility of appro-
priate formal ageing care and supports was common. In the
women’s focus group (Group 6), the eligibility criteria for
assistive devices subsidies were not perceived as transpar-
ent or equitable. Some participants were unaware of existing
subsidized or low-cost formal home and community care ser-
vices that support ageing in place. Many worried their cur-
rent income or future pension would be insufficient to meet
basic needs or permit access to reputable residential ageing
care. Inability to exercise control over how their current or
future needs were met contributed to uncertainty and anxi-
ety. One woman described giving up meaningful occupations
while staying with family after a series of falls:

“I don’t want to give up my independence. Like since
moving in with my brother I’ve given up my artwork,
it’s sitting at home not being done, I’ve given up my
writing, I don’t have a computer to work on, you know,
I’m sitting there. . . I’m isolated with him for my safety,
but I’m not able to do any of the things that make my
life worthwhile.” (Group 2, Participant 4, Heterosexual
Woman)

4 D ISCUSS ION

This qualitative study aimed to identify the care and social
support needs and preferences of a diverse group of
PLWH60+ in Ontario, Canada; and to describe lived expe-
riences shaping these needs and affecting whether they are
met. Our findings add to the existing body of literature since
we purposively engaged PLWH60+, rather than PLWHIV50+;
as well as those residing outside urban centres and those
identifying as women and/or racialized persons.

We found that the basic needs of older PLWH, including
safe, affordable housing and high-quality sufficient food, are
only partially met by the existing social service infrastructure;
previous studies have reported similar findings [9–11, 14, 38].
Government subsidies for vision and hearing aids are inad-
equate resulting in older PLWH having to pay out-of-pocket
or go without. Older PLWH also rely on improvised self-
management strategies to deal with memory changes since
services in this domain are largely non-existent, especially
outside urban centres [33]. Social and practical needs are
met informally by family and friends in some cases, and pre-
dominantly by CBHOs among those with no or small social
networks, but there is a lack of tailored programming for
older PLWH [17, 28, 29]. The needs of older PLWH docu-
mented over the last decade continue to go unmet and are
now much more pressing due to the growing proportion of
PLWH60+.

The needs and preferences of our older PLWH are shaped
by past and present experiences of trauma, stigma and uncer-
tainty, a life course triad also described by other researchers
[14, 15, 17, 19, 20, 31]. As the majority were diagnosed with
HIV in their prime working and relationship-building years
and currently rely primarily on government income supports,
the adequacy of financial and social capital to live in comfort
and dignity is a significant source of uncertainty [17, 18, 31].
Despite a strong preference for ageing in place, there is much
unknown about how this will be operationalized.

The care and support needs raised in this study reflect
those identified by community-dwelling older people with
other chronic conditions or multimorbidity [46, 47]. Both
experience uncertainty about the future, sensory impairment,
difficulties with iADLs, social isolation and loneliness, and chal-
lenges navigating uncoordinated services; in response, they
employ self-management and coping strategies, turn to infor-
mal caregivers and peers for support, and seek technological
aids for mobility, vision and personal safety [46].

Older PLWH require care and support that accounts for a
different life course trajectory than the ageing general popula-
tion consequent to the impact of trauma, intersecting forms of
stigma and uncertainty on their mental health [15, 36, 48–50].
The practical realities resulting from this triad of lived expe-
riences, including their potential to shape the needs of older
PLWH and affect whether these needs are fully met, have
received less attention. A significant source of uncertainty is
how needs will be met if participants become unable to live
independently, as previously documented [18]. Many reject
long-term care or seniors’ housing for fear of HIV stigma
and/or homophobia [9, 51, 52]. Although we did not hear
many examples, the literature documents experiences of dis-
crimination in healthcare and other institutional settings as
common among older PLWH [14, 53]. Furthermore, Koehn
et al. describe that, without careful planning, communal liv-
ing environments can trigger stress among PLWH with trauma
histories [54]. Based on their past experiences, residential
seniors’ care is not viewed as being safe by older PLWH.

The alternative is to access support to age in place, at
home, but this option is also fraught with barriers. As in pre-
vious studies involving PLWH and sexual minority older adults
[18, 55, 56], some participants worried about having inade-
quate social capital to address practical support needs. Ploeg
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and colleagues found that HIV-negative older people with
multimorbidity were “heavily dependent on their family care-
givers for many kinds of support, without which, they would
be unable to continue living in the community” even though
the majority of those interviewed had an income greater than
$40,000/year [47]. Older PLWH in our study with multimor-
bidity lacked both practical support from social networks and
the financial means to pay for non-insured formal care.

Our findings are consistent with needs assessments con-
ducted with older PLWH in other jurisdictions. Income, hous-
ing and food insecurity were common in older PLWH in
other high-income countries [9–12, 53, 57, 58]. Financial
issues among older PLWH in low- and middle-income coun-
tries affected access to HIV care in Uganda and quality of
life in Brazil [59, 60]. Many ROAH 2.0 respondents indicated
some difficulty with activities such as housework, getting to
places outside walking distance and shopping [9–11]. Many
of the current and anticipated support needs we identified,
including access to appropriate mental health services, prac-
tical support within the home and opportunities to socialize,
were also highlighted [9, 11, 14, 15, 17, 29]. The need for
publicly funded sensory and dental care services for pension-
ers in Canada was discussed frequently among participants;
these services were also identified as important components
of a comprehensive care programme for older PLWH in the
United States [8].

Our research demonstrates that older PLWH draw on
their internal resources—knowledge, skills, strategies and self-
efficacy—developed over years of living with a chronic illness,
to plan for and manage ageing-related changes. As in previous
studies, our participants described an array of practical and
emotional coping strategies [15, 19–22, 24, 28, 29]. Despite
their tenacity, upstream approaches are needed to ensure that
all older PLWH have their needs met and can age with the
same respect, honour and minimum of stress as their non-
HIV-positive peers.

In addition to our primary findings, we noted a few
population-specific differences. First, many of the older
gbMSM living with HIV were outspoken about their HIV
status as a strategy to identify and dismiss people who might
stigmatize them, a strategy previously coined as pruning social
networks [20]. Similarly, Kia et al. found that older gbMSM
living with HIV used purposeful disclosure of their sexual
orientation and HIV status to push back against stigmatizing
service provider behaviour [61]. These findings suggest a
preference for models of care that centre the experience of
living with HIV among older gbMSM. Second, older PLWH
living outside urban centres faced different challenges; they
relied on infrequent transit services to access support pro-
gramming and had greater concerns regarding HIV stigma,
barriers also cited by rural-dwelling older PLWH in the United
States [62]. These and other differences between population
groups of older PLWH warrant more study.

This qualitative project was an important precursor to a
planned national needs assessment of PLWH60+ in Canada.
Inherent limitations in this pilot, such as the use of anonymous
surveys to collect participant demographic information, limited
our ability to contextualize individual participants’ responses,
except in cases where the speaker’s own narrative identified
aspects of their identity.

Despite our targeted recruitment strategy, our findings are
based on the narratives of a small sample and not general-
izable to all PLWH60+ in Ontario, especially those who are
transgender, rural dwelling, not connected to community orga-
nizations or newly diagnosed. Furthermore, as two-thirds of
our participants were HIV long-term survivors, our findings
likely confound care and support needs related to ageing with
HIV with those of long-term survivorship [63]. Ageing with
HIV may be significantly different for people diagnosed in the
era of improved HIV treatment.

Our semi-structured interview guide did not prompt study
participants to frame their needs for care and support in
the context of formal health or social support services. Bar-
riers to service access arose organically in the discussion, bar-
ing the question which explored participants’ ability to pay
for services, support and resources to help meet their self-
identified needs. As physician- and hospital-based services are
paid by Ontario’s provincial health insurance programme, the
focus was more on needs related to the social determinants
of health.

We illustrated the multidimensional needs of older PLWH in
Ontario and described how a combination of life experiences
common to PLWH60+ contributes to discrepancies in access
to care and support services that address these needs in older
adulthood. These findings draw attention to some of the exist-
ing policy and practice gaps and barriers for older PLWH
in Ontario. Income support programmes, both disability- and
ageing-related, and government-funded health insurance, for
example, do not provide adequate benefits coverage to meet
the holistic health needs of low-income older people, includ-
ing many PLWH. CBHOs are an important and safe source of
emotional and peer support for many older PLWH with small
social networks, but lack programming specifically designed
for older PLWH. Our study findings will inform advocacy in
these areas and justify our next step to quantify the preva-
lence of certain experiences and the frequency of unmet ser-
vice needs.

5 CONCLUS IONS

PLWH experience ageing with the addition of three major
burdens: trauma, stigma and uncertainty, which impact their
health and social care and support needs and may not inter-
sect as commonly among their ageing HIV-negative peers.
Despite the resilience demonstrated by PLWH60+ in this
study, systemic and structural barriers continue to contribute
to inequities in the potential to meet ageing-related needs
enabling PLWH to age in comfort and dignity. Changes to
health and social policy are required to address these gaps.
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Abstract
Introduction: With improved HIV treatment availability in sub-Saharan Africa, the population of older people with HIV (PWH)
is growing. In this qualitative study, we intended to understand (1) the lived experiences of ageing people in rural Uganda, with
and without HIV, (2) their fears and health priorities as they grow older.
Methods: We conducted 36 semi-structured interviews with individuals with and without HIV in Mbarara, Uganda from Octo-
ber 2019 to February 2020. Interview guide topics included priorities in older age, physical functioning in daily activities,
social functioning, HIV-related stigma and the impact of multimorbidity on health and independence. Interviews were con-
ducted in Runyankole, transcribed, translated and inductively coded thematically by two researchers with tests for inter-coder
reliability.
Results: The respondents were purposively sampled to be evenly divided by sex and HIV serostatus. The median age of
respondents was 57 (49–73). Two-thirds were married or cohabitating, 94% had biological children and 75% cited farming
as their primary livelihood. Overall, PWH considered themselves as healthy or healthier than people without HIV (PWOH).
PWH rarely considered their HIV status a barrier to a healthy life, but some reported a constant sense of anxiety as it relates
to their long-term health. Irrespective of HIV status, nearly all respondents noted concerns about memory loss, physical pain,
reductions in energy and the effect of these changes on their ability to complete physical tasks like small-scale farming, and
activities of daily living important to the quality of life, such as participating in community groups. Increasing reliance on oth-
ers for social, physical and financial support was also a common theme. The most prevalent health concern among participants
involved the threat of non-communicable diseases and perceptions that physical functioning may diminish.
Conclusions: In rural Uganda, we found that PWH consider themselves to be healthy and do not anticipate a different age-
ing experience from PWOH. Common priorities shared by both groups included the desire for physical and financial inde-
pendence, health maintenance and social support for daily functioning and social needs. Entities supporting geriatric care in
Uganda would benefit from attention to concerns about functional limitations and reported needs as people age with and
without HIV.
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1 INTRODUCT ION

Sub-Saharan Africa (SSA) as a region is experiencing signifi-
cant demographic shifts [1]. Compared to other regions of the
world, SSA has a smaller proportion of older aged persons as
a share of the total population [2]. However, SSA is experienc-
ing greater increases in life expectancies than other regions,

resulting in a substantial projected increase in people over
50 years old. For example, as of 2020, Uganda has approxi-
mately 3.3 million people over the age of 50 with that num-
ber projected to grow to 12.4 million by 2050 (an increase
from 7% to 14% of the population [3]). This growing demo-
graphic necessitates a comprehensive understanding of the
lived experiences and priorities of older people.
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Nonetheless, there is a relative paucity in the literature
about ageing in SSA, despite repeated calls for a better under-
standing of this population group [2, 4–8]. Data collection
and research is a core element of the WHO’s Global Strat-
egy and Action Plan for Ageing and Health [9]. There has been
notable progress in quantitative data collection to describe
ageing in SSA, such as the World Health Organization Study
of Global Ageing and Adult Health (SAGE) [10], Ibadan Study
of Ageing in Nigeria [11] and Health and Ageing in Africa:
A longitudinal study of an INDEPTH community in South
Africa (HAALSI) [12]. Yet, there continues to be a need for
more varied research and national and sub-national studies.
Specifically, qualitative research [13–16] can provide impor-
tant insights into the lived experiences of older people as they
are affected by their intrinsic capacity (cognition, mobility, psy-
chological health, vitality and sensory) and external environ-
ment as defined by the WHO Model of Healthy Ageing [17].

A contributing factor to the health and wellbeing of older-
age people in Uganda, and older-age people in Africa more
broadly, is the increasing availability of treatment for HIV. As
HIV disease is increasingly well-managed through antiretrovi-
ral therapy (ART), people with HIV (PWH) are living longer
[4, 18–20]. As of 2019, close to 18% of the adult population
with HIV in Uganda was over 50 years of age (230,000 out of
1.3 million adults with HIV) [21]. Not only are more Ugandans
living longer, but many of them face the biomedical, social and
emotional consequences of lifelong HIV infection.

In the global north, data on ageing PWH suggest they face
an increased risk of physical comorbidities, such as cardio-
vascular disease [22], liver, kidney and bone disease [23], as
well as premature geriatric syndromes [24, 25] compared to
people without HIV. Moreover, they also must confront the
impact of persistent stigma, discrimination, access to health-
care and changes in social support that may be unique to
their status [26–28]. However, if and how these influences
affect PWH in SSA is less well explored. Preliminary data from
the region seem to suggest that PWH might have improved
access to and engagement with the healthcare system [16, 29,
30] but that persistent stigma remains a major threat [31–36].
In this qualitative study, we intended to understand the lived
experiences of ageing people in rural Uganda living with and
without HIV, to better understand their fears and health pri-
orities as they grow older, and advise on the design of future
research and interventions to address the needs of this popu-
lation.

2 METHODS

The Quality of Life and Ageing with HIV in Rural Uganda
study (NIH R01AG059504) is a mixed methods research
study designed to identify intervention targets to improve
functioning and quality of life for older aged PWH in the
region. This paper describes the qualitative component of the
study to understand determinants of quality of life among
older aged PWH in Uganda. The results of these interviews
informed the design and selection of measures for quantita-
tive data collection for a prospective cohort study which has
since begun enrolment and is ongoing. The study received
approval from both the ethics committee at Mbarara Univer-

sity of Science and Technology, the Uganda Council for Sci-
ence and Technology, as well as Mass General Brigham. Writ-
ten informed consent was obtained for all participants.

Participants were consecutively sampled from an existing
cohort of older individuals (48 years and older) with and with-
out HIV [37] using two methods. First, PWH were eligible
for enrolment if they had been taking ART for a minimum of
3 years and were in active care at the HIV clinic at Mbarara
Regional Referral Hospital. Age and sex-similar people with-
out HIV (PWOH) were identified using a study-based cen-
sus of villages in the clinic catchment area and recruited from
their homes [38]. We used the population study to identify
comparators without HIV to minimize bias by co-morbidity or
health-seeking behaviour that might arise from recruitment.
HIV status was ascertained through annual HIV testing in
the parent study and verbal confirmation of testing results
included in prior study data, reflecting their lived experience.
Of those approached for participation in the study, 100%
agreed to participate.

In-depth interviews were conducted by a trained inter-
viewer using a structured interview guide. Interview guide
topics were identified and selected through a literature review
process in collaboration with Ugandan colleagues. Topics
included (1) definitions of and priorities for quality of life
in older age; (2) physical functioning, including barriers and
facilitators to completing daily activities; (3) social functioning,
including familial responsibilities and position in the house-
hold; (4) HIV-related stigma; and (5) impact of multimorbid-
ity on health and independence (see Table S1). Questions spe-
cific to the experience of living with HIV were only asked
of participants with HIV. The interview guide was reassessed
after it was piloted and reformatted to ensure more open-
ended questioning. Interviews took place between October
2019 and February 2020. Interviews continued until satura-
tion was achieved. A total of 36 interviews were completed.

Interviews were conducted in Runyankole, the dominant
local language, by a man in his 30s, audio-recorded and trans-
lated to English during the transcription process. Inductive
analysis was conducted using a thematic approach. A priori
themes were used in the initial analysis, but additional themes
and subthemes were identified as interviews were compared.
Interviews were coded using Dedoose software [39]. A sam-
ple of interviews was coded by two researchers to ensure
inter-coder reliability. There was generally good agreement
between coders, with any differences resolved through dis-
cussion to reach a consensus. Following the initial coding, a
matrix was developed to reorganize data into headings and
sub-headings for further interpretation (see Table S2). The
data were specifically analysed to examine for differences and
similarities by HIV status.

3 RESULTS

3.1 Sample characteristics

The 36 study participants were equally divided by HIV
serostatus and sex (Table 1). The median age of the cohort
was 57 (range, 49–73). A majority of study participants
reported their highest level of education to be incomplete pri-
mary school (n = 22, 61%). All participants reported being
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Table 1. Cohort characteristics

Total cohort

(N = 36)

People with HIV

(n = 18)

People without HIV

(n = 18)

Age, years, range, mean 57 [49–73] 57 [49–72,62] 57 [49–73,63]

Female sex, %, n 18 (50) 9 (50) 9 (50)

Education

Did not complete primary school, %, n 22 (61) 11 (61) 11 (61)

Completed primary school, %, n 12 (33) 6 (33) 6 (33)

Completed secondary school, %, n 2 (6) 1 (6) 1 (6)

Employed 36 (100) 18 (100) 18 (100)

Farmer, %, n 27 (75) 10 (56) 17 (94)

No regular salary,a %, n 30 (88) 15 (83) 15 (94)

Marital status

Single, %, n 1 (3) 1 (6) 0 (0)

Married/cohabitating, %, n 23 (64) 10 (56) 13 (72)

Divorced/separated, %, n 2 (6) 1 (6) 1 (6)

Widowed, %, n 10 (28) 6 (33) 4 (22)

Family structure

Living alone, %, n 3 (8) 3 (17) 0 (0)

Has biological children,b %, n 34 (94) 17 (94) 17 (94)

Current primary caretaker for non-biological children,c %, n 20 (56) 10 (56) 10 (56)

aTwo HIV-negative participants missing data, n = 34.
bIncludes grown children who have moved out of the house.
cIncludes nieces, nephews, and other relatives.

employed, with farming being the predominant source of
livelihood among the cohort (n = 27, 75%). More PWOH
identified as farmers compared to people with HIV (PWH)
(94% vs. 56%). Additionally, the majority of the cohort
reported not having a regular salary (n = 30, 88%), which was
more common among those participants not living with HIV
compared to PWH (83% vs. 94%).

Approximately two-thirds of the study participants were
married or cohabitating (n = 23, 64%). Only three (8%) of
participants lived alone (17% [n = 3] among PWH vs. none
of PWOH). Most participants have living biological children
(n = 34, 94%) and half are the current primary caretaker for
additional non-biological children (n = 20, 56%).

3.2 Self-perceived impact of HIV on health and
quality of life

Generally, PWH did not consider their health or quality of life
to be dramatically different from PWOH as they age. In fact,
many PWH considered themselves healthy, their HIV status
notwithstanding. “[HIV] does not affect me at any time and
I might be better than HIV negative people,” said a 57-year-
old woman with HIV, a common sentiment. Another female
respondent of 66 years noted her similarity to PWOH when
she said, “Anyone can fall sick of anything whether they have
HIV or not. There are people that are prone to any sicknesses
regardless of having HIV or not.”

Respondents did note there is a difference between those
with well-controlled disease and those without the same level
of adherence. One 72-year-old woman with HIV described it
in the following way: “HIV is like flu or cough; if you are tak-

ing your medication as prescribed by the doctor, it does not
affect your way of doing things in any way. [Sickness] happens
to those who don’t take their medication very well.” One 70-
year-old man illustrated a common sentiment among the par-
ticipants about their expected longevity with ART:

I am now confident that I will live for many years until
the true medicine is discovered. I am also confident that
when I continue taking my medication, I will still live and
serve my family, the church, and the community as long
as I am still taking my medication and not disorganized
with old age.

Nonetheless, for a minority of participants, the knowledge
of their HIV serostatus continues to affect the way they
see themselves and their overall perception of their health.
“Because of taking the drug daily, you feel no self-love, and
if you happen to become sick by something small, you’ll get
worried that other sicknesses will come such as TB,” said one
55-year-old woman with HIV.

3.3 Changing perceptions about HIV in the
ART era

Both PWH and PWOH noted historical shifts in the way HIV
impacted families and individuals. PWH highlighted the bur-
den of stigma and discrimination early in their disease pro-
gression prior to freely available treatment. “I’d [. . . ] ask them
when they’d visit me, but they’d say they will make it. So,
I’d know if it’s due to the virus that they can’t show up.
Afterwards, all that ended, and they understood how HIV is
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spread. They’d eat rice with me,” said a 66-year-old woman
with HIV.

Respondents frequently told of how life has improved for
both themselves and their communities with better treatment
and knowledge of the virus. As one 49-year-old man with
HIV put it, “Honestly speaking, there is no HIV person that’s
treated unfairly! There is no trademark that points out an
HIV positive person. Before they were affected by skin rash,
and everyone knew the signs. Can you tell that I am HIV by
merely looking at my skin?” While there was limited report-
ing of maltreatment of PWH, it was usually rationalized with
some qualifier such as the person did not take ART routinely,
was promiscuous or was self-stigmatizing. PWOH tended to
agree with their PWH counterparts when they say, “now a
person living with HIV is treated like any normal person [. . . ]
He will remain healthy and will suffer other disease like any
other people in the community” (57-year-old woman without
HIV).

The most commonly cited reasons for this change in treat-
ment and perceptions about PWH were the increasing avail-
ability of treatment for HIV and the pervasiveness of HIV
infection in the community. As one 51-year-old woman with-
out HIV stated, PWH are not stigmatized, “because one is
worried that tomorrow or another day he will be HIV posi-
tive also.” Most respondents noted this shift was most evident
soon after ART became widely available for free.

3.4 Shared experiences of physical and mental
declines with ageing

PWH are not immune to the effects of ageing and felt that
they are ageing similarly to their peers. A 49-year-old man
with HIV sums it up when he says, I view myself as a nor-
mal person and I would not see any change of having HIV
because I don’t see any difference; I have developments just
like an HIV-negative person only that I see that I don’t have
the energy that I had before like now.

While facing the expected declines of ageing, most HIV-
positive respondents consider themselves to be healthy. By
contrast, most PWOH generally considered themselves to
have poor health due to ageing. One man without HIV of
52 years described his current health as the following: My
hands pain, the whole body pains. That means that old age is
affecting me. Because, back then I would work and then feel
okay afterwards. But now, that is not the case. I feel all joints
hardening and paining and I fail to work as I used to.

These health complaints are not unique to PWOH. When
asked about health changes as they have aged, participants
across all sub-groups reported reduced energy and strength,
increased physical pains and aches, changes in sleep patterns
and memory loss.

My health has changed because nowadays I usually feel
constant headache, sometimes I feel dizziness, my eyes
are not seeing properly, and when I stand for a long
time, I find myself in a fatigued state. When I work for
a long time and I force myself to go an extra mile, I
become very tired to the extent that when I sit some-
where I feel I do not want to move away until I have
rested enough (52-year-old woman without HIV).

While some respondents attribute their declining function-
ality to a particular health condition (including HIV among
PWH), most believe it is part of the normal ageing process.
“When I go to the health facility and they don’t diagnose any
disease, then that makes me think that it is due to ageing,”
said a 59-year-old man without HIV.

Another concern for most respondents is changes in mem-
ory. Apart from some younger participants (under 60 years),
respondents noted increased memory loss ranging from
benign complaints, such as forgetting where they put their
phone, to concerns of the impact on their daily activities.
Respondents attributed these changes to multiple different
causes: normal ageing, having “too many thoughts” (a synonym
for worrying) and responsibilities, and, for PWH, a theory that
it was due to a combination of ageing and HIV. One 62-year-
old man with HIV alluded to such: “I really feel someone of
62 years wouldn’t have started becoming forgetful.” A num-
ber of respondents in both groups felt that with ageing comes
more stressors and responsibility that affects memory and
mental health. For example, a 55-year-old woman with HIV
felt this way when she said:

Those are people who will have had a lot of things to
think about as they grow, for instance when a family
is not independent as regards their needs, that’s when
you will find the head of the household thinking about a
lot, thus in their old age they start to lose their memory.

While respondents did not believe memory loss could be
treated, they believe it could be prevented or improved
through reading, learning and maintaining relationships.

The stress that can cause memory loss was also reported
to affect mood. Many respondents noted periods of depres-
sion, despondency and anxiety often brought about by situ-
ational stressors, such as fear of illness and death, financial
constraints and lack of basic necessities for themselves and
family. For example, one woman with HIV of 62 years said,
“But for me being HIV positive I am always thinking I might
die anytime.” Notably, health concerns were less frequently
cited as causes of depression or anxiety as compared to social
stressors.

3.5 Concerns about functional declines in daily
activities with age

Most respondents highlighted shifts in their routine activities
as they have aged. Some examples of limitations include read-
ing less due to changing eyesight, walking and biking shorter
distances or diminished socializing and participating in com-
munity groups. One woman without HIV of 57 years said she
would “fail to maintain my position at the [Local Council] com-
mittee because I can no longer write and so I will not disturb
anyone to keep writing for me.” Loss of sexual desire was also
mentioned by both groups. As one 64-year-old man with HIV
said, “Back in the days, we young men would not bypass ‘a
dress’, but these days I look at women like a dog would be
looking at money notes.” Even more disruptive is the decreas-
ing ability to “dig” (farm and conduct small-scale food provi-
sion), including gardening, grazing of animals, selling of pro-
duce, and construction work—the means of income for many
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respondents. “I used to remove the banana suckers myself but
now I cannot. I would like to slash my compound, but I cannot
manage it now, and now I have to use money to hire someone
to do it. Now even raising a hoe is becoming a challenge and
I may soon fail to dig,” said a 54-year-old woman living with
HIV.

Recognition that decreases in energy and increased chronic
pain affect daily activities was nearly universal among respon-
dents. Younger participants did not report major changes in
their usual activities, but they anticipate changes as they con-
tinue to grow older. Among PWH, there is uncertainty if pain
and loss of energy are associated with their HIV infection or
ageing. Some seem quite certain that their physical changes
are attributable to HIV infection or its treatment such as a
62-year-old male PWH who insists “Way back when I had not
acquired HIV, I used to do all my work myself because I used
to be energetic, unlike nowadays when I feel I am no longer
so strong to accomplish all my activities.” Other PWH respon-
dents are more equivocal, such as a 55-year-old respondent
who exclaimed, “I try to work sometimes and feel pain so I
ask myself if its old age or it’s HIV epidemic!” while others
are insistent that HIV infection plays no role in their changing
activities, such as a 66-year-old woman who reported, “I see
old age in my life, because when I look back on my life and
how I used to do a lot of chores with a child on back whilst
fetching firewood; which I now walk the same distance but
feel tired and notice that it’s due to old age and not the HIV
epidemic.” Apart from HIV infection, respondents identify the
cause of their challenges to usual activities to include reduc-
tion in energy and stamina, pain and physical weakness, other
illnesses, increased sleep, and changes in memory and mental
reasoning.

To accommodate changes in physical and mental ability,
many respondents receive assistance with their usual activi-
ties. The primary activities which are assisted include working
in the garden or plantation (weeding and harvesting), collect-
ing and splitting firewood, cooking, cleaning, fetching water
and grazing animals. Most often they described family mem-
bers or younger people living with the respondents who serve
this role, but occasionally it is friends, neighbours or hired
help. One 73-year-old woman without HIV said, “I used to
carry a full jerrycan of water but now I even struggle carrying
a small jerrycan of water and that is why I stay with some chil-
dren so that they can help me in one way or another.” Both
PWH and PWOH worry that some activities may go neglected
or change as help diminishes, and they do not have the funds
to hire casual workers.

3.6 Health fears for the future

When participants were asked what conditions they are
worried about developing in the future, many participants
reported their primary concerns being developing uncurable,
non-communicable diseases, such as cancer, diabetes and
hypertension, with a particular emphasis on cancer. A 57-year-
old woman without HIV sums it up when she says:

Cancer [. . . ] claims lives of many people and you hear
someone saying that instead of being killed by cancer
I’d rather be killed by HIV. One says that with HIV, he

or she can access any health facility and get tested and
treatment accordingly and become fine. But with can-
cer, one has to die while in terrible pain.

Even among PWH, respondents fear non-communicable dis-
eases. “[I] am worried about diabetes, blood pressure, and
cancer. If those affect me then I won’t fair well,” said a 53-
year-old man with HIV.

Respondents were also concerned about changes in phys-
ical abilities that would negatively impact social and physical
functioning, such as deteriorating eyesight, hearing loss and
loss of use of their hands or legs. A 49-year-old man with HIV
said, “I ask God to help me not to ever break any of my limbs
especially the arms because it’d be bad for me and my family,
or what if I lost my eye, what would happen to me!” Respon-
dents have very real fears of declining health and their ability
to maintain their current lifestyle. For example, a 62-year-old
man with HIV says, “I have a feeling of how my energy to do
work keeps reducing. For example, yesterday I worked in my
banana plantation, but that alone left me so weak through the
whole night. This is a clear sign that my health is really dete-
riorating.”

Lastly, respondents worry about acquiring infectious dis-
eases, including tuberculosis and HIV (among the PWOH).
“I fear getting infected with HIV because that virus deteri-
orates someone’s health completely, and so there are some
activities you will no longer do when you have HIV, which in
turn reduces on the household income, as more money goes
to treatment,” said a 56-year-old woman without HIV. Apart
from the fear of developing HIV, these responses were largely
consistent across sex and HIV serostatus.

3.7 Priorities for the future as they age

When asked about ideal ageing and priorities for themselves
as they age, the responses aligned across gender, age and HIV
status. According to a 60-year-old woman without HIV, ideal
ageing looks like someone who:

has what to eat and drink, has a good house to stay in,
and she or he has prepared where to get some income
like having livestock at home, and food security at home
and he even has a motorcycle to take him to the hos-
pital in case of sickness and does not depend on other
people to survive or beg other people to give him or her
money to do something.

The common themes coalesced around adequate nutrition,
help with physical tasks, income-generating sources, such as
land and livestock, a respectable home and transportation.

Financial security was seen by most as the key factor that
allows for other goals and necessities to be met. It prevents
dependency and ensures access to medical care. “The most
poisonous situation is to become a needy person at an older
age. For example, when one cannot even afford to buy him-
self a ‘Headex’ pill,” said one HIV-positive 64-year-old man.
Particularly, more passive income is most appealing as this
group ages, whether that is through plantations with hired
help, grazing livestock, rental properties or business that oth-
ers work.
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A repeated priority for ageing is having access to routine
care and company around the house whether that is hired or
family, with the preference being children or grandchildren.

When I grow older than now, I would wish to be seated
in one place, playing and having fun with my grandchil-
dren as they make me smile, make fun of me, like how
I used to play and make fun of my grandparents when I
was still young, and I don’t want to keep alone because
I feel I will get bored if I keep alone [. . . ] I want my chil-
dren to be near me so that I am able to tell them or ask
them whatever I want and they give it to me in time.
For instance if I tell them that I want like bread or rice,
I need them to give it to me, because when they are
far and I fail to get it, I may not feel happy (72-year-old
HIV-positive woman).

Good health is something respondents aspire to maintain
but recognize they may not be able to control. “Above all,
good health is my priority because I want to have good health.
Because if you have good health, others can follow,” said a 59-
year-old man without HIV. Part of good health is defined as
being “peaceful” among respondents, which can be described
as living without stress. A woman of 60 without HIV said, “I
need to be with good health, free of diseases and also to be
peaceful.” Among some HIV-positive respondents, managing
their HIV by adhering to their treatment regimen is a prior-
ity as they age, but it was not a commonly reported concern.

4 D ISCUSS ION

This study investigated the experiences of older aged Ugan-
dans, both with HIV and without, related to the quality of life,
daily functioning and long-term health. Our findings suggest
the differences between PWH and PWOH are subtle. In most
cases, perceived quality of life and health was greater among
PWH than among PWOH in our study. Intrinsic capacity (cog-
nition, mobility, psychological health, vitality and sensory) [17]
between the two groups seems similar, while both groups face
changing physical functioning, activity levels, memory and dis-
ease burden as they continue to age.

A potentially unexpected finding from this work was the rel-
ative similarity in self-perceptions about health, quality of life,
independence and longevity between people with and without
HIV. By and large, this differs from work in the global north
and elsewhere that has explored experiences of living with
HIV [40–43] but corroborates findings from other research
in Uganda [16]. The relative similarity we found between the
groups could potentially be attributed to the study setting:
namely, an environment where ART is largely available (par-
ticularly to those who we interviewed who, by design, were
linked to HIV care) and where HIV stigma has decreased
somewhat [31] despite its persistence in other domains [13,
32, 44]. There was recognition of the devastating impact
of HIV in the past, but fewer expressed concerns about its
impact on individuals and the community more broadly at
present, even among PWH. While topics of self-perceived
stigma among PWH were not specifically addressed in these
interviews, our findings correlate with other research that has

shown a greater perceived quality of life and resilience [45]
with less internalized stigma among PWH [46]. This finding
may also reflect a PWH population that is engaged in care and
has a well-controlled disease [47, 48] rather than those facing
a new HIV diagnosis or delaying treatment [32, 49, 50]. It may
also suggest that self-perceived health can differ significantly
from clinically defined health [51].

Our data suggest that health concerns, including among
PWH, are principally related to non-communicable diseases
and health conditions that could affect older-aged persons’
ability to work and socialize. Notably, we found little evidence
that older PWH are specifically concerned about the effects
of HIV on their health or longevity. These health concerns fol-
low worldwide trends in health threats evolving from infec-
tious diseases to non-communicable diseases, including for
PWH [52]. Pain, reduced energy and memory loss all have an
impact on daily activities among older-aged Ugandans, with
reports of pain and reductions in energy being nearly univer-
sal. These findings are similar to the existing evidence identi-
fying the loss of independence in day-to-day functioning as a
primary concern for older-aged persons [51, 53].

As people age, they have real concerns over financial stabil-
ity, accessibility of medical care, food security, assistance with
daily needs by caregivers and social contact. With a nascent
geriatric care programme in Africa [54], there is the opportu-
nity to design programmes to effectively meet the needs as
well as the priorities of the ageing population. From a health
perspective, there is a need for mental health support, pain
management, routine evaluations for causes of fatigue, pal-
liative care for chronic diseases and independent living skills
programmes, all of which need to be affordable and accessible
[9, 55]. From a financial and food security perspective, there
is room for programmes, such as community savings groups
(which are already in use), extension work to support farm-
ers in their later years, business development programmes for
older aged Africans and social security safety nets for the
most disadvantaged. For social contact and assistance, social
support groups and home care programmes can be imple-
mented to support the social and cognitive functioning of the
ageing population as well as the mental health and social iso-
lation of family caregivers [56, 57]. The ageing population in
SSA is quickly growing, and these programmes and policies
are urgently needed.

Our findings should be interpreted in light of several limita-
tions. There are some inherent differences between the PWH
respondents and their PWOH peers. PWH on ART and in clin-
ical care may reflect a population better engaged in health-
care and should not be taken to represent the experiences of
those not on treatment. Additionally, the PWOH in this study
were recruited from a slightly more rural area compared to
the PWH respondents [58], but the two groups were approxi-
mately similar in as many ways as we could control. It is possi-
ble that HIV co-morbidities and illnesses apart from HIV that
are not quantified may have influenced responses. The inter-
views were translated and transcribed before being analysed,
and some nuance may have been lost in the process despite
using native speakers for both interviewing and transcribing.
The participants were drawn from a cohort with the non-
standard age range of 48 and older, making comparisons to
studies that utilize 50 years and older more difficult. Lastly,
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while not a limitation per se, qualitative research is not meant
to be representative of all PWH and the corresponding pop-
ulation without HIV. Findings are, therefore, not generalizable
to the entire population.

5 CONCLUS IONS

With changing demographic structures in the era of the
widespread availability of HIV treatment, it will be critical to
understand the priority and concerns of older-aged individuals
as they represent an increasing proportion of this key popula-
tion. In rural Uganda, we found that concerns of ageing are
nearly universal, irrespective of HIV status, and include fears
about acquiring non-communicable diseases, loss of indepen-
dent physical functioning and diminished energy, as well as
memory loss. Priorities for the future were financial and phys-
ical independence, access to care when needed, health main-
tenance and social connection. Medical care [9] and policy
[55] should be designed to meet the needs of this growing
population in SSA to ensure healthy ageing.
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Abstract
Introduction: Thanks to antiretroviral treatment (ART), people living with HIV (PLHIV) are living longer and ageing. However,
ageing involves increased risks of co-morbidities, which also depend on when PLHIV individuals started ART. To tackle the
HIV age-related upcoming challenges, knowledge of the current and future age structure of the HIV population is needed.
Here, we forecast the demographic profile of the adult population living with diagnosed HIV (aPLdHIV) in France until 2030,
accounting for the impact of the ART initiation period on mortality.
Methods: We used national data from the French Hospital Database on HIV (ANRS CO4-FHDH) and a sample of the
National Health Data System to, first, characterize the aPLdHIV in 2018 and estimate their mortality rates according to age,
sex and ART initiation period. Second, we used national HIV surveillance data to define three scenarios for the numbers of
newly diagnosed HIV cases over 2019–2030: 30% decrease in HIV cases (S1), status quo situation (S2) and epidemic elimi-
nation (S3). We then combined these data using a matrix model, to project the age structure of aPLdHIV and time since ART
initiation.
Results: In 2018, there was an estimated 161,125 aPLdHIV (33% women), of which 55% were aged 50 or older (50+), 22%
aged 60+ and 8% aged 70+. In 2030, the aPLdHIV would grow to 195,246 for S1, 207,972 for S2 and 167,221 for S3. What-
ever the scenario, in 2030, the estimated median time since ART initiation would increase and age distribution would shift
towards older ages: with 65–72% aPLdHIV aged 50+, 42–48% 60+ and 17–19% 70+. This corresponds to ∼83,400 aPLdHIV
(28% women) aged 60+, among which ∼69% started ART more than 20 years ago (i.e. before 2010) and ∼39% ≥30 years
ago (i.e. before 2000), and to ∼33,100 aPLdHIV (27% women) aged 70+, among which ∼72% started ART ≥20 years ago and
∼43% ≥30 years ago.
Conclusions: By 2030, in France, close to 20% of the aPLdHIV will be aged 70+, of which >40% would have started ART
more than 30 years ago. These estimates are essential to adapt co-morbidities screening and anticipate resource provision in
the aged care sector.
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1 INTRODUCT ION

Since the beginning of the HIV epidemic, great progress has
been made to improve the health of people living with HIV
(PLHIV). The introduction of combination antiretroviral ther-
apy (cART) in 1996 has led to a rapid decrease in mortality
[1]. With increased cART efficacy and tolerability over time,
life expectancy (LE) within 3 years of cART initiation further
increased and continued to increase even in the late cART era

[2]. Currently, the LE of treated PLHIV approaches that of the
general population [3, 4].

Consequently, HIV populations are ageing. According to
UNAIDS estimates, in high-income countries, one-third of
PLHIV were aged 50 or more in 2013 [5]. Ageing will involve
new care challenges. First, age is associated with chronic con-
ditions like non-AIDS defining cancers, cardiovascular, renal,
liver, bone and neurological diseases, and HIV infection fur-
ther increases the risk of these conditions [6]. Increased
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burden of polypharmacy and risk of drug–drug interactions
with cART could, therefore, represent an upcoming issue
in HIV care [7, 8]. Second, ageing PLHIV will possibly
need access to the assisted living facility for elderly people.
Resource provision in the aged care sector will thus need to
be addressed in the coming years, including specific HIV care
training for medical staff.

To anticipate needs and resources, it is essential to fore-
see the number and age of PLHIV. Beyond age-related chronic
morbidities, the period at which PLHIV started antiretroviral
treatment (ART) is also key, as it reflects the type of ART
regimen to which individuals had been exposed, the level of
immune dysfunction reached before ART initiation, which var-
ied according to ART guidelines, and indirectly the lifetime
duration with HIV. At any age, comorbidity and mortality risks
are higher for individuals ageing with a longer duration of
HIV infection than for individuals who are seroconverted at
an older age [9]. The period of ART initiation is thus likely
to influence mortality risk, but also comorbidity risk and the
potential occurrence of side effects of long-term treatment.

So far, none of the studies that projected the number and
age structure of PLHIV accounted for the issue of the ART
initiation period [10–16]. In this study, we propose to fill this
gap and project the demographic profile of the adult pop-
ulation living with diagnosed HIV (aPLdHIV) in France until
2030. For this purpose, we estimated mortality rates accord-
ing to the ART initiation period and considered several sce-
narios for the numbers of new HIV cases that will be diag-
nosed by 2030. We also used mortality rate estimates to pro-
vide updated estimates of LE for PLHIV currently on ART, by
sex and ART initiation period and compared these estimates
to those for the French general population.

2 METHODS

2.1 Data sources

Three data sources were used. First, the permanent benefi-
ciary sample (Échantillon Généraliste des Bénéficiaires, EGB)
is a representative cohort of the population covered by the
main health insurance schemes, which monitors beneficiaries’
healthcare consumption and long-term illness status. It is a
sample of 1/97th of the insured individuals in France [17].
Second, the French Hospital Database on HIV (ANRS CO4-
FHDH) is a nationwide open hospital cohort created, in 1989,
to enrol adult PLHIV receiving medical care, in currently 182
hospitals located throughout France [18]. The FHDH is repre-
sentative of PLHIV receiving care in France [18]. Data, includ-
ing demographic characteristics, biological markers and ART
regimen, are collected prospectively, at each outpatient visit
or hospital admission, using standardized forms. By 2019,
FHDH included data on ∼210,000 individuals aged ≥18 years,
including ∼106,000 with at least one follow-up visit in 2019.
Third, routine national surveillance on individuals newly diag-
nosed with HIV is managed by Santé Publique France [19].

2.2 Projecting the demographic profile of
aPLdHIV

To determine the demographic profile of aPLdHIV (i.e. age,
sex and ART initiation period) by 2030, we first needed data,

estimates or assumptions on three parameters: (1) the demo-
graphic profile of aPLdHIV in 2018, (2) the number and
age distribution of newly diagnosed HIV cases over 2019–
2030 and (3) the mortality rates of aPLdHIV in 2018 and
of new cases diagnosed beyond 2018. Only adults (i.e. aged
≥18 years) were included in the analysis. Specifically, we con-
sidered 14 age groups: 18–19, 20–24, 25–29, 30–34, 35–39,
40–44, 45–49, 50–54, 55–59, 60–64, 65–69, 70–74, 75–79
and ≥80.

2.2.1 Demographic profile of aPLdHIV in 2018

To estimate the number and age distribution of aPLdHIV in
2018, we used data from EGB and an algorithm initially devel-
oped by the general health scheme fund to study chronic dis-
eases (including HIV) in terms of numbers, prevalence rates,
and so on [20]. For HIV, the algorithm relies on long-term
illness status, dispensations of HIV-specific drugs and bio-
logical exams, as well as HIV diagnosis during hospital stays
(see details in the Supplementary Material, Section A). We
first used the algorithm to determine the numbers of ben-
eficiaries, by sex and age group, who were receiving HIV
care at least once over 2014–2018 and still alive in 2018.
We then extrapolated these numbers to the whole popula-
tion of France, by dividing them by the EGB representative-
ness (i.e. 1/97) and the proportion of the population cov-
ered by the health insurance schemes included in the EGB
(i.e. 95.6% of the whole population). Then, we used data from
EGB and FHDH to determine for each individual his/her date
of ART initiation (Supplementary Material, Section B). We con-
sidered five ART initiation periods: 1985–1996, 1997–2005,
2006–2010, 2011–2016 and ≥2017; the choice of the peri-
ods was mainly based on the amount of available data and
changes in ART eligibility criteria (Supplementary Material,
Section C). Individuals who had not started ART by 2018
were assumed to initiate ART in 2019, as the median time
between care entry and ART initiation was less than 1 month
(FHDH data).

2.2.2 New HIV cases over 2019–2030

To set the annual numbers of newly diagnosed HIV cases over
2019–2030, we projected the mean annual number of newly
diagnosed cases over 2015–2018 according to three scenar-
ios: a 30% decrease scenario (scenario 1, reference scenario),
that is a linear decrease with 30% fewer cases in 2030 com-
pared to 2015–2018, a status quo scenario (scenario 2, pes-
simistic scenario), with a steady annual number of cases over
2019–2030 and an epidemic elimination scenario (scenario 3,
optimistic scenario), with a linear decrease in the number of
cases until zero cases in 2030 (Supplementary Material, Sec-
tion C, Figure S1). Scenario 1 was set as the reference as it
is a broad extrapolation of the temporal trend in newly diag-
nosed HIV cases observed over 2012–2018. Age distribution
of newly diagnosed cases over 2019–2030 was obtained by
extrapolating that of cases newly diagnosed over 2010–2018
(Supplementary Material, Section C, Figure S2). We assumed
that newly diagnosed individuals would initiate ART within
their diagnosis year.
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2.2.3 Mortality rates in 2018 and beyond

To estimate mortality rates for aPLdHIV still alive in 2018,
according to the ART initiation period, we used data on aPLd-
HIV enrolled in the FHDH who had at least one follow-up
visit between 1 January 2017 and 31 December 2019 and a
known date of ART initiation.

Person-years were calculated for each sex and ART initia-
tion period separately. They were accumulated from 1 Jan-
uary 2017 or cohort enrolment, until death, loss to follow-
up (LTFU, defined as no clinical visit for 18 months, in line
with French HIV guidelines [21], Supplementary Material, Sec-
tion D), or 31 December 2019, whichever came first. For
LTFU patients, follow-up stopped 6 months after the last visit.
Patients with a clinical visit within the 6-month period before
31 December 2019 were censored on 31 December 2019
(Supplementary Material, Section B).

As the number of deaths is underreported in the FHDH
[22], it was adjusted using data from the health insurance
schemes on beneficiaries living with HIV (Supplementary
Material, Section E, Tables S1 and S2).

We then used a Poisson model, with age reached in 2018
by aPLdHIV and ART initiation period as covariates, to esti-
mate mortality rates by sex and age group, stratified by ART
initiation period.

It was not possible to estimate the mortality rate for indi-
viduals who started ART in 2017 due to a lack of follow-
up data after ART initiation. Then, for these individuals and
newly diagnosed cases over 2019–2030, mortality rates were
assumed, conservatively, to be the same as those for individu-
als who started ART during 2011–2016. Likewise, due to data
scarcity, the mortality rate for individuals aged 18–19 years
was assumed to be the same as those for individuals aged 20–
24 years.

2.2.4 Projection matrix model and projection of age
and time since ART initiation

We used a matrix population model to project the size of
aPLdHIV until 2030, using estimates for aPLdHIV in 2018,
scenarios on newly diagnosed cases over 2019–2030 and
estimates of mortality rates (Supplementary Material, Section
F). Distributions of time since ART initiation were also pro-
jected, together with age distributions, stratified by ART ini-
tiation period, using the same matrix model.

2.3 Life expectancy

Using estimated mortality rates and the life table method
[23], we estimated LE for PLHIV on ART, by sex, age and
ART initiation period. LE at a given age is defined as the
expected number of years of life remaining for those surviv-
ing to that age (Supplementary Material, Section H). LE for
the general population at ages 20, 40 and 60 years in 2018
were obtained from the Human Mortality Database (https:
//www.mortality.org).

2.4 Ethical statement

The ANRS CO4-FHDH project was approved by CNIL
(French data protection authority) on 27 November 1991,

Journal Officiel, 17 January 1992. To conform to new reg-
ulations, the ANRS CO4-FHDH was then approved by the
CEREES (Expertise Committee for Research, Studies and
Evaluations in the field of Health) on 20 July 2018 and as a
hospital data warehouse by CNIL on 19 February 2021. The
cohort received authorization to conduct research projects on
the data warehouse by CNIL on 30 March 2021. All ANRS
CO4-FHDH participants signed informed consent forms men-
tioning the use of data for research purposes. INSERM has
regulatory permanent access to EGB data, according to Arti-
cle R1431-13 of the French Public Health Code, as modified
by Decree 2021–848 of 22 June 2021. All data were deiden-
tified, thus informed consent was not necessary.

3 RESULTS

Demographic characteristics (age, sex and country of birth) of
participants in the three data sources are provided in Table 1.

3.1 Mortality rates and life expectancies

We used data on 104,042 adults (35% women), enrolled in
the FHDH, who initiated ART before 2017 and had at least
one follow-up visit between 1 January 2017 and 31 Decem-
ber 2019 to estimate mortality rates (Supplementary Mate-
rial, Figure S3), as well as LE, which are presented in Table 2
together with LE for the general population. For instance, LE
for individuals aged 40 in 2018 who started ART over 2011–
2016 was 39.2 years for men and 40.2 years for women. In
comparison, it was, respectively, 40.9 and 46.3 years for the
general population. In general, whatever the age group, LE
was higher for individuals who initiated ART over 2011–2016,
that is the most recent period, compared to those who initi-
ated ART earlier. Whatever the period and age group, women
had higher LE than men; however, this difference tended to
decrease over time, from 7% to 10% for women who started
ART over 1985–1996 to 3% to 4% for women who started
ART over 2011–2016. In addition, for individuals who initi-
ated ART over 2011–2016, that is those with the highest LE,
the gap in LE compared to the general population was higher
for women than for men, whatever the age group, ranging
from 3.8 to 6.8 years for women and from 0.4 to 2.4 for men.

3.2 Demographic profile of aPLdHIV in 2030

In 2018, an estimated 161,125 adults (33% women) were
living with diagnosed HIV. Assuming a 30% decrease in the
annual number of newly diagnosed cases over 2019–2030
(scenario 1) and using the population matrix model together
with mortality rate estimates, we estimated that 195,246
adults (33% women) would be living with diagnosed HIV in
2030, that is an increase of 21% of the epidemic size. It was
207,972 assuming a steady number of newly diagnosed cases
until 2030 (scenario 2) and 167,221 under the epidemic elim-
ination scenario (scenario 3).

For all scenarios, we found that the age distribution of
aPLdHIV would shift towards older ages in 2030 (Figure 1).
For scenario 1, the proportion of individuals aged ≥50
increased between 2018 and 2030, from 61% to 68% for
men and from 44% to 63% for women. The proportion of
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Table 1. Sex, age and country of birth distributions of participants to the three data sources

EGB—2014–2018

ANRS

CO4-FHDH—2017–2019a HIV surveillance—2015–2018

Men Women Men Women Men Women

Total 108,871 52,253 67,721 36,321 17,141 7997

Age N (%)

18–19 304 (0.3) 102 (0.2) 19 (0.0) 24 (0.1) 286 (1.7) 142 (1.8)

20–24 1522 (1.4) 1522 (2.9) 734 (1.1) 535 (1.5) 1741 (10.2) 633 (7.9)

25–29 3450 (3.2) 2638 (5.0) 2061 (3.0) 1246 (3.4) 2523 (14.7) 1231 (15.4)

30–34 5682 (5.2) 3145 (6.0) 3536 (5.2) 2587 (7.1) 2490 (14.5) 1445 (18.1)

35–39 9233 (8.5) 6189 (11.8) 4816 (7.1) 4536 (12.5) 2297 (13.4) 1384 (17.3)

40–44 9538 (8.8) 8726 (16.7) 6773 (10.0) 5832 (16.1) 2014 (11.7) 1021 (12.8)

45–49 13,190 (12.1) 7102 (13.6) 9994 (14.8) 6108 (16.8) 1936 (11.3) 681 (8.5)

50–54 21,003 (19.3) 7407 (14.2) 13,136 (19.4) 5959 (16.4) 1554 (9.1) 545 (6.8)

55–59 18,264 (16.8) 6392 (12.2) 11,504 (17.0) 4371 (12.0) 1021 (6.0) 384 (4.8)

60–64 10,451 (9.6) 3856 (7.4) 6711 (9.9) 2382 (6.6) 177 (3.6) 276 (3.4)

65–69 7102 (6.5) 1725 (3.3) 4326 (6.4) 1326 (3.7) 611 (2.3) 160 (2.0)

70–74 5682 (5.2) 1623 (3.1) 2453 (3.6) 820 (2.3) 387 (1.1) 64 (0.8)

75–79 1826 (1.7) 913 (1.7) 1060 (1.6) 363 (1.0) 65 (0.4) 21 (0.3)

80+ 1623 (1.5) 913 (1.7) 598 (0.9) 232 (0.6) 31 (0.2) 10 (0.1)

Country of birthb (%)

France 48,252 (71.3) 13,304 (36.6) 10,678 (61.4) 431 (21.9)

Sub-saharan Africa 9427 (13.9) 17,704 (48.7) 3566 (20.5) 5453 (63.9)

Europe 2969 (4.4) 933 (2.6) 870 (5.0) 247 (2.9)

America/Haïti 2778 (4.1) 2143 (5.9) 1232 (7.1) 639 (7.5)

Other (North Africa/Asia/Oceania) 4295 (6.3) 2237 (6.2) 1034 (6.01,865) 324 (3.8)

aIndividuals enrolled in the FHDH, who initiated ART before 2017 and had at least one follow-up visit between 1 January 2017 and 31
December 2019.
bNo data on country of birth are available in the EGB.
Abbreviations: EGB, permanent beneficiary sample (Échantillon Généraliste des Bénéficiaires); ANRS CO4-FHDH, French Hospital Database on
HIV.

Table 2. Remaining life expectancy (in years) according to the age reached in 2018, for the general populationa and for people

living with HIV (PLHIV) who initiated ART, by period of ART initiation and sex

Age reached in 2018

Period of ART

initiation

20 years 40 years 60 years

Men Women Men Women Men Women

1985–1996 x x 35.0 (33.7–36.3) 37.4 (35.8–39.0) 19.7 (19.1–20.3) 21.6 (20.4–22.8)

1997–2005 54.4 (52.1–56.7) 56.9 (54.9–58.9) 36.2 (35.5–36.9) 38.2 (37.3–39.1) 20.5 (20.0–21.0) 22.1 (21.2–23.0)

2006–2010 56.8 (53.9–59.7) 60.0 (57.7–62.3) 38.4 (37.4–39.4) 41.0 (39.6–42.4) 22.5 (21.5–23.5) 24.4 (23.1–25.7)

2011–2016 57.7 (56.5–58.9) 59.1 (57.3–60.9) 39.2 (38.1–40.3) 40.2 (38.6–41.8) 22.9 (21.8–24.0) 23.9 (22.3–25.5)

General populationa 60.1 65.9 40.9 46.3 23.3 27.7

Note: Mean remaining life expectancy (and 95% confidence interval) for PLHIV were estimated from mortality events among PLHIV enrolled
in the French Hospital Database on HIV (ANRS CO4-FHDH) who had at least one follow-up clinical visit between 1 January 2017 and 31
December 2019.
aValues for the general population were obtained from the Human Mortality Database (https://www.mortality.org).

individuals aged ≥60 doubled, from 24% to 47% for men and
from 17% to 36% for women, like the proportion of individu-
als aged ≥70, from 8% to 18% for men and from 7% to 14%
for women. These proportions were slightly lower for scenario
2 (Figure 1c,d) and slightly higher for scenario 3 (Figure 1e,f).

Whatever the scenario, we estimated that, in 2030, there
would be ∼83,400 individuals (∼28% women) aged ≥60 and
∼33,100 individuals aged ≥70 (∼27% women); in compari-
son, in 2018, it was, respectively, 35,715 (∼25% women) and
12,582 (∼27% women).
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Figure 1. Numbers and age distributions of adults aged ≥18 years living with diagnosed HIV (aPLdHIV) in 2018 and 2030, according
to different scenarios. Numbers and age distributions for men (a) and for women (b), in 2018 (in red) and in 2030 (in turquoise) for
scenario 1 (i.e. 30% decrease in newly diagnosed HIV cases between 2018 and 2030). Comparison of the numbers and age distributions
of adults living with diagnosed HIV in 2030 for scenario 1 (in turquoise) and scenario 2 (i.e. status quo situation with a steady annual
number of new HIV cases over 2019–2030, black diagonal stripes) for men (c) and for women (d), and for scenario 1 and scenario 3
(i.e. epidemic elimination with zero new HIV cases in 2030, black diagonal stripes) for men (e) and for women (f). Detailed assumptions
made for the number and age of newly diagnosed HIV cases in 2019–2030 can be found in the Supplementary Material, Section C.
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Figure 2. Numbers and age distributions of adults aged ≥18 years living with diagnosed HIV (aPLdHIV) in 2018 and 2030, stratified by
time since ART initiation (in years): for men (a and b) and women (c and d) in 2018 (a and c) and in 2030 (b and d) for scenario 1 (i.e.
30% decrease in newly diagnosed HIV cases between 2018 and 2030). Results for other scenarios can be found in the Supplementary
Material, Section I and Figures S4 and S5.

3.3 Projected time since ART initiation

Proportions of individuals who started ART more than 20
or 30 years ago will increase over 2018–2030 (Figure 2),
especially for older age groups. For brevity, we only present
results for scenario 1, results for other scenarios are
described in the Supplementary Material, Section I. Propor-
tions of individuals with ≥20 years of ART exposure will
increase from 27% to 42% for men and from 21% to 44% for

women. In particular, for individuals aged ≥60, these propor-
tions will increase from 43% to 68% for men and from 33%
to 67% for women. Proportions of individuals with ≥30 years
of ART exposure will increase from <1% to 21% for men
and from <1% to 18% for women. In particular, for individ-
uals aged ≥60, these proportions will increase from 1% to
39% for men and from <1% to 37% for women. In conse-
quence, the median time since ART initiation will increase,
especially for older age groups. For individuals aged ≥60, it
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will increase from 18.4 (IQR 10.4–22.4) to 25.9 years (17.6–
33.4) for men and from 15.2 (7.9–21.4) to 25.8 years (16.8–
33.1) for women, while for individuals aged <60, it will only
increase from 9.8 (4.8–19.0) to 12.0 years (6.5–17.8) for men
and from 11.0 (5.2–17.7) to 14.5 years (7.5–21.8) for women.

Of note, we estimated that, in 2030, 83,659 individuals
(34% women) would have started ART ≥20 years ago and
38,492 individuals (30% women) would have started ART
≥30 years ago—versus, respectively, 40,667 and 573 in 2018
(Figure 2). Among men who started ART ≥20 years ago, 77%
would be aged ≥60, 33% ≥70 and 8% ≥80. It was, respec-
tively, 54%, 21% and 4% for women. Among men who started
ART ≥30 years, 89% would be aged ≥60, 40% ≥70 and 8%
≥80. It was, respectively, 75%, 29% and 6% for women.

4 D ISCUSS ION

We projected that by 2030, the HIV epidemic in France would
be growing, most likely by more than 20%, and ageing, with a
doubling of the proportion of individuals aged ≥60 and ≥70.
More than two-thirds of aPLdHIV would be aged ≥50, ∼50%
aged ≥60 and ∼20% aged ≥70. Interestingly, whatever the
scenario considered for the epidemic dynamics over 2019–
2030, we estimated that ∼83,000 individuals will be aged
≥60 in 2030, including ∼33,000 aged ≥70. Our results are
in line with studies forecasting the age structure of the HIV
population in other high-income countries [10, 11, 13, 14, 16].
It was estimated that the proportion of PLHIV on ART aged
≥50 would be 73% in 2030 in the Netherlands [13] and 54%
in the United States [16], and ∼75% in 2035 in the United
States and Italy [14]. Bretaña et al. [10] performed projections
for Australia, considering three scenarios for the future num-
ber of newly diagnosed cases over 2018–2027. They high-
lighted that, whatever the scenario, the age distribution of
PLHIV would have its highest peak in the 55–59 age group
in 2027, which aligns with our findings of highest peak in the
60–64 age group for men and 50–54 for women.

In addition, our study predicts that in 2030, in France,
there will be more than 38,000 individuals who would have
started ART more than 30 years ago (i.e. before 2000), with
most of them being aged ≥60 (85%, ∼33,000), 37% aged
≥70 (∼14,000) and 8% aged ≥80 (∼3000). These individuals
were thus exposed to the first generation of nucleoside
reverse transcriptase inhibitors (AZT and D4T) and protease
inhibitors, which have been associated with body morphology
changes and cardiovascular diseases [24, 25]. In addition, ART
duration and time living with diagnosed HIV infection have
been associated with increased risk of multimorbidity [7, 9],
but also with psychological morbidity and lower quality of life
[26, 27], which should be considered as part of integrated
HIV care. To the best of our knowledge, our study is the
first to project time spent since ART initiation for an HIV
population. However, previous studies emphasized other
important aspects of the projected demographic profile of
HIV populations, which we were unable to take into account.
First, a study investigating the capacity of current cART to
offer long-term HIV control found that the median time
until exhaustion of treatment options was 45.5 years (IQR
34.0–61.0 years) [28]. Furthermore, some studies showed

important heterogeneity in the projections of PLHIV accord-
ing to race/ethnicity, with an older projected population of
white PLHIV compared to Black and Hispanic minorities [11,
29]. Other studies [13, 14] focused on the burden and preva-
lence of age-related co-morbidities: Smit et al. [13] predicted
that in 2030, 84% of PLHIV in the Netherlands will have at
least one age-related non-communicable disease, with 28%
having three or more, mainly due to cardiovascular disease.
This could generate complications due to drug–drug interac-
tions for 40% of patients with the currently recommended
first-line HIV regimen. Finally, a study for Australia [15]
highlighted that the number of PLHIV in non-metropolitan
areas, where the PLHIV median age is higher, is expected to
increase at a greater rate than that in the major cities.

We also found that the LE of adults who started ART from
2011 onwards was either equal to or approaching that of the
general population: for instance, at age 60, in 2018, it was
∼23 and ∼24 years for, respectively, men and women living
with diagnosed HIV versus, respectively, ∼23 and ∼28 years
in the general population. Individuals who started ART in
2005 or earlier, and are still alive in 2018, had lower LE, but
the difference was only 2–4 years. This can have important
implications for health-related insurance policies for PLHIV.
Marcus et al. [30] reported an overall LE of 56.0 years at
age 21 over 2014–2016, close to our estimates for individu-
als of age 20 in 2018, ranging from 51.4 to 57.4 years. Stud-
ies that estimated LE for earlier periods of follow-up found,
expectedly, lower LE than ours [3, 31]. We also found that
although women living with diagnosed HIV had higher LE
than men, the gap in LE compared to the general popula-
tion was higher for women than for men, which is in line
with previous results [2, 3]. Potential explanations for this
higher gap include later access to HIV care for women than
for men. However, in France, the time between infection and
care entry was estimated to be shorter for women than for
men [32, 33]. Another explanation is that among women liv-
ing with diagnosed HIV in France, a vast majority were born
abroad (63%, of which 77% in sub-Saharan African countries,
Table 1), while among men, a vast majority were born in
France (71%). Hence, differences in socio-economic levels and
access to healthcare system between born-abroad and born-
in-France individuals, but also the stigma and marginalization,
probably play an important role in the observed sex difference
in the LE gap between PLHIV and the general population [34,
35].

The main novelty of our approach is that it accounts for
the impact of the ART initiation period on mortality rates
to project the demographic profile of the HIV population. In
addition, our projections for the population size aged ≥60
are robust to assumptions regarding epidemic dynamics over
2019–2020. However, our study also has a number of lim-
itations. First, the projection method and LE estimates rely
on the assumption that age-specific mortality rates estimated
over 2017–2019 will remain constant over 2019–2030. On
one hand, lower mortality beyond 2019 would lead to higher
LE estimates and a larger HIV population in 2030. On the
other hand, higher mortality among older age groups, due
to covid-19 during 2020–2021 for instance, could lead to
a decrease in LE, total population size and proportions of
older PLHIV in 2030. Second, several limitations affect HIV
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care data. Data on deaths in FHDH were not comprehensive
and were adjusted for under-reporting, with potential inac-
curate adjustments (Supplementary Material, Section G for
details). As health insurance schemes do not collect data on
the HIV exposure group, this factor could not be accounted
for. Third, we could not include individuals aged <18 years
for population size estimates. According to health insurance
and HIV surveillance data, this could represent ∼5200 indi-
viduals in 2030, comprising ∼4000 individuals aged <18 years
living with diagnosed HIV in 2018, plus ∼100 individuals who
could be newly diagnosed each year over 2019–2030. Fourth,
our global LE estimates do not capture the comorbidity-free
LE. This was estimated to remain much lower for PLHIV
than for the general population (9.5 years difference in a
US cohort of insured adults [30]). Finally, with HIV becom-
ing more prevalent among older adults, transmission risk in
higher age groups might increase, if, for instance, older PLHIV
are not adherent to their treatment. This may impact the age
distribution of individuals becoming newly infected, with for
instance more individuals seroconverting at an older age. As
a consequence, interventions explicitly targeting older individ-
uals may be needed, as older individuals were recently shown
to be at increased risk of delayed presentation for HIV care
[36].

5 CONCLUS IONS

By 2030, in France, close to 20% of the adult population liv-
ing with diagnosed HIV will be aged ≥70 (i.e. ∼33,000 indi-
viduals), of which >40% would have started ART more than
30 years. Ageing of the HIV population has important impli-
cations for care, generating an increase in comorbidity preva-
lence and treatment complexity. Our findings can help to mea-
sure the burden of ageing and anticipate healthcare needs,
resource provision and screening guidelines in HIV care, in
France but also in other high-income countries. Indeed, our
estimates probably provide a broad picture of what is likely
to occur in terms of HIV population ageing in other settings,
with similar historical access to ART and free access to care.
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