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Meaningful cognitive decline is uncommon in virally
suppressed HIV, but sustained impairment, subtle decline and
abnormal cognitive aging are not
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Summary

Background High antiretroviral therapy (ART) coverage and viral suppression among people with HIV (PWH) in
Australia provide a unique context to study individual cognitive trajectories, cognitive aging and factors associated
with longitudinal cognitive function during chronic and stable HIV disease.

Methods Participants from the Predictors of Adherence to Antiretroviral Therapy study (n = 457, recruited between
September 2013 and November 2015, median age = 52 years, and all with HIV RNA <50 copies mL) completed a
cognitive assessment with CogState Computerized Battery (CCB) at baseline, Month-12, and Month-24.
Demographics, psycho-social and socioeconomic factors, healthcare seeking behaviors, HIV disease characteristics
and comorbidities were assessed. The CCB data were corrected for age, sex and practice effect and averaged into a
global z-score (GZS). Cognitive impairment was defined with the global deficit score method (GDS>0.5).
Meaningful cognitive change was statistically defined (decline or improvement versus stability, i.e., 90% CI, that is
p < 0.05, 2-tailed) using a novel evidence-based change score: the linear mixed-effect regression (LMER)-based
GZS change score. A separate LMER model with a top-down variable selection approach identified the
independent effects of age and other demographic, HIV disease characteristics, socioeconomic and health-related
factors on the demographically corrected GZS. The combined definitions of change and cross-sectional
impairment enabled the identification of cognitive trajectories.

Findings At Month-12 and Month-24, 6% and 7% showed meaningful cognitive decline and 4% and 3% improved
respectively. Only 1% showed sustained decline. Incident impairment due to subtle cognitive decline (i.e., below
the threshold of meaningful cognitive decline) was 31% and 25% at Month-12 and Month-24, while 14% showed
sustained impairment (i.e., cognitively impaired at all study visits). Older age (>50 years) and time interaction
was associated with lower demographically corrected GZS (B = -0.31, p < 0.001). Having a regular
relationship, excellent English proficiency, and perceived stigma (avoidance) were associated with higher GZS
(all p < 0.05). Relying on government subsidy, severe depression, and lower belief in ART necessity and
higher concerns were associated with lower GZS (all p < 0.05). No HIV disease characteristics had a
significant effect.

Interpretations Meaningful cognitive decline was not different from normal expectation in chronic stable HIV dis-
ease. Despite this, subtle cognitive decline, sustained cognitive impairment, and greater than normative-age cognitive
aging were evident.
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Research in context

Evidence before this study

We searched the PubMed database on Oct 30, 2021 using the
following search terms: HIV AND (neurocognitive OR
cognitive) AND (longitudinal OR change OR trajector*). Based
on our review, there were six studies reporting cognitive
decline using evidenced-based change scores. Among them,
only two studies: one from Australia from our group and one
from the Netherlands, included participants who were all
virally suppressed. However, the Australian study lasting 18
months was conducted among participants (N = 102) who
were all over 45 years of age, had nadir CD4 counts less than
350/pL, and historical AIDS prevalence of 70%, hence making
the study relevant only to those with historical advanced HIV.
In the Dutch study, the sample size was relatively small

(N = 82), and the duration of follow-up was relatively short
(one year). In addition, we also identified that the majority of
previous longitudinal NeuroHIV studies did not consider
socioeconomic factors (e.g., income and having a regular
partner or not) and healthcare seeking behaviors (e.g., ART
adherence) while identifying factors associated with
longitudinal neurocognitive performance.

Added value of this study

Unlike previous studies which mainly used standard
regression-based change score method to define meaningful
cognitive change, our study used a more robust method
named linear mixed-effect regression (LMER)-based change
score method which is better at dealing with longitudinal
data because it allows for inclusion of all available data, rather
than only participants with complete follow-up, which
introduces significant bias. In addition, our study includes a
larger sample size (excepting the longitudinal CHARTER
study), and importantly a representative national sample that
is one of the most optimally treated in the world with high
viral suppression rate. Moreover, this study simultaneously

Introduction

Along with the growing access to combination antiretro-
viral therapy (cART), an increasing proportion of people
with HIV (PWH) are achieving viral suppression.' Thus,
it is becoming critically important to understand what
long-term cognitive functioning may be in virally sup-
pressed and clinically stable PWH because milder forms

considered a comprehensive set of demographics,
socioeconomic factors, healthcare seeking behaviors, and
health status as well as HIV disease characteristics to identify
factors influencing longitudinal cognitive performance. We
observed that statistically significant cognitive decline rates in
this virally suppressed people with HIV (PWH) sample are low
and not different from what is normally expected (that is 5%
improve and 5% decline). However, there is other concerning
signals that cognitive health remains vulnerable such as
sustained cognitive impairment, abnormal cognitive aging
and effects of complex psychosocial and socioeconomic
factors impacting cognitive health.

Implications of all the available evidence

The fact that virally suppressed PWH are unlikely to show
severe cognitive deterioration with stable HIV infection is
reassuring to millions of PWH and further highlights the
importance of early treatment and achieving and maintaining
viral suppression not only for physical health but also for
cognitive health. On the other hand, as PWH are aging,
cognitive health should be prioritized because despite early
and successful ART, there are signals for abnormal cognitive
aging among PWH based on our finding and findings from
previous studies. In practical terms, it means that greater
resources should start to be allocated to aging PWH to
provide multi-disciplinary services integrating physical,
mental, and cognitive health care. Further, cognitive health is
a complex concept and depends on both HIV and non-HIV
factors including factors that have been less considered in the
NeuroHIV literature such as health seeking behavior and social
isolation. As loneliness and financial difficulties showed a
negative impact on the cognitive health in our study,
expansion and maintenance of psychosocial services and peer-
support strategies will be necessary for PWH.

of HIV associated neurocognitive disorder (HAND) still
persist in the cART era. Indeed, we are only starting to
explore longitudinal cognitive trajectories in chronic and
stable HIV disease.”* Most international epidemiological
figures in NeuroHIV are from cross-sectional studies and
from samples that are heterogenous in terms of viral
suppression and clinical stability.” This has contributed to
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inconsistent findings and resulted in confusing messages
to the HIV community and clinicians.

In addition, the existing longitudinal NeuroHIV
studies do notalways consider a comprehensive set of risk
factors.” Besides HIV disease factors,’ a myriad of other
factors can impact the longitudinal neurocognitive per-
formance among PWH (and more so with increased life
expectancy)™ 1. cognitive aging (both normal and
abnormal patterns of premature, accentuated, and accel-
erated aging)'®'’; 2. demographic and socioeconomic
factors (e.g., education, income, housing, social support,
stigma and discrimination)*'*"*; 3. medical comorbidities
(e.g., cardiovascular diseases and hepatitis C infection)’;
4. mental health (e.g., depression and stressful life
events)'; 5. healthcare-seeking behaviors (e.g., engage-
ment in care and ART adherence)'’; and 6. smoking and
drug and alcohol use disorders.'** In general, previous
longitudinal NeuroHIV studies have assessed mental
health conditions, medical comorbidities, demographic
and alcohol and drug use problems, but not socioeco-
nomic factors or healthcare-seeking behaviors.*

Moreover, there are some methodological limitations
in previous longitudinal NeuroHIV studies regarding
how cognitive trajectories were assessed at the individ-
ual level, although more appropriate methods have been
used at the group level.* At the individual level, most
studies have not determined meaningful cognitive
change (i.e., statistically defined cognitive change rather

than functional change or change due by chance or
normal fluctuations, see also Fig. 1). Some research,
including studies from our group, used standard
regression-based change score methods, an established
evidence-based method for detecting individual cogni-
tive change.”” However, the standard regression
methods have limitations, as they are impractical when
there is more than one follow-up assessment and when
follow-up durations vary.” In addition, these methods
require complete follow-up of all participants to yield
unbiased estimates.” When participants with incomplete
follow-ups are excluded, the data have to be missing
completely at random to produce unbiased results.”
Complete longitudinal data are the exception rather
than the rule in clinical research. Further, excluding
incomplete follow-up cases reduces study power and
generalizability.”” On the other hand, linear mixed-effect
(LME) models are robust in dealing with attrition and
unbalanced data and work seamlessly with data that has
multiple follow-up time points.”?> Van der Elst and
colleagues have demonstrated the possibility of using an
LME model as an alternative to traditional methods to
compute regression-based change scores.”

Thus, to address the limitations in the previous
literature and to improve our understanding of cognitive
trajectories in people living with chronic stable HIV
infection, we analyzed data from an Australian cohort
study known as the Predictors of Adherence to
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Fig. 1: lllustrations of different concepts of cognitive decline and trajectories. Meaningful cognitive change is a statistically defined
threshold of cognitive change on an evidenced-based cognitive change score. The convention is to detect both decline and improvement with a
90% Cl, that is p < .05 two-tailed, that is +1.64 change across the normative mean of zero. Meaningful decline is only a longitudinal definition
and only applies to cognitive change. Hence it is possible to have meaningful cognitive decline across different levels of performance range as
illustrated in 3 arbitrary examples. In this figure for simplicity, we only presented decline and not improvement. But the same reasoning applies
to meaningful cognitive improvement. In this framework, subtle cognitive decline is a decline that is large enough for a progression
between normal to impaired performance, but the magnitude of the decline is not large enough to be >-1.64, cut-off for meaningful cognitive
decline. As such, subtle cognitive decline takes into account both the cross-sectional impairment rating and longitudinal change status.
Sustained impairment is a cross-sectional definition of change where impaired performance is detected at all tested time points. The same

reasoning applies for sustained normality.
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Antiretroviral Therapy (PAART) study as planned in the
study original protocol.” The PAART study was con-
ducted in a cohort of clinically stable and virally sup-
pressed PWH and collected data across cognitive
functions, demographics and socioeconomic factors,
healthcare seeking behaviors, HIV disease markers, and
medical comorbidities. We used the LME regression-
based change score method to classify meaningful
cognitive change profiles (statistically defined decline or
improvement versus stability, p < 0.05 two-tailed).
Further, using these change profiles and cognitive
impairment classifications, we determined cognitive
trajectories of whether cognitive decline and impair-
ment are incident, sustained or fluctuant. Note that,
using this approach, it is possible to detect incident
cognitive impairment without having a meaningful
decline, but subtle decline (see Fig. 1). Subtle cognitive
decline represents the combination of longitudinal and
cross-sectional information in the data and the instance
in which a participant declined but did not reach the
threshold of meaningful cognitive decline and yet pro-
gressed from having normal cognitive performance to
impairment performance. Finally, we use an LME
model to determine factors influencing longitudinal
cognitive performance at the group level while focusing
on the effect of cognitive aging.

Methods

Study population

The PAART study” recruited 523 PWH from 17 HIV
healthcare facilities across Australia. The detailed
description of the study has been published else-
where.””* To be eligible, participants had to be taking
ART and attained viral suppression (plasma HIV RNA
<50 copies/mL) for at least three months prior to
recruitment. Ethic approval was obtained from the
following Human Research Ethics Committees
(HRECs): ACT Health Canberra HREC (ETH.7.13.178),
St Vincent’s Hospital HREC (HREC/12/SVH/186), The
Alfred Hospital HREC (444/14), Government of Western
Australia South Metropolitan Health Service HREC (ref
13/70), and Monash Health HREC (15028X). Written
informed consent was taken from the participants.
Recruitment started in September 2013 and participants
were followed up every six months for two years.

The current study sample included all participants with
valid cognitive data, which comprised 457 participants
at baseline, 316 participants at Month-12 follow-up, and
276 participants at Month-24 follow-up (see also
Supplementary File 1). According to the sample size
calculation method developed by Lu, Luo, and Chen for
LME models,” our sample size has enough power (i.e.,
80%) to run an LME model with autoregressive correlation
structure using the cognitive score as the outcome, age as
the main predictor, and assuming the effect size as 0.33.

Assessments

The following data were collected on annual visits
through a computer-based self-administered question-
naire: demographics, socioeconomic factors, physical
health, mental health, quality of life, life stressors, social
support, alcohol and drug use, HIV disclosure, stigma
and discrimination, healthcare access, and treatment
adherence.” Quality of life was assessed with the Pro-
fessional Quality of Life Scale (PROQOL-HIV scale),”
mood status or depression was assessed with Patient
Health Questionnaire (PHQ-9),° alcohol dependence
was assessed with CAGE questionnaire,” attitude to
ART was assessed with Beliefs About Medications
Questionnaire (BMQ-HAART),” and ART adherence
was assessed with Simplified Medication Adherence
Questionnaire (SMAQ).” Medical information such as
current HIV treatment, comorbidities and laboratory
findings and biomarkers were collected from clinical
notes and from ART-dispensing pharmacies.

Cognitive performance was assessed with the
CogState Computerized Battery (CCB),* which has been
validated in NeuroHIV research.’’ CCB consists of four
tasks and five measures known as detection (speed),
identification (speed), one back (speed and accuracy),
and one-card learning (accuracy). The tasks assess speed
of simple and divided attention and speed of working
memory, in addition to accuracy of continuous learning
and working memory. The tasks of attention/working
memory and continuous learning embed executive
functioning.

Definitions of cross-sectional cognitive impairment
The five individual CCB test scores were transformed to
demographically corrected z-scores using Cogstate
normative data correcting for age, education, and sex.*
Then, global z-scores (GZS) were computed by aver-
aging the individual test z-scores.”” Practice effect
correction was applied for Month-12 and Month-24 data
using longitudinal normative data that our group has
developed.*” We determined cognitive impairment at all
time-points, where deficit scores were applied to the
individual z-scores and then averaged into a Global
Deficit Score (GDS). A GDS >0.5 was defined as
cognitively impaired.****

Definitions of meaningful cognitive change

(i.e., decline or improve versus stable) and
determination of cognitive trajectories (incident
impairment, incident meaningful decline, subtle
decline, sustained impairment, sustained decline,
sustained improvement, and fluctuant
performance)

We selected the LME regression framework to compute
change scores in order to identify meaningful cognitive
change” (see Fig. 1 and Supplementary File 2 for
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detailed procedure). Per convention,”” meaningful
cognitive change for each follow-up time point was rated
based on whether the change score was within or above/
below 90% confidence interval (i.e., + 1.64 SD to the
mean, that is p < 0.05, 2-tailed). Participants who had a
change score above 1.64 SD were classified as “improve”
while participants with a change score below —1.64 SD
were classified as “decline”. The remaining participants
were classified as “stable”.

Afterwards, using the cross-sectional impairment
rating and longitudinal change status, we determined
cognitive trajectories (incident impairment, incident
meaningful decline, subtle decline, sustained impair-
ment, sustained decline, sustained improvement, and
fluctuant performance). We determined the incidence of
cognitive decline (i.e., participants who were normal at
baseline and had a meaningful decline at Month-12 or
Month-24), incidence of cognitive impairment by subtle
decline (i.e., participants who were normal at baseline
and became impaired at Month-12 or Month 24 but did
not reach the threshold of meaningful cognitive decline;
see Fig. 1), and the prevalence of sustained cognitive
impairment (i.e., participants who were impaired at
baseline and stayed impaired at both Month-12 and
Month-24), sustained cognitive decline (i.e., participants
who declined at both Month-12 and Month-24), sus-
tained cognitive improvement (i.e., participants who
improved at both Month-12 and Month-24), and fluc-
tuant performance (i.e., participants who were impaired
or normal at baseline and declined at Month-12 but then
became stable/improved again at Month-24).

Determination of cognitive aging effects and
factors influencing longitudinal neurocognitive
performance

Firstly, descriptive analyses were conducted using t-test,
Mann-Whitney U test, and Chi-Square test to compare
all the baseline information between those who were
cognitively impaired at baseline according to the GDS
and those who were cognitively normal. Comparisons
were also made between young (<50) and old (>50)
participants. Normality of the continuous variables was
checked using Shapiro—Wilk test to determine whether
to use t-test or Mann—-Whitney U test.

Next, to determine any abnormal cognitive aging
effect, in addition to which factors predicted longitudi-
nal cognitive performance, we carried out an additional
LME model using age-corrected GZS as the outcome,
and all the other variables as delineated above as pre-
dictors. The age-corrected GZS was used in order to take
into account normal aging and this identifies abnormal
cognitive ageing which by definition is above and
beyond the normal ageing effect.’’ Age groups (ie.,
young; <50 years or old; >50 years),’ time and their
interaction were used as main fixed-effect variables.
Younger and older participants were classified based on

www.thelancet.com Vol 56 February, 2023

the 50 years of age cut-off because age-related conditions
are likely to increase exponentially starting from the age
of 50 among PWH. Covariates were chosen based on a
backwards selection approach. Namely, variables which
had a p-value >0.5 were sequentially removed from the
model. The final model adopted only random intercept
because it outperformed the model with random slope.
Nlme*® package in R statistical software was used for
these analyses.

Role of the funding source

The funders had no role in the design of the study,
collection and analysis of data, and preparation of
manuscript.

Results

Participants’ baseline characteristics are presented in
Table 1. Among 457 participants with valid baseline
data, 270 participants (59%) were over 50 years of age.
All participants had undetectable plasma HIV RNA (<50
copies mlL) at baseline and only three participants had a
viral rebound (increase back to >200 copies mL) over the
follow-up. The median duration of being diagnosed with
HIV was 15 years and only 22% (n = 100) had a history
of previous AIDS illness. Thirty one percent (n = 142)
were classified as cognitively impaired at baseline.

Individual cognitive change profiles

Actual cognitive performance of each participant over
the study follow-up is presented in the Supplementary
File 3 in a spaghetti plot. Six percent of the partici-
pants at Month-12 and 7% at Month-24 were classified
as having a “decline” from baseline, while 3% were
classified as “improve” at both Month-12 and Month-24
follow-ups. Therefore, the remaining 91% at Month-12
and 90% at Month-24 were classified as “stable”. Par-
ticipants who were cognitively impaired at baseline had
a greater chance of cognitive decline at both Month-12
12 (p < 0.001) and Month-24 (p < 0.05) in comparison
with those who were cognitively normal at baseline
(Figs. 2 and 3).

Cognitive trajectories combining cross-sectional
impairment status at baseline and across the study
period with magnitude of longitudinal cognitive
decline (meaningful or subtle)

Among the participants who were cognitively normal
at baseline, the incidence of cognitive decline over
one- and two-year follow-up periods were 2% and 5%,
respectively, while the incident cognitive impairment
(implying a subtle cognitive decline that is below the
clinically meaningful cut-off) rates were 31% at
Month-12 and 25% at Month-24 respectively. Among
226 participants with follow-up data at both Month-12
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Normal or impaired cognition Young (<50 years) or Total (457)
Old (>50 years)
Normal (315) Impaired (142) Young (187) Old (270)

Demographics
Age (mean, SD) 51.2 (12.12) 49.6 (12.66) 38.8 (8.12) 58.9 (6.66)*** 50.7 (12.3)
Gender (male) 306 (97%) 130 (92%)* 168 (90%) 268 (99%)*** 436 (95%)
Men who have sex with men 259 (82%) 103 (73%)* 145 (78%) 217 (80%) 362 (79%)
Born in Australia 202 (64%) 82 (58%) 106 (57%) 178 (70%) 284 (62%)
Australian citizen 307 (97%) 128 (90%)* 168 (90%) 267 (99%)*** 435 (95%)
Speaks English at home 272 (82%) 108 (76%)* 158 (84%) 222 (82%) 380 (83%)
Excellent English 284 (90%) 122 (86%) 149 (80%) 257 (95%)*** 406 (89%)
Has a Medicare card 308 (98%) 138 (97%) 178 (95%) 268 (99%)* 446 (98%)
Reached the Medicare safety net in the past 12-months 52 (20%) (18%) 23 (14%) 53 (22%)** 6 (19%)
Private health insurance (yes) 147 (47%) 8 (34%)* 84 (45%) 111 (41%) 195 (43%)
Completed year 12 255 (81%) 111 (78%) 159 (85%) 207 (77%)* 366 (80%)
Social structure and support
Married/de facto/in a regular relationship 146 (46%) 56 (39%) 93 (50%) 109 (40%) 202 (44%)
In a sexual relationship 135 (43%) 61 (43%) 95 (51%) 101 (37%)** 196 (43%)
Lives alone 119 (38%) 62 (44%) 60 (32%) 121 (45%)** 181 (40%)
Received less social support than wanted/needed 183 (58%) 83 (58%) 75 (40%) 115 (43%) 266 (58%)
Not involved in any HIV support organization 237 (75%) 102 (2%) 132 (71%) 207 (77%) 339 (74%)
HIV disclosure, stigma, and discrimination

Has not disclosed HIV status to anyone 12 (4%) 9 (6%) 9 (5%) 12 (4%) 21 (4%)

Has been made to feel ashamed of HIV diagnosis 135 (43%) 64 (45%) 100 (53%) 9 (37%)*** 199 (44%)

Has felt blamed for having HIV 100 (32%) 56 (39%) 0 (43%) 76 (28%)** 156 (34%)

Has felt avoided, excluded, or rejected for having HIV 129 (41%) 59 (42%) 6 (46%) 102 (38%)* 188 (41%)

Has had awkward interactions for having HIV 153 (49%) 67 (47%) 106 (57%) 4 (42%)** 220 (48%)
Financial/employment status
Social welfare as the main source of income 113 (36%) 6 (46%)* 53 (28%) 126 (47%)*** 179 (39%)
Received financial assistance in the past 12 months 106 (34%) 63 (44%)* 73 (39%) 6 (36%) 169 (70%)
Employed 169 (54%) 65 (46%) 124 (66%) 110 (41%)*** 234 (51%)
Work hours per week (median, IQR) 0 (40) 4 (38) *** 35 (15) 0 (32)*** 5 (39.25)
Weekly income after tax (median, IQR) 600 (770) 500 (697)* 746 (464) 500 (500)** 600 (69 )
Lives in a public-subsidized accommodation 4 (17%) 7 (26%)* (16%) 2 (23%) 1 (20%)
Lives with someone who is financially dependent 6 (8%) (12% 1 (11%) 2 (8%) 3 (9%)
Had financial difficulties to meet basic needs in the past 12 months 0 (19%) 1 (22%) 5 (24%) 6 (17%) 1 (20%)

HIV healthcare and treatment access
Used more than three HIV management health services 101 (32%) 47 (33%) 57 (30%) 91 (34%) 148 (32%)
Uses the following HIV care and treatment services:

Hospital based HIV clinic 145 (46%) 79 (56%) 102 (55%) 122 (45%) 224 (49%)
Health center specialized in HIV treatment 5 (27%) 4 (24%) (18%) 6 (32%)** 119 (26%)
Community based general practice 105 (33) 47 (33%) 5 (24%) 107 (40%)*** 152 (33%)
Sexual health clinic/center 3 (33%) 43 (30%) 3 (39%) 73 (27%)** 146 (32%)
Naturopath 5 (5%) 9 (6%) 8 (4%) 6 (6%) 4 (5%)
Hospital pharmacy 170 (54%) 63 (44%) 8 (47%) 145 (54%) 233 (51%)
Home or community care 6 (2%) 6 (4%) 5 (3%) 7 3%) 12 (3%)
Drug or alcohol services 4 (1%) 2 (1%) 4 (2%) 2 (1%) 6 (1%)
HIV-related community organizations or support groups 41 (13%) 25 (18%) 24 (13%) 42 (16%) 66 (14%)
Actively involved in the management of HIV 306 (97%) 137 (96%) 183 (98%) 260 (97%) 443 (97%)
Primary HIV physician
General practitioner 113 (36%) 8 (33%) 9 (26%) 112 (42%)** 161 (35%)
Hospital physician 9 (41%) (48%) 1 (49%) 106 (39%) 197 (43%)
Sexual health physician 0 (22%) 4 (17%) 43 (23%) 51 (19%) 4 (20%)
Cost prevented to access a medical service for the management 41 (13%) 4 (17%) 6 (19%) 9 (11%)* 5 (14%)

of HIV infection in the past 12 months

(Table 1 continues on next page)
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Normal or impaired cognition Young (<50 years) or Total (457)
Old (>50 years)
Normal (315) Impaired (142) Young (187) Old (270)
(Continued from previous page)
HIV history
Duration of HIV diagnosis (median, IQR) 3 (19) 16 (16.25) 9.19 (7.31) 19.08 (9.14)*** 5 (17)
Duration of ART (median, IQR) 9 (14) 12 (13.5) 6.52 (5.88) 14.34 (7.36)*** 0 (14)
Male-to-male sexual transmission of HIV 258 (85%) 98 (74%)* 143 (78%) 213 (84%) 356 (81%)
Nadir CD4+ T-lymphocyte count <200 cells/mm? 119 (39%) 52 (38%) 50 (27%) 121 (46%)*** 171 (38%)
Previous AIDS 2 (20%) 38 (27%) 30 (16%) 70 (26%)* 100 (22%)
HIV brain Involvement history 0 (3%) 8 (6%) 7 (4%) 11 (4%) 8 (4%)
Comorbidities
Hep B coinfection 10 (3%) 9 (6%) 6 (3%) 3 (5%) 19 (4%)
Hep C coinfection 26 (8%) 18 (13%) 18 (10%) 6 (10%) 44 (10%)
Heart disease 33 (10%) 15 (11%) 5 (3%) 43 (16%)*** 48 (11%)
Hypertension 63 (20%) 29 (20%) 15 (8%) 77 (29%)*** 92 (20%)
Stroke 6 (2%) 3 (2%) 2 (1%) 7 (2%) 9 (2%)
Peripheral vascular disease 7 2%) 1 (1%) 0 (0%) 8 (3%)* 8 (2%)
Diabetes 17 (5%) 10 (7%) 2 (1%) 25 (9%)*** 27 (6%)
Chronic liver failure 0 (0%) 1 (1%) 0 (0%) 1 (0.4%) 1 (0.2%)
Chronic kidney disease 6 2%) 4 (3%) 0 (0%) 0 (4%)** 10 (2%)
Psychiatric 89 (28%) 45 (32%) 56 (30%) 8 (29%) 134 (29%)
Other diagnosed comorbidity 77 (25%) 36 (26%) 23 (12%) 0 (33%)*** 113 (25%)
Cumulative number of age-related comorbidities (>2%) 29 (9%) 15 (11%) 3 (2%) 41 (15%)*** 44 (10%)
Current health
Current CD4+ T-lymphocyte count (median, IQR) 461 (300.14) 587 (305.50) 712.28 (273.39) 632 62 (275.33)** 630 (355)
Length of undetectable HIV viral load in months (median, IQR) 40 (67.5) 42 (65) 4 (30) 5 (41)*** 42 (64)
Anemia 19 (6%) 10 (7%) 12 (6%) 17 (6%) 9 (6%)
Elevated ALT (>40 U/L males, >35 U/L females, %) 84 (27%) 26 (18%) 4 (24%) 6 (25%) 110 (24%)
eGFR <60 ml/min/1.73 m? 21 (7%) 13 (9%) 6 (3%) 28 (10%)** 4 (7%)
Hepatitis co-infection 40 (13%) 29 (20%)* 25 (13%) 44 (16%) 9 (15%)
Syphilis infection in the past 12 months 18 (6%) 4 (3%) 15 (8%) 7 (3%)** 2 (5%)
Physical health
Self-reported good/very good overall health 264 (84%) 117 (82%) 162 (87%) 219 (81%) 381 (83%)
One or more bed days due to illness in the past 12 months 172 (54%) 2 (59%) 120 (65%) 134 (50%)* 254 (56%)
One or more doctor visits due to illness in the past 12 months 216 (69%) 102 (72%) 126 (69%) 192 (72%) 318 (70%)
One or more hospital inpatient days in the past 12 months 55 (17%) 2 (23%) 9 (16%) 8 (21%) 7 (19%)
Mental health
Severe depression on PHQ-9° 23 (7%) 12 (10%) 15 (8%) 20 (7%) 35 (8%)
Depressive symptoms make daily living difficult 103 (33%) 48 (34%) 73 (39%) 78 (29%)* 151 (33%)
Currently clinically active psychiatric illness 68 (22%) 33 (23%) 45 (24%) 56 (21%) 101 (22%)
Alcohol and drug use
Alcohol use in the past 12 months 270 (90%) 110 (86%) 160 (90%) 220 (87%) 380 (89%)
Alcohol dependent (CAGE)” 9 (21%) 2 (15%) 4 (24%) 47 (17%) 91 (21%)
Use a drug at least once a week in the past 12 months (yes) 5 (24.16%) 51 (27.27%) 51 (27%) 65 (24%) 163 (36%)
Smoking at least once a week in the past 12 Months (yes) 4 (27%) 34 (24%) 2 (33%) 56 (21%)** 118 (26%)
Use an injecting drug weekly or more in the past 12 months 2 (4%) 9 (6%) 3 (7%) 8 3%) 12 (4%)
Life stressors
More than 2 major stress events in the past 12 months 82 (26%) 34 (24%) 64 (34%) 52 (19%)*** 116 (25%)
Antiretroviral therapy
Started ART because of high viral load 141 (45%) 9 (49%) 3 (50%) 117 (44%) 210 (46%)
Started ART because of low CD4 count 65 (53%) 0 (50%) 104 (56%) 131 (49%) 235 (52%)
ART as a single tablet regimen 4 (30%) 43 (30%) 5 (40%) 62 (23%)*** 137 (30%)
CPE (mean, SD) 771 (1.93) 8 (1.81) 7.4 (1.63) 7.97 (2.02)** 7.74 (1.89)
SMAQ score (mean, SD)* 0.89 (1.12) 1.05 (1 38) 114 (1.33) 0.79 (1.09)** 1.65 (2.15)
Missed at least one dose of ART in the last three months (yes) 144 (46%) 7 (40%) 88 (47%) 113 (42%) 201 (44%)
Delayed/interrupted ART in the past 12 months 18 (6%) (8° ) 15 (8%) 14 (5%) 29 (6%)

(Table 1 continues on next page)
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Normal or impaired cognition Young (<50 years) or Total (457)
Old (>50 years)
Normal (315) Impaired (142) Young (187) Old (270)

(Continued from previous page)

Delayed/interrupted ART ever 45 (17%) 23 (16%) 30 (16%) 45 (17%) 75 (16%)
Delayed/interrupted ART ever for >1 week 41 (13%) 17 (12%) 20 (11%) 38 (14%) 58 (13%)
BMQ-HAART score (mean, SD)" 38.54 (9.08) 40.25 (9.38) 39.7 (9) 38.64 (10) 39.07 (9.2)
Concomitant medications

Daily concomitant medication pill burden (mean, SD) 3.63 (4.5) 3.67 (3.94) 2.16 (3.46) 4.66 (4.58)*** 3.64 (4.33)
PRO-QOL HIV

PRO-QOL HIV summary score (mean, SD)° 44.88 (23.21) 47.83 (25.88) 49.11 (25.23) 44.5 (23.02)* 45.8 (24.08)
Cognitive scores

Mean T-score (mean) -0.01 (0.40) -1.0 (0.53) *** -0.46 (0.65) -0.22 (0.62) *** -0.32 (0.64)
Global Deficit score (mean) 0.14 (0.16) 1.21 (0.67) *** 0.57 (0.69) 0.41 (0.59) * 0.47 (0.63)
Cognitively impaired 72 (39%) 70 (26%)** 142 (31%)
***p < 0.001, **'p < 0.01, *'p < 0.05. Data are presented as n (%) for categorical variables and mean (SD) or median (interquartile range) for continuous variables. Chi-square test was used for categorical,
and t-test and Mann-Whitney U Test were used for continuous variables. ALT = alanine aminotransferase, BMQ-HAART = Beliefs About Medications Scales, PHQ = Patient Health Questionnaire, CPE = CNS
penetrative effectiveness score, SMAQ = Simplified Medication Adherence Questionnaire, PRO-QOL = Professional Quality of Life Scale.’PHQ-9 score >15. PCAGE score >2. Higher score means poorer
adherence. “Higher score means less belief in necessity and acceptability of ART. ®Higher score means lower QOL.
Table 1: Differences in baseline characteristics between those who were cognitively normal or impaired at baseline and between younger and older participants.

and Month-24, 32 participants (14%) had sustained
impairment, three (1%) had sustained cognitive
decline and two (1%) had sustained cognitive
improvement. The majority, 195 out of 226 (86%),
remained stable over the follow-up period. Lastly,
seven participants (3%) had a fluctuating performance
over the follow-up (i.e., impaired, or normal at base-
line and declined at Month-12, but then became stable
again at Month-24).

Effects of aging and other demographic,
socioeconomic, psychosocial, treatment and clinical
factors on longitudinal cognitive performance
Table 2 shows the results from the LME model which
determined factors associated with change in neuro-
cognitive performance. Older age was associated with
higher neurocognitive performance (p = 0.23, CI = 0.03,
0.43, p < 0.001), but its interaction with follow-up time
was associated with lower cognitive performance
(B =-0.31, CI = -0.39, —0.22, p < 0.001). Among cova-
riates, having a regular relationship ( = 0.14, CI = 0.00,
0.28, p < 0.05) and having excellent English proficiency
(B=0.22, CI =0.04, 0.41, p < 0.05) were associated with
higher cognitive performance. Unexpectedly, having felt
avoided because of HIV status (p = 0.15, CI = 0.01, 0.30,
p < 0.05) was associated with better cognitive perfor-
mance. On the other hand, social welfare as the main
source of income ( =-0.27, CI =-0.52, —0.03, p < 0.05),
severe depression (p = -0.28, CI = -0.53, —-0.03, p <
0.05), and less belief in the necessity and higher con-
cerns in ART (higher BMQ-HAART score) (§ = —0.09,
CI = -0.16, —0.02, p < 0.05) were associated with poorer
cognitive performance.

Discussion

There is a paucity of studies assessing individual
cognitive trajectories in virally suppressed PWH with a
chronic and stable HIV disease. The current study
aimed to address inconsistencies in previous literature
by optimally assessing cognitive trajectories, cognitive
aging, and the effects of a comprehensive set of health,
social and lifestyle factors on cognition in a represen-
tative national sample of virally suppressed Australian
PWH.

Our study used a comprehensive framework to
determine cognitive trajectories combining cross-
sectional and longitudinal impairment classification,
and for the first time, a LME method to develop norms
for change and compute regression-based change
scores. Unlike some previous longitudinal NeuroHIV
studies,””** our study also corrected follow-up cognitive
data for practice effects to reliably estimate sustained
and incident cognitive impairment.

Overall, most participants were cognitively stable
over the follow-up period. Only a small proportion of
participants (6% at Month-12 and 7% at Month-24) had
a meaningful cognitive decline and just one percent of
participants had sustained cognitive decline over the
two-year follow-up period. These low cognitive decline
rates are probably afforded by the ongoing viral sup-
pression among the participants. While previous studies
have also reported that lower viral load reduces the risk
for cognitive decline,* we are the first to provide a
clear epidemiological figure.

However, despite no evidence for severe cognitive
decline, 31% and 25% of participants showed subtle
cognitive decline resulting in them crossing the
threshold from normal to impaired cognition at Month-
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Basesline Impairment Status

Fig. 2: Cognitive change status at month-12 and month-24 based on baseline impairment status. Data was presented only for those who
attended month-12 (n = 316) and month-24 (n = 276) follow-ups, Chi-square tests were used to compare the proportions of decline, stable and
improve between those who were cognitively normal and who were cognitively impaired at the baseline. P-values were drawn from the chi-
square tests and a significant p-value shows that the proportions of decline, stable and improve are significantly different between those who
were cognitively normal and who were cognitively impaired at the baseline.

12 and Month-24 respectively. This subtle cognitive  plasma viral suppression include direct HIV effects
decline may be related to ongoing subtle brain changes  (activity of the reservoir, chronic immune activation and
among PWH despite viral suppression. Our group has  inflammation), indirect or partial HIV effects (increased
previously demonstrated that despite viral suppression, comorbidities and abnormal cognitive aging), and non-
there are signs of progressing subtle brain damage  HIV effects that can be partially, but not always com-
among PWH characterized by abnormal cellular energy, ~ pounded by HIV (mental health and alcohol and drug

neuronal and axonal injury and restricted neuro-  use disorders).*"*

inflammation.” Future neuroimaging studies specif- Compared to the previous studies which used stan-
ically targeting subtle cognitive change as defined in the =~ dard regression-based change score method, the
current study are warranted. Possible precipitating facc ~ meaningful cognitive decline rate reported in our study

tors for ongoing brain injury among PWH despite  is lower. In our other study’ where we assessed

Baseline Impairment Status
I Impaired
I Normal

ove @=7)

Impaired (1=142)
lne (@=18) -~ line (2=20)
(n=457) (n=316) (n=276)
Baseline Impairment Status Month-12 Month-24

Fig. 3: Cognitive trajectories among study participants over the study follow-up based on the baseline impairment status. Participants
who were impaired at baseline did not improve over the study follow-up period.
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disease.

Variable B Standard error (SE) 95% Cl i) 95% CI

Age group (young vs old) 0.33%** 0.07 0.20, 0.47 0.23 0.03, 0.43
Time (year) 0.08** 0.03 0.03, 0.13 0.11 0.04, 0.18
Gender (female vs male) 0.16 0.14 -0.11, 0.43 0.25 -0.19, 0.69
Homosexual (yes) 0.10 0.07 -0.03, 0.24 0.16 -0.08, 0.36
Married or in a regular relationship (yes) 0.09* 0.04 0.002, 0.17 0.14 0.00, 0.28
Excellent English (yes) 0.14* 0.06 0.03, 0.25 0.22 0.04, 0.41
Eligible for Medicare (yes) -0.20 0.14 -0.47, 0.07 -0.32 -0.76, 0.12
Completed year 12 (yes) 0.10 0.06 -0.02, 0.22 0.16 -0.04, 0.36
Social welfare as the main source of income (yes) -0.18* 0.08 -0.33, -0.02 -0.27 -0.52, -0.03
Receiving financial support (yes) -0.06 0.05 -0.15, 0.03 -0.09 -0.23, 0.05
Employed (yes) 0.06 0.07 -0.08, 0.19 0.09 -0.13, 0.31
Self-perceived health status (poor/average vs good/very good) -0.07 0.05 -0.17, 0.03 -0.11 -0.28, 0.05
Hospital admission in the last 12 months (yes) -0.04 0.04 -0.12, 0.05 -0.06 -0.20, 0.08
Severe depression” (Yes) -0.17* 0.08 -0.33, -0.02 -0.28 -0.53, -0.03
More than 2 major stress events in previous 12 months (yes) -0.07 0.05 -0.16, 0.01 -0.12 -0.26, 0.02
Alcohol use in the past 12 months (yes) 0.06 0.06 -0.06, 0.18 0.09 -0.10, 0.28
Smoking at least once a week in the past 12 months (yes) 0.09 0.05 -0.01, 0.20 0.15 -0.02, 0.32
Use a drug at least once a week in the past 12 months (yes) 0.04 0.04 -0.05, 0.13 0.05 -0.10, 0.21
Has disclosed HIV status to someone (yes) 0.11 0.08 -0.05, 0.26 0.17 -0.08, 0.42
Has felt avoided, excluded, or rejected for having HIV (yes) 0.10* 0.05 0.008, 0.18 0.15 0.01, 0.30
Has had awkward interactions for having HIV (yes) 0.04 0.04 -0.05, 0.12 0.06 -0.08, 0.20
SMAQ score 0.04 0.02 -0.004, 0.08 0.07 -0.01, 0.15
Missed at least one dose of ART in the last three months (yes) 0.06 0.05 -0.01, 0.16 0.12 -0.02, 0.27
BMQ-HAART score -0.006* 0.002 -0.01, -0.002 -0.09 -0.16, -0.02
History of psychiatric disorder (yes) 0.05 0.06 -0.06, 0.16 0.08 -0.09, 0.26
Normal ALT (yes) -0.04 0.04 -0.12, 0.04 -0.07 -0.20, 0.06
History of Syphilis (yes) 0.11 0.09 -0.06, 0.29 0.18 -0.10, 0.6
Other comorbidity® (yes) 0.03 0.04 -0.04, 0.11 0.06 -0.07, 0.18
Hypertension (yes) -0.07 0.06 -0.19, 0.05 -0.11 -0.30, 0.09
Diabetes (yes) -0.18 0.10 -0.38, 0.02 -0.28 -0.61, 0.05
HIV brain involvement history (yes) -0.16 0.14 -0.43, 0.11 -0.26 -0.69, 0.18
History of Hepatitis C Virus infection (yes) -0.08 0.09 -0.26, 0.09 -0.14 -0.41, 0.14
Duration of living with HIV (year) -0.005 0.003 -0.01, 0.001 -0.08 -0.18, 0.02
Age group (young vs old)* time (year) -0.23*** 0.03 -0.30, -0.17 -0.31 -0.39, -0.22

A positive B or  means a positive association and a negative B or p means a negative association. The higher the level of B or f, the higher the magnitude of association.
¥y < 0.001, **'p < 0.01, *'p < 0.05, B = the unstandardized beta coefficient; B = standardized beta coefficient. *PHQ-9 score >15. b.40 UL males, >35 U/L females.
“Other diagnosed age-related comorbidity apart from hypertension, diabetes, heart disease, stroke, peripheral vascular disease, chronic liver failure and chronic kidney

Table 2: Linear mixed effects model results to identify the effects of age and other factors on longitudinal cognitive performance.

cognitive decline over 18 months among 96 clinically
stable and virally undetectable PWH, we found that 14%
of participants declined. In the CHARTER study,”
22.7% of participants were classified as a “decliner”
(defined if a participant had a decline status over the
follow-up period and did not improve in any of the
visits) over three years. A Cysique et al., study in China®
which followed 192 treated PWH over one year reported
a cognitive decline rate of 27%. The differences in the
neurocognitive decline rate between our study and the
previous studies may be due to differences in partici-
pant characteristics. Although the participants in our
previous Australian study were virally suppressed, they
were older (>45 years old was an inclusion criterion)
and had a higher proportion of participants with his-
torical AIDS compared to the participants in the current

study. In the CHARTER study, only 70% of participants
were on cART and only 41% were virally suppressed at
baseline. Similarly, only 56% of the Chinese study par-
ticipants were taking cART and only 34% had an un-
detectable viral load. Further, the baseline cognitive
impairment rate, which significantly influences cogni-
tive decline*** was higher among these previous studies
(Australian study (55%), the CHARTER study (46%),
and Chinese-based study (around 36%) compared to
31% in our study). When taken together with the other
studies,* this pool of research indicated that at the in-
ternational level where viral suppression rates are lower
than those in Australia, cognitive decline is likely to be
more common than in the current study.

Unlike previous studies,'" age >50 years was associ-
ated with better cognitive performance at baseline in our
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study. However, its association with follow-up time was
associated with lower cognitive performance meaning
older PWH have a higher risk for decline in cognitive
function over time. The cross—sectional association be-
tween older age and better neurocognitive performance
may be due to poorer social, physical, and mental health
statuses among younger participants compared to older
participants in this study. A lower proportion of younger
participants had excellent English and health care ac-
cess; and a larger proportion of them had felt ashamed,
blamed, awkward, avoided, and excluded because of
HIV, had suffered disturbing depressive symptoms and
major stress events, had had more than one bed day due
to an illness, lower ART adherence level and finally
lower quality of life compared to the older participants.
On the other hand, the increased risk for cognitive
decline over time among older PWH may subsequently
heighten their susceptibility to cognitive deterioration as
accelerated cognitive decline has been reported as a
prodromal phase for subsequent cognitive impairment
or neurodegenerative diseases.” And this higher chance
for cognitive decline among the older participants could
not merely be interpreted as normal cognitive aging
because the GZS which was used as the outcome was
corrected for normal aging effect.

Being married or in a regular relationship was
associated with better cognitive performance compared
to those who are single/widowed/separated/divorced.
The negative effect of being single/widowed/separated/
divorced on cognition may be related to loneliness
which has been consistently associated with lower
cognitive function in previous studies among both
PWH and the general population.”* This finding has
important implications for PWH and those who are
aging in particular.” HIV care and psychosocial services
may promote social engagement among PWH especially
those who are not in a regular relationship to alleviate
loneliness.*

Excellent English was associated with better cognitive
function in this study. Evidence of poorer performance
on neuropsychological tests in non-English speakers
despite similar demographics is well-established and
this effect was seen on verbal as well as non-verbal tasks
with lower language requirements.”~' In general, this is
likely to reflect cultural differences in education style
and less familiarity with formal testing that is more
common in Western societies.”” In addition, the nega-
tive effect of lower English proficiency on cognitive
performance may be a mediation effect of lower
educational achievement because participants with
lower English proficiency level were significantly likely
to have lower education level in this study.

Our study found that lower socioeconomic status
(defined as social welfare as the major source of in-
come) was associated with lower longitudinal perfor-
mance. This finding reinforces the evidence in the
existing literature that socioeconomic disparities can
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contribute negatively not only to physical health but
also to cognitive health.”*** This finding highlights the
need to endorse a holistic life course approach to di-
agnose cognitive health problems among PWH taking
into consideration social and structural factors as
well.”

As reported in previous research,'** we found that
severe depression was associated with poorer cognitive
performance. Given that depression is common among
PWH and can often be effectively treated with phar-
macological and non-pharmacological interventions
such as cognitive behavioral therapy, depression should
be regularly screened among PWH.'**¢

Less belief in ART necessity and more concerns
about negative impacts of ART, measured with BMQ-
HAART, were associated with lower cognitive perfor-
mance. The effect of less belief in necessity and
acceptability of ART on poor cognitive performance may
represent a proxy for lower ART adherence levels.
Indeed, the BMQ-HAART has been reported to be able
to reliably predict drug adherence in previous
research”®*** and its score was significantly correlated
with adherence measures in this study. Importantly,
recent studies found that suboptimal ART adherence
increases systemic immune activation and inflamma-
tion even in the context of plasma viral suppression as in
the current study.”® This finding has important im-
plications for HIV services. Clinicians and counselling
services should regularly assess the perception on ne-
cessity and acceptability of ART among PWH and
address any concerns and false beliefs if possible.”

Unexpectedly, having felt avoided because of HIV
status was associated with better cognitive performance.
One possible reason is that participants who had expe-
rienced HIV stigma were more likely to be receiving
social support such as engagement with NGOs or home
and community care, thus leading to improved cogni-
tion and heightened HIV stigma awareness.” In addi-
tion, the questionnaire used in this study to assess
stigma does not necessarily investigate how severely and
how frequent the stigmatized experiences (enacted HIV
stigma) have been. Future studies should further
explore the complex and possible dose response rela-
tionship between stigma experiences and cognition
among PWH.

Our study has limitations. First, under-
representation of female participants in this study
limits the generalizability of study findings, although
women with stable HIV are also likely to benefit in
terms of cognitive health. Second, the cognitive decline
rates reported in this study should be interpreted with
some nuance because participants who were lost to
follow up at Month-12 and Month-24 were more likely to
be from a socioeconomically disadvantaged group which
is reported to be associated with poorer cognition. Third,
our study did not include a HIV-negative control sample
and therefore, the aging effect in our study should be
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interpreted as only indicative of premature/accelerated
aging effect. Nevertheless, we corrected the cognitive
scores for normal aging effect. Fourth, lack of a HIV-
negative control group may also attenuate the validity
of normative sample selection. However, this is unlikely
since we selected participants whose cognitive perfor-
mance was within normal limits (based on large
normative data in healthy controls) for computing the
LME regression-based formula; a method that has been
successfully used in previous studies to estimate normal
longitudinal performance.”” Fourth, our study did not
assess functional decline or activities of daily living, and
therefore, could not be evaluated whether cognitive
decline and changes among the participants were
correlated with functional impairment or decline.
Nevertheless, previous studies have reported that
cognitive impairment is associated with functional
decline among PWH,** and the regression-based
change score method used in this study is widely
accepted as a way to measure meaningful cognitive
change among both PWH and other disease
populations.»*” Lastly, our study is subject to self-
report bias and recall bias since the information on
demographics, socioeconomic  status, healthcare
seeking behavior and general health status were
collected through self-reports. However, recall bias was
minimized as the recall period was always <12 month
and PWH were actively engaged in care. However, self-
report bias, is a common element of most NeuroHIV
studies because PWH usually come to the clinics on
their own without an informant to corroborate their
history. In our study, this is however minimized by the
fact that patients are highly engaged in care and were
therefore known to the staff at each clinic minimizing
responses that do not match the medical history of the
patients. Finally, one of the main contributors to self-
report bias is anxio-depressive symptoms'* which were
measured and considered in multivariate analyses in
this study.

In this sample of virally suppressed PWH, clini-
cally meaningful cognitive decline is not different
from normal expectation. This finding should be
reassuring to the millions of people who are living
with stable HIV infection. However, we also identified
several instances of cognitive vulnerabilities meaning
that cognitive health should remain a focus even in
these successfully treated people. Of concern was ev-
idence for abnormal aging on cognitive decline (i.e.,
decline greater than expected for the normative age).
In addition, we observed the negative effect of not
having a regular relationship, severe depression, and
less belief in necessity and acceptability of ART on
longitudinal cognitive performance. These finding
warrant integrated multidisciplinary care from clini-
cians, mental healthcare providers, and psychosocial
support workers and counselors for persons living
with chronic HIV infection to maintain not only their

physical health but also social, mental, and cognitive
health which could have a large influence on their
QOL and activities of daily living. Future studies
should also consider socioeconomic and psychosocial
factors and attitude to the treatment in addition to the
physical health and clinical factors while evaluating
cognitive health among PWH.
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