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Objectives

Evidence of premature cognitive ageing amongst people living with HIV (PLHIV) remains
controversial due to previous research limitations including underpowered studies, samples with
suboptimal antiretroviral access, varying rate of virological control, high rate of AIDS, over-
representation of non-community samples, and inclusion of inappropriate controls. The current
study addresses these limitations, while also considering mental health and non-HIV comorbidity
burden to determine whether PLHIV showed premature cognitive ageing compared with closely
comparable HIV-negative controls.

Methods

This study enrolled 254 PLHIV [92% on antiretroviral therapy; 84% with HIV RNA < 50 copies/
mL; 15% with AIDS) and 72 HIV-negative gay and bisexual men [mean (SD) age = 49 (10.2) years]
from a single primary care clinic in Sydney, Australia. Neurocognitive function was evaluated with
the Cogstate Computerized Battery (CCB) at baseline and 6 months after. Linear mixed-effects
(LME) models examined main and interaction effects of HIV status and chronological age on the
CCB demographically uncorrected global neurocognitive z-score (GZS), adjusting for repeated
testing, and then adjusting sequentially for HIV disease markers, mental health and comorbidities.

Results

HIV status and age interacted with a lower GZS (f = —0.43, P < 0.05). Higher level of anxiety
symptoms (f = —0.11, P < 0.01), historical AIDS (f = —0.12, P < 0.05) and historical HIV brain
involvement ( = —0.12, P < 0.05) were associated with lower GZS.

Conclusions

We found a robust medium-sized premature ageing effect on cognition in a community sample
with optimal HIV care. Our study supports routine screening of cognitive and mental health among
PLHIV aged > 50 years.
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Globally, people living with HIV (PLHIV) are ageing at an
unprecedented rate [1] because of the accelerated
decrease in AIDS-related morbidity and general mortality
afforded by combination antiretroviral therapy (cART)
[2,3]. In Australia, the number of older PLHIV increased
from 5564 in 2008 to 11 361 in 2017, with a dramatic
increase in the proportion aged > 50 years from 5% to
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46% between 1986 and 2017 [4]. Within the next 20—
30 years, > 70% of the Australian PLHIV will be aged
50+ years [5].

With ageing, neurological and psychological health is
becoming increasingly relevant for PLHIV. First, cognitive
ageing may be premature among PLHIV because of per-
sistent immune activation and inflammation along with
an increased prevalence of other age-related comorbidi-
ties [especially cardiovascular diseases (CVD) and stroke],
all of which are known risk factors for dementia in the
general population [6]. Second, age is the number one
risk factor for cognitive decline and dementia in the gen-
eral population [7] and even mild evidence of premature
cognitive ageing could have serious public health impli-
cations for the ageing HIV epidemic. Third, PLHIV carry
a significant mental health burden such as anxiety and
depression [8,9], which are also known risk factors for
cognitive decline and dementia [10,11].

In our recently completed systematic review, we found
that previous HIV and cognitive ageing studies have
identified signals for premature neurocognitive ageing
[12]. Premature cognitive ageing was defined as lower
cross-sectional neurocognitive performance amongst
PLHIV compared with age-matched HIV-negative people
(i.e. there is significant interaction effect of HIV and age
on cross-sectional continuous neurocognitive perfor-
mance). However, findings of this abnormal pattern of
cognitive ageing have been inconsistent across studies
due to certain methodological limitations. These included
small sample size, lack of age-matched HIV-negative
controls, clinical heterogeneity and suboptimal represen-
tation of PLHIV aged > 50 years.

Furthermore, there was an ascertainment bias towards
cohorts that included a high proportion of cases with his-
torical AIDS, and non-community samples with dispari-
ties in cART access and degree of virological control
[13,14]. Community samples are healthier and more rep-
resentative of the current HIV epidemic, especially in
countries where ART is subsidized [15].

Our review [12] also demonstrated that only a minority
of cognitive ageing studies adjusted for the effects of
age-related comorbidities and other comorbidities that
may affect neurocognitive performance. Indeed, in addi-
tion to the effect of chronological age, an array of other
factors such as HIV clinical characteristics (e.g. clinical
stage, nadir and current CD4 counts and HIV viral load),
previous HIV brain involvement [i.e. historical central
nervous system (CNS) opportunistic infection (OI) and
HIV-associated neurocognitive disorder (HAND)], age-re-
lated comorbidities, mental health burden and lifestyle
factors will complicate the degree to which premature
ageing can be ascribed [16,17].

© 2020 The Authors.

The present study sought to assess the evidence of pre-
mature cognitive ageing amongst PLHIV addressing the
previous studies’ limitations. For this, we tested whether
there is an interaction effect of HIV and age on neu-
rocognitive performance in a community sample of HIV-
positive bisexual and gay men with low AIDS rate and
high ART access and a cohort of age- and lifestyle-
matched HIV-negative people. All participants were
recruited from a single primary care practice in Sydney,
Australia. Half of the participants were aged > 50 years.

Methods
Participants

Details of the study cohort enrolled from a primary care
clinic in Sydney, Australia, have been reported previously
[18,19]. Briefly, the recruitment and baseline assessment
took place between October 2011 and October 2012. Par-
ticipants were reassessed 6 months later to assess any
potential short-term cognitive changes. A total of 326
participants (254 HIV-positive and 72 HIV-negative) par-
ticipated in this study and 266 participants (208 HIV-pos-
itive and 58 HIV-negative) attended for follow-up. The
attrition rate was 189%.

Participants included allcomers except for evidence
of alcohol or substance intoxication at the time of
assessment. These relaxed criteria of inclusion were
designed to improve the study’s representativeness and
the generalizability of results to similar primary care
cohorts in Australia and other countries with cART
access and universal health coverage. Nevertheless, we
note that in this community sample, no participants
had a history of non-HIV dementia, major traumatic
brain injury (TBI) or other advanced neurological disor-
der, and no participants had a psychiatric disorder on
the psychotic axis. Milder forms of neurological and
psychiatric conditions were recorded, including mild
TBI, non-advanced multiple sclerosis, non-advanced
Parkinson’s disease and minor stroke. In the HIV-posi-
tive participants, a history of HIV brain involvement
(treated CNS OI, HAND) was not set as an exclusion
criterion and recorded. Medical history, psychiatric/psy-
chological, and alcohol/drug use history were also care-
fully recorded (see details later).

Procedures

Demographic and medical inventories

Procedures have been reported in detail in previous pub-
lications [18,19]. Briefly, the visit included medical and
demographic inventories. The following conditions were
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recorded: lifetime depression, history of anxiety or panic
attack, history of non-HIV neurological disorders, history
of HIV-related neurological disorder (past treated HAND
or CNS OI), coinfections (treated syphilis and treated
HCV), vascular risk factors and conditions (hypertension,
angina, myocardial infarct, vascular disease and coronary
artery disease, smoking and diabetes). HIV route of trans-
mission, date of diagnosis, cART treatment, and cART
duration were also collected from the HIV-positive partic-
ipants. HIV-related medical and laboratory information
such as current CD4 and CD8 levels, nadir CD4 count,
plasma HIV RNA viral load result and HIV clinical stage
were measured within a week of the assessment.

Mood and functional assessments

Current mood was evaluated with a 21-item depression,
anxiety, stress scale (DASS-21) [20]. Standard Australian
cut-offs were applied to determine clinically relevant
mood changes: scores of > 13 in the depression compo-
nent, > 9 in anxiety component, and > 18 in stress com-
ponent were defined as having clinically significant
levels of depressive, anxiety or stress symptoms. The
Mini-International Neuropsychiatric Interview alcohol
and substance use sections [21] were administered to
determine the presence of any alcohol use disorder (AUD)
or substance use disorder (SUD). Instrumental activities of
daily living (IADLs) were measured with a modified ver-
sion of the Lawton and Brody scale [22].

Neurocognitive assessment

Neurocognitive performance was assessed using the Cog-
state Computerized Battery (CCB) [23]. The CCB is a cog-
nitive screening tool that can be conducted by non-
specialists and covers the cognitive domains commonly
affected by HAND [19]. Details of the assessment have
also been reported before [18,19]. The CCB version for
this study covered information processing speed, atten-
tion and working memory, verbal learning and memory
[24], and included six measures: detection speed, identifi-
cation speed, one back accuracy, two back accuracy,
international shopping list (ISL) task learning total correct
and ISL task delayed recall total correct.

For our primary aim analyses on the age effect on cog-
nition, we used the age-uncorrected global z-score (GZS).
For this, raw scores were converted to z-scores centred to
the mean age of the entire sample using norms provided
by Cogstate for Australians of the same education level
and sex as the current sample [18]. We then applied a
practice effect correction on the individual tasks on the
6-month age-uncorrected z-scores, where the practice
effect was extracted from the same normative sample.
Both baseline and 6-month follow-up individual age-

© 2020 The Authors.

uncorrected z-scores were then averaged into a GZS. A
low GZS indicates lower performance.

While not the main aim of our study, we determined
the CCB-based HAND prevalence at baseline and follow-
up for future references. Rate of neurocognitive impair-
ment (NCI) was also determined in the HIV-negative con-
trols. For this, raw scores were converted to age- and
gender-standardized z-scores [18]. For the follow-up, a
practice effect correction was included. These z-scores
were then converted to deficit scores ranging from 0 to 5
as follows: 0 (z-score > —1.0); 1 (z-score < —1.0 to
—1.5); 2 (z-score < —1.5 to —2.0); 3 (z-score < —2.0 to
—2.5); 4 (z-score < —2.5 to —3.0); and 5 (z-score
< —3.0). A global deficit score (GDS) was computed by
averaging the six individual tasks’ deficit scores. A high
GDS indicates greater impairment level. Based on our
previous work with the CCB and its sensitivity/specificity
to HAND against standard neuropsychological testing, we
used a GDS cut-off of > 0.5 rather than > 0.5 to define
NCI [18,19]. HAND was classified according to the meth-
ods developed in our previous study [18]: asymptomatic
neurocognitive impairment (ANI), GDS > 0.5 and no
IADL decline; mild neurocognitive disorder (MND),
GDS > 0.5-1.5 and mild to moderate IADL decline; HIV-
associated dementia (HAD), GDS > 1.5 and severe IADL
decline. In the HIV-negative controls, NCI was rated as
mild NCI, GDS > 0.5 and no IADL decline; moderate NCI,
GDS > 0.5-1.5 and mild-to-moderate IADL decline; sev-
ere NCI, GDS > 1.5 and severe IADL decline.

Statistical analysis

To estimate the effect of HIV-related neurological condi-
tions and other neurological conditions, two categorical
variables were created: HIV neurological involvement
history coded as ‘yes’ or ‘no’ (previous history of CNS OI
or previous history of HAND) and non-HIV-related neu-
rological history (history of head injury, history of stroke,
any history of neurological/CNS conditions such as mul-
tiple sclerosis and Parkinson’s disease). A categorical
variable termed CVD was created and rated ‘yes’ if the
participant had any history of hypertension, angina,
myocardial infarct, vascular disease and coronary artery
disease vs. ‘no’. HIV-negative participants were coded as
‘no’ for CDC stage C and HIV-related neurological history
and ‘0’ for HIV duration to be able to control and assess
the effect of these variables in the analysis with HIV-neg-
ative controls.

To assess our primary aim, the study participants were
divided a priori into four groups by age category and
HIV status (younger, < 50 years; older, > 50). This cut-off
of 50 years old was used based on previous evidence that
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this age represents a clinically meaningful cut-off in HIV
and ageing research [25]. Student’s t-test, aNova and x>
tests were used to compare the mean and group differ-
ences of demographics, HIV-related characteristics and
comorbidities. These variables were also compared
between those who came back for the 6-month follow-up
and those who did not (Tables S1 and S2). HIV-positive
participants who came back for follow-up were more
likely to be Australian of Anglo-English-speaking back-
ground (P < 0.001), have longer duration living with HIV
(P = 0.02), longer duration of ART (P = 0.04), and higher
proportion of HIV-related neurological involvement his-
tory compared with those who did not (P = 0.004).
Among HIV-negative participants, there was no signifi-
cant difference in terms of demographic and clinical
characteristics between those who came back at the 6-
month follow-up and those who did not.

We then used a LME model to assess the main and
interaction effects of age and HIV status on the GZS. All
the baseline and 6-month follow-up visits were included
in the analysis. The model was built using the restricted
maximum likelihood method. Variables were fitted into
the model through forward selection. Subjects were
included as a random effect. Fixed linear effects included
were the individual terms of HIV status and age (continu-
ous) and their interaction.

To determine the effects of covariates while selecting
the best model fit, we included all the covariates that
were significantly different among the four HIV/age
groups. All the other relevant covariates, such as lifetime
history of depression, history of mental illness and non-
HIV-related neurological history, were also incorporated
into the model in addition to the primary predictors and
their interactions. Next, covariates with a P > 0.3 were
taken out of the model step by step while assessing the
model’s fitness with the Akaike information criterion
(AIC). The variables fitted into the model were adjusted
until there was no significant decrease in the AIC value.
A total of nine covariates remained in the final model in
addition to the three primary predictors and their interac-
tion. The residual plots of the final model were examined
to check whether any model broke the assumption of the
linearity, normality and homoscedasticity. No deviation
was detected. Collinearity between the variables in the
final model was assessed with the variance inflation fac-
tor (VIF). The VIF was < 5 for all the tested variables
except the interaction terms. A similar LME model was
also conducted, restricting only to the HIV-positive par-
ticipants and including all the HIV biomarkers (e.g. CD4,
viral load and duration of cART). The analyses were con-
ducted with the lme4 package in R statistical software
[26]. For all the analyses, P <0.05 was set as the

© 2020 The Authors.

statistically significant threshold, while effect sizes and
confidence interval (CI) were reported to aid in the inter-
pretation of any statistically significant result.

Results

Table 1 presents the demographic and clinical character-
istics in the four HIV/age study groups. Younger HIV-
positive self-reported the highest anxiety symptoms at
baseline. They also had the highest prevalence of AUD/
SUD at both baseline and follow-up compared with all
other groups. The proportion with treated syphilis, CVD
and low glomerular filtration rate (i.e. eGFR < 60) was at
its highest amongst older HIV-positive participants vs. all
other groups. Diabetes was the most prevalent amongst
older HIV-negative people.

Table 2 presents the HIV disease

between younger HIV-positive and older HIV-positive

characteristics

participants. Older HIV-positive participants had lower
nadir and current CD4 T cell counts, higher ART uptake,
and longer HIV duration compared with the younger
HIV-positive participants at P < 0.05.

Table 3 presents the HIV/age group comparisons for
the age-uncorrected GZS. The older HIV-positive partici-
pants had the lowest performance on the GZS at both
baseline and follow-up compared with all other groups.
CCB-based HAND prevalence (demographically corrected
plus practice effect-corrected at follow-up) was compared
between HIV-negative and HIV-positive participants and
is presented in Tables S3 and S4. HAND/NCI prevalence
was significantly higher among HIV-positive than among
HIV-negative participants at both baseline (42% wvs. 22%)
and follow-up (43% vs. 23%) (P < 0.05).

Table 4 presents the results for the final LME model.
The iterative model building and comparisons are pro-
vided in Tables S5 and S6. Neither HIV status (f = 0.27)
nor age (ff = —0.13) main effect was significantly associ-
ated with the GZS at P < 0.05. However, their interaction
was significantly associated with a lower GZS
(f = —0.43, 95% CI: —0.85 to —0.02, P < 0.05) on GZS.
Three covariates were significantly associated with lower
GZS across the study period. These included having a his-
tory of HIV brain involvement (f = —0.12, 95%
Cl: —0.22 to —0.01, P < 0.05); having been diagnosed
with CDC stage C (8 = —0.12, 95% CI: —0.22, —0.03,
P < 0.05) and having higher anxiety score (f = —0.11,
95% CI: —0.19 to —0.04, P < 0.01). By contrast, current
SUD was associated with higher GZS in an unexpected
direction (f = 0.07, 95% CI: 0.004-0.14).

Figure 1 presents the interaction effect of HIV and age
on cross-sectional GZS predicted by the regression model.
It is evident that neurocognitive performance deteriorated
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Table 1 Demographic and clinical characteristics

Variable

Young HIV-negative (38)

Old HIV-negative (34)

Young HIV-positive (138)

Old HIV-positive (116) All (326) P

Demographics
Ethnicity

Anglo-ESB-Australian

Other
Age
Education

Above secondary school
Below secondary school

Comorbidities

DASS anxiety (baseline)
Yes
No

DASS stress (baseline)
Yes
No

DASS depression (baseline)

Yes
No

DASS depression (month 6)

Yes
No

DASS anxiety (month 6)
Yes
No

DASS stress (month 6)
Yes
No

Non-HIV neurological history*

Yes
No

Current AUD (baseline)
Yes
No

Current SUD (baseline)
Yes
No

Current AUD (month 6)
Yes
No

Current SUD (month 6)
Yes
No

Smoking
Yes
No

Total cholesterol
High (> 5.5 mmol/L)
Low

eGFR rate (low)

Yes (< 60 mL/min/1.73m2)

No
Hepatitis C RNA-positive
Yes
No
cvof
Yes
No
Diabetes
Yes
No

History of lifetime depression

Yes
No

34 (89%)
4 (19%)
38.5 (7.9)

27 (71%)
11 (29%)
7 (18%)

31 (82%)

7 (18%)
31 (82%)

11 (29%)
27 (71%)

6 (22%)
21 (78%)

7 (26%)
20 (74%)

5 (19%)
22 (81%)

6 (16%)
32 (84%)

1 (3%)
37 (97%)

2 (5%)
36(95%)

5 (19%)
22 (81%)

2 (7%)
25 (93%)

9 (24%)
29 (76%)

6 (35%)
11 (65%)

0 (0%)
17 (100%)

0 (0%)
22 (100%)

5 (13%)
33 (87%)

0 (0%)
38 (100%)

12 (32%)
26 (68%)

31 (91%)
3 (9%)
58.7 (6)

28 (82%)
6 (18%)
3 (9%)

31 (91%)

2 (6%)
32 (94%)

3 (9%)
31 (91%)

4 (13%)
27 (87%)

2 (6%)
29 (97%)

3 (10%)
28 (90%)

7 (21%)
27 (79%)

3 (9%)
31 (91%)

0 (0%)
34 (100%)

1 (3%)
30 (97%)

0 (0%)
31 (100%)

5 (15%)
29 (85%)

11 (46%)
13 (54%)

0 (0%)
20 (100%)

0 (0%)
9 (100%)

15 (44%)
19 (56%)

4 (12%)
30 (88%)

14 (41%)
20 (59%)

114 (83%)
24 (7%)
42,6 (5.7)

103 (75%)
35 (25%)
45 (32%)

93 (68%)

30 (22%)
108 (78%)

39 (28%)
99 (72%)

29 (27%)
80 (73%)

27(25%)
82 (75%)

21 (19%)
88 (81%)

34 (25%)
104 (75%)

17 (12%)
121(88%)

39 (28%)
99 (72%)

11 (10%)
98 (90%)

20 (18%)
89 (82%)

33 (24%)
105 (76%)

36 (31%)
79 (69%)

4 (3%)
113 (97%)

4 (30%)
121 (97%)

19 (14%)
119 (86%)

3 (2%)
135 (98%)

61 (44%)
77 (56%)

106 (91%)
10 (9%)
57.4 (6.4)

73 (63%)
43 (37%)
26 (22%)

90 (78%)

16 (14%)
100 (86%)

27 (23%)
89 (77%)

21 (21%)
77 (79%)

23 (23%)
75 (77%)

12 (12%)
86 (88%)

31 (27%)
73 (66%)

18 (79%)
108 (93%)

12 (10%)
104 (90%)

2 (2%)
97 (98%)

6 (6%)
93 (94%)

24 (21%)
92 (79%)

35 (37%)
60 (63%)

12 (12%)
87 (88%)

5 (5%)
92 (95%)

53 (46%)
63 (54%)

9 (8%)
107(92%)

44 (38%)
72 (62%)

285 (87%) 0.16
41 (130%)
49 (10.2) 0.29

231 (71%) 0.08
95 (29%)
81 (25%) 0.02

245 (75%)

55 (17%) 0.1
271 (83%)

80 (25%) 0.1
246 (75%)

60 (230%) 0.43
205 (77%)

59 (22%) 0.16
206 (78%)

41(15%) 0.4
224 (85%)

78 (24%)  0.55
248 (76%)

29 (9%) 0.22
297 (99%)

53 (16%) < 0.0001
273 (84%)

19 (7%) 0.01
247 (93%)

28 (11%) 0.004
238 (89%)

71 (22%) 0.68
255 (78%)

88 (35%) 0.56
163 (65%)

16 (6%) 0.02
237 (94%)

9 (4%) 0.59
244 (96%)

92 (28%) < 0.0001
234 (72%)

16 (5%) 0.02
310 (95%)

131 (400%) 0.5
195 (60%)

© 2020 The Authors.
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Table 1 (Continued)

Variable

Young HIV-negative (38) Old HIV-negative (34) Young HIV-positive (138) Old HIV-positive (116) All (326) P

History of anxiety or panic attack*

Yes 4 (11%) 3 (9%)

No 34 (89%) 31 (91%)
Treated syphilis

Yes 1 (3%) 8 (24%)

No 37 (97%) 26 (76%)

24 (17%) 12 (10%) 43 (13%) 0.29
114 (72%) 104 (90%) 283 (87%)
35 (25%) 35 (30%) 79 (24%) 0.007
103 (75%) 81 (70%) 247 (76%)

Data are presented as n (%) for categorical variables and mean (SD) for continuous variables. )(2 test was used for categorical and Student's t-test and
ANovA were used for continuous variables. For variables that are not mentioned either month 0 or 6 are month 0 data.

AUD, alcohol use disorder; CVD, cardiovascular disease; DASS, Depression Anxiety Stress Scale; eGFR, estimated glomerular filtration rate; ESB, English-
speaking background, PTSD, post-traumatic stress disorder; SUD, substance use disorder.

*Minor stroke or minor traumatic brain injury (TBI), non-advanced multiple sclerosis and non-advanced Parkinson's disease (no dementia, major TBI, or

any other advanced neurological conditions)

fAny history of hypertension, angina, myocardial infarct, vascular disease and coronary artery disease.

*Does not include any psychiatric conditions on the psychotic axis.

with increasing age at a significantly higher rate among
HIV-positive than among HIV-negative participants.

The final model that was restricted to the HIV-positive
participants is presented in Table 5. Older age
(f=-0.32, 95% CI: —0.45 to —0.19, P <0.001) was
associated with lower GZS. Having a history of non-HIV
neurological condition (f = —0.11, 95% CI: —0.22 to
—0.001, P < 0.05), having been diagnosed with CDC stage
C (p = —0.10, 95% CI: —0.21 to —0.02, P < 0.05), and
having a higher anxiety score (f = —0.17, 95% CI: —0.25
to —0.08, P < 0.001) were also associated with a lower
GZS. In addition, compared with baseline testing, cogni-
tive testing at 6 months was negatively associated with
lower GZS among HIV-positive participants (f = —0.05,
950 CI: —0.11 to —0.03, P < 0.05). On the other hand,
duration of ART (f = 0.19, 95% CI: 0.004-0.37, P < 0.05)
was associated with a higher GZS.

Discussion

The current study aim was to identify whether there is
any evidence of premature cognitive ageing among a
community sample of well-treated HIV-positive partici-
pants with low historical AIDS vs. demographically, geo-
graphically and lifestyle-comparable HIV-negative
controls. Importantly, younger (< 50 years) and older
(> 50 years) age groups were evenly represented across
the study population.

The main study finding was evidence of premature
cognitive ageing. Essentially, the HIV and age interaction
effect size was the largest (medium effect size) compared
with all the variables that were significantly associated
with neurocognitive performance. Several factors were
also independently associated with neurocognitive perfor-
mance, although they all had small effect sizes. In the
analyses including both HIV-negative and HIV-positive

© 2020 The Authors.

samples, a higher degree of anxiety symptoms, a history
of HIV-related brain involvement, and a past CDC stage C
diagnosis were associated with lower neurocognitive per-
formance, while SUD was associated with higher cogni-
tive performance. In the analyses restricted to the HIV-
positive sample, in addition to age, which has a small to
medium effect size, a history of non-HIV-related neuro-
logical disorder, a past CDC stage C diagnosis and a
shorter duration of ART were associated with poorer neu-
rocognitive performance, all representing small effect
sizes.

The HAND CCB-based prevalence in the treated HIV-
positive sample in the current study was in line with pre-
viously published studies (in independent samples) using
the CCB and/or standard neuropsychological testing [27].
This prevalence rate is also similar to international
cohorts which have used appropriate demographically
corrected norms and reported mild-to-moderate degree of
comorbidity burden [28]. The NCI rate amongst HIV-neg-
ative participants was higher than in a typical control
sample (i.e. 16%) [29], because all HIV-negative comers
were included in this study, and some had NCI risk fac-
tors, including a slightly higher rate of diabetes. This fur-
ther corroborates that the CCB is a sensitive instrument
to cognitive difficulties [30].

Our study supports and extends previous reports of
premature cognitive ageing amongst PLHIV [31,32].
Goodkin et al. [31] identified premature cognitive ageing
in a longitudinal cohort of 2278 HIV-positive and 2808
HIV-negative participants (average baseline
age = 37.2 years) from the Multicenter AIDS Cohort
Study (MACS) who had been followed up 6-monthly for
an average duration of 7.4 years. More specifically, this
study found a negative interaction effect between
chronological age and CDC HIV clinical disease stage on
motor function and episodic memory that were measured
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Table 2 HIV disease characteristics

Younger Older
HIV-positive  HIV-positive All
Variable (138) (116) (326) P
Mode of HIV
transmission
Homosexual 128 (92%) 108 (93%) 236 (93%) 0.91
Heterosexual 3 (2%) 1 (1%) 4 (29%) 0.40
Intravenous 2 (1%) 0 (0%) 2 (0.8%) 0.19
drug use
Blood transfusion 2 (1%) 3 (3%) 5 (2%) 0.52
Others 7 (4%) 4 (3%) 11 (4%) 0.53
CDC stage C
(baseline)
Yes 19 (14%) 20 (17%) 39 (15%) 0.44
No 119 (86%) 96 (83%) 215 (85%)
CDC stage C
(month 6)
Yes 18 (17%) 19 (20%) 37 (18%) 0.63
No 87 (83%) 77 (80%) 164 (82%)
CD4 cell count 667 (278) 590 (238) 632 (263) 0.02
(baseline)
(copies/mL)
CD4 cell count 689 (269) 608 (219) 650 (249) 0.02
(month 6)
(copies/mL)
Nadir CD4 cell count 346 (210) 278(169) 315 (195) 0.005
(copies/mL)
Nadir CD4 cell count
(< 200) (copies/
ml)
Yes 33 (24%) 42 (37%) 75 (30%) 0.03
No 102(76%) 71 (63%) 173 (70%)
CD8 cell count 986 (531) 982 (501) 984 (517) 0.95
(copies/mL)
Viral load (< 200
copies/mL) at
baseline
Yes 110 (80%) 101 (88%) 211 (849%) 0.Nn
No 27 (20%) 14 (12%) 41 (16%)
Viral Load (< 200
copies/ml) at
month 6
Yes 92 (89%) 90 (95%) 172 (92%) 0.16
No 11 (11%) 5 (5%) 26 (8%)
On ART (yes/no)
Yes 122 (88%) 111 (96%) 233 (92%) 0.04
No 16 (12%) 5 (4%) 21 (8%)
Duration diagnosed 1.2 (7.7) 17.4 (8.4) 14.05 (8.6) < 0.0001
with HIV (years)
Duration of 7.5 (7.2) 12.1 (7.1) 9.61 (7.5) < 0.0001
antiretroviral
therapy (years)
HIV brain
involvement
history*
Yes 10 (7%) 22 (19%) 32 (13%) 0.005
No 128 (93%) 94 (81%) 222 (87%)

Data are presented as n (%) for categorical variables and mean (SD) for
continuous variables. * test was used for categorical and Student's t-
test and anova were used for continuous variables. For variables that are
not mentioned either month 0 or 6 are month 0 data.

*Previous history of HIV-associated neurocognitive disorder or central
nervous system opportunistic infection that was treated with combina-
tion antiretroviral therapy and other appropriate prophylaxis.

© 2020 The Authors.

through standard neuropsychological testing. Another
study conducted by Ding et al. [32] in China also detected
premature cognitive ageing in their HIV-positive sample.
The study included a community cohort of 345 HIV-posi-
tive and 345 HIV-negative participants from Taizhou pre-
fecture of the Zhejiang province in China who were over
40 years of age (range: 40-82 years). The study detected
an interaction effect of age and HIV status on lower per-
formance in the International HIV Dementia Scale and
the Chinese version of the Mini-Mental State Examina-
tion for the domains of motor speed, orientation, registra-
tion and recall.

Previous studies that did not identify a similar prema-
ture cognitive ageing effect were different from the cur-
rent study in terms of demographic and clinical
characteristics of the study participants. Studies that
recruited unrepresentatively healthy HIV participants
within their country (i.e. highly educated, stable on cART,
with undetectable viral load and no neuropsychological
confounds) did not observe premature cognitive ageing
[33,34]. A Polish study [33] did not observe the prema-
ture cognitive ageing effect amongst 91 HIV-positive and
95 HIV-negative participants (age range: 23-75 years)
who were recruited from an infectious disease hospital
and received standard neuropsychological testing. All the
participants in this study were males who were highly
educated (>12 years of education), and clinically stable
(no active OI, active syphilis, current hepatitis C coinfec-
tion, alcohol or substance abuse, major psychiatric ill-
nesses, liver or renal insufficiency, and had wviral
load < 60 copies/mL). Towgood et al. [34] also did not
identify a premature cognitive ageing effect in their study
conducted in the UK in a sample of 40 HIV-positive and
42 HIV-negative participants (age range: 20-75 years)
who were white/Caucasian, had CD4 count > 200 cells/uL
and viral load < 50 copies/mL for 6 months, and did not
have any neuropsychological confounds (i.e. history of
HIV brain involvement, hepatitis B or C coinfection, any
neurological disorder, history of TBI with loss of con-
sciousness for more than 10 min, any history of alcohol
or substance abuse, major psychiatric disorder, and any
chronic condition related to cardiac, renal or liver). HIV-
positive participants in these studies represent the well-
controlled elite of the HIV epidemic. While results in
similar populations may hold true, they are not represen-
tative of the typically multi-comorbid PLHIV and may be
substantially biased by a survivor effect [35]. Further, we
should remain critical of the conceptual circularity in
pre-selecting the healthiest patients from a clinical
population with a chronic disease and then determining
that those people are mostly cognitively healthy. This
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Table 3 Comparisons of Cogstate Computerized Battery global scores across HIV status and age groups

Younger HIV-negative Older HIV-negative Younger HIV-positive Older HIV-positive All P
N =38 N=34 N =138 N=116 N =326

Baseline global z-score —0.6 (0.4) —0.7 (0.4) —0.7 (0.5) -1(0.7) —0.80 (0.59) < 0.0001
N=27 N=31 N =109 N=99 N = 266

Month 6 global z-score —0.5 (0.4) —0.6 (0.3) —0.8 (0.5) —-1(0.7) —0.84 (0.59) < 0.0001

(practice effect corrected)

Data are presented as mean (SD). anova test was used to compare the global z-score between four HIV and age groups at both baseline and follow-up.

Table 4 Linear mixed-effects model results in the entire study population

Variable B Standard error (SE) 95% ClI B 959% Cl
Baseline HIV status (positive) 0.39 0.29 —0.18-0.95 0.27 —0.13-0.67
Baseline age (continuous) —0.008 0.005 —0.02-0.002 —0.13 —0.29-0.03
Time (month 0 vs. month 6) —0.04 0.02 —0.08-0.01 —0.03 —0.07-0.01

HIV brain involvement history (yes) —0.22* 0.1 —0.43 to —0.02 —0.12 —0.22 to —0.01
Non-HIV neurology history (yes) —0.09 0.07 —0.22-0.04 —0.07 —0.16-0.03
AUD (yes) —0.07 0.06 —0.18-0.05 —0.03 —0.08-0.02
SUD (yes) 0.13* 0.06 0.07-0.24 0.07 0.004-0.14
History of mental illness (yes) —0.13 0.08 —0.29-0.03 —0.08 —0.17-0.02
CDC stage C (yes) —0.22%* 0.09 —0.38 to —0.05 —0.12 —0.22 to —0.03
DASS anxiety score —0.01** 0.003 —0.02 to —0.004 —0.1 —0.19 to —0.04
Lifetime history of depression (yes) —0.08 0.06 —0.19-0.04 —0.06 —0.16-0.03

HIV status (positive) * baseline age —0.01* 0.006 —0.02 to —0.0006 —0.43 —0.85 to —0.02

AUD, alcohol use disorder; Cl, confidence interval; DASS, Depression Anxiety Stress Scale; SUD, substance use disorder.

*P < 0.05.
**Pp < 0.01.

pre-emptively removes a large number of people with
age-related comorbidities, some of whom may be driven
by HIV, and selects patients who are the most biologi-
cally resilient, making the detection of any age and HIV
interaction effect very difficult, if not a priori undermin-
ing.

Other studies may have failed to detect an effect of
premature cognitive ageing because the proportion of
participants included who were aged > 50 years was low.
In a study in the US [36] that included only participants
under 60 (only 13% were over 45), no interaction effect
of HIV and age was identified in either the composite or
individual standard neuropsychological test scores.
Another US study [37] where only 33% of their sample
(91 HIV-positive and 184 HIV-negative participants) were
older than 50 years, also did not identify the premature
ageing effect in the executive function they tested.

A history of HIV brain involvement such as previous
history of HAND and treated CNS OI, and previous his-
tory of non-HIV neurological disorders (e.g. mild TBI and
stroke) were associated with poorer neurocognitive per-
formance in the current study. These results bring cumu-
lative evidence with previous studies [38,39] that any
history of neurological insult can have lasting conse-
quences on one'’s cognitive health. As stated in Frascati
criteria for HAND diagnosis [40], a history of HIV and

© 2020 The Authors.

non-HIV-related neurological conditions could have a
profound impact on the long-term neurocognitive health
in PLHIV and needs to be accounted for in the diagnostic
process. Our study showed that the effect of such condi-
tions on neurocognitive performance was small overall,
but this was probably because only 13—249% of them had
previous HIV or non-HIV neurological disorder.

In the current study, we found that anxiety symptoms
rather than depressive symptoms were associated with
poorer neurocognitive function. This result may be due to
the fact that anxiety and depressive symptoms were cor-
related (r = 0.66, P < 0.0001), and that the iterative
selection for a final best-fit model retained the stronger
of the two. Nevertheless, previous studies have also iden-
tified an association between anxiety and cognitive
decline and impairment in PLHIV. Malaspina et al. [41]
reported that lower symptoms of depression and anxiety
were associated with a higher chance of successful cogni-
tive ageing (defined as lack of NCI) among a sample of
74 HIV-positive people. Anxiety has been less studied
than depression in PLHIV [9]. It would be important to
more systematically include anxiety assessment in neuro-
HIV studies, as higher anxiety symptoms have been asso-
ciated with lower ART adherence, as shown in a study
conducted by Servellen et al. [42] among 182 PLHIV who
were recruited from community-based clinics in Los
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Fig. 1 Global z-score predicted by the linear mixed-effects model for the HIV-negative and HIV-positive groups by age. The interaction effect
of HIV and age on global z-score predicted by the linear mixed-effects model presented. The effect size 8 is —0.43 (95% confidence interval:

—0.85 to —0.02) and it is statistically significant at P < 0.05.

Angeles, USA [43]. The clinical implication of our results
is that provision of regular mental health support, includ-
ing for anxiety, remains critical in ageing PLHIV
[38,44,45]. Importantly, stress management and cognitive
behavioural therapies have been reported to be effective
in alleviating anxiety symptoms among PLHIV [46].

Our finding that having CDC stage C was negatively
associated with neurocognitive function represents
cumulative evidence that AIDS is a risk factor for NCI

© 2020 The Authors.

[47]. Heaton et al. [48] also showed, when focusing on
CDC stage, that NCI rate increased with the advancing
CDC stage in both the pre-cART and cART cohorts.
CDC stage C implies that PLHIV may have experienced
high viral load and/or low nadir CD4 and/or an AIDS-
defining illness. As our analysis also included nadir
and current CD4 counts, as well as viral load, it sug-
gests that the CDC stage may be the strongest predictor
for NCL
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Table 5 Linear mixed-effects model results in the HIV-positive sample

Variable B SE 95% Cl B 95% ClI

Baseline age —0.02%** 0.004 —0.03 to —0.01 —0.30 —0.42 to —0.18
Time (month 0 vs. month 6) —0.07* 0.03 —0.6 to —0.1 —0.05 —0.11 to —0.003
Non-HIV neurology history —0.17* 0.08 —0.32 to —0.02 —0.12 —0.23 to —0.001
SUD (yes) 0.124 0.07 —0.01-0.26 0.07 —0.008-0.15
CDC stage C (yes) —0.18* 0.09 —0.35 to —0.03 -0.1 —0.22-0.02
Duration of ART (months) 0.001* 0.001 0.00009-0.003 0.2 0.01-0.38
Duration of HIV diagnosis (months) —0.001 0.001 —0.002-0.0002 —-0.19 —0.37-0.03

CD4 count —0.0002 0.0001 —0.0005-0.000004 —0.09 —0.19-0.002
Viral load < 200 (yes) -0.1 0.08 —0.3-0.05 —0.05 —0.12-0.02
DASS anxiety score —0.02%** 0.004 —0.02 to —0.008 —0.17 —0.28 to —0.09

ART, antiretroviral therapy; Cl, confidence interval; DASS, Depression Anxiety Stress Scale; SUD, substance use disorder.

*P < 0.05.
**%pP < 0.001.

Unexpectedly, current SUD, which was assessed with the
Mini International Neuropsychiatric Interview alcohol and
substance use sections, was associated with higher neu-
rocognitive performance. This unexpected result may be
explained by the significantly higher representation of
younger participants among those with SUD in both HIV-
positive (5% among young vs. 0% among old) and HIV-
negative groups (28% among young people vs. 10%
among old people) groups. Neurocognitive consequences
of substance use depend on the type and dose of the drug,
duration that the substance has been used, and whether it
is single or polydrug use [49]. It is possible that substance
users in this study, while meeting the SUD criteria,
remained high-functioning individuals.

Interestingly, we found that longer duration of ART
was associated with better neurocognitive performance
within the HIV-positive sample when the effects of
chronological age and HIV duration were controlled for.
This finding supports the evidence that stability on ART
is associated with better and/or stable cognitive function
[50,51]. Longer duration of ART implies longer disease
stability, better viral control and greater immune recon-
stitution [52]. In all, this means that besides early cART
initiation and low AIDS, stability on treatment is another
major factor for cognitive health.

A potential explanation for premature cognitive ageing
in HIV includes chronic immune activation and immune
senescence [53,54]. This mechanism is similar to what
has been found in the normal ageing process, so that it
has been postulated that the ageing phenomenon starts
early among PLHIV [55]. Importantly, there is evidence
of chronic neuroimmune activation and associated neu-
roinflammation despite successful cART and viral sup-
pression [56]. Altogether, ageing and HIV may lead to
brain damage via excitotoxicity, mitochondrial dysfunc-
tion and oxidative stress [53,57].

© 2020 The Authors.

Evidence of premature cognitive ageing in a cohort
that is optimally treated and is representative of the
multiple comorbidities found in a community sample
has serious public health ramifications. As age is the
number one factor for all-type dementia, it will be very
important to follow this kind of cohort into their 70s,
the age at which the dementia risk increases exponen-
tially in the general population [6]. More worryingly, at
the global level, because PLHIV who have this level of
healthcare and cART access, and low AIDS proportion
are in the minority [58], it can be expected that in less
healthy PLHIV, the premature ageing effect may be even
larger, as would be the dementia risk [13].

The implications of premature ageing are not only
related to dementia risk. Poor cognitive health negatively
affects physical and social functioning in ageing PLHIV
[59,60]. This, in turn, impacts quality of life [61]. Poor cog-
nitive health may also lead to less cART adherence [62],
potentially reducing the high compliance rate among older
PLHIV [63]. Although there is no evidence of this in the
current cohort, this is a possibility that cannot be ignored
in general. Importantly, cognitive decline remains inde-
pendently associated with mortality in the cART-treated
cohort [64]. A higher mortality rate in people with HAND
or other dementia may falsely lead the HIV research com-
munity to think that cognitive issues are less represented
than they actually are due to a survivor effect [65].

Our study supports that PLHIV aged > 50 years
should undergo regular neurocognitive and mental
health screen and further investigation when this screen
is positive [66]. However, implementation research is
urgently needed to enable a realistic clinical translation.
For example, while the CCB is a screening option espe-
cially for repeated testing [67], we have found that
involvement of neuropsychologists for the training of
the non-specialist staff is needed as in the current

HIV Medicine (2020)

HIV Medicine published by John Wiley & Sons Ltd on behalf of British HIV Association



Premature cognitive ageing among people with HIV. 11

study. This may represent a new type of work for clin-
ical neuropsychologists in the future, but other options
will need to be explored given the resource implica-
tions. Lastly, it would also be important to assess the
value of cognitive remediation strategies (e.g. Smart-
Brain [68] and InSight [69]) as a way to prevent fur-
ther deterioration [70] as pharmaceutical treatment has
shown variable efficacy.

Limitations

Our study has a number of limitations. First, the attrition
rate was 18% (19% among HIV-negative and 18% among
HIV-negative participants) that is higher than previous
studies conducted by our research group in cohorts
recruited from tertiary healthcare centres [39,71] where
the attrition rate was never > 100%. Paradoxically, this
could be due to the fact that primary healthcare has a
higher number of healthier participants who are busy and
have limited amount of time for follow-up visits. How-
ever, the level of baseline cognitive performance was
similar between those who did and did not attend the fol-
low-up. Finally, the LME model enabled the inclusion of
all the visits in the analysis and produced estimates cor-
rected for attrition.

Second, it is very likely that this study embeds some
degree of survivor bias among the HIV-positive samples.
Some of the older PLHIV who had survived and participated
in this study might represent, to some extent, an elite group
who are less likely to present with premature or accelerated
cognitive ageing. This effect may be further amplified com-
pared with other international locations, or even rural Aus-
tralian locations, because the study sample is composed of
urban and highly educated gay and bisexual men who are
receiving the optimal HIV care that is possible in a high-in-
come country. Nevertheless, we included highly comparable
HIV-negative gay and bisexual men as controls from the
same primary care location which together with the low
AIDS prevalence may have partially limited a survivor
effect. Third, our study included only men and therefore the
findings may not be applicable to female PLHIV. This is,
however, representative of the Australian HIV population,
which comprises mainly males [4].

Lastly, while the CCB is a useful cognitive computer-
ized battery that was well adapted to the current primary
care setting, CCB remains a screening tool that is best
used as a composite global cognitive ability score [19].
This means that some cognitive functions were not
assessed (e.g. fine motor coordination) and some partici-
pants may have declined in one particular cognitive
function that was not reflected in the global composite z-

© 2020 The Authors.

score. This, however, should be considered against the
evidence showing that the CCB is sensitive to HAND and
HIV-related cognitive decline [18,19] whilst the composite
score is highly reliable on repeated testing [72].

Conclusion

The current study identified premature cognitive ageing
in a community sample of well-educated and well-treated
HIV-positive gay and bisexual men with low AIDS rate,
compared with demographically comparable HIV-nega-
tive counterparts. The study was conducted at a primary
care clinic in Sydney, Australia, and included allcomers
in the HIV-positive group. However, the effects of psychi-
atric, HIV and non-HIV neurological and other medical
comorbidities were adjusted in the analyses. In terms of
clinical implications, our study supports regular neu-
rocognitive screening in treated (even if virally sup-
pressed) PLHIV aged > 50 years, particularly in those
with a historical CDC stage C, or a history of HIV-related
and non-HIV-related neurological conditions. Concurrent
monitoring and intervention on mental health burden
should also be considered for PLHIV to prevent additional
risk to neurocognitive decline. In terms of research impli-
cations, it is critical that further resources and research
funding be allocated to the follow-up of such cohorts.
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