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Abstract
Despite evidence of premature, accentuated and accelerated aging for some age-related conditions such as cardiovascular 
diseases in people living with HIV (PLHIV), the evidence for these abnormal patterns of aging on neurocognition remains 
unclear. Further, no systematic review has been dedicated to this issue. Using PRISMA guidelines, we searched standard 
databases (PubMed, EMBASE, CINAHL and PsycINFO). Articles were included if they analyzed and reported the effect of 
age on neurocognition among PLHIV as one of their major findings, if they were conducted in the combination anti-retroviral 
therapy era (after 1996) and published in a peer-reviewed journal in English. Quality appraisal was conducted using the 
Joanna Briggs Institute (JBI) appraisal tools. To systematically target the abnormal patterns of neurocognitive aging, we 
define premature cognitive aging as significant interaction effect of HIV status and age on cross-sectional neurocognitive 
test performance covering both the normal and abnormal performance range; accentuated cognitive aging as significant 
interaction effect of HIV status and age on cross-sectional neurocognitive impairment (NCI) rate, thus covering the abnormal 
performance range only; accelerated cognitive aging as significant interaction effect of HIV status and age on longitudinal 
neurocognitive test performance or incidence of NCI. Because these definitions require an age-comparable HIV-negative 
(HIV−) control group, when no controls were included, we determined the range of the age effect on neurocognitive test 
performance or NCI among PLHIV. A total of 37 studies originating from the US (26), UK (2), Italy (2), Poland (2), China 
(2), Japan (1), Australia (1), and Brazil (1) were included. Six studies were longitudinal and 14 included HIV- controls. The 
quality appraisal showed that 12/37 studies neither used an age-matched HIV- controls nor used demographically corrected 
cognitive scores. A meta-analysis was not possible because study methods and choice of neurocognitive measurement meth-
ods and outcomes were heterogeneous imposing a narrative synthesis. In studies with an HIV- control sample, premature 
neurocognitive aging was found in 45% of the cross-sectional analyses (9/20), while accelerated neurocognitive aging was 
found in 75% of the longitudinal analyses (3/4). There was no evidence for accentuated aging, but this was tested only in two 
studies. In studies without an HIV- control sample, the age effect was always present but wide (NCI OR = 1.18–4.8). While 
large sample size (> 500) was associated with abnormal patterns of cognitive aging, most of the studies were under powered. 
Other study characteristics such as longitudinal study design and higher proportion of older participants were also associated 
with the findings of abnormal cognitive aging. There is some support for premature and accelerated cognitive aging among 
PLHIV in the existing literature especially among large and longitudinal studies and those with higher proportion of older 
samples. Future HIV and cognitive aging studies need to harmonize neuropsychological measurement methods and outcomes 
and use a large sample from collaborative multi-sites to generate more robust evidences.
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Introduction

People living with HIV (PLHIV) are living longer than 
ever before with the widespread use of combination anti-
retroviral therapy (cART) [1, 2]. The life expectancy of 
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clinically stable PLHIV is approaching that of the non-HIV 
infected population [3], although this is hindered by those 
who have associated comorbidities [4]. As a result, the num-
ber and proportion of older PLHIV (over 50 years of age) 
are increasing [3, 5, 6]. UNAIDS [5] estimated that globally 
there were 5.8 million elderly PLHIV which account for 16% 
of the total PLHIV population, and it has increased to 7.9 
million (21%) in 2019 [7].

Previous studies in HIV and aging have found that HIV 
may lead to premature, accentuated and even accelerated 
aging [8]. Age-related conditions such as cardiovascular dis-
eases (CVD), frailty, chronic renal disease and stroke were 
observed at a higher rate and at an earlier age among PLHIV 
than age-matched people without HIV even when account-
ing for lifestyle factors [6, 9, 10]. Immunosenescence, driven 
by chronic inflammation, chronic immune activation, and 
microbial translocation processes in chronic HIV infection, 
has been suggested as the underlying pathological process 
[11, 12].

As PLHIV are aging, neurocognitive health is becom-
ing as important as physical and mental health as age is 
the primary risk factor for dementia [8] and HIV itself is a 
risk factor for neurocognitive impairment (NCI) known as 
HIV-associated neurocognitive disorder (HAND). Accord-
ing to Frascati criteria [13], HAND is classified into three 
stages: Asymptomatic Neurocognitive Impairment (ANI), 
Mild Neurocognitive Disorder (MND), and HIV-associated 
dementia (HAD), and requires the use of demographically-
corrected test scores as well as functional status and the 
exclusion of non-HIV causes of impairment. HAND, espe-
cially the ANI subtype still persists among PLHIV between 
20–50% even in the cART era [14–18].

HIV may also accentuate and/or accelerate brain aging 
directly through chronic neuroinflammation [19, 20] and 
indirectly by promoting premature and accentuated systemic 
aging and comorbid conditions such as CVD and kidney 
disease that are themselves associated with NCI [21]. There-
fore, it is important to understand whether HIV also leads to 
abnormal neurocognitive and brain aging as with other age-
related conditions (i.e. whether HIV synergistically interacts 
with age to pose a greater risk for NCI or neurocognitive 
decline than the risk imposed by HIV or age itself). If this is 
true, PLHIV would systematically be at a much higher risk 
of dementia as they age, representing a major public health 
issue worldwide.

However, based on the literature, it is unclear whether 
HIV infection is associated with premature, accentuated and/
or accelerated neurocognitive aging or whether there is a 
negative synergistic effect of HIV and age on neurocogni-
tion [22–24]. To the best of our knowledge there has been 
no systematic review on this topic. A systematic review may 
lead to a higher level of evidence, and importantly aid in 

identifying which factors may be associated with neurocog-
nitive aging in PLHIV assisting in future research directions.

In this review, we defined abnormal patterns of neu-
rocognitive aging as follows: premature cognitive aging 
represents significant interaction effect of HIV status and 
age on cross-sectional neurocognitive test performance 
covering both the normal and abnormal performance range 
(i.e., HIV and older age synergistically lead to significantly 
poorer neurocognitive performance compared to HIV or/
and aging effect alone); accentuated cognitive aging rep-
resents significant interaction effect of HIV status and age 
on cross-sectional NCI rate, thus covering the abnormal 
performance range only (i.e., HIV and older age synergisti-
cally lead to much greater NCI rate compared to HIV or/and 
aging effect alone); accelerated cognitive aging represents 
significant interaction effect of HIV status and age on longi-
tudinal neurocognitive test performance or incidence of NCI 
(i.e., HIV and older age synergistically lead to much steeper 
neurocognitive decline or significantly higher incidence of 
NCI compared to HIV or/and aging effect alone). Based on 
these definitions, it is possible that a cross-sectional study 
may only be able to detect premature aging and accentuated 
aging. A longitudinal study, though, may be able to detect 
not only premature and accentuated aging at baseline, but 
also accelerated aging at follow-up. However, these defini-
tions necessitate the inclusion of an HIV-negative (HIV-) 
control group. Therefore, when an HIV- control group was 
not included, we were only able to determine the size of the 
aging effect within the HIV-positive (HIV +) participants, 
whether cross-sectionally or longitudinally, but not prema-
ture, accentuated or accelerated aging per se.

To achieve a comprehensive overview of the literature, 
we focused on the effect of aging on overall neurocogni-
tive test performance or NCI rather than strictly following 
the HAND diagnosis criteria [13]. HAND is a diagnosis 
of exclusion that was conceptualized well before the aging 
effects of HIV were anticipated; and it is not possible to fully 
exclude non-HIV age-related conditions that may contrib-
ute or compound HIV-related NCI [24]. This strategy also 
ensures a more representative review because not all studies 
have correctly and comprehensively applied current standard 
diagnostic for HAND [25].

The overarching aim of this review was to synthesize 
and evaluate results derived from the existing literature in 
observational/interventional cross-sectional and longitudi-
nal cohort studies conducted during the cART era in order 
to determine the extent of aging effects on neurocognition 
among PLHIV. More specifically, we first aimed at deter-
mining the magnitude of the age effect on the prevalence 
and incidence of NCI and overall neurocognitive test per-
formance among PLHIV; and secondly, we aimed at deter-
mining the evidence for premature, accentuated and/or 
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accelerated aging effects on NCI and overall neurocognitive 
test performance among PLHIV compared to HIV- controls.

Methods

Search Strategy and Selection Criteria

This review was carried out according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) guideline [26]. A protocol for this review 
was registered on the PROSPERO website on 19/02/2019 
(Registration ID—CRD42019123952). PubMed, EMBASE, 
CINAHL and PsycINFO databases were searched using the 
search terms presented in the Supplementary File 1 to find 
relevant literature, and this was conducted on 04/02/2019 
(an example of the search is presented in the Supplemen-
tary File 1). Citation lists of the eligible articles from these 
databases were also manually searched for any additional 
relevant articles. A manual search was conducted again in 
Google Scholar on 20/12/2019 to find the articles published 
after the last database search.

The following inclusion/exclusion criteria were applied 
for the selection of studies. Studies were included if they 
analyzed and reported the effect of age on neurocognition 
among PLHIV as one of their major findings, if they were 
conducted in the cART era typically after 1996, if they 
included only adult participants (aged > 18 years), and if 
they included PLHIV of whom > 30% were on cART. Stud-
ies were excluded if they were not published in a peer review 
journal, if they were not written in English, and if the sample 
size was < 30.

Articles were initially screened from reading titles and 
abstracts by HLA. After this initial screening process, full-
text articles of all the relevant articles were obtained. The 
full texts were then reviewed by HLA and independently 
by MA to assess eligibility criteria. A consensus discussion 
was conducted with LC when eligibility was uncertain. Final 
selection of the articles was made by matching the articles 
chosen between two reviewers.

Data were extracted by both HLA and MA using a Micro-
soft Excel format developed by HLA which covered the 
following areas: Study Characteristics, Study Method and 
Results (see the Supplementary File 2 for the detailed areas 
assessed). Data collected by two reviewers were compared; 
and any mismatched information was discussed again with 
LC to form a final consensus.

Data Analysis

Critical appraisal tools from Joanna Briggs Institute (JBI) 
[27] for analytical cross-sectional studies and cohort stud-
ies were used to review the quality of the eligible articles. 

The JBI tools were adjusted to be more relevant to the topic 
of this review. Specifically, we first specified whether the 
study included a demographically comparable HIV- con-
trol group and/or used demographically corrected cognitive 
scores. Further, we adapted the rating classification across 
the JBI tools from “Yes, No, and Not Clear” to “Yes, Partly, 
No, and Not Applicable” to better rate the neuropsychology 
methodology of each study. The detailed definitions of all 
the items assessed are presented in the Supplementary File 
3. The quality assessment was conducted independently by 
both HLA and MA. Any discrepancy on the quality ratings 
between the reviewers was discussed with LC to arrive at 
a final consensus. No study was dismissed a priori as the 
systematic review intended to provide a transparent snapshot 
of the quality of the cognitive aging literature in HIV at this 
moment in time.

A meta-analysis could not be conducted as initially 
intended because study designs, methods and choice of 
neuropsychological measurement methods and outcome 
variables were too heterogeneous among studies. We there-
fore used a narrative synthesis approach [28] to integrate the 
review findings. When synthesizing and comparing results 
across studies, we presented some figures with some quanti-
tative outcomes, but they only represent descriptive aspects 
of studies. Outcomes from the studies were synthesized 
separating studies with and without an HIV- control group. 
From the studies with HIV- controls, the presence and mag-
nitude of premature and accentuated (from cross-sectional 
studies) or accelerated aging effects (from longitudinal 
studies) were interpreted by evaluating the presence of an 
interaction effect between HIV and age on neurocognition. 
In studies without an HIV- control group, we were able to 
only identify whether there was a significant aging effect on 
the level of neurocognitive test performance or the preva-
lence and incidence of NCI/HAND within the HIV + par-
ticipants. We also extracted and presented the range of effect 
size of aging effect on neurocognition among the studies 
without HIV- controls. However, studies which did not use 
demographically corrected scores were not included in the 
reporting of effect sizes. This was done to present the best 
interpretable data regarding the effect of chronological age 
in PLHIV versus normal aging.

Results

The database search process returned a total of 436 articles. 
After screening, 37 articles (31 cross-sectional and 6 longi-
tudinal) were selected (see the PRISMA Flow Chart in Fig. 1 
for detailed screening process). Studies’ characteristics are 
presented in Table 1 for studies that included an HIV- con-
trol group and Table 2 for studies that did not include a 
control group, whereas the methods and outcomes of the 
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Records identified through database 

searching 

(n = 633)

Records after duplicates removed 

(n = 436)

Records screened for titles and abstracts 

(n = 436)

Records excluded 

(n = 357)

Articles selected for further 

review (n = 56)

Two dissertation/thesis records and 13 conference 

abstracts were excluded 

Studies included in qualitative 

synthesis 

(n = 37)

Full-text articles observed to 

ensure the eligibility for further 

review (n = 32)

Articles selected for further 

review 

(n = 47)

Records excluded 

(n =23)

Full-text articles further reviewed 

(n = 42)

Full-text articles excluded, with reasons (n = 5)

[1 article was conducted in pre-cART era although it 

was published after 1996.

1 article included HIV+ participants with ART 

coverage less than 30%. 

3 articles were excluded as effect of age is not the 

primary or one of the primary aims of the study]

Articles identified 

from hand search 

(n =1)

Fig. 1  CONSORT Flow diagram for literature searching



921AIDS and Behavior (2021) 25:917–960 

1 3

Ta
bl

e 
1 

 C
ha

ra
ct

er
ist

ic
s o

f s
tu

di
es

 th
at

 in
cl

ud
ed

 a
 H

IV
- c

on
tro

l g
ro

up

A
ut

ho
r

C
ou

nt
ry

C
on

te
xt

Sa
m

pl
e 

Si
ze

A
ge

 ra
ng

e
%

 o
f o

ve
r 

50
%

 o
f A

RT
 

pa
tie

nt
s

%
 o

f p
la

sm
a 

vi
ra

l s
up

-
pr

es
si

on
 

or
 M

ea
n/

M
ed

ia
n 

pl
as

m
a 

vi
ra

l 
lo

ad
 c

ou
nt

%
 o

f C
SF

 
vi

ra
l s

up
-

pr
es

si
on

 
or

 M
ed

ia
n 

C
SF

 v
ira

l 
lo

ad
 c

ou
nt

%
 b

y 
di

s-
ea

se
 st

ag
e 

(C
D

C
 

St
ag

e 
C

/
A

ID
S/

W
H

O
 

St
ag

e 
4

M
ea

n 
or

 
M

ed
ia

n 
N

ad
ir 

C
D

4 
C

ou
nt

M
ea

n 
or

 
M

ed
ia

n 
C

D
4 

C
ou

nt

M
ea

n 
or

 
M

ed
ia

n 
du

ra
tio

n 
of

 
H

IV
 in

fe
c-

tio
n 

or
 

se
ro

st
at

us
 

(y
ea

rs
)

M
ea

n 
or

 
m

ed
ia

n 
du

ra
tio

n 
of

 
A

RT
 (y

ea
rs

)

Sh
ep

pa
rd

 
et

 a
l. 

(2
01

7)
 

[5
7]

U
S

Fr
om

 tw
o 

co
ho

rt 
stu

di
es

: 
H

N
R

P 
at

 
U

ni
ve

r-
si

ty
 o

f 
C

al
ifo

rn
ia

 
Sa

n 
D

ie
go

 
(U

C
SD

) 
an

d 
a 

stu
dy

 
on

 h
ea

lth
y 

ag
in

g 
at

 
U

C
SD

 a
nd

 
th

e 
VA

 
Sa

n 
D

ie
go

 
H

ea
lth

ca
re

 
Sy

ste
m

12
8 

(4
0 

H
IV

 +
 an

d 
88

 H
IV

−
)

50
–7

5
10

0%
93

%
85

%
85

.2
0%

57
.5

0%
18

4
59

0.
5

17
.9

N
R

Va
nc

e 
et

 a
l. 

(2
01

1)
 

[5
1]

U
S

Re
cr

ui
te

d 
fro

m
 B

ir-
m

in
gh

am
, 

A
la

ba
m

a 
ar

ea
 

th
ro

ug
h 

ad
ve

rti
se

-
m

en
ts

 a
nd

 
w

or
d-

of
-

m
ou

th

20
1 

(9
8 

H
IV

 +
 an

d 
10

3 
H

IV
−

)

23
–6

7
24

%
N

R
51

%
N

R
N

R
N

R
49

1
12

.0
5

N
R

Lu
di

ce
llo

 
et

 a
l. 

(2
01

2)
 

[5
4]

U
S

Fr
om

 H
N

R
P

25
7 

(1
13

 
H

IV
 +

 an
d 

14
4 

H
IV

−
)

N
R

44
%

59
%

M
ed

ia
n 

Lo
g1

0–
3.

18

N
R

51
%

21
0

42
5

8
N

R

G
oo

dk
in

 
et

 a
l. 

(2
01

7)
 

[4
3]

U
S

Fr
om

 M
A

C
S 

St
ud

y,
 a

 
lo

ng
-te

rm
 

co
ho

rt 
stu

dy
 w

ith
 

M
SM

 w
ith

 
or

 w
ith

ou
t 

H
IV

50
86

 (2
27

8 
H

IV
 +

 an
d 

28
08

 
H

IV
−

)

18
–N

R
8%

10
0%

41
%

N
R

5%
40

9
49

7.
9

5.
77

N
R



922 AIDS and Behavior (2021) 25:917–960

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r

C
ou

nt
ry

C
on

te
xt

Sa
m

pl
e 

Si
ze

A
ge

 ra
ng

e
%

 o
f o

ve
r 

50
%

 o
f A

RT
 

pa
tie

nt
s

%
 o

f p
la

sm
a 

vi
ra

l s
up

-
pr

es
si

on
 

or
 M

ea
n/

M
ed

ia
n 

pl
as

m
a 

vi
ra

l 
lo

ad
 c

ou
nt

%
 o

f C
SF

 
vi

ra
l s

up
-

pr
es

si
on

 
or

 M
ed

ia
n 

C
SF

 v
ira

l 
lo

ad
 c

ou
nt

%
 b

y 
di

s-
ea

se
 st

ag
e 

(C
D

C
 

St
ag

e 
C

/
A

ID
S/

W
H

O
 

St
ag

e 
4

M
ea

n 
or

 
M

ed
ia

n 
N

ad
ir 

C
D

4 
C

ou
nt

M
ea

n 
or

 
M

ed
ia

n 
C

D
4 

C
ou

nt

M
ea

n 
or

 
M

ed
ia

n 
du

ra
tio

n 
of

 
H

IV
 in

fe
c-

tio
n 

or
 

se
ro

st
at

us
 

(y
ea

rs
)

M
ea

n 
or

 
m

ed
ia

n 
du

ra
tio

n 
of

 
A

RT
 (y

ea
rs

)

H
ay

ne
s 

et
 a

l. 
(2

01
8)

 
[2

9]

U
K

Fr
om

 
B

rig
ht

on
 

an
d 

Su
ss

ex
 

U
ni

ve
rs

ity
 

H
os

pi
ta

ls
, 

K
in

gs
 

C
ol

le
ge

 
H

os
pi

ta
l, 

Ro
ya

l F
re

e 
H

os
pi

ta
l, 

St
 G

eo
rg

e’
s 

H
os

pi
ta

l 
an

d 
St

 
M

ar
y’

s 
H

os
pi

ta
l

St
ab

le
 H

IV
 

pa
tie

nt
s 

(a
sy

m
p-

to
m

at
ic

, 
un

de
te

ct
-

ab
le

 v
ira

l 
lo

ad
, o

n 
A

RT
 

at
 le

as
t 

6 
m

on
th

s, 
no

 c
om

or
-

bi
di

tie
s, 

no
 

su
bs

ta
nc

e 
or

 a
lc

oh
ol

 
ab

us
e)

. 
A

ll 
ar

e 
C

au
ca

si
an

 
M

SM

55
 (3

0 
H

IV
 +

 an
d 

25
 H

IV
−

)

N
R

56
%

10
0%

10
0%

N
R

N
R

17
5

74
1.

7
14

.5
4

10
.5

7



923AIDS and Behavior (2021) 25:917–960 

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r

C
ou

nt
ry

C
on

te
xt

Sa
m

pl
e 

Si
ze

A
ge

 ra
ng

e
%

 o
f o

ve
r 

50
%

 o
f A

RT
 

pa
tie

nt
s

%
 o

f p
la

sm
a 

vi
ra

l s
up

-
pr

es
si

on
 

or
 M

ea
n/

M
ed

ia
n 

pl
as

m
a 

vi
ra

l 
lo

ad
 c

ou
nt

%
 o

f C
SF

 
vi

ra
l s

up
-

pr
es

si
on

 
or

 M
ed

ia
n 

C
SF

 v
ira

l 
lo

ad
 c

ou
nt

%
 b

y 
di

s-
ea

se
 st

ag
e 

(C
D

C
 

St
ag

e 
C

/
A

ID
S/

W
H

O
 

St
ag

e 
4

M
ea

n 
or

 
M

ed
ia

n 
N

ad
ir 

C
D

4 
C

ou
nt

M
ea

n 
or

 
M

ed
ia

n 
C

D
4 

C
ou

nt

M
ea

n 
or

 
M

ed
ia

n 
du

ra
tio

n 
of

 
H

IV
 in

fe
c-

tio
n 

or
 

se
ro

st
at

us
 

(y
ea

rs
)

M
ea

n 
or

 
m

ed
ia

n 
du

ra
tio

n 
of

 
A

RT
 (y

ea
rs

)

D
in

g 
et

 a
l. 

(2
01

7)
 

[3
3]

C
hi

na
Fr

om
 th

e 
Ta

iz
ho

u 
pr

ef
ec

tu
re

 
of

 Z
he

jia
ng

 
pr

ov
in

ce
 

in
 C

hi
na

. 
C

on
tro

lle
d 

su
bj

ec
ts

 
w

er
e 

fro
m

 
th

os
e 

re
ce

iv
in

g 
vo

lu
nt

ar
y 

co
nfi

-
de

nt
ia

l 
co

un
se

lli
ng

 
an

d 
te

sti
ng

 
or

 ro
ut

in
e 

ex
am

in
a-

tio
n 

at
 th

e 
lo

ca
l c

en
te

r 
fo

r d
is

ea
se

 
pr

ev
en

tio
n 

an
d 

co
nt

ro
l

69
0 

(3
45

 
H

IV
 +

 an
d 

34
5 

H
IV

−
)

40
–8

2
50

%
87

%
92

.6
0%

N
R

N
R

 >
 20

0 =
 44

.3
%

 >
 35

0 =
 51

.6
%

3
2.

2

Sa
ck

to
r 

et
 a

l. 
(2

01
0)

 
[4

4]

U
S

Fr
om

 M
A

C
S 

stu
dy

. A
ll 

ar
e 

M
SM

12
76

 (4
77

 
H

IV
 +

 an
d 

79
9 

co
n-

tro
lle

d)

N
R

–6
5

51
%

71
%

M
ea

n 
Lo

g1
0–

2.
57

N
R

N
R

23
6

54
8.

15
15

.4
N

R

A
vc

i e
t a

l. 
(2

01
6)

 
[5

2]

U
S

Fr
om

 lo
ca

l 
H

IV
 c

lin
-

ic
s a

nd
 

co
m

m
un

ity
 

in
 th

e 
Sa

n 
D

ie
go

31
4 

(1
89

 
H

IV
 +

 an
d 

12
5 

H
IV

−
)

N
R

60
%

88
%

80
%

N
R

53
%

22
2

58
3.

4
12

.9
5

N
R



924 AIDS and Behavior (2021) 25:917–960

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r

C
ou

nt
ry

C
on

te
xt

Sa
m

pl
e 

Si
ze

A
ge

 ra
ng

e
%

 o
f o

ve
r 

50
%

 o
f A

RT
 

pa
tie

nt
s

%
 o

f p
la

sm
a 

vi
ra

l s
up

-
pr

es
si

on
 

or
 M

ea
n/

M
ed

ia
n 

pl
as

m
a 

vi
ra

l 
lo

ad
 c

ou
nt

%
 o

f C
SF

 
vi

ra
l s

up
-

pr
es

si
on

 
or

 M
ed

ia
n 

C
SF

 v
ira

l 
lo

ad
 c

ou
nt

%
 b

y 
di

s-
ea

se
 st

ag
e 

(C
D

C
 

St
ag

e 
C

/
A

ID
S/

W
H

O
 

St
ag

e 
4

M
ea

n 
or

 
M

ed
ia

n 
N

ad
ir 

C
D

4 
C

ou
nt

M
ea

n 
or

 
M

ed
ia

n 
C

D
4 

C
ou

nt

M
ea

n 
or

 
M

ed
ia

n 
du

ra
tio

n 
of

 
H

IV
 in

fe
c-

tio
n 

or
 

se
ro

st
at

us
 

(y
ea

rs
)

M
ea

n 
or

 
m

ed
ia

n 
du

ra
tio

n 
of

 
A

RT
 (y

ea
rs

)

Se
id

er
 

et
 a

l. 
(2

01
4)

 
[4

5]

U
S

Fr
om

 th
e 

ou
tp

at
ie

nt
 

Im
m

un
ol

-
og

y 
C

en
tre

 
of

 th
e 

M
iri

am
 

H
os

pi
ta

l 
an

d 
th

e 
B

ro
w

n 
U

ni
ve

rs
ity

 
C

en
tre

 
fo

r A
ID

S 
Re

se
ar

ch

84
 (5

4 
H

IV
 +

 an
d 

30
 H

IV
−

)

40
–7

4
27

%
93

%
78

%
N

R
N

R
15

3
42

0
14

.3
N

R

M
or

ga
n 

et
 a

l. 
(2

01
1)

 
[5

9]

U
S

Fr
om

 a
 st

ud
y 

fu
nd

ed
 b

y 
N

at
io

na
l 

In
sti

tu
te

s 
of

 M
en

ta
l 

H
ea

lth

16
6 

(1
26

 
H

IV
 +

 an
d 

40
 H

IV
−

)

N
R

32
%

83
%

M
ed

ia
n 

Lo
g1

0–
2

M
ed

ia
n 

Lo
g1

0–
2

60
%

16
3

51
7.

93
13

.4
7

N
R

Sc
ot

t e
t a

l. 
(2

01
1)

 
[5

3]

U
S

Fr
om

 c
om

-
m

un
ity

 
or

ga
ni

za
-

tio
ns

 a
nd

 
lo

ca
l H

IV
 

cl
in

ic
s

11
6 

(4
4 

H
IV

−
 a

nd
 

72
 H

IV
 +

)

N
R

–7
9

59
%

72
%

69
%

83
.0

0%
58

%
15

2
55

4.
67

13
.6

8.
88



925AIDS and Behavior (2021) 25:917–960 

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r

C
ou

nt
ry

C
on

te
xt

Sa
m

pl
e 

Si
ze

A
ge

 ra
ng

e
%

 o
f o

ve
r 

50
%

 o
f A

RT
 

pa
tie

nt
s

%
 o

f p
la

sm
a 

vi
ra

l s
up

-
pr

es
si

on
 

or
 M

ea
n/

M
ed

ia
n 

pl
as

m
a 

vi
ra

l 
lo

ad
 c

ou
nt

%
 o

f C
SF

 
vi

ra
l s

up
-

pr
es

si
on

 
or

 M
ed

ia
n 

C
SF

 v
ira

l 
lo

ad
 c

ou
nt

%
 b

y 
di

s-
ea

se
 st

ag
e 

(C
D

C
 

St
ag

e 
C

/
A

ID
S/

W
H

O
 

St
ag

e 
4

M
ea

n 
or

 
M

ed
ia

n 
N

ad
ir 

C
D

4 
C

ou
nt

M
ea

n 
or

 
M

ed
ia

n 
C

D
4 

C
ou

nt

M
ea

n 
or

 
M

ed
ia

n 
du

ra
tio

n 
of

 
H

IV
 in

fe
c-

tio
n 

or
 

se
ro

st
at

us
 

(y
ea

rs
)

M
ea

n 
or

 
m

ed
ia

n 
du

ra
tio

n 
of

 
A

RT
 (y

ea
rs

)

W
ilk

ie
 

et
 a

l. 
(2

00
3)

 
[4

1]

U
S

Pa
rti

ci
pa

nt
s 

w
er

e 
re

cr
ui

te
d 

th
ro

ug
h 

co
m

m
un

ity
 

ev
en

ts
, 

ad
ve

rti
se

-
m

en
ts

 
in

 lo
ca

l 
m

ed
ia

, 
pa

m
ph

le
t 

di
str

ib
u-

tio
n 

an
d 

th
ro

ug
h 

re
fe

rr
al

 
fro

m
 lo

ca
l 

H
IV

/A
ID

S 
se

rv
ic

e/
re

se
ar

ch
 

ce
nt

er
s, 

th
e 

U
ni

ve
rs

ity
 

of
 M

ia
m

i 
Sc

ho
ol

 o
f 

M
ed

ic
in

e/
Ja

ck
so

n 
M

em
or

ia
l 

M
ed

ic
al

 
C

en
tre

 a
nd

 
M

ia
m

i 
Ve

te
ra

ns
 

A
ffa

irs
 

M
ed

ic
al

 
C

en
tre

14
9 

(6
3 

H
IV

−
 a

nd
 

86
 H

IV
 +

)

20
–N

R
46

%
90

%
M

ea
n 

Lo
g1

0–
2.

36

N
R

38
%

N
R

39
6.

17
N

R
N

R



926 AIDS and Behavior (2021) 25:917–960

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r

C
ou

nt
ry

C
on

te
xt

Sa
m

pl
e 

Si
ze

A
ge

 ra
ng

e
%

 o
f o

ve
r 

50
%

 o
f A

RT
 

pa
tie

nt
s

%
 o

f p
la

sm
a 

vi
ra

l s
up

-
pr

es
si

on
 

or
 M

ea
n/

M
ed

ia
n 

pl
as

m
a 

vi
ra

l 
lo

ad
 c

ou
nt

%
 o

f C
SF

 
vi

ra
l s

up
-

pr
es

si
on

 
or

 M
ed

ia
n 

C
SF

 v
ira

l 
lo

ad
 c

ou
nt

%
 b

y 
di

s-
ea

se
 st

ag
e 

(C
D

C
 

St
ag

e 
C

/
A

ID
S/

W
H

O
 

St
ag

e 
4

M
ea

n 
or

 
M

ed
ia

n 
N

ad
ir 

C
D

4 
C

ou
nt

M
ea

n 
or

 
M

ed
ia

n 
C

D
4 

C
ou

nt

M
ea

n 
or

 
M

ed
ia

n 
du

ra
tio

n 
of

 
H

IV
 in

fe
c-

tio
n 

or
 

se
ro

st
at

us
 

(y
ea

rs
)

M
ea

n 
or

 
m

ed
ia

n 
du

ra
tio

n 
of

 
A

RT
 (y

ea
rs

)

Sh
ep

pa
rd

 
et

 a
l. 

(2
01

5)
 

[4
2]

U
S

Fr
om

 a
 N

IH
 

fu
nd

ed
 

stu
dy

 o
n 

ag
in

g 
an

d 
m

em
or

y 
in

 H
IV

 
di

se
as

e

14
6 

(8
3 

H
IV

 +
 pa

r-
tic

ip
an

ts
)

N
R

61
%

79
%

75
%

N
R

55
%

20
6.

94
55

6.
54

12
.7

9
N

R

C
ic

ca
re

lli
 

et
 a

l. 
(2

01
2)

 
[3

2]

Ita
ly

Fr
om

 th
e 

M
em

or
y 

cl
in

ic
, 

C
at

ho
lic

 
U

ni
ve

rs
ity

 
of

 th
e 

Sa
cr

ed
 

H
ea

rt,
 

Ro
m

e,
 

Ita
ly

 
th

ro
ug

h 
ou

tp
at

ie
nt

 
cl

in
ic

 
vi

si
ts

. 
A

sy
m

pt
o-

m
at

ic
 a

nd
 

fr
ee

 fr
om

 
op

po
r-

tu
ni

sti
c 

in
fe

ct
io

ns
 

at
 th

e 
tim

e 
of

 re
cr

ui
t-

m
en

t

19
2 

(1
53

 
H

IV
 +

 an
d 

39
 H

IV
−

)

N
R

25
%

88
.2

0%
77

.9
0%

N
R

26
%

16
6

51
8

12
9



927AIDS and Behavior (2021) 25:917–960 

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r

C
ou

nt
ry

C
on

te
xt

Sa
m

pl
e 

Si
ze

A
ge

 ra
ng

e
%

 o
f o

ve
r 

50
%

 o
f A

RT
 

pa
tie

nt
s

%
 o

f p
la

sm
a 

vi
ra

l s
up

-
pr

es
si

on
 

or
 M

ea
n/

M
ed

ia
n 

pl
as

m
a 

vi
ra

l 
lo

ad
 c

ou
nt

%
 o

f C
SF

 
vi

ra
l s

up
-

pr
es

si
on

 
or

 M
ed

ia
n 

C
SF

 v
ira

l 
lo

ad
 c

ou
nt

%
 b

y 
di

s-
ea

se
 st

ag
e 

(C
D

C
 

St
ag

e 
C

/
A

ID
S/

W
H

O
 

St
ag

e 
4

M
ea

n 
or

 
M

ed
ia

n 
N

ad
ir 

C
D

4 
C

ou
nt

M
ea

n 
or

 
M

ed
ia

n 
C

D
4 

C
ou

nt

M
ea

n 
or

 
M

ed
ia

n 
du

ra
tio

n 
of

 
H

IV
 in

fe
c-

tio
n 

or
 

se
ro

st
at

us
 

(y
ea

rs
)

M
ea

n 
or

 
m

ed
ia

n 
du

ra
tio

n 
of

 
A

RT
 (y

ea
rs

)

G
aw

ro
n 

et
 a

l. 
(2

01
8)

 
[3

5]

Po
la

nd
Fr

om
 th

e 
H

os
pi

ta
l o

f 
In

fe
ct

io
us

 
D

is
ea

se
s 

in
 W

ar
sa

w.
 

H
IV

- c
on

-
tro

ls
 w

er
e 

re
cr

ui
te

d 
fro

m
 th

e 
lo

ca
l c

om
-

m
un

ity
St

ab
le

 
pa

tie
nt

s 
(o

n 
cA

RT
 

fo
r a

t l
ea

st 
10

 m
on

th
s 

an
d 

vi
ra

l 
lo

ad
 <

 60
 

co
pi

es
 p

er
 

m
ic

ro
 li

te
r)

18
6 

(9
1 

H
IV

 +
 an

d 
95

 H
IV

−
 

pa
rti

ci
-

pa
nt

s)

25
–N

R
29

%
10

0%
10

0%
N

R
N

R
27

2.
9

59
7.

3
5

5

C
ys

iq
ue

 
et

 a
l. 

(2
01

1)
 

[3
9]

A
us

tra
lia

Fr
om

 S
t 

V
in

ce
nt

’s
 

H
os

pi
ta

l i
n 

Sy
dn

ey

14
5 

(1
15

 
H

IV
 +

 an
d 

30
 H

IV
−

)

28
–7

0
46

%
10

0%
52

%
N

R
N

R
87

.2
32

6
N

R
N

R



928 AIDS and Behavior (2021) 25:917–960

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r

C
ou

nt
ry

C
on

te
xt

Sa
m

pl
e 

Si
ze

A
ge

 ra
ng

e
%

 o
f o

ve
r 

50
%

 o
f A

RT
 

pa
tie

nt
s

%
 o

f p
la

sm
a 

vi
ra

l s
up

-
pr

es
si

on
 

or
 M

ea
n/

M
ed

ia
n 

pl
as

m
a 

vi
ra

l 
lo

ad
 c

ou
nt

%
 o

f C
SF

 
vi

ra
l s

up
-

pr
es

si
on

 
or

 M
ed

ia
n 

C
SF

 v
ira

l 
lo

ad
 c

ou
nt

%
 b

y 
di

s-
ea

se
 st

ag
e 

(C
D

C
 

St
ag

e 
C

/
A

ID
S/

W
H

O
 

St
ag

e 
4

M
ea

n 
or

 
M

ed
ia

n 
N

ad
ir 

C
D

4 
C

ou
nt

M
ea

n 
or

 
M

ed
ia

n 
C

D
4 

C
ou

nt

M
ea

n 
or

 
M

ed
ia

n 
du

ra
tio

n 
of

 
H

IV
 in

fe
c-

tio
n 

or
 

se
ro

st
at

us
 

(y
ea

rs
)

M
ea

n 
or

 
m

ed
ia

n 
du

ra
tio

n 
of

 
A

RT
 (y

ea
rs

)

Pl
ut

a 
et

 a
l. 

(2
01

9)
 

[3
6]

Po
la

nd
Fr

om
 th

e 
H

ar
m

on
ia

 
3 

re
se

ar
ch

 
pr

oj
ec

t 
w

hi
ch

 h
ad

 
re

cr
ui

te
d 

pa
rti

ci
-

pa
nt

s f
ro

m
 

th
e 

C
en

tra
l 

H
os

pi
-

ta
l f

or
 

In
fe

ct
io

us
 

D
is

ea
se

s i
n 

W
ar

sa
w

Th
e 

pa
rti

ci
-

pa
nt

s w
er

e 
M

SM
 w

ho
 

ha
d 

be
en

 
st

ab
ili

ze
d 

on
 A

RT
 fo

r 
at

 le
as

t s
ix

 
m

on
th

s

11
5 

(5
3 

H
IV

 +
 an

d 
62

 c
on

-
tro

ls
)

24
–7

5
10

0%
10

0%
N

R
N

R
27

5.
57

59
7.

81
6.

14
5.

07

To
w

go
od

 
et

 a
l. 

(2
01

2)
 

[3
0]

U
K

Pa
rti

ci
pa

nt
s 

w
er

e 
W

hi
te

/
C

au
ca

si
an

 
M

SM
. 

St
ab

le
 o

n 
A

RT
 (v

ira
l 

lo
ad

 <
 50

 
co

pi
es

/
m

l a
nd

 
C

D
4 >

 20
0 

ce
lls

/m
l f

or
 

at
 le

as
t s

ix
 

m
on

th
s)

82
 (4

0 
H

IV
 +

 an
d 

42
 H

IV
−

)

20
–7

5
51

%
10

0%
10

0%
N

R
N

R
17

3.
05

66
5.

98
10

.5
5

6.
93



929AIDS and Behavior (2021) 25:917–960 

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r

C
ou

nt
ry

C
on

te
xt

Sa
m

pl
e 

Si
ze

A
ge

 ra
ng

e
%

 o
f o

ve
r 

50
%

 o
f A

RT
 

pa
tie

nt
s

%
 o

f p
la

sm
a 

vi
ra

l s
up

-
pr

es
si

on
 

or
 M

ea
n/

M
ed

ia
n 

pl
as

m
a 

vi
ra

l 
lo

ad
 c

ou
nt

%
 o

f C
SF

 
vi

ra
l s

up
-

pr
es

si
on

 
or

 M
ed

ia
n 

C
SF

 v
ira

l 
lo

ad
 c

ou
nt

%
 b

y 
di

s-
ea

se
 st

ag
e 

(C
D

C
 

St
ag

e 
C

/
A

ID
S/

W
H

O
 

St
ag

e 
4

M
ea

n 
or

 
M

ed
ia

n 
N

ad
ir 

C
D

4 
C

ou
nt

M
ea

n 
or

 
M

ed
ia

n 
C

D
4 

C
ou

nt

M
ea

n 
or

 
M

ed
ia

n 
du

ra
tio

n 
of

 
H

IV
 in

fe
c-

tio
n 

or
 

se
ro

st
at

us
 

(y
ea

rs
)

M
ea

n 
or

 
m

ed
ia

n 
du

ra
tio

n 
of

 
A

RT
 (y

ea
rs

)

Va
lc

ou
r 

et
 a

l. 
(2

01
1)

 
[5

5]

U
S

Fr
om

 H
aw

ai
i 

A
gi

ng
 

w
ith

 H
IV

 
(H

A
H

C
) 

C
oh

or
t

A
ge

, e
du

ca
-

tio
n,

 
et

hn
ic

ity
 

an
d 

ge
nd

er
 

m
at

ch
ed

 
H

IV
- c

on
-

tro
lle

d 
pa

r-
tic

ip
an

ts
 

w
er

e 
al

so
 

re
cr

ui
te

d 
in

 
th

e 
H

A
H

C
 

co
ho

rt

45
0 

(2
04

 
H

IV
−

 a
nd

 
24

6 
H

IV
 +

)

N
R

54
%

51
%

N
R

N
R

 <
 20

0 =
 37

%
 <

 20
0 =

 40
%

N
R

N
R

Va
nc

e,
 

Fa
ze

li 
an

d 
G

ak
um

o 
(2

01
3)

 
[6

6]

U
S

Fr
om

 a
 

un
iv

er
si

ty
 

cl
in

ic
 in

 
B

irm
in

g-
ha

m
, 

A
la

ba
m

a,
 

m
et

ro
po

li-
ta

n 
ar

ea

16
2 

(8
4 

H
IV

−
 a

nd
 

78
 H

IV
 +

)

20
–7

4
44

%
10

0%
M

ea
n—

14
,6

71
.8

5 
co

pi
es

/m
l

N
R

N
R

27
6.

38
47

1.
3

12
.9

3
N

R

K
is

se
l, 

Pu
ka

y-
M

ar
tin

 
an

d 
B

or
n-

ste
in

 
(2

00
5)

 
[4

0]

U
S

Fr
om

 A
ID

S 
C

lin
ic

al
 

Tr
ia

ls
 U

ni
t

A
ll 

w
er

e 
M

SM
 a

nd
 

m
aj

or
ity

 
w

er
e 

C
au

-
ca

si
an

s

24
1 

(6
1 

H
IV

−
 a

nd
 

18
0 

H
IV

 +
)

20
–6

0
13

%
N

R
N

R
N

R
26

%
N

R
40

0.
96

N
R

N
R



930 AIDS and Behavior (2021) 25:917–960

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r

C
ou

nt
ry

C
on

te
xt

Sa
m

pl
e 

Si
ze

A
ge

 ra
ng

e
%

 o
f o

ve
r 

50
%

 o
f A

RT
 

pa
tie

nt
s

%
 o

f p
la

sm
a 

vi
ra

l s
up

-
pr

es
si

on
 

or
 M

ea
n/

M
ed

ia
n 

pl
as

m
a 

vi
ra

l 
lo

ad
 c

ou
nt

%
 o

f C
SF

 
vi

ra
l s

up
-

pr
es

si
on

 
or

 M
ed

ia
n 

C
SF

 v
ira

l 
lo

ad
 c

ou
nt

%
 b

y 
di

s-
ea

se
 st

ag
e 

(C
D

C
 

St
ag

e 
C

/
A

ID
S/

W
H

O
 

St
ag

e 
4

M
ea

n 
or

 
M

ed
ia

n 
N

ad
ir 

C
D

4 
C

ou
nt

M
ea

n 
or

 
M

ed
ia

n 
C

D
4 

C
ou

nt

M
ea

n 
or

 
M

ed
ia

n 
du

ra
tio

n 
of

 
H

IV
 in

fe
c-

tio
n 

or
 

se
ro

st
at

us
 

(y
ea

rs
)

M
ea

n 
or

 
m

ed
ia

n 
du

ra
tio

n 
of

 
A

RT
 (y

ea
rs

)

K
im

 e
t a

l. 
(2

00
8)

 
[5

0]

U
S

Fr
om

 e
ig

ht
 

pu
bl

ic
 c

lin
-

ic
s r

un
 b

y 
a 

un
iv

er
si

ty
 

m
ed

ic
al

 
ce

nt
er

. 
H

IV
- p

ar
-

tic
ip

an
ts

 
w

er
e 

th
os

e 
re

ce
iv

in
g 

pr
im

ar
y 

ca
re

 se
r-

vi
ce

s f
ro

m
 

tw
o 

of
 

th
es

e 
ei

gh
t 

cl
in

ic
s

27
5 

pa
rti

ci
-

pa
nt

s (
91

 
H

IV
 +

 an
d 

18
4 

H
IV

−
)

18
–N

R
33

%
N

R
N

R
N

R
N

R
N

R
N

R
N

R
N

R

H
IV

 +
 H

IV
-p

os
iti

ve
. H

IV
 −

 H
IV

-n
eg

at
iv

e.
 %

 p
er

ce
nt

ag
e.

 C
SF

 c
er

eb
ro

sp
in

al
 fl

ui
d.

 A
RT

  a
nt

ire
tro

vi
ra

l t
he

ra
py

. C
D

C
 c

en
te

rs
 fo

r d
is

ea
se

 c
on

tro
l a

nd
 p

re
ve

nt
io

n.
 A

ID
S 

ac
qu

ire
d 

im
m

un
od

efi
ci

en
cy

 
sy

nd
ro

m
e.

 W
H

O
 W

or
ld

 H
ea

lth
 O

rg
an

iz
at

io
n.

 H
N

RP
 H

IV
 n

eu
ro

be
ha

vi
or

al
 re

se
ar

ch
 p

ro
gr

am
. M

AC
S 

m
ul

tic
en

te
r A

ID
S 

co
ho

rt 
stu

dy
. N

IH
 N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

. M
SM

 m
en

 w
ho

 h
av

e 
se

x 
w

ith
 m

en
. N

R 
no

t r
ep

or
te

d



931AIDS and Behavior (2021) 25:917–960 

1 3

studies are detailed in Table 3 (studies with an HIV- control 
group) and Table 4 (studies without a HIV- control group).

Study Characteristics

Locations and age of studies

The majority of the studies were conducted in the US while 
two studies originated from the UK [29, 30], Italy [31, 32], 
China [33, 34], and Poland [35, 36], and one was carried 
out in Japan [37], Brazil [38], and Australia [39]. No study 
was conducted in low-income countries. Over two thirds of 
the studies (28 studies) were published in the last decade 
(2011–2019). The oldest record included was published in 
2003 [40, 41].

Study design

In terms of the study design, only 6 out of 37 studies were 
designed longitudinally [29, 31, 42–45]. None of the 37 
studies were interventional. The follow-up periods among 
these six longitudinal studies were one-year follow-up in 
three studies, and 5 years, 4.2 years (average) and 4.7 years 
(average) respectively in the other three studies respectively.

Age was the only primary predictor in all studies, but in 
eight studies, age was investigated as a co-primary exposure 
along with a HIV-related variable such as duration of HIV 
infection [37] or a non-HIV related factor such as education 
[46] and alcohol use [47]. Neurocognition was also the sole 
primary outcome of interest in all but five studies [29, 30, 
35, 36, 48], which also identified the effect of age on changes 
in neuroimaging.

Sample size

The majority of the studies included samples lower than 
300 (29/37) and the median sample size across the studies 
was 192 (IQR: 116–267). Five studies [33, 37, 43, 44, 49] 
recruited more than 500 participants. Two multi-site studies 
included very large samples: one with 3313 participants [49] 
and another one with 5086 samples [43].

Inclusion of HIV‑ controls

Fifteen studies did not include HIV- controls. In stud-
ies that included a HIV- control group, the proportion of 
HIV- participants among total samples varied from 20–69% 
(≥ 50% were controls in 48% of studies). Compared to HIV- 
controls, HIV + participants were younger in four studies 
[43–45, 50] and older in two studies [29, 51]. There were 
also differences in other demographic factors such as educa-
tion and ethnicity between HIV + and HIV- participants in 

11 studies [40–45, 50–53], and they controlled these factors 
in the analyses.

Samples ascertainment, gender, and ethnicity

In 17 of 36 studies, participants were recruited from exist-
ing research projects, such as the HIV Neurobehavioral 
Research Program (HNRP), Hawaii Aging Cohort Study and 
Multicenter AIDS Cohort Study (MACS). In the remain-
ing studies, participants were recruited from HIV treatment 
clinics or the community. Twenty eight studies excluded par-
ticipants with a major confounding condition for HAND as 
delineated using in the Frascati Criteria [13] such as major 
neurological and psychiatric disorders, current substance 
abuse and history of head trauma with loss of conscious-
ness more than 30 min. Six studies [29, 30, 36, 40, 43, 44] 
included men who have sex with men (MSM) participants 
only, and three [29, 30, 40] of these recruited only Cauca-
sian participants. Two studies [35, 46] included only male 
participants. Two British studies [29, 30] and two Polish 
studies [35, 36] enrolled solely virally suppressed HIV + par-
ticipants (plasma HIVRNA < 50cp/mL). One study [31] 
included only formally diagnosed HAND cases and com-
pared the distribution of young and old age groups among 
mild and severe cases of HAND.

Samples’ HIV disease characteristics

Major disease markers such as duration since HIV diag-
nosis, nadir/current CD4 + T cell count, duration of ART 
and viral control level were also presented across studies, 
although there was heterogeneity in how the information 
was presented and how much detail was provided. In one 
quarter of the studies, all HIV + participants were on ART. 
The percentage of patients on ART was lower than 70% in 
four of the studies [31, 54–56], all published before 2013. In 
13 studies, the proportion of HIV + participants on ART was 
compared between the younger and older groups. A higher 
proportion of older HIV + participants was reported to be on 
ART across studies.

Standard HIV disease staging was reported in 15 studies. 
The proportion of WHO Stage 4 or CDC Stage C varied 
between 5–73% among studies; and in eight studies more 
than 50% of HIV + participants had been diagnosed with 
WHO Stage 4 or CDC Stage C in eight studies.

Nadir CD4 + T cell count was reported in 27 studies, 
while 34 studies gave the current CD4 + T cell count among 
their HIV + participants. The mean or median nadir CD4 + T 
cell count was lower than 200 in 10 studies, and the current 
CD4 + T cell was higher than 500 among participants in 14 
studies. The current CD4 + T cell count was differentiated 
between the younger and older groups in 23 studies, and 
the younger group had a higher level in 13 of the studies. 
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Nineteen studies compared the nadir CD4 + T cell count 
level between the age groups as well, and a higher propor-
tion (15/19) of studies showed that the older participants had 
lower nadir CD4 + T cell counts.

Plasma viral load information was reported in 33 of 37 
studies. The percentage with plasma viral suppression was 
reported in 26 of 36 studies. In 17 of 26 studies, ≥ 75% of 
participants had achieved plasma viral suppression. When 
the percentage of participants with plasma viral suppres-
sion was compared between young and old groups, it was 
higher among the older groups in 10 of 13 studies which 
assessed this question. Cerebrospinal fluid (CSF) viral load 
was reported in only five studies. Among them, the percent-
age of participants with CSF viral control was reported in 
three studies (50% in one study [56] and > 80% in another 
two studies [53, 57]).

Twenty-eight studies reported the mean or median dura-
tion of HIV infection or serostatus (range 3–18 years). In 17 
of 28 studies, HIV duration was greater than 10 years. Mean 
or median duration of ART was stated only in 12 studies and 
varied from 2—11 years.

Reporting of comorbidities

Other known contributing factors to neuropsychological per-
formance were collected across studies, but again with some 
heterogeneity in the level of detail. Mood status (anxiety 
or/and depression) was only assessed in 26 of 37 studies. 
Alcohol or substance use was reported in 18 of 37 studies. 
Co-infection with HCV or HBV was also reported in 14 of 
37 studies. Information on age-related comorbidities such 
as hypertension (10/37 studies), diabetes (9/36) and CVD 
events (4/37) were scantly reported.

Across studies, findings indicated that HIV + participants 
compared to the HIV- controls tended to have higher preva-
lence of anxiety, depression and substance abuse. Further, 
across studies, older participants were more likely to have 
age-related comorbidities such as hypertension and were less 
likely to be a current substance user.

How was age defined?

The age of the youngest person included across the stud-
ies was 18 years old and the oldest person included was 
82 years old. All but three studies investigated the effect of 
age across the adult life span. The three studies examined 
the effects of age only among participants over 50 years 
of age [34, 46, 57]. Age was categorized in 27 studies for 
major analysis and nine studies analyzed age as a continuous 
variable [34–36, 39, 43, 49, 58–60]. In most instances, age 
was categorized into two groups while four studies [31, 33, 
44, 46] divided age into more than two groups. The lower 
cut-off point for the older group was 50 years of age in all Ta
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studies, except three studies [32, 40, 45], where the lower 
bound was 45, 55 and 60 years respectively. Further, the 
upper bound of the younger age group was not consistent 
across all the studies. Some studies used < 50, whereas some 
studies adopted 35 or 40 years as upper limit of the younger 
age group. Apart from the three studies that only included 
participants over 50 years of age, the average proportion of 
cases over 50 years of age across the rest of the studies was 
40% but with a wide range: 8–61%.

How was the cognition measured and defined?

All of the studies used comprehensive neuropsychological 
tests to measure neurocognitive performance, and three stud-
ies used screening tests like the International HIV Dementia 
Scale (IHDS) and Montreal Cognitive Assessment (MoCA) 
[33, 34, 38]. Only six [32, 35, 42, 50, 54, 59] out of 22 stud-
ies with HIV- controls and nine [31, 37, 48, 49, 56, 61–64] 
out of 15 studies without a control group standardized cog-
nitive test scores with normative data. Twenty-six out of 37 
studies explored the effect of age on a continuous measure 
of overall or domain specific neurocognitive performance, 
while 10 studies assessed the effect of age on study-defined 
NCI criterion. One study examined the age influence on 
neuropsychological test scores dispersion [59]. Among the 
studies that had NCI as a major outcome, two studies [31, 
62] used the American Academy of Neurology (AAN) cri-
teria [13] and three studies [37, 42, 56] used the Frascati 
criteria to define NCI. The remaining five studies adopted 
customized impairment criteria [32, 38, 40, 49, 64]. In one 
study [38] that used the IHDS and MOCA, the cut-off for 
NCI was < 10 for IHDS and ranked in the first quartile for 
MOCA. Among studies which measured the age effect on 
continuous neurocognitive performance, 16 studies analyzed 
on domain scores while 10 studies evaluated individual test 
scores.

Global cognition versus cognitive domains

The majority of studies (75% or 28/37) focused on global 
cognition or multiple cognitive domains. Nine studies selec-
tively assessed age effects on specific cognitive domains, for 
example, verbal fluency [54] and memory [45, 52, 64], or a 
group of cognitive functions that underlie a neural pathway 
[53]. Among studies that focused on overall neurocogni-
tive performance, 2 out of 3 assessed five or more cogni-
tive domains. All the domains covered in the studies are 
aligned within the neurocognitive domains recommended 
to be evaluated in the Frascati criteria [13]: “Attention-
information processing, language, abstraction-executive, 

complex perceptual motor skills, memory, including learn-
ing and recall, and simple motor skills or sensory perceptual 
abilities”.

HAND prevalence

Only eight out of 36 studies (22%) reported HAND prev-
alence [35–37, 39, 53, 58, 62, 64]. Of these, one study 
reported the prevalence only among older HIV + partici-
pants [54]. Seven studies used the Frascati criteria while 
one study used AAN criteria [62]. The prevalence of 
HAND varied highly among the reported studies ranging 
from 15 to 89%. The lowest prevalence was observed in a 
study [35] that included only high functioning HIV + par-
ticipants. The highest prevalence rate of HAND was found 
in a study where a large proportion (81%) of HIV + partici-
pants had substance use disorders [64]. Four out of eight 
studies [36, 37, 39, 53] classified HAND clinical sub-cat-
egories, with ANI being the most prevalent (range: 53%-
74%) in three studies, while MND was the predominant 
classification in one study (55%) [39]. Four of the studies 
compared HAND prevalence between age groups [37, 58, 
62, 64]. HAND was found to be higher among younger 
participants in one study possibly because of higher cogni-
tive reserve among older participants [58].

Statistical methods to assess the age effect

Statistical methods used to identify the effect of age on 
neurocognition among HIV + participants (versus HIV- 
when appropriate) varied across studies. Chi-square test 
or Fisher’s exact test, t-test or Wilcoxon test and Analysis 
of Variance (ANOVA) test were used to compare group 
differences in exploratory analyses depending on the type 
of predictor variables. Two-way ANOVA or Analysis of 
Covariance (ANCOVA), linear regression, logistic regres-
sion, generalized linear model, and linear mixed model 
were used for the main analysis to identify the interac-
tion effect of HIV and age on neurocognition among 
studies which included HIV- controls. In studies without 
HIV- participants, hierarchical regression, linear regres-
sion, logistic regression, generalized estimating equation 
model, and cox proportional hazard model were adopted 
as a primary analysis method to identify the effect of age 
on cognition among PLHIV. The type of neuropsycho-
logical scores (i.e. raw scores, T-scores, z-scores) used 
for analysis also differed across studies. Z-score was the 
most common type of score (14/37 studies) followed by 
the raw score (13/37 studies), and T-score (10/37 stud-
ies). Attempts were made in all the studies except in one 
[50] to control for possible confounding factors such as 
non-age demographic factors, HIV biomarkers (e.g. nadir 
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CD4), comorbidities, substance use and depression, and 
factors which are significantly different between HIV + and 
HIV- participants.

Risk of bias within studies

Detailed appraisal outcomes for each question in the ques-
tionnaires are presented in Tables 5 and 6 (findings for 
individual studies are presented in the Supplementary File 
3). Among cross-sectional studies, 22/31 studies meet the 
criteria for “Yes” or “Partly” across all the appraisal ques-
tions. Eight studies [34, 38, 46, 50, 51, 58, 60, 65] neither 
included age-matched HIV- controls nor used demographi-
cally corrected cognitive test scores. One study [41] did 
not give clear inclusion criteria. Confounding factors 
were not identified and controlled for in another study 
[50]. Among six longitudinal studies, only one study [31] 
met the criteria for “Yes” or “Partly” in all the question-
naires. One study [42] did not report how attrition was 
handled. Four other studies [29, 43–45] did not include 
age-matched HIV- controls or did not use demographically 
corrected cognitive test scores.

Narrative synthesis

Studies with an HIV‑ control group and the evidence 
of premature, accentuated and accelerated neurocognitive 
aging

Out of 22 studies that included an HIV- sample, 17 studies 
were cross-sectional and five studies [29, 42–45] were lon-
gitudinal. Fifteen cross-sectional studies aimed to find the 
interaction effect of HIV and age on a continuous measure 
of neurocognitive test performance whereas two studies [32, 
40] examined the interaction effect of HIV and age on both 
NCI and neurocognitive test performance scores. Among the 
five longitudinal studies, four studies tested the interaction 
effect of HIV and age on neurocognitive test performance 
while one study [42] assessed the interaction effect of HIV 
and age on incident NCI. In one of the longitudinal studies, 
the analysis was designed to test the interaction effect of 
HIV and age only on cross-sectional neurocognitive test per-
formance rather than neurocognitive decline across the study 
period [43]. Two longitudinal studies [44, 45] examined the 
interaction effect of HIV and age on both cross-sectional and 
longitudinal neurocognitive test performance.

Premature neurocognitive aging effect was examined in 
17 cross-sectional studies and three longitudinal studies 
that examined the HIV and age interaction effect on cross-
sectional neurocognitive test performance. Of these stud-
ies, 9/20 (45%; eight cross-sectional and one longitudinal) 
showed evidence of premature neurocognitive aging. In all 
but one study [53], this was attributed to the significantly 

inferior performance of older HIV + compared to the HIV- 
participants. In one study [53], the interaction effect came 
from the superior performance of younger HIV- participants.

Accentuated neurocognitive aging effect was investigated 
in two cross-sectional studies, which tested the HIV and age 
interaction effect on the number of tests performed under 
a defined cut-off score. Neither of these studies found evi-
dence of accentuated neurocognitive aging.

Accelerated neurocognitive aging effect was assessed 
in four longitudinal studies that analyzed the HIV and age 
interaction effect on longitudinal neurocognitive test perfor-
mance as decline in performance across the study period. 
Accelerated aging was detected in three studies (75%), where 
neurocognitive decline was significantly greater among older 
HIV + compared to HIV- individuals [29, 44, 45].

Among 10 studies that did not observe any of the abnor-
mal patterns of neurocognitive aging, the poorest neuro-
cognitive test performance was still observed among older 
HIV + participants in two of the studies [32, 66].

In evaluating whether study and sample characteris-
tics were related to any of the abnormal neurocognitive 
aging effects, we found that longitudinally designed stud-
ies were more likely to observe premature or accelerated 
neurocognitive aging effect (80% versus 47%). Sample 
size also appeared to contribute to the outcomes of inter-
est. Indeed, the three studies [33, 43, 44] that had sample 
sizes of N > 500, all found evidence for premature or accel-
erated neurocognitive aging. In studies testing premature 
aging (N = 20), the median sample size was 189 (IQR: 
132.25–304.25); in studies testing accentuated aging (N = 2), 
the median sample size was 216.5 (IQR:192–241); and in 
the longitudinal studies assessing accelerated aging (N = 4), 
the median sample size was 115 (IQR: 62.25–993.5). These 
figures highlighted that sample sizes in majority of studies 
are below the required sample size of 350 for premature 
aging, 1,050 for accentuated aging, and 230 for accelerated 
aging (see Fig. 2 for detailed sample size computations with 
G*Power 3.1 [67]) to achieve a conventional power of 80% 
in order to detect a small-medium effect size of the chrono-
logical age effect. Percentage of older people in the total 
participants also seemed to be associated with whether the 
hypothesized neurocognitive aging effect was observed or 
not. Indeed, when ≥ 50% of the sample were over 50 years of 
age, 67% of studies reported the hypothesized neurocogni-
tive aging effect compared to only 50% of studies where less 
than 50% of samples were over 50 years. Studies concentrat-
ing on NCI rather than on overall neurocognitive test per-
formance were less likely to find the neurocognitive aging 
effect (i.e., accentuated or accelerated aging). As such, none 
out of three studies [32, 40, 42] which focused on NCI found 
abnormal neurocognitive aging.

HIV disease characteristics may also be related to whether 
premature, accentuated, and/or accelerated neurocognitive 
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aging effects were observed. Indeed, 3/4 studies that 
recruited only HIV + participants with viral suppression 
did not find any abnormal neurocognitive aging effect. In 
studies where standard HIV disease staging was used (WHO 
or CDC), a higher proportion that reported abnormal neuro-
cognitive aging effects than those that did not (71% versus 
33%) included HIV + participants, with at least 50% being 
diagnosed with a WHO Stage 4 or CDC Stage C. In terms 
of nadir CD4 + T cell count, a higher percentage of stud-
ies that found abnormal neurocognitive aging effects com-
pared to those that did not (56% versus 38%) was composed 

of HIV + individuals with an average nadir CD4 + T cell 
count < 200 copies/ml. A greater proportion of studies that 
showed abnormal patterns of neurocognitive aging (73% vs 
50%) also reported a mean/median duration of HIV infec-
tion ≥ 12 years among their HIV + participants. Finally, 
among the seven studies which reported that depressive 
symptoms were significantly more common among PLHIV 
than HIV- controls, six studies (86%) observed that abnor-
mal patterns of neurocognitive aging were present.

Table 5  Rating on quality appraisal among cross-sectional studies with the JBI tools

“Yes” means the study fully meets the criteria for this question. “Partly” means the study only partly meets the criteria. “No” means the study 
does not meet the criteria for this question at all. “NA” means this question is not applicable to this study
In the review context, we defined confounding factors as major neurological or psychiatric conditions. Age-related conditions were not consid-
ered under this item as all studies did not assess this question optimally, so this represents an overall limitation for the current HIV and cognitive 
aging literature at this moment in time

Yes (%) Partly (%) No (%) NA (%)

Were the criteria for inclusion in the sample clearly defined? 97 0 3 0
Were the study subjects and the setting described in detail? 90 10 0 0
Was the exposure measured in a valid and reliable way? 97 3 0 0
Were objective, standard criteria used for measurement of the condition? 39 29 0 35
Were confounding factors identified? 81 16 3 0
Were strategies to deal with confounding factors stated? 81 16 3 0
Were the outcomes measured in a valid and reliable way? 87 10 0 3
Was appropriate statistical analysis used? 87 13 0 0
Were demographically comparable HIV negative controls included and/or were 

demographically corrected cognitive scores used?
61 13 26 0

Table 6  Rating on quality appraisal among longitudinal studies with the JBI tools

“Yes” means the study fully meets the criteria for this question. “Partly” means the study only partly meets the criteria. “No” means the study 
does not meet the criteria for this question at all. “NA” means this question is not applicable to this study

Yes (%) Partly (%) No (%) NA (%)

Were the two groups similar and recruited from the same population? 83 0 0 17
Were the exposures measured similarly to assign people to both exposed and unexposed groups? 83 0 0 17
Was the exposure measured in a valid and reliable way? 100 0 0 0
Were objective, standard criteria used for measurement of the condition? 17 17 0 67
Were confounding factors identified? 83 17 0 0
Were strategies to deal with confounding factors stated? 83 17 0 0
Were the groups/participants free of the outcome at the start of the study (or at the moment of expo-

sure)?
17 0 0 83

Were the outcomes measured in a valid and reliable way? 100 0 0 0
Was the follow up time reported and sufficient to be long enough for outcomes to occur? 83 0 0 17
Was follow up complete, and if not, were the reasons to loss to follow up described and explored? 50 17 0 33
Were strategies to address incomplete follow up utilized? 33 0 17 50
Was appropriate statistical analysis used? 100 0 0 0
Were demographically comparable HIV negative controls included and/or were demographically cor-

rected cognitive scores used?
33 0 67 0
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Studies without an HIV‑ controls group and the magnitude 
of the age effect on cognition

Among 15 studies that did not include HIV- participants, the 
presence of an effect of age on neurocognition was observed 
among the HIV + participants in all the studies. In studies 
with NCI (N = 7) as the outcome, the odds ratio (OR) of 
having NCI among older HIV + compared to their younger 
counterparts varied between 1.18 and 4.8 indicating a higher 
risk of NCI among older PLHIV compared to the younger 
people. The effect sizes among the studies which used 
continuous neurocognitive performance are not reported 
because most of these studies did not use demographically-
corrected cognitive scores.

Discussion

This is the first systematic review in the area of HIV and 
neurocognitive aging. This review exhaustively searched 
four scientific databases to find the relevant literature and 
determined the current known evidence of premature, accen-
tuated, and accelerated neurocognitive aging among PLHIV 
and its associated factors by critically and independently 
appraising the 37 eligible articles. Our review also provides 
strong evidence of major limitations in the selected studies.

We found that 62% studies met the criteria fully or partly 
for all the quality assessment items evaluated with the JBI 
tools. Previous non-systematic reviews have not evaluated 
study quality with standard quality tools. However, the 
studies’ heterogeneity in design (cross-sectional/longitudi-
nal), operationalization of age as a predictor, definition of 
NCI and continuous neuropsychological outcomes (global/
domain/focused, various types of tests and various test-score 
standardization methods), in addition to the statistical and 
conceptual operationalization of aging effects on neurocog-
nition did not permit for a meta-analysis. This represents the 
number one limitation across this research literature. One 
of the most illustrative aspects in the lack of harmoniza-
tion across this literature is that despite the availability of 
standard diagnostic criteria for HAND [13, 68], only 22% 

of studies used these criteria to report HAND prevalence. 
This is true, despite the majority of studies (68%) using large 
enough test batteries to compute the neurocognitive severity, 
part of the criteria.

The second major limitation is that 14/37 studies (38%) 
included no control samples. It should be clearly stated that 
while the age effect can be tested on neurocognition in stud-
ies without a control group, these studies are fundamentally 
hindered in their capacity to test premature, accentuated and 
accelerated aging effects. In other words, these studies offer 
limited information as to whether PLHIV are at a greater 
risk of abnormal brain aging and ultimately dementia. In 
addition, quality appraisal with the JBI tools found that in 
six of the studies with a control group age was not com-
parable between HIV + and HIV- groups and demograph-
ically-corrected cognitive scores were not used. Six of the 
studies that did not include a control group also did not use 
demographically-corrected cognitive scores. To differentiate 
cognitive aging effects due to HIV from normal aging effect, 
HIV- controls need to be matched with HIV + participants, at 
least in age and preferably in other demographic factors as 
well. If HIV- controls are not age-comparable or if a con-
trol group is not included and the question is about whether 
there is an abnormally large aging effect in PLHIV, then 
demographically corrected cognitive scores need to be used.

The neurocognitive aging effects in studies that did not 
include an HIV- control group were consistent but had 
a wide range. The wide range of effect suggests that the 
prevalence of HAND and associated HIV disease factors 
are widely heterogeneous across studies. The higher risk 
of NCI among older PLHIV compared to younger PLHIV 
may be attributed to greater exposure to other risk factors of 
HAND such as a diagnosis with a more severe HIV clinical 
disease stage, living with HIV without ART for a longer 
duration, low baseline CD4 count, and exposure to neuro-
toxic ART drugs [24]. On the other hand, there are likely 
some embedded survivor effects that have not been taken 
into account [12].

Previous non-systematic reviews of the HIV and neuro-
cognitive aging literature [22–24] showed that premature 
and accelerated neurocognitive aging effects were incon-
sistent, while the accentuated aging was not conceptualized 
as a separate effect of interest. Using systematic definitions 
for each abnormal patterns of neurocognitive aging, our 
systematic review provides a systematic appraisal of this 
inconsistency. Among the studies that have investigated 
premature aging (N = 20), 45% reported premature aging. 
No study found evidence of accentuated aging, though this 
was only investigated in two studies representing another 
major limitation of the current HIV neurocognitive aging 
research. Among the studies that investigated accelerated 
neurocognitive aging (N = 4), 75% reported accelerated 
aging. Our systematic review also found that study and 

Fig. 2  Sample size estimation to detect a small-medium effect size 
of premature and accentuated aging in a sample statistical model. 
G*Power 3.1 was used for these calculations. For premature aging, 
we assume a small-medium effect size, F = 0.15. Four groups are 
younger HIV-, older HIV-, younger HIV + , and older HIV + . The 
number of covariates is referred from the median number of covari-
ates among studies that have assessed premature neurocognitive 
aging. For accentuated aging we assume odds ratio = 1.5 (independ-
ent age effect) and 20% of explanatory variance from other covari-
ates. For accelerated aging, we assume the same effect size and the 
same number of groups as in premature aging with 3 testing, a corre-
lation among repeated measures (r = .3), and a nonsphericity correc-
tion at 0.5 representing variations in test retest variance

◂
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sample characteristics were associated with the likelihood 
of reporting abnormal neurocognitive aging. In the following 
section, we discuss each of these findings in detail.

This review showed that all three studies (two longitudi-
nal and one cross-sectional) where sample size was greater 
than 500 reported an abnormal pattern of cognitive aging 
effect. The lack of large enough sample sizes to detect small-
medium effect sizes in most other studies as assessed by our 
sample size computation could account for inconsistencies in 
the detection of abnormal patterns of cognitive aging. This 
represents a major issue especially when we consider that 
cognitive aging in PLHIV is multifactorial [69]. Besides the 
effect of chronological age itself, other factors such as HIV 
characteristics, resilience, lifestyle factors, mental health, 
age-related comorbidity burden, and aged-related genetic 
factors need to be individually considered, in addition to 
their interactions (including complex interaction levels, such 
as full factorial model and/or polynomials). The current 
studies typically included 1–3 covariates and thus did not 
address multi-factorial aging effects. A dataset which would 
take into account multi-dimensional aging effects would 
lead to a high-dimensional dataset that typically requires 
very large sample size whether it is for traditional statisti-
cal analyses or data-driven methods (e.g., machine learn-
ing) [70]. Reaching such a sample size may only be feasible 
by prospectively co-enrolling HIV + and HIV- participants 
in the multitude of existing NeuroHIV studies worldwide. 
This is not an unrealistic effort, considering it is in progress 
in dementia research such as International Centenarian 
Consortium-dementia [71] or neuroimaging research (e.g. 
Alzheimer’s Disease Neuroimaging Initiative) [72] to cite 
a few examples. However, data and methods harmonization 
are a pre-requisite [73].

As already recommended in the standard diagnostic cri-
teria for HAND [13], core minimal data requirements for 
data pooling should include the coverage of at least five 
neurocognitive domains, and collection of major confound-
ing conditions such as major neurological and psychiatric 
disorders, mood disorders, substance/alcohol use disorder. 
This is not trivial as some of the reviewed studies did not 
report on HIV characteristics and other major confounders. 
Standardization in the collection, operationalization and 
scoring of these data would also be needed, which repre-
sents a major effort.

What would constitute an even greater effort in the data 
pooling is the addition of age-related conditions. In the 
current review, only a few studies collected information 
on age-related comorbidities such as CVD (4/37 studies) 
and hypertension (10/37 studies), which represents one of 
the most important limitations of the current literature in 
terms of its immediate clinical relevance. As PLHIV age, 
we know that comorbidities will play a greater role on 
neurocognitive decline in addition to chronological age 

itself [74]. In dementia research, there is increasing rec-
ognition that preventable mid-life conditions all represent 
a cumulative risk factor for dementia [75]. From a clinical 
perspective, it is imperative to understand the contribu-
tions of these comorbidities on NCI among PLHIV for the 
development of better prevention and clinical management 
strategies [76], as it may represent one of the best ways 
to reduce dementia risk in PLHIV. This may also help 
understanding what the dementia risk may be in PLHIV 
with low comorbidity burden.

The availability of this kind of data pooling and sharing 
system could be globally promoted as this is in line with 
NIH policies and other public research funding agencies 
around the world [77]. This mechanism would be espe-
cially beneficial to smaller studies from resource-limited 
settings and low-medium income countries with emerging 
aging HIV populations [78]. In this review, a major limita-
tion is that no study was from low income countries and no 
research has been conducted on HIV and neurocognitive 
aging in sub-Saharan Africa [79], where HIV rates are the 
highest globally [80], where there is an aging HIV popula-
tion with historical AIDS and rising multi-comorbidities 
[81, 82], and where HAND prevalence rates range from 
16%—80% [83].

In order for this sharing platform to be effective inter-
nationally, the NeuroHIV community should agree on a 
core neuropsychological test battery allowing for the use of 
HAND diagnostic criteria that can be applied across coun-
tries with relative ease. A major challenge with the current 
diagnostic criteria is the requirement of a functional assess-
ment, and that there is currently not a culturally appropri-
ate functional scale for use in many low-medium income 
settings. Therefore, an improved algorithm compared to 
what has been published in 2007 [13] that includes a cross-
culturally valid functional assessment would enable more 
comparable research in the future [14]. Standardization in 
the collection, operationalization and scoring of these data 
would also be needed.

The proportion of older persons (over 50 years old) in the 
total sample may have had some effect on whether abnormal 
patterns of neurocognitive aging were detected. A higher 
proportion of studies found the interaction effect of age and 
HIV on neurocognition when more than 50% of their par-
ticipants were older PLHIV. The low proportion of older 
participants may mean low percentage of participants over 
60 years old, the age when normal neurocognitive decline 
starts to increase in the normal population [84]. The lower 
number of participants over 60 was reported as a limitation 
in some of the studies in this review that did not find an 
interaction effect between HIV and age on neurocognition 
[32, 36, 39, 40]. This limitation across the HIV neurocog-
nitive aging literature further demonstrates that follow-up 
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of the established NeuroHIV cohort studies need long-term 
support.

The clinical characteristics of HIV + participants had 
some impact on the finding of premature, accentuated, and 
accelerated neurocognitive aging effects. Abnormal patterns 
of neurocognitive aging were observed more commonly in 
studies where HIV + participants had a higher rate of known 
risk factors for HAND such as CDC Stage C or WHO Clini-
cal Stage IV and lower baseline CD4 count (< 200). This 
review also identified the possible “age-duration effect” [19]. 
Studies which included HIV + participants with longer dura-
tion of HIV infection tended to find an interaction effect 
between HIV and age. This indicates that even between two 
groups of older HIV + persons with similar age, the group 
with longer duration of HIV may have lower neurocogni-
tive test performance. Indeed, HIV + persons who have lived 
with HIV for a longer period of time may have had to expe-
rience longer duration of chronic immune activation and 
inflammation [85]. Future HIV and neurocognitive aging 
studies should incorporate the duration of HIV infection as 
a covariate in their analysis in order to be able to differenti-
ate whether abnormal patterns of neurocognitive aging are 
dependent on either or both chronological age and/or dura-
tion of HIV infection.

Studies where HIV + participants had a higher prevalence 
of depressive symptoms than HIV- participants tended to 
find abnormal patterns of neurocognitive aging. This is in 
line with findings that showed that mood disorders may 
accelerate brain aging [86, 87], and are known independ-
ent risk factors for dementia [87]. Because most studies 
excluded PLHIV with more severe form of psychiatric dis-
tress, the neurocognitive aging profile in PLHIV in those 
with high psychiatric burden remains unknown, and this 
represents another shortcoming from the current literature. 
From a clinical perspective, continued investment in better-
ing the mental health of PLHIV should become a central part 
of their care as they age.

Our systematic review has the following limitations. We 
recognize that this review included only articles from peer-
reviewed journals which were written in English, and that 
this may have led to a selection bias. However, NeuroHIV 
literature has been traditionally published in English, even 
when from non-English speaking countries, therefore the 
bias is limited. Furthermore, it is possible that more negative 
findings exist but were not published. This effect is poten-
tially moderated by the fact that the question of premature, 
accentuated and accelerated neurocognitive aging among 
PLHIV is highly debated [22, 88], and thus, that negative 
findings have been considered as important as positive find-
ings. Our review concentrated on neurocognitive rather than 
brain aging (e.g., imaging studies) and it is possible that 
brain changes in some instances precede neurocognitive 
aging. As some of the studies in this review included only 

MSM participants (6 studies) and male participants (2 stud-
ies), the findings may not fully be relevant to female HIV 
populations. Since none of studies came from low-income 
countries, our findings may not be directly applicable to 
PLHIV from low-income countries. We conceptualized 
aging as chronological age, however as we have discussed 
above, aging is a multifactorial process that should ideally be 
captured multi-dimensionally. Our review shows however, 
that the current state of the HIV and neurocognitive aging 
literature would have not permitted the inclusion of other 
makers of aging.

To conclude, the proportion of PLHIV reaching 60 years 
of age is ever increasing, an age at which dementia preva-
lence starts to rise in the general population. Importantly 
age is the #1 risk factor for dementia. Therefore, even small 
effects of premature, accentuated or accelerated neurocogni-
tive aging in PLHIV may have major public health implica-
tions for dementia risk at the global HIV population level. 
Evidence for premature neurocognitive aging was incon-
sistent. Evidence for accelerated neurocognitive aging was 
consistent but was based on a small number of studies, albeit 
the largest. Evidence for accentuated neurocognitive aging 
was rarely investigated and negative when tested. A stronger 
level of evidence is critically needed to inform clinicians and 
the HIV care sector about dementia risk among PLHIV to 
properly facilitate dementia screening, prevention and treat-
ment among aging PLHIV. We propose that to determine 
accurate estimates of abnormal patterns of neurocognitive 
aging in PLHIV at the meta-analytical and epidemiologi-
cal levels, an international effort should be made to collect 
harmonized longitudinal neurocognitive and other relevant 
data (including selected key neurological, psychiatric, age-
comorbidities and other age markers, that is a high-dimen-
sional dataset) in a very large number. This is needed to 
enable testing typical small-to medium chronological age 
effect (d = 0.3) on standard neuropsychological testing [89]. 
Ideally, this sample would be composed of PLHIV and local 
age-matched controls that comprise a good representation of 
low- and middle-income countries and at least 50% with age 
over 50 + years old.
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