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ABSTRACT

Objectives: Although effective antiretroviral therapy (ART) has been used for more than two decades,
HIV-associated neurocognitive disorder remains prevalent. Thus, whether ART can improve neuro-
cognitive impairment is controversial. This review aims to explore the effects of ART on cognitive
impairment in people living with HIV (PLWH).
Methods: A systematic literature search was conducted in eight databases (PubMed, Embase, Web of
Science, Cochrane Library, CNKI, VIP, China Biology Medicine disc, and WanFang) to identify studies that
compare cognitive function between study groups who are administered and not administered ART. We
searched for articles published up to April 2019. Article evaluation and data extraction were indepen-
dently conducted by two reviewers.
Results: Sixteen articles (6,694 participants)—14 cross-sectional studies and 2 cohort studies—were
included in this meta-analysis. The cross-sectional studies demonstrated that ART group did not perform
better than the non-ART group (OR = 1.16; 95% CI, 1.03—1.30). However, the cohort studies reported a
significant improvement in cognitive function at three months (OR = 4.01; 95% (I, 2.35—6.85) and six
months (OR = 9.24; 95% CI, 1.71—49.96) after ART initiation compared with the baseline data. No sig-
nificant cognitive improvement was found in participants younger than 55 years old, but the two cross-
sectional studies showed that ART may improve cognitive function in PLWH under 65 years old with
poor physical condition and immune status.
Conclusions: ART could improve cognitive function in PLWH with poor physical condition and immune
status, but it does not considerably improve cognition in the entire PLWH population.
© 2020 Chinese Nursing Association. Production and hosting by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

What is known?

motor function, but neurocognitive improvement was not
observed in other domains of cognitive function.

e HIV-associated neurocognitive impairment remains prevalent
despite effective antiretroviral therapy.

e HIV-associated neurocognitive impairment may be associated
with viral factors, neuroinflammation, antiretroviral factors,
mental health conditions, comorbid conditions, lifestyle factors,
and aging.

e The last meta-analysis showed that antiretroviral therapy was
related to improvement in attention, executive function, and
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What is new?

e This meta-analysis discussed the impact of antiretroviral ther-
apy on overall cognitive function and explored the relationship
between antiretroviral therapy and cognitive function in
different age groups.

o The meta-analysis of cross-sectional studies showed that people
living with HIV who received antiretroviral therapy did not
perform better than those who did not receive antiretroviral
therapy. However, the meta-analysis of cohort studies revealed

2352-0132/© 2020 Chinese Nursing Association. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:wangmin2828@163.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijnss.2020.03.007&domain=pdf
www.sciencedirect.com/science/journal/23520132
http://www.elsevier.com/journals/international-journal-of-nursing-sciences/2352-0132
http://www.elsevier.com/journals/international-journal-of-nursing-sciences/2352-0132
https://doi.org/10.1016/j.ijnss.2020.03.007
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ijnss.2020.03.007
https://doi.org/10.1016/j.ijnss.2020.03.007

C. Gao et al. / International Journal of Nursing Sciences 7 (2020) 238—247 239

that antiretroviral therapy led to neurocognitive improvement
in people living with HIV who had a severe HIV infection.

e Antiretroviral therapy has positive impacts on the cognitive
function of people living with HIV who are in poor physical
condition and have poor immune status, but it does not improve
cognitive function in other groups of people living with HIV.

1. Introduction

Since the introduction of antiretroviral therapy (ART), HIV
infection has become a treatable chronic illness [1]. Early initiation
of ART at an early stage of HIV infection suppresses virus replica-
tion, restores a normal level of CD4 cells, reduces the incidence of
HIV-related diseases, and delays the progress of the disease [2,3].
However, despite the prolonged life expectancy among people
living with HIV (PLWH), management of long-term complications,
such as diseases in the cardiovascular, osteological, renal, and
central nervous systems, remains a challenge in the healthcare
industry [1]. HIV-associated neurocognitive disorder (HAND), a
frequently used term for neurocognitive impairment (NCI) in
PLWH, is a common disease of the central nervous system in PLWH
[4]. It is divided into three sub-types: asymptomatic NCI, mild
neurocognitive disorder, and HIV-associated dementia [4]. HAND is
often reported even in PLWH who received effective treatment, and
it is associated with reduced quality of life and increased mortality
rate [5]. The prevalence of HAND varies from 20 to 69% depending
on the population and how HAND is defined [6—13]. Since the use
of ART became widespread, the prevalence of HIV-associated de-
mentia, along with other neurological complications, has
decreased. However, the prevalence of asymptomatic NCI and mild
neurocognitive disorder continue to increase, despite long-term
virologic suppression [6,14,15].

Several factors may contribute to cognitive impairment,
including viral factors, neuroinflammation, antiretroviral factors,
mental health conditions, comorbid conditions, lifestyle factors,
and aging [16,17]. HIV infects the nervous system [18], and the
central nervous system acts as a sanctuary for HIV despite the
effectiveness of ART [19]. ART drugs with a high central nervous
system penetration effectiveness score (CPE), including zidovudine,
nevirapine, indinavir-r, efavirenz, and lopinavir-r, may prevent and
reverse HAND [1]. However, the toxicity of ART drugs may
contribute to cognitive impairment. The risks of NCI increase with
age and may be more notable in PLWH. Moreover, the interaction
between aging and the impaired immune response caused by HIV
leads to a premature and persistent inflammatory state that could
accelerate cognitive changes [16,20,21]. The process of cognitive
impairment is reflected by biomarkers, such as CD4 cell count
[22,23].

Findings on whether ART improves cognitive function are
inconsistent [24]. Most studies indicated that ART enhances
cognitive function [25—29], but a few studies have suggested that
ART exerts no effect on cognitive function [30,31]. Cysique and
colleagues [25] found that 13.5—40.9% of PLWH with cognitive
impairment exhibited cognitive improvement from the baseline to
48 weeks after initiating ART. Additionally, cognitive improvement
had been found among neuro-asymptomatic PLWH during the first
year after initiating ART [26]. A prospective study reported that the
cognitive function of PLWH with severe baseline cognitive
impairment improved significantly more than those who were less
impaired after commencing ART [32]. PLWH who have low CD4 cell
counts [33] and severely impaired immune systems [28] and who
have been receiving ART for a short time period [29] demonstrated
cognitive improvement after initiation of ART, while PLWH with

good immune status [22] were less likely to show improvement in
cognition after ART initiation. In another study, persistence of
neuropsychological deficits was observed despite long-term ART in
PLWH with neurocognitive impairment [30]. The reasons for this
inconsistency in results are unclear and require further
investigation.

Several reviews [17,34—37] have failed to reveal the effects of
ART on cognitive function in PLWH. Traditional reviews only sup-
port statistically significant results and use a vote-counting strategy
as evidence of efficacy [38]. Two meta-analyses have been con-
ducted, but one study focuses on improvements in different
cognitive domains [38] while the other discusses only executive
dysfunction in the era of modern ART [39]. Therefore, the purpose
of this meta-analysis is to determine whether ART improves
cognitive function in PLWH. To our knowledge, this work is first to
explore whether ART improves cognitive function in general. Our
hypotheses are as follows: (1) NCI prevalence is lower among PLWH
on ART than among those off ART and (2) assuming that aging may
cause damage to cognition, younger PLWH (age <55) in the ART
group have better cognitive function than those in the non-ART
group.

2. Methods
2.1. Search strategy

We conducted a systematic review of literature published in the
PubMed, Embase, Web of Science, and Cochrane Library databases
as well as Chinese databases such as CNKI, VIP, CBM, and WanFang.
All records and articles published up to April 2019 were extracted.
The following terms were searched in [all fields] with no language
restriction: (‘HIV' OR ‘Human immunodeficiency virus’ OR ‘Ac-
quired immune deficiency syndrome’ OR ‘AIDS’ OR ‘HIV infections’
OR ‘Human immunodeficiency virus infection’) AND (‘highly active
antiretroviral therapy’ OR ‘cART’ OR ‘ART’ OR ‘HAART’ OR ‘Antire-
troviral therapy’) AND (‘Cognition’ OR ‘Cognition disorders’ OR
‘Cognitive disorders’ OR ‘Neurocognitive disorders’ OR ‘Cognitive
impairment’ OR ‘Cognitive function’ OR ‘HIV-associated neuro-
cognitive disorders’ OR ‘Neuropsychological functioning’ OR
‘Cognitive dysfunction’). These terms were adjusted according to
the search rules of each database. Case reports, comments, letters,
editorials, and animal experiments were excluded. Articles were
extracted as text files and then imported into Endnote. After elec-
tronically and manually removing duplicate articles, one reviewer
(Gao) screened all related titles and abstracts and excluded obvi-
ously unrelated articles. Two independent reviewers (Gao and
Meng) evaluated the full texts of the related articles to assess their
eligibility. Disagreements were solved by a third reviewer (Xiao). In
addition, the reference lists of the eligible studies were manually
searched to identify articles that might have been missed in the
electronic search. We contacted the authors for more information
when needed. Flow diagram of the article selection process for this
meta-analysis was shown in Fig. 1.

2.2. Selection criteria

The studies eligible for inclusion were human studies
comparing the cognitive function of PLWH before and after initia-
tion of ART or comparing the cognitive function of PLWH receiving
ART and those not receiving ART. Studies that used research tools
that follow specific standards for NCI and reported the frequency of
NCI for each group were included. We did not restrict studies based
on the tools they used in the search terms in order to retrieve a
broader set of studies. Studies were excluded if they used PLWH
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Records identified via databases:
n= 12141
(Update n = 900)

Records screened on abstract level
after duplicates removed:
n=28958
(Update n =709)
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(Update n=703)

(Update n =6)
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meta- analysis:
n=16
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Cohort studies:
n=2

Cross-section studies:
n=14

Full-text articles excluded: n = 85 (update n = 6)
Frequency of NCI not reported: n =21 (n=1)
All ART-experienced participants: n = 18
Conference abstracts: n =16 (n = 2)

No ART factor:n=10(n=1)

Mixed data on-off ART: n=9 (n=1)

Data not completed: n=3

Corresponding author did not reply: n =3
Compared different ART formulas: n =2
Casereport:n=1

No distinction between ANl and normal: n =1
Loss rate of cohort study over 50%: n=1
High heterogeneity: (n = 1)

Fig. 1. Flow diagram of the article selection process.

with an active or past central nervous system opportunistic infec-
tion or neurological comorbidities.

2.3. Data extraction

Data were extracted by one reviewer (Gao) and then checked by
another reviewer (Meng) using a data extraction table. The
following information were recorded: study characteristics, author/
s, publication date, country, study design, setting, inclusion and
exclusion of study population, sample size, age (range), sex, ART
regimen, cut-off scores for defining NCI, and frequency of NCI in
ART-naive and ART-experienced groups. In addition, the follow-up
month and frequency of NCI at each time point were recorded for
cohort studies.

2.4. Quality assessment

Given that cohort and cross-sectional studies were selected, two
quality assessment tools were used in this meta-analysis. One tool
was the Newcastle-Ottawa Scale (NOS), which assesses the risk of
bias in cohort and case—control studies [40]. A “star system” was
developed to assess three aspects of studies: the selection of the
study groups, the comparability of the groups, and ascertainment of
either the exposure or outcome of interest for case—control or
cohort studies. Studies with four to six stars on the NOS are of
moderate quality, whereas studies with seven stars or more are of
high quality [41]. The second tool was the Agency for Healthcare
Research and Quality’s checklist of quality assessment criteria for
cross-sectional studies [42]. Scores of 0—3, 4—7, and 8—11 represent
low, moderate, and high quality, respectively. Two reviewers (Gao
and Meng) assessed the quality of studies independently, and

incongruities were discussed and resolved.

2.5. Statistical analysis

This meta-analysis was performed using Review Manager 5.3.5
for Windows. The dichotomous outcome (neurocognitive impair-
ment: yes/no) was compared based on the odds ratio (OR) with a
95% confidence interval (CI). Heterogeneity was defined by a chi-
squared test as P < 0.10 or I? > 40% [43]. An I? value of <40% in-
dicates the absence of heterogeneity, in which case the fixed effects
model was used [43]. In cases in which > > 40%, and thus hetero-
geneity exists, the random effects model was used. Subgroups were
analyzed by age. When heterogeneity was detected, sensitivity
analysis was performed by removing each study one by one and
then reanalyzing the remaining studies. Funnel plots were used to
detect potential publication bias.

3. Results
3.1. Characteristics of the selected studies

A total of 13,041 articles were identified from searching the
databases. After removal of duplicates and articles deemed to be
irrelevant based on their titles and abstracts, 107 publications were
left. The results of the full-text review led to the exclusion of 91
articles. Thus, 16 articles were included in the meta-analysis. No
additional articles were included based on the review of their ref-
erences. Fig. 1 shows the process of selecting articles for this meta-
analysis.

The 16 included articles—2 cohort [44,45] and 14 cross-
sectional studies [46—59]—were published between 2002 and



Table 1
Characteristics of the

selected studies.

Cohort studies
Author, Sample size, Follow up month Tools Cut-off point Frequency of NCI NOS
5:::‘““0“ a8 (SD), Time point HIV + ART(-) HIV + ART(+)
locat‘ion NCl/total NCl/total
Sacktor 23 0; IHDS; NP MSK HIV dementia stage > 1 baseline 14/23 High
2006 32.8(1.3) 3 months; Karnofsky Performance Scales 3 months 6/23
Uganda 100% male 6 months Memorial Sloan Kettering HIV dementia stage 6 months 1/21
Nakasujja 102 0; [HDS IHDS < 10 baseline 70/102 High
2010 34.2 (6.2) 3 months; 3 months 34/95
Uganda 27.4% male 6 months 6 months 28/93
Cross-sectional studies
Author, publication year, Sample size, Tools Cut-off point Frequency of NCI between groups AHRQ
location Age (range) sex HIV-positive ART(+) HIV-positive ART(—)
NCl/total NCl/total

Richardson 149 NP Two or more test scores fall at least 1 SD below the mean of the 30/82 36/67 Moderate
2002 36.7 (19-55) control group
USA 100% female
Toozi 412 NP 1 SD below the normative mean on at least 2 NP tests or 2 SDs 104/181 85/166 Moderate
2005 NR below the mean in at least 1 test
Italy 71.1% male
Patel 179 IHDS [HDS < 10 18/134 745 Moderate
2010 36.7 (18—65)
Malawi 35% male
Zhang 134 IHDS Based on NP and IHDS 39/98 11/36 Low
2012 379 NP
China 56.7% male
Sérgio Murilo 52 IHDS and two on MMSE (registration memory and IHDS < 10.5 and at least 1.5 SD below the mean of the external 17/49 2/3 Moderate
2012 57.6 attention) normative group on at least two of the five subscales
Brazil 59% male
Wang 309 MoCA MoCA < 26 114/236 35/73 Moderate
2013 34
China 88% male
Nakku 618 IHDS IHDS < 10 259/399 137/219 Moderate
2013 NR
Uganda 27.3% male
Cross 507 IHDS [HDS < 10 160/380 49/127 Moderate
2013 42
USA 65% male
Robertson 2863 BNCS A z-score of 1 SD below the mean in two tests or 2 SDs below the 836/1969 352/894 Moderate
2014 42.9(19-83) mean in one test
Europe and Canada 61.7% male
Pinheiro 392 Grooved Pegboard Test, Color Trails Tests 1 and 2, Scores in the upper quartile for at least three of the five measures and 132/350 10/42 Moderate
2016 42.8 (18—82)  Finger Tapping Test, MoCA, and IHDS. reach the IHDS cut-off value
Brazil 44.6% male
Marin-Webb 0 IHDS IHDS < 10 28/80 2/10 Moderate
2016 43 (23-62)
Germany 98.3% male
Belete 234 IHDS [HDS < 9.5 75/206 3/28 Moderate
2017 38.3(18—64)
Ethiopia 35.5 male

MMSE MMSE < 24 27(74 5/22 Moderate

(continued on next page)
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Table 1 (continued )

Cross-sectional studies

AHRQ

Frequency of NCI between groups

Cut-off point

Tools

Author, publication year, Sample size,

location

HIV-positive ART(+) HIV-positive ART(—)

NClI/total

Age (range) sex

NCl/total

Widyadharma

2017

NR (15-49)

66.7% male

604
409 (18—77)

Indonesia

Moderate

46/95

262/504

1 SD below the population mean in two tests or 2 SDs below the

population mean in one test

BNCS

McNamara

2017

78.8% male

Ireland

Note: IHDS, International HIV Dementia Scale; NP, neuropsychological test battery; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment test; BNCS, Brief Neurocognitive Screen; NOS,

Newcastle—Ottawa Scale; AHRQ, Agency for Healthcare Research and Quality checklist; NR, not reported.
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2017. Table 1 shows the characteristics of the selected studies. A
total of 6,694 PLWH were recruited, 61.03% of whom were males.
These studies were conducted in Uganda (n = 3), Italy (n = 1),
Malawi (n = 1), China (n = 2), Brazil (n = 2), USA (n = 2), Germany
(n = 1), Ethiopia (n = 1), Indonesia (n = 1), Ireland (n = 1), and
Western Europe and Canada (n = 1).

The 14 cross-sectional studies recruited 6,569 PLWH, 4,742 of
whom were PLWH on ART. Regarding the tools used to assess
cognitive functions, five studies used the International HIV De-
mentia Scale (IHDS), three used a neuropsychological battery, two
used the Brief Neurocognitive Screen (BNCS), one used the Mon-
treal Cognitive Assessment test (MoCA), one used the Mini-Mental
State Examination (MMSE), and two used multiple measures. These
screening tools did not cause heterogeneity (I> = 26%).

The two cohort studies included in this review were carried out
in Uganda, and their selection criteria and the characteristics of
participants were similar. However, different tools were used to
define NCI; one study used IHDS, and the other used the Memorial
Sloan Kettering Dementia Stage.

3.2. Association between ART and neurocognitive impairment

The meta-analysis of 14 cross-sectional studies [46—59]
reporting the frequency of NCI in ART and non-ART groups revealed
that PLWH on ART did not demonstrate better neurocognitive
performance than PLWH off ART based on the fixed effects model
(OR = 1.16; 95% CI, 1.03—1.30; Fig. 2). Heterogeneity (> = 26%)
might not be important [43]. Two studies [46,54] were found to lie
outside the 95% CI region in a funnel plot (Fig. 3), and I* decreased
from 26% to 0% after these two studies were discarded. However,
the results remained similar; that is, no association was demon-
strated between ART and the cognitive functions of PLWH
(OR = 1.17; 95% (I, 1.04—1.31).

Two cohort studies [44,45] performed assessments at the
baseline and at three and six months after ART initiation. Neuro-
cognitive impairment was improved three months after ART initi-
ation compared with the baseline (OR = 4.01; 95% CI, 2.35—6.85;
Fig. 4). No heterogeneity (1> = 0) was found, which may be attrib-
uted to the similarity in the inclusion and exclusion criteria of these
two cohort studies. However, heterogeneity increased to 60% at 6
months. The cognitive improvement was statistically proved with a
random model (OR = 9.24; 95%Cl, 1.71—49.96; Fig. 5).

3.3. Relationship between ART and cognitive impairment in
different age groups

Based on the UNAIDS Report [60] and age stratification reported
in the articles, we chose 55 and 65 years of age as the cut-off points.
Only two studies met the <55 years of age criterion [54,58]. The
meta-analysis showed no difference in cognitive impairment be-
tween the ART group and non-ART group in these studies
(OR = 0.91; 95% CI, 0.24—3.48), with high heterogeneity (> = 77%;
Fig. 6). Regarding the <65 years of age criterion, data pooled from
five studies [46,49,52,54,58] showed similar results to those of the
<55 group (OR = 1.37; 95% CI, 0.59—3.21; Fig. 7). A sensitivity
analysis was performed because of the high heterogeneity
(P = 70%). P decreased from 70% to 41% after removing Richard-
son’s study [54], but it did not change much after removing other
studies. In Richardson'’s study, 27.5% of PLWH had CD4 cell counts of
less than 200, and 65.1% had a medium or high level of prior drug
use (marijuana, cocaine, crack cocaine, heroin, or alcohol). We
believe that the poor physical condition and immune status might
explain the reduction in I2. The PLWH in Patel’s study [52] were also
in poor physical condition; most PLWH (89.9%) were in WHO stage
3 or 4. Thus, we separated these two studies from the other three
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on ART off ART Odds Ratio Odds Ratio
Belete 2017 75 206 3 28 06% 4.77[1.39,16.33]
Cross 2013 160 380 49 121 T.7% 1.16[0.77, 1.75] 1T
Marin-Webb 2016 28 80 2 10 04% 2.15[0.43, 10.84] -1
McNamara 2017 262 504 46 95 6.7% 1.15[0.74, 1.79] T
Nakku 2013 250 399 137 219 11.2% 1.11[0.79, 1.56] T
Patel 2010 18 134 7 45 16%  0.84[0.33,2.17) — T
Pinheiro 2016 132 350 10 42 20% 1.94 [0.92, 4.07] |
Richardson 2002 30 82 36 67 45% 0.50 [0.26, 0.96] -]
Robertson 2014 836 1969 352 894 50.3% 1.14[0.97, 1.33] H
Sérgio Murilo 2012 17 49 2 3 04% 0.27[0.02, 3.14]
Toozi 2005 104 181 85 166 6.8% 1.29[0.84, 1.97] i
Wang 2013 114 236 3B 73 50% 1.01[0.60, 1.72] -1
Widyadharma 2017 21 T4 5 22 05% 1.95 [0.65, 5.89] T
Zhang 2012 3 98 11 36 17% 1.50 [0.66, 3.40] e
Total (95% CI) 4742 1827 100.0% 1.16 [1.03, 1.30] ‘
Total events 2101 780 . ) ) .
Heterogeneity: Chi® = 17.51, df = 13 (P = 0.18); P = 26% 0'02 0'1 1 1'0 52]
Test for overall effect: Z = 2.53 (P = 0.01) Favours [on ART] Favours [off ART]

Fig. 2. Forest plot showing the effects of ART on cognitive impairment compared with the non-ART group.
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Fig. 3. Funnel plot showing the publication bias of the 14 cross-sectional studies.
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Sacktor 2006 23 6 23 17.5% 4.41[1.26,15.41]
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Test for overall effect: Z = 5.08 (P < 0.00001) Favours [baseline] Favours [on ART 3 months]

Fig. 4. Forest plot showing the effects of ART on cognitive impairment before and three months after ART.
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Fig. 5. Forest plot showing the effects of ART on cognitive impairment before and six months after ART.
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Fig. 6. Forest plot comparing the effects of ART on cognitive impairment in the ART group and non-ART group, age <55.
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Fig. 7. Forest plot comparing the effects of ART on cognitive impairment in the ART group and non-ART group, age <65.
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Fig. 8. Forest plot comparing the effects of ART on cognitive impairment in the ART group and non-ART group, age <65, grouping.

and then conducted separate meta-analyses. The analysis of the
three articles [46,49,58] indicated that the ART group did not
perform better than the non-ART group (OR = 2.89; 95% (I,
1.41-5.95), whereas the analysis of the two studies [52,54] revealed
that the ART group performed better than the non-ART group
(OR = 0.59; 95% (I, 0.35—1.00; Fig. 8).

4. Discussion

This meta-analysis of cohort studies revealed a significant
neurocognitive improvement in individuals with advanced HIV
infection who have initiated ART. However, the results for the cross-
sectional studies showed that ART groups did not perform better
than non-ART groups. Two articles in the <65 years of age group
showed that PLWH on ART performed better than PLWH off ART,
but in the <55 years of age group, ART had no marked effects on
cognitive improvement in either the ART or non-ART groups.

Cognitive improvement generally increased within six months

following initiation of ART, which is partly consistent with results of
a cohort study that assessed changes in different cognitive domains
among PLIWH with cognitive impairment [25]. The participants
involved in the selected cohort studies were ART-naive, had poor
immune status and physical condition, and had CD4 lymphocyte
counts of less than 200 cell/pl. This suggests that initiation of ART
had significant benefits on the cognitive function of PLWH with
advanced HIV infection. Another cohort study reported that ART
enhanced cognitive improvement in neuro-asymptomatic PLWH
[26]. Improvements in cognitive function in PLWH who initiated
ART may be associated with reduction of HIV viremia [25] and/or
recovery of cerebral synaptodendritic injury [61]. However, the CD4
lymphocyte counts of PLWH in all the above-mentioned cohort
studies were less than 300 cell/pl. WHO recommended that ART be
provided to all PLWH, regardless of their CD4 level, in 2015, and as a
result, China started to provide free ART to all PLWH [62]. Recent
studies have demonstrated that early initiation of ART might
reduce severe AIDS-related and non-AIDS-related events and death
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while improving the quality of life of PLWH whose CD4 count is
more than 500 cell/ul [63—65]. Our results may not be applicable to
PLWH with CD4 lymphocyte counts of more than 300 cell/ul. Also,
the impacts of early ART initiation on cognitive function remain to
be examined. Future studies should pay more attention to the ef-
fects of ART on cognition among PLWH who initiate ART and who
have a high CD4 cell count. Furthermore, cohort studies should
demonstrate how ART affects cognition during a long follow-up
period.

The meta-analysis of 14 cross-sectional studies showed that ART
had little improvement of the cognitive function among PLWH,
consistent with a previous study [38]. There may be several reasons
for this result. First, some of the included cross-sectional studies
showed that ART was not associated with neurocognitive impair-
ment [47,48]. Although the cross-sectional studies used the same
inclusion criteria to recruit PLWH on or off ART, whether the de-
mographic and clinical characteristics of both groups were com-
parable is unknown. Second, some of the studies were not
specifically designed to examine the effects of ART on cognition,
and because we extracted certain parts of data for the purpose of
this review, we might have introduced some confounding factors,
making the results difficult to explain [56,59]. Third, important
variables, such as medical adherence and history of ART, that are
correlated with the effects of ART on cognitive function were not
considered in our analysis, which might have biased our findings.
Finally, the different tools used to assess cognitive impairment may
have caused some bias. Future cross-sectional studies should
discuss the relationship between ART and cognitive impairment
and use a rigorous scientific research design to control for con-
founding variables.

Two articles showed that, of PLWH under 65 years of age, those
on ART had better cognitive function than those off ART. However,
ART had no significant effect on cognitive function among PLWH
younger than 55 years. In studies that showed better performance
among the ART group, the examined PLWH had severe HIV infec-
tion and were in poor physical condition. In contrast, in the studies
showing that ART had no significant benefits, participants had a
high mean current CD4 count (554); 89% were on ART (mean CPE
score = 7.25) [49]; 86.8% were at WHO stage 1 or 2 [46]; and 77.08%
were on ART and did not exhibit risk factors for cognitive impair-
ment, such as hypertension, diabetes, heart diseases, smoking, and
dyslipidemia [58]. These findings align with the results of our
cohort studies. One previous study suggested that cognitive out-
comes were linked to immune system integrity [38]. However,
severe HIV infection and poor physical condition are associated
with various factors, so we cannot identify which of these factors
play a role in cognitive outcomes in this meta-analysis. Given the
small sample size and uneven number of participants in each age
group, the findings warrant further investigation. In addition, we
were unable to show the influence of ART on cognition among
different age groups because of the limited data available for this
analysis. Future studies may fill this gap. Moreover, Paddick [66]
found that neurocognitive impairment is less associated with HIV
infection, and its influencing factors are more similar to those
associated with neurodegenerative dementia in PLWH aged 50 and
above. In addition, HAND is more persistent and severe in older
PLWH [67]. In 2013, an estimated 3.6 million PLWH were aged 50
years or older was 3.6 million. Thus, further studies should pay
more attention to this population and figure out better ways to
meet their needs.

This meta-analysis has some limitations, despite the great ef-
forts made to address them. First, the selected cohort studies were
conducted in Uganda, and the participants had poor cognitive and
bodily function. Thus, caution must be taken when generalizing our
findings to other populations. Second, several confounding factors

may influence the cognitive function of PLWH, such as age,
comorbidities, ART regimen, and immune status. We attempted to
perform subgroup analyses of these factors, but they were limited
by insufficient data. Finally, the different tools used in the studies
have distinct sensitivities and specificities, which may have caused
bias.

5. Conclusion

This meta-analysis showed that ART could improve cognitive
function in PLWH in cohort studies, but cross-sectional studies did
not find that ART had considerable effects on the cognitive function
of PLWH. Since early ART has been strongly recommended in recent
years [68,69], more studies should focus on determining whether
ART improves cognitive function. In the future, more studies should
identify the relationship between ART and cognitive function by
considering other risk and confounding factors.
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