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Introduction

HIV infection can directly affect the 
central nervous system,1 is associated 
with reduced brain volume,2 and can 
impact the structure and function of 
grey matter3,4 and white matter cir-
cuits.5-7 Consequently, roughly 30% to 
55% of patients with chronic HIV infec-
tion and taking antiretroviral therapy 
(ART)8 present with HIV-associated neu- 
rocognitive disorder (HAND).9 This het- 
erogeneous condition may involve the 
central executive component of work-
ing memory,10-12 attention,13 executive 
function,13 and processing speed.14-16 
In this article, we specifically target the 
role of these functions. 

Although other functions can be in-
volved in HAND (eg, long-term memory,  
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Although there is extensive literature around the biologic correlations of neu-
rocognitive function in HIV/AIDS, less is known about the impact in everyday 
living. We conducted a systematic review of the association of neurocognitive 
impairment with everyday life functions in people with HIV on antiretroviral 
therapy. We specifically focused on attention, executive function, processing 
speed, and the central executive component of the working memory. We con-
sidered 3 domains of everyday functions: (1) autonomy, (2) decision making 
and adherence to treatment, and (3) quality of life and psychologic wellbe- 
ing. The relationship between neurocognitive impairment and mental health 
was examined, given its correlation with everyday life functions. Results 
indicate that people with HIV do experience problems with autonomy of 
daily living (especially if aged older than 50 years) and with decision mak-
ing, and neurocognitive impairment plays a role in this regard. Psychologic 
wellbeing is associated with executive function and processing speed. These pa- 
tients may also have a reduced quality of life, but the relationship between qual-
ity of life and cognition is uncertain or could be mediated by other factors. 
Neurocognitive impairment correlates with depression and anxiety; however, 
the relationship of cognitive performance with apathy is still controversial.

Keywords: chronic HIV disease; AIDS; antiretroviral therapy; everyday life; 
neurocognitive impairment; depression; anxiety

Invited Review

Living With Chronic HIV Disease in the Antiretroviral Era: 
The Impact of Neurocognitive Impairment on Everyday 
Life Functions
Enrico Ripamonti, PhD; Mario Clerici, MD

motor function), this review is limited 
to those functions strongly implicated 
in the supervision and qualitative con- 
trol or realization of everyday life activi-
ties. The central executive component 
of working memory provides high-level  
attention regulation and activates the  
executive processes for tasks that can- 
not be automatically controlled by rou-
tine and implicit attentive resources 
(ie, focusing, dividing, shifting atten- 
tion).17,18 The central executive com- 
ponent of working memory is not a dis- 
crete function but is a manifestation 
of other functions,19 such as execu-
tive control, attention, and processing 
speed. These functions should be stud-
ied in conjunction with one another. 
Currently, there is no consensus re-
garding their impact on everyday life  

outcomes20 or on the relationships be-
tween neurocognitive impairment and 
sex,21 age and aging,22 falls,23  frailty,24 
body composition,25 sarcopenia,26 im- 
munosuppression, inflammation,27 co- 
morbidity28 and disease severity,29 tim- 
ing of ART initiation or deintensifica-
tion,30 and polypharmacy. Although 
neurocognition may be associated with 
these variables, the timing, strength of 
correlation, mediating factors, and re-
lationships with everyday life activities 
are still to be ascertained.

In this article, we aimed to system-
atically review the literature in this field 
of HIV/AIDS research. We evaluated the 
putative association of neurocognitive 
impairment, as operationalized above, 
with everyday life outcomes in people 
with chronic HIV. We also studied the 
relationship between neurocognitive 
impairment and mental health, given 
its relevance to everyday life functions.

Methods

Eligibility Criteria

For this review, only descriptive or ob- 
servational studies (cross-sectional, co- 
hort, case-control, and hybrid designs;  
prospective or retrospective) were con- 
sidered. Eligible studies included (1) 
those with adults with HIV (older than 
18 years of age) who had been pre-
scribed ART; (2) those with recorded  
information in terms of a raw or stan-
dardized score derived from formal 
neuropsychologic testing on the cen-
tral executive, attention, executive 
function, and processing speed; and 
(3) those that considered or discussed 
everyday life outcomes. Animal and 
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pediatric studies were not included. 
The review was reported following the 
recommendations set out by the Pre-
ferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) 
working group.31 

Information Sources and Search 
Strategy

We systematically searched the Pub- 
Med database for contributions pub-
lished between January 1, 2000, and 
December 31, 2019. We also exam- 
ined pertinent articles cited in the re- 
ferences of selected original research 
papers, book chapters, relevant re-
views, and papers reporting the results 
of meta-analyses. Information retrieval 
used the same keywords in Google 
Scholar. Only original papers published 
in English were considered. A detailed 
description of the search strategy is 
provided in the protocol of this sys-
tematic review, which is available as 
Supplementary Information (together 
with the PRISMA checklist), and it was 
registered in the International Prospec-
tive Register of Systematic Reviews 
(PROSPERO).32 

Outcomes 

Given the multifaceted nature of the 
outcomes of this study, we considered a 
3-dimension classification of everyday 
life function. The first dimension con- 
cerned independence and the possibil- 
ity to conduct an autonomous life, as  
measured by autonomy in activities of  
daily living (ADL), instrumental activ- 
ities of daily living (iADL), and employ-
ment status. ADL scores measure a 
person’s ability to perform basic self-
care tasks and iADL scores measure a 
person’s ability to live independently. 
ADL and iADL are generally preserved 
in healthy aging; however, impairment 
has been described in people with HIV. 
The second dimension referred to a 
person’s capacity to make decisions 
and adhere to treatment. For the third 
dimension, we examined quality of life 
and psychologic wellbeing in light of 
their theoretical relevance and practical 
importance.33,34 We considered mental 
health (which is highly correlated with 

everyday function) as a secondary out-
come in terms of depression, apathy, 
and anxiety. These conditions have 
been assessed in the HIV literature in 
terms of the presence of symptoms, 
not necessarily diagnosis of a major 
disorder.

Data Management and Analysis

After the first screening of records iden-
tified in PubMed, selected items (data 
and metadata) were stored in a data-
base and queried through structured 
query language (SQL). Two blinded 
reviewers (ER and MC) searched for 
papers eligible for inclusion by screen-
ing titles and abstracts. Information 
regarding the general setting, study de-
sign, sample size, follow-up duration, 
demographic characteristics of par-
ticipants, and neuropsychologic testing 
was extracted from each paper. Se-
lected baseline covariates included age,  
sex, duration of HIV infection, nadir 
and current CD4+ cell count, CD8+ 
cell count, viral load, duration of ART, 

presence of infections other than HIV  
(eg, hepatitis C virus [HCV]), and pres- 
ence of other medical conditions. Re- 
sults of the neuropsychologic evaluation 
(central executive, attention, executive 
function, and processing speed) pre-
sented as raw or standardized scores 
were extracted from each paper. In-
cluded studies were assessed for the 
possibility of selection bias and resid-
ual or unmeasured confounding. Given 
the high degree of heterogeneity and 
the methodologic differences observed 
across study designs and the potential 
bias that could be artificially created by 
meta-analyzing data under these con-
ditions,35 we only summarized data 
qualitatively. 

Results

Descriptive Findings

After removing duplicates, 3067 items 
were identified in PubMed and pre-
liminarily screened. Of these, 377 were  

Records identified through  
database searching (n=3067)

Figure. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow-
chart of the studies included in the systematic review. From those screened, 377 items were 
initially retrieved from the PubMed database; 42 studies matched the inclusion criteria and 
were comprised in the present paper, and 10 studies were included by manual search for a 
total of 52 studies (see the Supplementary Tables). These 52 studies were published between 
2000 and 2019, and had sample sizes ranging from 11 to 2863. 

Additional records identified 
through other sources (n=10 )

Records after duplicates were removed (n=3077)
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Full-text articles assessed for  
eligibility (n=387)
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potentially eligible, and after exclu- 
sions, 42 studies were selected for the 
inclusion. Another 10 studies were 
added from a systematic search in 
books, book chapters, and bibliogra-
phies (Figure 1). 

Clinical trials, letters, commentar-
ies, and observational studies with no 
detailed assessment of neuropsycho-
logic function or no consideration or 
discussion of everyday life outcomes 
were excluded, as was with testing 
of patients with acute HIV. In Supple-
mental Tables 1, 2, and 3, we show a 
summary of the main results obtained 
in each study.

The sample size of included studies 
ranged from 11 to 2863 (Supplemental 
Table 2). Most studies tested patients 
aged 30 to 49 years, except for 6 stud-
ies24,36-40 that selected patients aged 
50 to 59. Outcomes were measured 
with different tools by different authors 
(Supplemental Table 3). Apathy was 
measured with a formal scale (the Apa-
thy Evaluation Scale41,42), through an 
adaptation of subscales from the Neu-
ropsychiatric Inventory,43  or by means 
of an ad hoc index.44 

Only 27 of 52 studies tested a sam-
ple of matched controls, and several 
studies were affected by residual or 
unmeasured confounding. In addition, 
important medical variables and con-
ditions potentially related to cognition, 
such as diabetes, hypertension, circu-
latory function, thyroid function, and 
HCV coinfection, were not included in 
the statistic models or the results of the 
analyses were not discussed in detail. 
Although 45 of 52 studies collected in-
formation on current CD4+ cell count, 
the nadir CD4+ cell count was reported 
in only 25 studies; current or nadir  
CD4+ cell count could independently 
correlate with neurocognition.45,46

The Autonomy in Everyday Life

Activities and Instrumental Activities 
of Daily Living

ADL or iADL were tested in 13 of 52  
studies.24,38-40,44,47-53 Seven studies24, 

38-40,47,48,52 documented association of 
neurocognitive impairment with ADL. 
In one study, executive function pre- 

dicted self-reported iADL decline and 
unemployment status in people with 
HIV.47 Similar results were reported by 
Marquine and colleagues, who found  
that worse health conditions and pres-
ence of neurocognitive impairment are 
associated with ADL decline and un-
employment.48 According to Watson  
and colleagues, trauma, economic hard- 
ship, and stress are expected to be as-
sociated with worse neurocognitive 
performance and functional decline 
in people with HIV.38 Two studies de-
scribed correlation of neurocognitive 
impairment and iADL scores in mid-
dle- and older-aged participants.39,40 In 
Erlandson and colleagues’ study, frailty 
and neurocognitive impairment were 
associated with greater risk of falls, dis-
ability, or death in people with HIV.24 

Generally, the role of neurocogni-
tive impairment in the ADL or iADL 
performance of people with HIV is 
controversial in the reviewed literature. 
Although asymptomatic people with 
HIV underperformed in tasks involv-
ing central executive activation and 
showed reduced information process-
ing speed compared with those in the 
control group(s), this was not predictive 
of their ADL performance.50 A similar 
result was reported by Lawler and col-
leagues, who found that people with 
HIV were impaired in attention and 
central executive with no direct conse-
quences in terms of ADL.51 In a study 
by Kamat and colleagues, no clear in- 
volvement of neurocognitive impair-
ment in ADL was found, but people with  
HIV showed symptoms of the apathy 
spectrum that predicted poor ADL.44 In 
another study from the same authors, 
apathy, not executive function, was a 
predictor of iADL performance.49 Simi-
lar results were reported by Sadek and 
colleagues, who found that depressive 
symptoms were more sensitive in pre-
dicting a decline in instrumental iADL 
than neurocognitive impairment, in-
cluding the central executive.53 Few 
studies reviewed herein controlled for 
relevant medical variables such as hy- 
pertension, occurrence of coronary art- 
ery disease, or cerebrovascular events 
in the analyses, which may have led 
to residual confounding (Supplemental 
Table 2).

Employment Status

Employment status was considered in 
11 of 52 studies.47,48,52-60 Correlation 
of neurocognitive performance with  
employment status was found in 8 of 
these 11 studies.47,48,52-54,56,59,60 One  
study in particular showed that neu- 
rocognitive function (including cen-
tral executive performance) together 
with ART status and presence of HCV  
infection were associated with the em- 
ployment indicator.56 A specific con-
tribution of the central executive in 
predicting employment status was also 
described.59 Similar results were found 
by Rabkin and colleagues, who report- 
ed that the executive function was a 
significant predictor of employment 
status,60 and by Heaton and colleagues, 
who found a correlation between em-
ployment status and neurocognitive 
performance, including testing of the 
central executive, attention, and execu-
tive function.52 Sadek and colleagues 
also reported that neurocognitive im- 
pairment was predictive of employ- 
ment status, but the contributions of 
the central executive, attention, or ex- 
ecutive control were not clear.53 How-
ever, from the preliminary findings of 
a longitudinal study conducted in the 
Netherlands, the TREVI project,55 a spe-
cific contribution of attention, central 
executive, or another neurocognitive 
function in predicting employment sta-
tus in people with HIV did not emerge 
cross-sectionally. These patients aged 
40 to 54 years had significantly lower 
employment rates than the general pop- 
ulation in the Netherlands, and an as-
sociation between employment status 
and depression did emerge. Similarly, 
Atkins and colleagues did not report 
an association between neurocognitive 
impairment and employment status.57 
Moreover, Chernoff and colleagues did 
not find correlations between the cen- 
tral executive or executive function per-
formance and employment status.58 

Making Decisions and Adhering 
to Treatment

Decision Making

The ability to make decisions was dis-
cussed in 5 of 52 studies,61-65 which all 
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documented an association with neuro-
cognitive impairment. Gomez and col- 
leagues tested people with HIV using a 
comprehensive neuropsychologic bat- 
tery, including testing of the central ex-
ecutive. Participants were also assessed 
with a decision-making test (Game of 
Dice Task [GDT]). Neuropsychologic 
performance, presence of psychiatric  
comorbidities, and alcohol abuse were 
predictive of GDT performance.61 In a 
study by Fujiwara and colleagues, im-
pairment in GDT performance was 
related to current immune status and 
was associated with executive function 
and processing speed.62 Thames and 
colleagues found that performance in 
a gambling task could be predicted by 
executive function and was partially 
mediated by presence of depression.64 
An effect of central executive impair- 
ment and failure in inhibitory process- 
es on decision making was found by 
Hardy and colleagues.63 

Adherence to ART

Adherence to ART was considered in 
6 of 52 studies.66-71 Association be-
tween neurocognitive impairment, as 
operationalized in this article, and ad-
herence to treatment was documented 
in 2 studies.67,69 Ettenhofer and col-
leagues found that central executive 
performance was predictive of medi-
cal treatment adherence; however, the 
reverse association was also signifi-
cant.67 Another study showed that the 
severity of neurocognitive impairment 
was associated with performance in 
everyday life function in terms of medi-
cation management.69 Childers and 
colleagues found that, during tem-
porary treatment interruption, mood 
state and neurocognitive function 
remained relatively stable, despite 
worsened viral load and CD4+ cell 
count. Nevertheless, improved viral  
suppression and immune restoration  
when reinitiating ART led to an im- 
provement in neurocognitive perfor-
mance.66 By contrast, other authors 
did not describe a clear relationship 
between neurocognitive impairment 
and adherence to treatment. In a study 
by Fong and colleagues, partial drug  

adherence was associated with for- 
getfulness and missing medical ap- 
pointments; this may be linked to long- 
term memory performance and not 
with impairment of the central execu-
tive or supervisory control.68 In another 
study, depression, not neurocognitive 
performance (which included a null 
effect of attention, executive function,  
and processing speed), emerged as a 
predictor of medication adherence, to-
gether with patients’ satisfaction with 
their practitioners.70 

Quality of Life and Psychologic 
Wellbeing

Quality of Life

Quality of life was considered in 8  
of 52 studies.37,54,72-77 Association of  
neurocognitive impairment with re- 
duced quality of life was documented 
in 5 studies.54,72,74,76,77 Harrison and  
colleagues measured central execu-
tive performance with an n-back task  
in a sample of people with HIV, and 
found that the scores were negatively  
correlated with quality of life and de- 
pression.72 Similar results were re-
ported when considering attention and 
processing speed performance.72 In 
a study by Osowiecki and colleagues, 
executive control and processing speed 
were associated with quality of life 
in women with HIV, independent of 
emotional distress.74 Decreased neuro-
cognitive performance, together with 
increased fatigue, determined a worse 
perceived quality of life in a sample of 
clade C-infected patients.76 In a study 
by Catalan and colleagues, everyday 
memory difficulties (with uncertain 
involvement of the central executive), 
anxiety, and depression were associ-
ated with self-reported measures of 
quality of life.37 Other authors did not 
describe association between neuro-
cognitive performance and quality of 
life. In a study by Thein and colleagues, 
neither central executive nor attention 
performance correlated with quality of 
life.73 Apathy, not neurocognitive im- 
pairment or depression, has been re- 
ported in association with a reduced 
quality of life.75 

Psychologic Wellbeing 

Psychologic wellbeing was measured in 
3 of 52 studies.78-80 Two studies report- 
ed association between this outcome 
and neurocognitive impairment.79,80 
The performance in executive function 
and processing speed tasks correlated 
with reduced psychologic wellbeing de-
fined by variables such as recreational 
drugs, irritability, and somatic com-
plaints.79 Impairment of processing 
speed could be associated with high 
levels of anxiety and depression and 
with reduced psychologic wellbeing.80 
However, in another study, the central 
executive, but not other cognitive func-
tions, was significantly impaired in a 
sample of people with HIV, but this was 
not predictive of patients’ psychologic 
wellbeing.78 

Mental Health

Depression

Depression was targeted in 10 of 52 
studies.36,57,72,80-86 An association be- 
tween neurocognitive impairment and 
depression was reported in 7 stud-
ies.57,72,80,81,83,85,86 In Chartier and 
colleagues’ study, attention and central 
executive performance emerged as 
predictors of depression.81 In another 
study, central executive and processing 
speed performance were associated 
with depression.72 Processing speed 
was also associated with depression  
in the investigation by Janssen and col- 
leagues.80 Four other studies docu- 
mented an association between de- 
pression and neurocognitive impair- 
ment, including testing functions re- 
sponsible for supervisory control.57, 
83,85,86 However, one study did not find 
a correlation between impairment of 
attention or executive control and de- 
pression in a sample of people with 
HIV aged 50 to 59 years.36 Similar re- 
sults were obtained by Kamat and col- 
leagues, who reported that neurocog- 
nitive function was not associated with 
depression.44 Lifetime alcohol and mar- 
ijuana consumption did not predict 
performance in tasks involving activa-
tion of the central executive, and there 
was no association with depression,  
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but there was an association with ad-
verse medical outcomes.82 Intellectual 
and central executive function, age, 
and somatic symptoms of depression 
(but not education) were significant 
predictors of HIV disease progression 
and survival, but the association be-
tween neurocognitive impairment and 
depression was unclear.84 

Apathy 

Apathy was considered by 4 of 52 
studies41-44; association with neurocog-
nitive impairment was found in 2 of 
the 4.42,43 Castellon and colleagues re-
ported association of central executive 
and executive function performance 
with apathy,43 although in a study by 
Shapiro and colleagues, processing 
speed and attention, not central ex-
ecutive performance, were associated 
with apathy.42 However, 2 studies did 
not find an association between neuro-
cognitive performance and apathy.41,44 

Anxiety

Anxiety was considered in 3 of 52 stud- 
ies80,85,86; all of these studies docu- 
mented the association under inves- 
tigation. A correlation between neuro- 
cognitive performance and anxiety,  
with no specific involvement of the  
central executive, was found in a fol- 
low-up study on the effects of efavi-
renz.86 According to Robertson and 
colleagues, neurocognitive status, in-
cluding testing of functions involved 
in the supervisory control, was associ-
ated with anxiety.85 In another study, 
impairment of processing speed cor-
related with anxiety.80 

Discussion

Neurocognitive impairment in people 
with HIV persists in the ART era.87,88 
A large-sample multisite study89 dem-
onstrated the presence of deficits in 
cognition in approximately 52% of peo-
ple with HIV. About 33% of participants 
had asymptomatic cognitive disorders, 
12% had mild neurocognitive impair- 
ment, and 2% had HIV-associated de- 
mentia. Although poor neuropsycho-
logic function is a significant predictor 

of mortality in people with HIV,90 the 
picture is less clear concerning the se-
quelae of neurocognitive impairment in  
patients’ everyday life functions. Cen-
tral executive, attention, executive, and 
processing speed functions have often 
been described as impaired in people 
with HIV,78,91 but the consequences of 
such deficits, in terms of everyday life 
outcomes, are far from understood. 

Autonomy in Everyday Life

From the current literature review, 7  
studies24,38-40,47,48,52 documented an  
association between neurocognitive  
impairment and deficit in ADL. In one 
of these studies,52 although partici-
pants were young (mean age, 39.3  
[standard deviation, 7.5]), they had  
relatively advanced stages of dis- 
ease (34% had Centers for Disease Con- 
trol and Prevention [CDC] stage C dis-
ease, 58% had AIDS, and the mean 
CD4+ count was 365.5 [standard devia- 
tion, 267]). Other studies described un- 
certain or nonsignificant relationship 
between neurocognitive impairment 
and ADL or iADL.44,49-51,53 Three of 
these studies44,49,53 reported an as-
sociation between mental health and 
performance in ADL or iADL. Based 
on current evidence, we may assume 
that in patients treated with ART and 
with restored immunologic function, 
neurocognitive impairment may be 
associated with ADL or iADL. The rela-
tionship could be mediated by mental 
health or other unmeasured factors. 
For patients with relatively advanced 
disease or who are older, neurocogni-
tive impairment could likely lead to 
a reduction of performance in ADL 
or iADL. Both aging and HIV disease 
progress may independently impact 
neurocognitive function, including a 
person’s central executive, processing 
speed, and executive function.22 

Aging is particularly important in 
contemporary ART research because 
currently more than 50% of people with 
HIV are 50 years or older. In the large 
MACS (Multicenter AIDS Cohort Study) 
investigation,22 age was described as a 
variable independently associated with 
episodic memory and motor function 
performance. The relationship between  

neurocognition and ADL or iADL in peo- 
ple with HIV in the transition phase (ie,  
50-60 years of age) or older was ex- 
amined by 3 studies reviewed here- 
in.24,39,40 These studies described the 
association as under investigation.24 

One study reported that advances 
in ART contributed to decreases in dis- 
ability rates in people with HIV.92 Nev-
ertheless, these rates remain higher 
than those reported in the general  
population. Thus, people with HIV are 
still potentially at risk for problems in 
ADL or iADL, especially at age 50 years 
and older, and should be prospectively 
monitored. Results of the neuropsy-
chologic literature reported herein are 
in conflict in that no specific role of 
the central executive, attention, execu-
tive function, or processing speed has 
been demonstrated in determining a 
decline in ADL or iADL. One possible 
explanation was provided by Scott and 
colleagues, who showed that multi-
tasking, not the activation of a single 
neuropsychologic function, is crucial in 
predicting iADL impairment in people 
with HIV.93 

It has been suggested that health, 
not HIV status, could be related to 
performance at work among people 
with HIV.94 Contrary to this position, 
a national survey conducted in France 
concluded that even though the condi-
tions among people with HIV in 2015 
were far better than those observed 
in 2000 or before, unemployment is 
still an issue in this subpopulation.95  
Further, financial hardship may be re- 
levant for people with HIV, especially 
among ethnic minorities.96 Job secur- 
ity, not only employment, is an im-
portant predictor of mental health in 
people with HIV.54 In this regard, uni-
versity graduation and being 40 years 
of age or older are protective factors for 
successful employment. A recent study 
highlighted the positive relationship 
between being employed and mood in 
people with HIV.97 By contrast, 3 risk 
factors for lower job security include 
frailty, HIV disease severity, and HCV 
coinfection98; the specific role of CD4+ 
cell count has not been determined.99 

In the pre-ART era, people with HIV 
experienced several limitations restrict- 
ing their ability to work and were 
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frequently on work disability.97 In the 
ART era, many patients can continue 
working or return to work, or they are 
now transitioning to retirement.100 Un-
employment is still associated with 
higher AIDS-related or non-AIDS-relat- 
ed mortality.101 Nevertheless, employ-
ment among people with HIV should  
be carefully considered, given that the 
proportion of people with HIV receiv-
ing disability benefit awards may affect 
the measurement. From the present 
review, it emerged that neurocognitive 
function, especially in terms of the cen-
tral executive, attention, and executive 
function, is correlated with employment 
status.47,48,52-54,56,59,60 This result was 
not confirmed by data from the TREVI 
project,55 but such discrepancy could 
be explained by the fact that different 
studies tested patients of different 
age cohorts (eg, Kordovski et al56 and  
van Gorp et al59 considered patients in 
their 30s and early 40s years of age,  
while Wagener et al55 enrolled patients  
in their late 40s and 50s years of age). 
We also remark that the impact of 
the central executive, attention, and 
executive function in predicting the 
employment status of people with 
HIV should be studied in conjunction 
with the role of prospective memory, 
another predictor of employment sta-
tus102 not targeted in this review. It has 
also been shown how less educated 
people with HIV could be at higher 
risk of unemployment,103 which might 
suggest a protective effect of cognitive 
reserve. 

Capacity to Make Decisions and 
Adherence to Treatment

A noteworthy result of this review is 
that the central executive, processing 
speed, and executive function perfor-
mance of a person are predictive of their 
decision-making ability.61-64 As such, it 
may provide a neurocognitive hypoth-
esis of why some people with HIV are 
exposed to certain risk behaviors, such 
as substance use and gambling. Apart 
from mental health and social fac-
tors, there could be a purely cognitive 
component that explains why these 
patients are impaired in their risk be-
haviors and decision-making skills. 

This finding also highlights the impor-
tance of early psychologic intervention 
in people with HIV who show risky be-
haviors in everyday life.

In the literature, low CD4+ cell count, 
anxiety,104 and depression105,106 have 
already been associated with poor ad-
herence to ART. An important question 
concerns whether or not neurocogni-
tive impairment could directly impact 
treatment adherence. Results from this 
review are not converging. On the one 
hand, 2 studies documented a possible 
effect of neurocognitive performance, 
in particular the central executive.67,69 
On the other hand, 3 studies found a 
null or uncertain effect of the central 
executive, attention, or supervisory 
control.66,68,70 We suggest that the in-
terplay with other neuropsychologic 
functions, such as prospective mem-
ory, could be important in this regard. 
We also note that one study found that 
cognitive performance was associated 
with patients’ abilities to navigate the 
Internet to complete important health-
related tasks (eg, online pharmacy and  
health records navigation). These act- 
ivities require central executive, atten-
tion, processing speed, and executive 
function integrity, which may be re-
lated to adherence to ART.107 

Quality of Life and Psychologic 
Wellbeing

Recent research has focused on the 
roles of mental health108 and social sup-
port109 in determining quality of life in 
people with HIV. Important conditions  
such as the presence of depressive 
symptoms or pain have been associ-
ated with reduced quality of life.110 One 
study also reported that time since HIV 
diagnosis is more important than a 
person’s age in defining quality of life 
in people with HIV.111 Biologic param-
eters, such as immune activation and 
viral load, also seem to be related to 
this outcome.112 However, the role of 
neurocognitive impairment, which 
was addressed in this review, seems 
uncertain. 

Three studies reviewed herein show- 
ed the specific role of neurocognitive 
impairment on quality of life.72,74,76 
In particular, Harrison and colleagues 

found an association between central 
executive, attention, and processing 
speed performance and quality of life,72  
and Osowiecki and colleagues docu-
mented the contribution of executive 
control and processing speed.74 How- 
ever, other studies failed to find a spe- 
cific and independent role of these 
functions in quality of life.37,73,75 This 
discrepancy may be explained by the  
different tasks used by different au-
thors, by the different strategies of 
controlling for confounding, and by the 
possibility of residual or unmeasured 
confounding. 

Two studies reported an association 
between psychologic wellbeing and 
performance in executive function and 
processing speed.79,80 Although test-
ing for neuropsychologic performance 
and psychologic wellbeing, one study 
did not describe an association.78 We  
may assume a mediating effect played 
by mental health (which was not ex-
plicitly tested by the authors). Indeed, 
absence of depressive or anxiety symp-
toms could protect the psychologic 
wellbeing of patients with mild or well-
controlled neurocognitive problems.

Mental Health 

Depression is a common comorbidity 
in people with HIV and is associated 
with the presence of other chronic dis-
eases113 and anxiety.114 In the ART era, 
both depression and neurocognitive im- 
pairment remain prevalent and are as- 
sociated conditions in people with HIV.  
This was recently confirmed by data 
from the European-Canadian network 
sCReen for Anxiety, depression, and 
Neurocognitive Impairment in HIV+ 
patients (CRANIum), where about 40%  
of screened participants tested positive 
for neurocognitive impairment and 
about 16% had depression.85 Accord-
ing to Todd and colleagues, depressive 
symptoms are commonly reported 
in about 30% of people with HIV and 
are associated with mortality.115 HAND 
can arise relatively independent of de-
pression and is not a simply reactive 
disturbance.116 A longitudinal study 
found that lifetime major depressive 
disorders were associated with cog-
nitive problems in everyday life, and 
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difficulty increased at times of incident 
major depressive episodes. Individu- 
als with incident major depressive epi- 
sodes did not show consistent neuro-
psychologic decline.117 

Results of this review indicate an  
association between neurocognitive  
impairment and depression.57,72,80,81, 

83,85,86 In particular, an association be- 
tween attention, central executive per- 
formance,72,80 and processing speed 
was documented.72,80 Although nega-
tive results have been reported in the 
literature,36,44,82 most studies described 
a correlation. It is difficult to ascertain 
the prevalent direction of this associa-
tion, for which more evidence coming 
from large-sample longitudinal stud-
ies is needed. With the current state 
of knowledge, we may assume that 
targeting neurocognitive function as 
a specific goal of an intervention with 
people with HIV could also lead to bene-
fits in terms of mental health. 

Presence of depressive symptoms 
and impairment in executive control 
emerged as 2 independent predictors of 
meta-memory performance,118 which  
may explain why people with HIV who 
report both neurocognitive impair-
ment and depressive symptoms have 
difficulty managing several tasks of 
everyday life, such as keeping track of 
medical appointments and drug adher-
ence. Though potentially meaningful, 
to our knowledge this possible explana-
tion has not been explored in depth. It is 
also worth observing that from 1 study 
reviewed herein,82 important factors re-
lated to mental health, such as current 
and lifetime alcohol use and marijuana 
consumption, although associated with 
adverse medical outcomes, were not 
associated with performance in central 
executive and attention tasks.

The correlation between neurocog-
nitive impairment and depression in 
people with HIV is well documented; 
however, the picture is much more frag- 
mented in regards to apathy. Apathy  
was described in association with neu-
rocognitive performance in 2 of the 
reviewed studies,42,43 but not in oth-
ers.41,44 Apathy is related to the activity 
of the motivational system,119 which 
is relatively independent of the cen-
tral executive, attention, or processing 

speed performance. This may explain 
the negative results (ie, no association 
of apathy with the neuropsychologic 
performance) reported in the literature.

All studies analyzed in this review de- 
scribed an association between neu- 
rocognitive impairment and anxiety.80, 

85,86 This provides converging evidence 
with the early findings by Hestad and 
colleagues,120 who reported that cen-
tral executive and processing speed 
difficulties were associated with anxi-
ety in people with HIV. Even though 
the direction of the association is un- 
certain, the presence of anxiety symp-
toms should be specifically targeted by 
clinicians, which may lead to careful 
longitudinal monitoring for presence 
of cognitive decline. A factor related 
to anxiety that has not been specifi-
cally addressed in this review is stress 
and post-traumatic stress. A study con- 
ducted with the WIHS (Women’s Inter-
agency HIV Study) cohort121 showed  
that stress and post-traumatic stress 
correlate negatively with neurocogni- 
tive performance, even though the out- 
comes on everyday life function have 
not been explored. Early childhood 
trauma should be discussed in rela-
tion to cognitive impairment, mental 
health, and everyday life outcomes. An- 
other WIHS investigation found that for 
women who have experienced early 
life trauma, resilience can be protec-
tive in terms of depression and quality 
of life.122 However, the relationship 
between early childhood trauma and 
neurocognitive impairment is still to 
be clarified.

Fatigue is another important vari-
able, well known to many people with  
HIV and clinicians. One study docu- 
mented the association of neurocogni-
tive impairment with fatigue in people 
with HIV.123 Because fatigue has also 
been described as associated with de-
pression and anxiety in people with 
HIV,124 all these variables should be 
studied together and inserted in a dy-
namic model to understand possible 
pathways toward personalized care. 
The role of HCV coinfection should also 
be explored more in depth,125 as well 
as its association with fatigue and ADL 
or iADL performance.126 

Substance use is another relevant 
factor related to mental health that 
is connected with everyday life out-
comes. A study conducted on the MACS 
cohort127 found that cocaine use in peo-
ple with HIV led to a 3-fold–increased 
risk of depressive symptoms. Another 
MACS investigation128 showed that in 
the years 1984 to 2013, marijuana use 
decreased in people with HIV, but daily 
use among users increased; cigarette 
smoking and alcohol consumption  
were positively correlated with mari-
juana use. Together, these findings 
indicate the importance of substance 
use as a plausible mediating or mod-
erating factor between neurocognition 
and everyday life outcomes. 

Limitations

In the last 20 years, knowledge of ev-
eryday life outcomes in people with HIV 
has progressed considerably; neverthe-
less, there are still many issues open 
for future research. Limitations of the 
current literature include scarce con-
sideration of disease stage, nadir CD4+ 
cell count, virologic suppression, illness 
consequent to opportunistic infection 
and inflammation, blood parameters 
such as dyslipidemia or insulin resis-
tance,59 and brain measures such as 
axonal injury.129 The relationship and 
interplay of these parameters with neu-
rocognitive impairment and everyday  
life outcomes are still unclear. Sex also 
appears to play a role in neurocognition 
in people with HIV; women seem more 
affected by neurocognitive impairment  
than men,21 but the relationship to ev-
eryday life function is not clear. Other 
important variables that should be 
assessed in conjunction with neuro-
cognitive performance and everyday 
life outcomes are quality of sleep,130 
pain,131 presence of cumulative stress-
ful events,132 physical performance,40 
social support, and quality of intimate 
relationships. The role of polyphar-
macy in relation to cognition and ADL 
or iADL should be assessed. A recent 
study found that people with HIV aged 
50 years or older are at risk for in-
creased and sustained polypharmacy. 
This could have a relevant impact on 
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neurocognition and autonomy in dai- 
ly living.133 Finally, most studies mainly 
enrolled patients aged 30 to 59 years, 
so everyday life outcomes of people 
with HIV who are 20 to 29 years old 
should be specifically targeted for fu-
ture research.

Conclusion

In general, neurocognitive impairment 
in people with HIV is associated with 
everyday life outcomes, particularly 
with ADL or iADL, problems at work 
and employment status, decision-mak-
ing ability, and psychologic wellbeing. 
The relationship between quality of 
life and adherence to treatment is de-
bated because nonconverging results 
have emerged in the contemporary lit- 
erature. Other intervening factors, such 
as mental health, could have an impact 
and mediate the relationship. More-
over, even though there is converging 
evidence suggesting correlation of neu-
rocognitive impairment with everyday 
life outcomes in chronic HIV disease, 
the strength of this association, the 
relationship with specific biomarkers, 
and the effect of existing modifiers are 
still to be clarified. Together, these find-
ings imply the need for policy makers 
to invest more resources into the in-
vestigation of the neuropsychology of 
HIV, especially considering progress in 
life expectancy of people with HIV. This 
should also be studied in light of the ef-
fects of SARS-CoV-2 infection in those 
with HIV.134 The multidisciplinary in-
tervention strategy for people with HIV 
may be remodulated, particularly in 
terms of longitudinally monitoring the 
neuropsychologic function and its in-
teraction with mental health. Ecologic 
outcomes, such as quality of life and 
psychologic wellbeing, should be rou-
tinely assessed. 
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