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Abstract 

Despite the widespread use of antiretroviral therapy, HIV-associated neurocognitive disorder 

(HAND) continues to be one of the most common central nervous system (CNS) complications 

of human immunodeficiency virus (HIV), with the prevalence of the disorder remaining stable at 

pre-cART levels. HAND ranges in severity from mild to severe and can greatly impact the lives 

of individuals living with the disorder, often leading to morbidity in severe cases. The prevalence 

and severity of HAND underscores the need for safe, effective therapies to mitigate or eliminate 

the impacts of the disorder in order to improve the quality of life of infected individuals. While 

extensive research has been conducted to investigate the effectiveness of various clinical 

interventions in treating HAND, no comprehensive systematic review of these studies exists. The 

purpose of the present study was to conduct and present a systematic review of the literature 

regarding experimental studies of clinical therapeutic interventions for HAND. In total, 4,269 

articles were returned in the initial database search, 13 of which met the inclusion criteria and 

were selected for inclusion in the review. The 13 articles examined in the final review included 

experimental investigations of both pharmaceutical and cognitive therapies for HAND. This 

review presents the current evidence that exists regarding empirically investigated interventions 

for HAND and broadly discusses trends, limitations, and gaps in the literature. 
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Clinical Interventions for HIV-Associated Neurocognitive Disorder (HAND):  

A Systematic Review 

Cognitive impairment and other central nervous system (CNS) complications have long 

been identified as complications of the human immunodeficiency virus (HIV) and/or acquired 

immunodeficiency syndrome (AIDS). In 1983, just two years after AIDS was first described 

clinically, encephalitis was recognized as being associated with AIDS. Three years later, in 1986, 

the AIDS dementia complex (ADC) was first identified and defined. This disorder, which 

described the neurologic manifestations of HIV infection, was characterized by abnormalities in 

cognition, motor performance, and behavior1,2. Over the next two decades, the terminology and 

nosology associated with the neurologic manifestations of HIV would continue to develop and 

change. Today, these neurocognitive complications of HIV infection are collectively known as 

HIV-associated neurocognitive disorder (HAND)3. 

Over the past twenty years, the advent and subsequent widespread use of combination 

antiretroviral therapy (cART) has drastically improved the lifespan and quality of life for 

individuals living with HIV and/or AIDS. Since the introduction of cART in 1996, HIV has 

largely shifted from being an acute, life-threatening disease to one that is chronic and 

manageable, with infected individuals now experiencing a near-normal lifespan and a 

dramatically decreased risk of opportunistic infections2. However, despite this improved 

prognosis for individuals living with HIV, HAND continues to be one of the most common CNS 

complications of HIV. Further, research suggests that the overall prevalence of HAND remains 

stable at approximately 30-50% today, virtually unchanged from the pre-cART era4,5.  

While HAND continues to be a highly prevalent CNS complication of HIV infection 

despite the widespread use of cART, there has been a shift in the epidemiology of HAND since 
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the introduction of cART. HAND refers to a spectrum of cognitive impairment with three 

defined stages: 1) asymptomatic neurocognitive impairment (ANI); 2) mild neurocognitive 

disorder (MND); and 3) HIV-associated dementia (HAD) – with ANI being the most mild form 

of the disorder and HAD being the most severe3. Prior to cART, the most common form of 

HAND was HAD, which was nearly always fatal6. However, the widespread use of cART has 

led to a significant decline in the prevalence of HAD, from 20% pre-cART to 5% post-cART7,8. 

Given this decrease in the prevalence of HAD but stability in the prevalence of HAND as a 

whole, it follows that the vast majority of HAND cases today are less severe forms of the 

condition. In fact, ANI now accounts for approximately 70% of cases of HAND4.  

Although the less severe and clinically asymptomatic forms of HAND are now more 

common than the most severe form, they are still clinically relevant. Individuals with ANI are 

two to six times more likely to develop a more severe form of HAND in their lifetime than 

individuals who are neurocognitively unimpaired9. Clinically, HAND can cause memory 

impairment, executive dysfunction, and significant disruption of attention, impulse control, 

judgment, and memory encoding and retrieval, as well as marked motor dysfunction, including 

bradykinesia, gait imbalance, and loss of coordination10. Despite overall prolonged lifespans for 

HIV+ individuals due to cART, those with HAND still experience a threefold increased 

mortality risk compared to those without HAND11. Unfortunately, severe cases of HAND remain 

a major cause of morbidity in HIV+ individuals4. Overall, HAND can lead to significant and 

sometimes devastating clinical outcomes for persons living with HIV. Together, the prevalence 

and severity of HAND underscores the need for safe, effective therapies to mitigate or eliminate 

the impacts of the disorder in order to improve the quality of life of infected individuals.  
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 Although HAND persists despite the widespread use of cART, cART remains as the 

primary treatment for preventing and delaying the progression of HAND, with limited evidence 

regarding its effectiveness as an intervention12. In both the clinical and academic fields, there 

remains much debate regarding effective interventions for HAND, with a highly effective, 

reliable treatment yet to be widely accepted or utilized. A complete understanding of the current 

empirical evidence regarding interventions as well as the availability of this information is 

integral to the field’s ability to move forward with identifying effective treatments for HAND. 

While extensive research has been conducted over the past thirty years to investigate the 

effectiveness of various clinical interventions in treating HAND, no comprehensive systematic 

review of these studies exists. Systematic reviews have been conducted regarding specific 

subsets or fragments of this issue, but they were limited in their scope and relevance. Joska et 

al.13 conducted a systematic review examining the efficacy of highly active antiretroviral therapy 

(HAART) in improving neurocognitive function. However, this review is not generalizable 

beyond HAART interventions and does not specifically focus on interventions for HAND. 

Another review by Uthman and Abdulmalik14 investigated adjunctive therapies for ADC. This 

study was limited in scope by only including pharmaceutical therapies given in conjunction with 

cART. To our knowledge, no study to date has systematically reviewed the entire body of 

empirical literature regarding interventions for HAND. A review of this type would establish a 

current, point-in-time baseline of evidence for future clinical and academic investigations to 

build on and would provide a comprehensive, overarching view of the current state of the 

literature regarding interventions for HAND. Based on these identified gaps in the current 

literature, the aims of the present study were to: 
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1) conduct a systematic review of controlled, experimental studies regarding 

interventions for HAND; 

2) critically review the findings, with specific emphasis on overarching trends and 

limitations of the existing body of literature; and 

3) guide clinicians and researchers towards a more complete understanding of the 

specific types of interventions for HAND that have been empirically investigated to 

date.  

Materials and Methods 

Inclusion and Exclusion Criteria 

 This systematic review includes controlled, prospective, experimental studies. It focuses 

on studies that investigate a given intervention’s effects on the neurocognitive functioning of 

individuals diagnosed with HAND. To meet inclusion criteria, the articles must have specified 

the intervention’s effects on the participants’ neuropsychological performance, measured both 

pre- and post-intervention using a neuropsychological test battery.  

As this systematic review focused on interventions for HAND rather than preventative 

treatments, studies were excluded if no participants had a diagnosis of HAND at baseline (or an 

equivalent diagnosis, as described below). Studies were included if either all or some of the 

participants had HAND at baseline. Additionally, due to the large amount of variability in study 

designs of the existing literature and to maintain reliability and consistency across studies and 

allow for greater comparison between studies in this review, only articles that utilized a 

controlled, prospective, experimental study design were selected for inclusion. Consequently, 

studies that utilized cross-sectional or prospective observational study designs were excluded. 

Importantly, due to the inconsistency in the diagnosis of HAND that is present in the existing 

literature and clinical practice, which makes between-studies comparisons difficult, articles were 
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only included in this review if the authors specified that the sample of study participants with 

cognitive impairment had a specific diagnosis of or met standardized diagnostic criteria for 

HAND, ADC, HIV-associated neurocognitive impairment (HNCI), or an equivalent, 

standardized diagnosis. For example, if the study simply stated that participants had 

neuropsychological complications or impairment, but no specific HAND, ADC, or HNCI 

diagnosis, the study was excluded. Finally, as an aim of this study was to present the existing 

literature regarding interventions for HAND for the purpose of informing clinical application and 

practice, articles were only included if they measured neuropsychological functioning in 

participants as an efficacy endpoint for the given intervention. Articles were excluded if their 

only outcome measurements assessed some indicator other than neuropsychological functioning 

– for example, neuroimaging or biological measurements. Studies were further excluded if they 

were written in a language other than English, were not published peer-reviewed original 

research articles, or if the study sample primarily included children under 18 years of age. These 

inclusion and exclusion criteria were applied at every level of the study selection process 

outlined in Figure 1.  

Search Strategy 

A keyword/title/abstract search of four electronic databases was conducted in December 

2019. The databases searched included PsycINFO, SCOPUS, Ovid MEDLINE, and CINAHL. A 

general search string was created and used for the non-medical databases (PsycINFO and 

SCOPUS). An additional search string of MeSH terms was combined with the general search 

string and utilized for the two medical databases (Ovid MEDLINE and CINAHL). The search 

strings were as follows: 
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1) General: (AIDS Dementia OR AIDS Dementia Complex OR HIV Associated Neuro* OR 

HIV Associated Dementia OR HIV-Associated Neuro* OR HIV-Associated Dementia 

OR HIV-1 Associated Neurocognitive Disorder) AND (therap* OR treatment* OR 

intervention OR medication) 

2) Combined (General search string and MeSH terms): (“AIDS Dementia Complex” [MH] 

OR "AIDS Dementia" [TIAB] OR "AIDS Dementia Complex" [TIAB] OR "HIV 

Associated Neuro*" [TIAB] OR "HIV Associated Dementia" [TIAB] OR "HIV-

Associated Neuro*" [TIAB] OR "HIV-Associated Dementia" [TIAB] OR "HIV-1 

Associated Neurocognitive Disorder" [TIAB]) AND (“therapeutics” [MH] OR “therap*” 

[TIAB] OR “treatment* [TIAB] OR "intervention" [TIAB] OR "medication" [TIAB]) 

Study Selection 

 A total of 4,269 articles were returned from the database search and exported into 

Mendeley, a reference management software. From there, the articles were exported into a 

Microsoft Excel worksheet using the JabRef conversion tool. This Excel worksheet was used to 

document each stage of the study selection process outlined in Figure 1.  

The study selection process began with an initial title and abstract review, in which 4,237 

articles were excluded due to being duplicates (n = 1,869) or not meeting inclusion criteria (n = 

2,368). Next, a full text review of the remaining 32 articles was conducted and an additional 19 

articles were excluded for not meeting inclusion criteria. A final sample of 13 articles met all 

inclusion criteria and were systematically reviewed and included in the data extraction process. 
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Results 

Study Design and Characteristics 

 Table 1 outlines the descriptive variables of the studies included in this review. The 

majority of studies were conducted in the United States (n = 7), with the remaining studies being 

completed (one each) in South Africa, Australia, Italy, Uganda, and Switzerland. One study15 did 

not specify the location in which it was conducted. Where reported, most studies were conducted 

in infectious disease clinics and/or in clinical research facilities associated with a hospital or 

clinic. Sample sizes of included studies range from 1 to 140, with a mean of 49.31 and a median 

of 32 participants. Most studies reported good participant completion rates, with only four 

studies with completion rates less than 70% – the lowest being 50%. Three studies reported 

completion rates of 100%, including the single study with one participant. While most studies 

reported education levels of participants in some manner, nearly half (n = 6) did not report and/or 

specify the mean completed years of education of participants. One study reported the median 

education level (13 years), but not the mean. The mean education level of the remaining six 

studies that reported on this variable was 13.03 years. The mean age of participants was fairly 

consistent across studies, ranging from 35.1 to 55.1 years, with a mean of 45.67 years. Most 

studies (n = 10) were majority male (ranging from 71% to 100% male), with two studies 

reporting majority female participants (10% and 12% male). Overall, the mean percentage of 

male participants was 76%.  

All studies selected for this review utilized a controlled, prospective, experimental study 

design. There was some variance in the design and characteristics of the included studies, 

ranging from single-arm pilot studies to randomized, double-blind, placebo-controlled, multi-site 

trials (see Table 2). One study was a case study of an individual who participated in a related 
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clinical trial16. The case study was written on this participant due to their diagnosis of HAND 

and the participant’s results were compared to that of sixteen other study participants. As this 

study followed a controlled experimental study design and met other inclusion criteria, it was 

selected for inclusion in this review. Additionally, five of the selected studies were pilot studies, 

six were placebo-controlled, and three were multi-site trials. Studies varied in how they assigned 

participants to experimental groups, as well. Most studies had a homogenous study sample of 

HIV+ individuals with HAND diagnoses and randomized participants into an experimental or 

placebo/control group. However, a few studies either were single-arm studies in which all 

participants received the same intervention or divided a clinically heterogeneous sample into 

experimental and control groups, conducting post-hoc analyses on the group differences between 

individuals with and without HAND. The length of included studies ranged from 12 to 60 weeks, 

with a mean length of 24.6 weeks.  

Interventions 

 Twelve of the thirteen included studies investigated pharmaceutical interventions for 

HAND, while one study17 investigated a cognitive rehabilitation protocol (see Table 2). Four of 

the twelve pharmaceutical studies investigated antiretroviral therapies (ART), a traditional 

treatment for HIV: didanosine18, atevirdine15, zidovudine19, and cART of efavirenz, 

emtricitabine, and tenofovir16. The remaining eight pharmaceutical studies varied in intervention 

types and drug classes, including lithium20,21, maraviroc22, minocycline23, memantine24,25, 

selegiline26, and rivastigmine27. Of these eight studies, all but the minocycline study tested their 

novel drug intervention as an adjunctive therapy to ART. The cognitive rehabilitation study17 

also tested its intervention adjunctive to ART. Just one23 of the thirteen studies did not include 

ART in its experimental intervention; instead, participants only received the investigational drug. 
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Due to the variability in interventions tested, there was also great variability in the dose amounts 

and frequencies in the selected studies. Eleven of the twelve pharmaceutical interventions were 

given orally, while one26 utilized a transdermal system. Most interventions were given once or 

twice daily, with adherence monitored via a self-report dosage log.   

Neurocognitive Prevalence and Diagnosis 

 To be included in this review, studies must have specified that the sample of study 

participants with cognitive impairment had a specific diagnosis of or met standardized diagnostic 

criteria for HAND, ADC, or an equivalent, standardized diagnosis. Even with this specification, 

there was great variability not only with the clinical terminology used to establish cognitive 

impairment (i.e. HAND, ADC, etc.), but with the diagnostic assessment and/or criteria utilized to 

establish and measure the severity of a given diagnosis (i.e. baseline score on a standardized test 

battery, existing clinical diagnosis, etc.) (see Table 3). Six of the selected studies used ADC as 

their clinical terminology, all of which utilized a similar severity scale of 0 (no impairment) to 3 

(severe impairment). Another six studies used HAND terminology, many of which utilized the 

Frascati criteria for HAND nosology3 which includes asymptomatic neurocognitive impairment 

(ANI), minor neurocognitive disorder (MND), and HIV-associated dementia (HAD), while 

others utilized global deficit scores (GDS) to determine severity of cognitive impairment. One 

study23 used the term HIV dementia for its nosology, referencing the HIV Dementia Scale and 

Memorial Sloan Kettering (MSK) dementia scale for assessment of cognitive impairment. In 

general, most studies included in this review that were published after 2007 (when the Frascati 

criteria were established3) referred to the disorder as HAND, while studies prior to 2007 used 

alternate terminology, such as ADC, HNCI, or HIV dementia.  
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Neuropsychological Testing Batteries 

 There was a large amount of variability in the neuropsychological test batteries utilized in 

the included studies. Most studies (11 of 13) did, however, specify the test batteries used in 

detail. The mean number of assessments in the testing battery was 10, with a range from 7 to 18. 

Most studies reported utilizing a diverse group of assessments to assess functioning of various 

neuropsychological domains, such as attention/working memory, psychomotor speed, learning 

and memory, verbal fluency, and abstraction/executive function. The most frequently utilized 

neuropsychological assessments among the selected articles include: grooved pegboard (n = 8), 

symbol digit (n = 4), timed gait (n = 6), and trail making test (n = 10). Some of the included 

studies utilized computerized neuropsychological test batteries such as the CogState (n = 1) or 

CalCAP (n = 2) systems. Table 3 further details the neuropsychological testing batteries utilized 

by each study included in this systematic review. 

Neuropsychological Outcomes 

 The studies included in this review demonstrated significant variability in how 

neuropsychological outcomes and treatment efficacy were measured (see Table 3). In most 

studies (n = 7), a change in global neuropsychological z-scores based on population norms was 

used to assess treatment efficacy from baseline to study completion. Others (n = 4) measured 

efficacy by a change in global deficit score (GDS) or a similar global measurement of 

neuropsychological functioning. One study15 measured efficacy by a change in clinical ADC 

diagnosis to below stage 1 and another17 did not utilize a global measure of neuropsychological 

functioning and instead assessed each neuropsychological domain individually. Although the 

methods of establishing and measuring treatment efficacy varied greatly between each of the 

studies included in this review, overall, a slight majority of studies (n = 7) reported significant 
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improvement in neuropsychological functioning for study participants with HAND as a result of 

the given intervention (see Table 3).  

Discussion 

 Despite the widespread use of cART over the past twenty-five years, HAND continues to 

be one of the most common neurocognitive complications of HIV, with the prevalence of the 

disorder remaining stable at pre-cART levels and affecting 30-50% of the HIV+ population4,5. 

The prevalence and severity of HAND emphasizes the need for safe, effective interventions for 

the disorder; however, such an intervention has yet to be identified. A thorough understanding of 

the interventions that have been investigated to date is integral to the ability of current and future 

researchers to make progress in identifying effective treatments for HAND. The present 

systematic review fills this gap in the literature; to our knowledge, this is the first systematic 

review of the literature regarding controlled, experimental investigations of clinical interventions 

for HAND.  

 Importantly, the purpose of this review was not to draw conclusions about the efficacy of 

the interventions for HAND investigated in the included studies, nor was it to conduct a meta-

analysis of the aggregate data from these studies. Rather, the purpose of this study was to 

conduct and present a systematic review of the studies that have been conducted to date which 

investigate a given intervention’s effects on the neuropsychological functioning of individuals 

with HAND. This review successfully accomplished this goal, with the primary finding of this 

review being that a total of thirteen such studies exist in the current body of literature. These 

studies were predominantly investigations of pharmaceutical interventions, ranging from ART to 

novel drug classes, with just one study investigating a non-pharmaceutical intervention – a 

cognitive rehabilitation protocol. Overall, seven of the thirteen studies reported significant 
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positive neuropsychological outcomes, as defined by a statistically significant improvement in 

neuropsychological functioning of study participants with HAND after intervention. However, it 

is important to acknowledge that studies were identified as achieving a positive 

neuropsychological outcome based on what was reported directly in the study; we did not 

identify a standard outcome measurement prior to reviewing the included studies that was then 

applied to each of the studies to determine if the outcome was met. As each study defined their 

own primary efficacy endpoints and interpreted reported on their own findings, the threshold for 

demonstrating significant results was different for each study. Taking this into consideration, the 

corresponding interventions that yielded significant positive neuropsychological outcomes were: 

cART of efavirenz, emtricitabine, and tenofovir16, atevirdine (ART)15, maraviroc (adjunctive to 

cART)22, lithium (adjunctive to cART)21, zidovudine (ART)19, memantine25, and a cognitive 

rehabilitation protocol (adjunctive to cART)17.  

Based on the data extracted from each of the studies, we are able to make further 

observations regarding the general state of the literature. Perhaps the most significant 

observation generated from the results of this review is that there is a great amount of variability 

present in practically every aspect of the studies investigating interventions for HAND. This 

variability and inconsistency makes any between-study comparisons or attempts to aggregate 

findings from studies difficult. In any review of experimental studies, some amount of variability 

is to be expected; however, the breadth of variability present across several aspects of the given 

studies combined with the relatively small sample of studies (n = 13) available on this topic 

makes the variability present in this selection of articles particularly significant. Some examples 

of this variability include the study design, diagnostic criteria, HAND nosology, testing battery, 

and outcomes measurement of included studies.  



13 

 

Of all these aspects, perhaps the most significant and concerning is the variability 

regarding the nosology, terminology, and subsequent diagnosis of HAND, as the use of 

universal, consistent diagnostic classification and terminology is key to accurate diagnosis and 

treatment13. In reviewing the literature, however, it is clear that this universal language or criteria 

does not yet exist or, at least, is not universally accepted and utilized. Within a historical context, 

the nosology and terminology related to neuropsychological complications of HIV have changed 

several times over the past thirty years, none of which were ever utilized universally. It was not 

until 2007 that the diagnosis and classification of HAND and the corresponding levels of 

impairment, ANI, MND, and HAD, were established3. Prior to this, previous nomenclature 

included HNCI (with subcategories of mild cognitive motor disorder [MCMD] and HAD), 

NeuroAIDS, ADC, and HIV dementia, among others. This review revealed that this variability in 

terminology is still present within the body of literature published after 2007, but even if this 

were not the case, between-study comparisons of studies pre- and post-2007 would be difficult 

due to these changes in terminology and nosology over time. While taking these historical 

changes into account, there still is not consistent language or diagnostic criteria used to identify, 

diagnose, and discuss cognitive impairment in HIV+ individuals. Further, this variability is only 

amplified cross-culturally, with studies varying in their nosology and terminology by country or 

region. The impacts of these inconsistencies reach beyond simply how those in the field refer to 

and classify HAND; they affect the diagnosis and treatment of HAND, underscoring the 

widespread importance and consequences of this issue. Because of this, establishing and 

implementing clear, consistent terminology, classification, and diagnostic criteria for HAND is 

imperative and should be a focus of future research efforts. 
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In terms of this review, the lack of clear, consistent language and diagnostic criteria for 

HAND resulted in many potentially relevant studies being excluded from analysis, as one of the 

inclusion criteria required that study participants had a specific diagnosis of or met standardized 

diagnostic criteria for HAND, ADC, HNCI, or an equivalent diagnosis. This, along with the lack 

of a controlled, experimental study design, was one of the primary reasons that otherwise 

relevant studies were excluded from inclusion in this review. The exclusion of potentially 

relevant studies is an unfortunate but necessary component of any systematic review, as clear 

inclusion and exclusion criteria are vital to the validity, reliability, and replicability of a 

systematic review28. Nonetheless, the specific inclusion criteria identified for this systematic 

review was a limitation of the present study. Further, of the 4,269 articles returned from the 

initial database search, only 13 met all inclusion criteria. This was largely attributable to the high 

number of duplicate studies that were returned from the four databases that were searched as 

well as the inherently broad nature of the search terms. An additional limitation of the study, 

which is present in all systematic reviews, is the potential selection bias in article selection. This 

potential bias was attenuated, however, by utilizing multiple reviewers, documenting and 

reviewing every decision related to article inclusion, and establishing clear, specific inclusion 

and exclusion criteria at the beginning of the article review process. 

As the purpose of this study was to present the existing evidence, not to draw conclusions 

regarding efficacy of interventions for HAND, it is important not to take the findings of this 

study out of context or extend them beyond their specified purpose. In particular, it is important 

to acknowledge that this review only included findings and studies related to a given 

intervention’s efficacy at improving neuropsychological functioning in individuals with HAND. 

The full picture of a given intervention’s safety and tolerability, which are imperative clinical 
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considerations when identifying and prescribing any type of treatment, is not presented in this 

review. There are undoubtedly studies that describe further investigations into such questions for 

each of the thirteen studies included in this review but extended beyond the specific scope of the 

present study and were not included. Inevitably, there are also investigations into the efficacy of 

interventions for HAND that are not included in this review due to not meeting inclusion criteria 

for one reason or another, as mentioned above; however, we did make every effort to design this 

study in a way that would be inclusive and comprehensive, while remaining focused and 

ensuring the reliability and validity of our study design.  

This systematic review identifies and discusses thirteen controlled, experimental studies 

that investigated the effects of a given intervention on the neuropsychological functioning of 

individuals with HAND. It is clear from the limited number of total studies identified in this 

review as well as the modest number that produced significant outcomes (n = 7) that future 

research on this topic is needed. However, a comprehensive understanding of the existing 

literature regarding interventions for HAND is an integral step towards identifying effective 

treatments, and this review provides a baseline from which to move forward. 
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