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Prevalence of cognitive 
impairment in HIV patients:
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ABSTRACT. Antiretroviral treatment has significantly increased the survival of patients infected with HIV-1. However, with 
increased survival, cognitive changes associated with HIV are frequently observed in this population. The clinical manifestations 
of HIV changes can vary as a result of several aspects, including the virus transmission route. Several studies have pointed 
out premature neurological changes in vertically infected patients, while the manifestation of cognitive damage in adults 
may take a longer time. Objective: The aim of this study was to verify the prevalence of cognitive changes in patients 
with HIV via vertical transmission after the highly active antiretroviral therapy and the cognitive performance of these 
patients compared to a group of sexually infected patients. Methods: A total of 48 patients were evaluated, 25 with vertical 
transmission and 23 with sexual transmission, between May 2013 and February 2015 at the Institute of infectology Emilio 
Ribas. Neuropsychological tests were applied to assess cognitive performance, scales to assess symptoms of anxiety and 
depression, and sociodemographic questionnaire. Results: The results demonstrate that the frequency of cognitive impairment 
in vertically transmitted patients was higher than in sexually transmitted patients. Conclusions: These findings suggest that 
the deleterious effects of the HIV virus on the development of the central nervous system reverberate more strongly than 
in patients who acquire it after adulthood.
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PREVALÊNCIA DO COMPROMETIMENTO COGNITIVO DE PACIENTES COM HIV: TRANSMISSÃO VERTICAL E HORIZONTAL

RESUMO. O tratamento antirretroviral tem aumentado significativamente a sobrevida de pacientes contaminados pelo HIV-1. 
Entretanto, com o aumento da sobrevida, observam-se frequentemente alterações cognitivas associadas ao HIV nessa população. 
As manifestações clínicas das alterações do HIV podem variar em decorrência de diversos aspectos, entre eles a via de 
transmissão do vírus. Diversos estudos têm apontado alterações neurológicas prematuras em pacientes contaminados por via 
vertical, enquanto a manifestação de danos cognitivos em adultos pode levar um tempo maior. Objetivo: O objetivo deste estudo foi 
verificar a prevalência das alterações cognitivas em pacientes com HIV via transmissão vertical após a era da terapia antirretroviral 
altamente ativa e o desempenho cognitivo desses pacientes comparado ao de um grupo de pacientes contaminados por via 
sexual. Métodos: Foram avaliados 48 pacientes, sendo 25 com transmissão vertical e 23 com transmissão sexual no período 
entre maio de 2013 e fevereiro de 2015, no Instituto de Infectologia Emílio Ribas. Foram aplicados testes neuropsicológicos 
para avaliar o desempenho cognitivo, escalas para avaliar sintomas de ansiedade e depressão e questionário sociodemográfico. 
Resultados: Os resultados demonstraram que a frequência de comprometimento cognitivo em pacientes contaminados via 
transmissão vertical foi maior do que naqueles contaminados via transmissão sexual. Conclusões: Essas descobertas sugerem 
que os efeitos deletérios do vírus HIV na formação do sistema nervoso central repercutem de forma mais acentuada do que 
em pacientes que o adquiriram após a vida adulta. 

Palavras-chave: Complexo AIDS Demência; HIV; Disfunção Cognitiva.
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INTRODUCTION

HIV-1 is a viral infection that belongs to the retrovi-
rus family. This virus family has an enzyme called 

reverse transcriptase, in which, once inside the host cell, 
it participates in the process of converting viral RNA 
into DNA. After the conversion of its genetic material, 
it is incorporated into the cell’s DNA nucleus by the 
integrase enzyme1. Despite having no direct infection 
in neurons, HIV-1 infection has been associated with 
neuronal loss in several regions of the brain such as the 
frontal cortex, periventricular regions, and nuclei of the 
base, among others2,3. Even though neuronal losses are 
not directly associated with the infection of neurons, 
findings indicate that HIV-1 infects the central nervous 
system (CNS) support cells, such as microglia and as-
trocytes. This cellular group is extremely important for 
maintaining the interstitial environment of nervous 
tissue, since it coordinates immune responses and 
synthesis and release of amino acids used by neurons, 
controls the balance of the ions responsible for the 
action potential in the neuronal membrane, and points 
out infection of these cells that is thought to lead to 
inflammation of the nervous tissue4.

HIV-associated neurocognitive disorder (HAND) is 
frequent, with an estimated incidence of 15–50% among 
patients5. Neurological manifestations are extremely 
polymorphic and can compromise both CNS and periph-
eral nervous system (PNS), in addition to favoring the 
emergence of secondary diseases caused by pathogens 
(infectious or neoplastic), due to immunosuppression. 
High rates of severe and progressive encephalopathy 
were commonly seen at the beginning of the epidemic 
(50–90%), however, improving antiretroviral treatment 
reduced viral load, decreasing the number of infected 
cells in the CNS, and slowing the progress of neurolog-
ical disorders caused by HIV6.

Sexual transmission is also referred to as horizon-
tal transmission, as it occurs through direct contact 
with the infected agent; thus, in addition to the 
sexual route, it can be propagated by transfusion of 
contaminated blood and the use of unsterile cutting 
or piercing instruments. Vertical transmission, on the 
other hand, is the process in which the virus passes 
from the mother to the baby, which may occur during 
pregnancy, labor, or through breastfeeding7. HIV in-
fection in adults is an infection that affects the brain 
fully formed and mature, while in children, the infec-
tion manifests itself as a progressive encephalopathy8. 
Neurological disorders resulting from the HIV virus 
in children who have been infected via vertical trans-
mission vary from 50 to 90%, depending on the site of 
involvement and the period of infection. The damages 

are extremely polymorphic and can affect practically all 
sectors of the CNS, as well as in the infection acquired 
by sexual contact6. 

Since it is observed that HIV-1 indirectly infects 
neurons and produces biochemical changes that lead to 
inflammation of the nervous tissue, the clinical man-
ifestation of the changes caused by HIV is extremely 
polymorphic and depends, among other factors, on 
the through contagion; this study aimed to verify the 
prevalence of cognitive changes in patients with HIV via 
vertical transmission after highly active antiretroviral 
therapy (HARRT) and the cognitive performance of 
these patients compared with a group of HIV patients 
infected by sex, since there are no studies in the litera-
ture that directly compare these two groups.

METHODS
The sample of this study is part of the cross-sectional 
research entitled “Prevalence and factors associated 
with cognitive changes in HIV patients” (approval 
number 14227913.0.0000.0061). The project was car-
ried out in patients infected with the HIV-1 virus, in 
a segment at the Institute of infectology Emilio Ribas 
(IIER) from May 2013 to February 2015. IIER is a ter-
tiary educational institution and a referral center for 
patients with infectious diseases in Brazil. Through a 
database of 575 patients, 48 were selected, 25 with 
vertical transmission and 23 with sexual transmission. 
Inclusion criteria were considered to be patients aged 
18 years or above, with a minimum education of 4 years, 
and agreement to participate in the project by signing 
the free and informed consent form (ICF). Patients with 
concomitant diagnosis of active opportunistic neuro-
logical diseases (e.g., cerebral toxoplasmosis, neuro-
tuberculosis, cryptococcal meningitis, and progressive 
multifocal leukoencephalopathy), previously document-
ed conditions (i.e., traumatic, metabolic, vascular, or de-
generative) that hinder the assessment of neurological 
symptoms and signs (disease) (e.g., Alzheimer’s disease 
or vascular dementia, and diabetic neuropathy), the use 
of psychoactive substances, and inability to understand 
the contents necessary for neurological assessment 
were excluded. 

After applying the inclusion and exclusion crite-
ria, the remaining patients were divided according 
to the form of transmission (previously identified 
through medical history). All HIV-positive patients 
infected via vertical transmission were selected, then 
the HIV-positive group via sexual transmission was 
established using the mean age defined by analysis 
of covariance (ANCOVA). 
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The demographic and epidemiological data evaluated 
were sex, age, date of diagnosis of HIV infection, and 
mechanism of infection transmission; clinical data; 
current and historical use of antiretrovirals; laboratory 
data; and CD4+ lymphocyte count, quantification of 
HIV-1 viral load, hemoglobin, glucose, lipid profile, 
and the presence of hepatitis B or C virus infection. 
The laboratory results closest to clinical evaluation (up 
to 3 months before) were considered. 

Questionnaires were also applied to rule out possible 
neurocognitive changes secondary to depression (Beck 
Depression Inventory [BDI]9 and Hospital Anxiety and 
Depression [HAD] Scale)10. The International HIV De-
mentia Scale (IHDS)11 was applied, which assessed pa-
tients’ motor agility, psychomotor speed, and memory. 

The neuropsychological profile of the patients was 
determined by a formal neuropsychological assessment 
comprising the following instruments: Intellectual 
Functions: Vocabulary and Matrix Reasoning subtest 
using the WAIS-III scale12; Attention/Speed of Infor-
mation Processing: Color Trail Tests 1 and 213; Trail 
Making Tests A and B14, and subtest Codes of the 
WAIS-III scale12; Memory: Short Term or Operational: 
subtest Direct and indirect digits of the WAIS-III scale12; 
Immediate and Late Visuals/Rey Complex Figures15; 
Executive Function/Categorical Verbal Fluency: FAS 
and Animals16; and Motor skill: Grooved Pegboard and 
Finger Tapping Test17. For each neuropsychological test, 
the Z score was calculated using age and/or education, 
adjusted with the normative data for each test. 

The results of the neuropsychological assessment 
were classified according to Frascati’s criteria18: asymp-
tomatic neurocognitive impairment (ANI — includes 
cognitive impairment involving at least two cognitive 
domains, performance of at least 1 standard deviation 
[SD] below the mean for norms on neuropsychological 
tests, and the cognitive impairment does not interfere 
with everyday functioning); mild neurocognitive disor-
der (MND — includes cognitive impairment involving 
at least two cognitive domains, performance of at least 
1 SD below the mean for norms on neuropsychological 
tests, and the cognitive impairment produces at least 
mild inference in daily functioning); and HIV-asso-
ciated dementia (HAD — includes marked cognitive 
impairment involving at least two cognitive domains, 
performance of at least 2 SD below the mean for 
norms on neuropsychological tests, and the cognitive 
impairment produces marked interference with day 
to day functioning).

To compare neuropsychological performance be-
tween groups, analyses of variance were performed for 
independent samples with one factor (one-way ANOVA) 

and linear regression analyses to identify possible 
covariates associated with the participants neuropsy-
chological performance (gender, age, education, and 
depression). After the establishment of the covariables, 
an analysis of three groups (ANCOVA) was carried out 
in order to eliminate the effect due to these covariables, 
therefore reducing the error variance. The effect size of 
the comparisons was estimated by Cohen’s d. The mag-
nitude of the effect was interpreted as small when the 
value was up to 0.2, moderate when the value was at 0.5, 
and large when ≥0.8. The results of Cohen’s d analysis 
highlighted the clinical significance of the results, not 
just focusing on statistical significance. 

RESULTS
Table 1 shows the sociodemographic and clinical data of 
the two groups. Statistical differences were observed in 
relation to sex, age, and education. Thus, it was identi-
fied that patients with vertical transmission had shorter 
schooling, with an average of 10.52 years. In addition, 
there is a higher frequency of female patients (56%). 
On the other hand, the average length of schooling is 
higher (12.7 years) in the sexually transmitted group, 
and the frequency of female patients is significantly low-
er (17.4%). Regarding CD4, viral load, and the presence 
of symptoms of depression and anxiety, no statistical 
differences were observed.

In Table 2, the absence of cognitive alterations was 
identified in 34.7% of the patients infected via sexual 
transmission, while in the vertical transmission group, 
only 12% did not show any decline. Regarding asymp-
tomatic cognitive alterations, patients in the vertical 
transmission group presented 48% while those in the 
sexually transmitted group presented 60.8%. It was 
also possible to observe a prevalence of 40% of mild/
moderate cognitive alterations in patients with vertical 
transmission and a prevalence of only 4.3% in patients 
with sexual transmission. When comparing the distri-
bution of ANI and MDN alterations within the sexu-
ally transmitted group, a discrepant difference can be 
observed in relation to frequency, while only 1 patient 
presented the symptomatic form, 14 presented the 
asymptomatic form. However, when comparing the 
frequency of ANI in the vertical transmission group (12) 
with the frequency of MDN (10), it is observed that the 
values are homogeneous.

From the data shown in Table 3, it is possible to ver-
ify that the test that showed a significant difference be-
tween the two groups was that of the complex figure of 
Rey and, when compared, the vertical group performed 
less than the sexual group. The Rey complex figure test 
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Neurocognitive domains
Transmission form: 

vertical (N=25)

Transmission form: 

sexual (N=23)
F p-value D

Memory

RAVLT (immediate) 28.78 (23.59) 32.17 (23.56) 0.287 0.595 0.16

RAVLT ( post-
interference)

33.78 (28.55) 31.53 (26.56) 0.268 0.608 0.16

RAVLT (late) 31.39 (26.62) 31.75 (20.26) 0.082 0.776 0.09

RAVLT (recognition) 39.72 (32.94) 28.62 (28.80) 1.590 0.214 0.38

Rey (copy) 23.63 (26.87) 45.43 (24.99) 0.843 0.364 0.18

Rey (immediate) 31.12 (31.43) 60.34 (31.09) 5.409 0.025 0.28

Visuoconstruction Rey (late) 24.56 (29.51) 53.43 (28.11) 5.34 0.026 0.71

Motor skills’

Finger dominant 
hand

23.30 (29.86) 13.95 (22.36) 3.47 0.069 0.35

Finger nondominant 
hand

15.72 (22.74) 19.89 (26.86) 0.039 0.843 0.06

Grooved dominant 
hand

42.20 (30.23) 50.78 (30.39) 0.008 0.931 0.03

Grooved 
nondominant hand

49.88 (29.59) 48.47 (18.97) 0.00 0.994 0.00

Table 1. Sociodemographic and clinical data.

Transmission form: 

vertical (n=25)

Transmission form: 

sexual (n=23)
F p-value

Gender, n (%)

Male 11 (44) 19 (82.6) 8.769 0.005

Female 14 (56) 4 (17.4)

Age (years) 20.20 (2.16) 23.57 (2.40) 26.03 <0.001

Education (years) 10.52 (1.78) 12.17 (2.53) 6.92 0.012

CD4 535 (313) 574 (246) 0.220 0.641

Viral load undetectable (<copies 50 mm), n (%) 10 (40) 13 (59) 0.252 0.618

Duration HIV infection (years) 20.47 (2.24) 5.36 (2.32) 0.027

BDI-II 13.28 (10.97) 16.43 (9.78) 1.097 0.300

HAD – anxiety 6.40 (4.20) 7.69 (4.12) 1.158 0.288

HAD – depression 5.44 (3.17) 5.43 (3.24) 0.945 0.336

CD4: cluster of differentiation 4; BDI: Beck Depression Inventory; HAD: Hospital Anxiety and Depression Scale.

Table 2. Frequency of cognitive changes.

Transmission form: 

vertical

Transmission form: 

sexual
F p-value

No change, n (%) 3 (12) 8 (34.7) 9.244 0.004

ANI, n (%) 12 (48) 14 (60.8)

MND, n (%) 10 (40) 1 (4.3)

ANI: asymptomatic neurocognitive impairment; MND: mild neurocognitive disorder.

Table 3. Performance in the battery of neuropsychological tests.

Continue…
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is applied in three stages: copy of the figure, immediate 
evocation, late evocation. The p-values were significant 
only in the immediate recall (p<0.025) and in the late 
recall (p<0.026). These results indicate that the most 
significant difference in performance between the two 
groups is restricted to immediate and late visuospatial 
memory and nonverbal memory. Despite not showing 
statistical significance, some other tests showed small 
magnitude values, such as RAVLT (recognition), Finger 
Dominant Hand, Estimated Intellectual Function, Trail 
Making A, Color Trail Test 2, and FAS. 

DISCUSSION
The main findings of this study point to (i) a higher 
prevalence of cognitive changes in patients with vertical 
transmission (88%); (ii) significant difference in the 
Rey Complex Figure test, with values of p<0.025 for 
immediate recall and p<0.026 for late recall; and (iii) 
significant difference in sex, age, and education between 
the two groups.

In this study, 88% (48% ANI form and 40% MND 
form) of patients in the vertical transmission group had 
cognitive impairments, compared to 65.1% (60.8% ANI 
form and 4.3% MND form) in the sexual transmission 
group. In addition to the higher prevalence of individ-
uals with cognitive changes in the vertical transmission 
group, these results indicate a particular trend: there is 
an inversion in the magnitude of the frequency values of 
the groups in each category of diagnosis, showing that 

the vertical transmission group has a higher cognitive 
decline, as it has the lowest prevalence of individuals 
without cognitive changes and the highest with changes 
in the MND form. In the sexually transmitted group, the 
opposite is observed.

 Regarding the distribution of ANI with MND within 
each group, a particular difference is observed. The sex-
ually transmitted group has a frequency of only 4.3% in 
the MDN and a frequency of 60.8% in the ANI, resulting 
in outliers between the two categories. However, when 
comparing the ANI frequency of the vertical transmis-
sion group (48.3%) with the frequency of MND (40%), it 
is noted that the values are equivalent. These frequency 
differences between ANI and MND analyzed show that 
patients with vertical transmission evolve more fre-
quently from asymptomatic cognitive changes to mild/
moderate symptomatic cognitive changes. 

A longitudinal study that compared the evolution of 
HAND in seropositive patients through neuropsycho-
logical tests identified that subjects who already had 
ANI had a higher risk (two to six times) of developing 
MND changes in a shorter period, when compared to 
subjects who did not have any type of cognitive impair-
ment, indicating that the first cognitive impairments, 
even if asymptomatic and, therefore, not noticed by the 
patient, can predict a faster symptomatic evolution of 
the HAND19. Although ANI is a predictor of the fastest 
evolution to MND, the simple clinical diagnosis of ANI 
should not be taken as the only predisposing clinical 
factor for the evolution to MND. Factors such as age, 

RAVLT: Rey Auditory-Verbal Learning Test; TTC: Color Trail Test; IDHS: International HIV Dementia Scale.

Neurocognitive domains
Transmission form: 

vertical (N=25)

Transmission form: 

sexual (N=23)
F p-value D

Processing speed Codes 53.08 (25.26) 57.91 (23.34) 0.133 0.718 0.11

Intellectual function

QI estimated 36.92 (22.51) 50.00 (25.32) 1.50 0.226 0.37

Vocabulary 41.56 (27.46) 55.00 (31.71) 0.106 0.746 0.10

Matrix reasoning 59.00 (25.12) 66.00 (22.55) 0.106 0.747 0.10

Attention and information 
processing

Trail Making A 29.20 (21.94) 31.44 (24.69) 0.531 0.470 0.22

Trail Making B 17.64 (21.14) 33.52 (32.42) 0.195 0.661 0.13

TTC 1 53.15 (23.09) 65.00 (23.30) 0.278 0.601 0.16

TTC 2 47.72 (21.99) 57.91 (24.26) 0.462 0.500 0.21

Executive function
FAS 20.76 (18.22) 23.31 (19.09) 0.705 0.406 0.26

Animals 57.87 (54.71) 60.00 (31.48) 0.054 0.817 0.07

Cognitive screening IDHS 11.14 (1.08) 11.37 (0.77) 0.043 0.837 0.06

Table 3. Continuation.
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hippocampus may be the most sensitive area for HIV 
infection in the CNS and be one of the most responsi-
ble for HAD, since it has been observed that neurons 
of hippocampal formation in patients who developed 
AIDS were stunted24.

HIV-positive children and adolescents are at in-
creased risk of both CNS sequelae and mental disorders 
owing to a number of factors, including the impact 
of HIV infection on the brain, social determinants of 
health (e.g., poverty and orphanhood), and psychosocial 
stressors related to living with HIV27. The majority of 
children with HIV-associated neurological disease are 
infected by maternal–fetal transmission. Through this 
route, there is an increased risk of irreversible brain 
damage, including cerebral atrophy, intracerebral calci-
fications, and microcephaly, as well as various degrees 
of developmental delay and cognitive impairment28. 
Clinical  features include loss or failure to achieve 
appropriate developmental milestones, impaired 
brain growth, and global or selective impairments in 
cognitive, language, motor, attention, behavior, and 
social skills that may affect day-to-day functioning28. 
Antiretroviral therapy (ART) does not eliminate HIV-as-
sociated CNS manifestations. ART works mainly to 
prevent HIV replication and reduce the progression of 
cell damage; by delaying the use of ART, profound irre-
versible inflammatory changes may occur, contributing 
to the emergence of severe neurocognitive deficits28. 

The results demonstrate that the frequency of cog-
nitive impairment in patients via vertical transmission 
was higher than in patients via sexual transmission. 
Although both groups are matched for age, the time of 
infection in the vertical group is much longer when com-
pared, presenting a statistically significant (p<0.027). 
These findings suggest that the deleterious effects of 
the HIV virus on the developing CNS reverberate more 
strongly than in patients who acquire it after adulthood. 
In this research, it was not possible to conclude whether 
the cognitive changes observed in the vertical group are 
due exclusively to the presence of the virus or whether 
it can also be attributed to some neurodevelopmental 
disorder; however, given the low survival of these pa-
tients, it is possible to assume that the virus influences 
brain maturation. Thus, the seriousness of public poli-
tics for the prevention of HIV infection is highlighted, 
mainly through vertical transmission, emphasizing 
the importance of neuropsychological monitoring of 
already infected patients, with a focus on improving 
the quality of life.

As limitations, we have the small number of patients, 
requiring more studies with greater sampling power for 
future generalizations. Formal IQ data related to school 

sex, and schooling are also associated with rapidity 
toward cognitive decline. 

Most neurological studies have focused on the 
adult population, whose acquisition of infection was 
mostly through sexual transmission; however, sig-
nificant differences were observed between the CNS 
of individuals who contracted the virus in childhood 
via vertically and adults who contracted it sexually20. 
The damage caused by HIV in the CNS of children is 
characterized by a failure to reach the markers of child 
neurological development, or by the loss of already 
acquired functions, leading in some cases to acquired 
microcephaly, nervous tissue atrophy, and motor defi-
cits in the pyramidal tract20,21. Neuroimaging studies 
indicate that the most common neuropathological 
alterations in HIV-positive children with cognitive 
alterations include generalized cortical and subcortical 
atrophy, which are observed through the enlargement 
of the ventricles and/or expansion of the sulci be-
tween the cerebral turns, in addition to calcification 
of the basal ganglia and the periventricular frontal 
white matter21.

One study found that HIV-seropositive children, 
when compared to a control group, had lower perfor-
mance in all cognitive domains, but especially in work-
ing memory, attention, and processing speed21. Anoth-
er study found that even in asymptomatic HIV-positive 
children, when compared to a control group, they also 
had lesser performance in neuropsychological tests, 
with this sample found declines in visuospatial ability, 
visuospatial memory, semantic memory, and IQ22. 
A meta-analysis pointed out that vertical transmission 
patients show greater cognitive decline in working 
memory, visuospatial memory, processing speed, and 
executive function23.

In our study, the test that demonstrated a signif-
icant difference between the two groups was the test 
of the complex figure of Rey, who assesses visuospatial 
memory. This result indicates that the most significant 
difference in performance between the two groups is 
restricted to immediate and late visuospatial mem-
ory and nonverbal memory. Thus, based on previous 
studies24,25, which pointed out the deterioration of the 
cells of the hippocampus due to the toxicity of HIV 
products26 and, as a consequence, the decline of some 
memory functions that depend on the hippocampus, 
such as visuospatial memory, which was the most af-
fected domain in the vertical transmission group in this 
study, it is possible to speculate that the transmission 
group vertical, who has a longer time of HIV infection, 
has a higher level of hippocampal contamination. 
In addition, it has already been pointed out that the 



Gascón MRP, et al.      Prevalence of HAND in HIV patients.    51

Dement Neuropsychol 2022 March;16(1):45-51

REFERENCES
1.	 Hu WS, Hughes SH. HIV-1 reverse transcription. Cold Spring Harb Pers-

pect Med. 2012;2(10):006882. https://doi.org/10.1101/cshperspect.
a006882

2.	 Bruck I, Tahan TT, Cruz CR, Martins LT, Antoniuk SA, Rodrigues M, et al. 
Developmental milestones of vertically HIV infected and seroreverters 
children: follow up of 83 children. Arq Neuro-Psiquiatr. 2001;59(3B):691-5. 
https://doi.org/10.1590/S0004-282X2001000500007

3.	 Tannous TT, Bruck I, Marion B, Cruz Rodrigues CC. Neurological profile 
and neurodevelopment of 88 children infected with HIV and 84 seroreverter 
children followed from 1995 to 2002. Braz J Infect Dis 2006; 10(5):322-6. 
https://doi.org/10.1590/S1413-86702006000500004

4.	 Kuljis RO, Shapshak P, Alcabes P, Rodríguez de la Vega P, Fujimura R, 
Petito CK. Increased density of neurons containing NADPH diaphorase 
and nitric oxide synthase in the cerebral cortex of patients with HIV-1 
infection and drug abuse. J NeuroAIDS. 2002;2(3):19-36. https://doi.
org/10.1300/j128v02n03_02. PMID: 16873197

5.	 Schouten J, Cinque P, Gisslen M, Reiss P, Portegies P. HIV-1 infection and 
cognitive impairment in the cART era: a review. AIDS. 2011;25(5):561-75. 
https://doi.org/10.1097/QAD.0b013e3283437f9a

6.	 Tardieu M, Mayaux MJ, Seibel N, Funck-Brentano I, Straub E, Teglas 
JP, et al. Cognitive assessment of school-age children infected with 
maternally transmitted human immunodeficiency virus type 1. J Pediatr. 
1995;126(3):375-9. https://doi.org/10.1016/s0022-3476(95)70451-5

7.	 Newell M-L. Vertical transmission of HIV-1 infection, Transactions of Trans 
R Soc Trop Med Hyg. 2000;94(1):1-2. https://doi.org/10.1016/S0035-
9203(00)90413-9

8.	 Pacheco Filho JR, Santos FH. Estudos Brasileiros Sobre Demência Asso-
ciada ao HIV no Brasil. DST. 2008;20(3/4):196-203 [cited on Jan 11, 2021]. 
Available from: https://pesquisa.bvsalud.org/portal/resource/pt/lil-537751

9.	 Beck AT, Ste RA, Browm GK. Inventário de depressão de Beck – BDI II. 
Adaptação brasileira. São Paulo: Casa do Psicólogo; 2011.

10.	 Neury JB, Bio MR, Zomignani MA, Garcia C, Pereira WAB. Transtornos do 
humor em enfermaria de clínica médica e validação de escala de medida 
(HAD) de ansiedade e depressão. Rev Saude Publica. 1995; 29(5):359-63. 
https://doi.org/10.1590/S0034-8910199500050000

11.	 Sacktor NC, Wong M, Nakasujja N, Skolasky RL, Selnes OA, Musisi S, 
et al. The International HIV Dementia Scale: a new rapid screening test 
for HIV dementia. AIDS. 2005;19(13):1367-74. PMID: 16103767

12.	 Nascimento E. Adaptação e validação do teste WAIS-III para um contexto 
brasileiro [thesis]. Brasília: Pós-Graduação em Psicologia, Universidade de 
Brasília; 2008 [cited on Jan 11, 2021]. Available from: https://pesquisa.
bvsalud.org/portal/resource/pt/lil-317037

13.	 Rabelo ISA, Pacanaro SV, Rossetti MO, Leme IFAS. Teste de trilhas 
coloridas: manual profissional. São Paulo: Casa do Psicólogo; 2010. 

14.	 Magila MC, Caramelli P. Funções executivas no idoso. In: Forlenza OV, Cara-
melli P, orgs. Neuropsiquiatria geriátrica. São Paulo: Atheneu; 2000. p. 517-26. 

15.	 Diniz LFM, da Cruz MF, Torres VM, Cosenza RM. The Rey Auditory–
Verbal Learning Test: norms for a Brazilian sample. Rev Bras Neurol. 
2000;36(3):79-83. 

16.	 Strauss E, Sherman E, Spreen O. A compendium of neuropsychological 
tests: administration, norms, and commentary. 3rd ed. New York: Oxford 
University Press; 2006.

17.	 Ruff RM, Parker SB. Gender- and age-specific changes in motor speed 
and eye-hand coordination in adults: normative values for the Finger 
Tapping and Grooved Pegboard Tests. Percept Mot Skills. 1993;76(3 Pt 
2):1219-30. https://doi.org/10.2466/pms.1993.76.3c.1219

18.	 Antinori A, Arendt G, Becker JT, Brew BJ, Byrd DA, Cherner M, et al. 
Updated research nosology for HIV-associated neurocognitive disor-
ders. Neurology. 2007;69(18):1789-99. https://doi.org/10.1212/01.
WNL.0000287431.88658.8b

19.	 Grant I, Franklin DR Jr, Deutsch R, Woods SP, Vaida F, Ellis RJ, et al. 
Asymptomatic HIV-associated neurocognitive impairment increases risk 
for symptomatic decline. Neurology. 2014;82(23):2055-62. https://doi.
org/10.1212/WNL.0000000000000492

20.	 Willen EJ. Neurocognitive outcomes in pediatric HIV. Ment Retard Dev 
Disabil Res Rev. 2006;12(3):223-8. https://doi.org/10.1002/mrdd.20112

21.	 Cohen S, Ter Stege JA, Geurtsen GJ, Scherpbier HJ, Kuijpers TW, Reiss 
P, et al. Poorer cognitive performance in perinatally HIV-infected children 
versus healthy socioeconomically matched controls. Clin Infect Dis. 
2015;60(7):1111-9. https://doi.org/10.1093/cid/ciu1144

22.	 Hoare J, Fouche JP, Spottiswoode B, Donald K, Philipps N, Bezuidenhout 
H, et al. A diffusion tensor imaging and neurocognitive study of HIV-po-
sitive children who are HAART-naïve “slow progressors”. J Neurovirol. 
2012;18(3):205-12. https://doi.org/10.1007/s13365-012-0099-9

23.	 Phillips N, Amos T, Kuo C, Hoare J, Ipser J, Thomas KG, et al. HIV-Associated 
cognitive impairment in perinatally infected children: a meta-analysis. Pedia-
trics. 2016;138(5):e20160893. https://doi.org/10.1542/peds.2016-0893

24.	 Sá MJ, Madeira MD, Ruela C, Volk B, Mota-Miranda A, Paula-Barbosa 
MM. Dendritic changes in the hippocampal formation of AIDS patients: a 
quantitative Golgi study. Acta Neuropathol. 2004;107(2):97-110. https://
doi.org/10.1007/s00401-003-0781-3

25.	 Moore DJ, Masliah E, Rippeth JD, Gonzalez R, Carey CL, Cherner M, 
et al. Cortical and subcortical neurodegeneration is associated with 
HIV neurocognitive impairment. AIDS. 2006;20(6):879-87. https://doi.
org/10.1097/01.aids.0000218552.69834.00

26.	 Torres-Muñoz J, Stockton P, Tacoronte N, Roberts B, Maronpot RR, 
Petito CK. Detection of HIV-1 gene sequences in hippocampal neurons 
isolated from postmortem AIDS brains by laser capture microdissection. 
J Neuropathol Exp Neurol. 2001;60(9):885-92. https://doi.org/10.1093/
jnen/60.9.885

27.	 Nassen R, Donald K, Walker K, Paruk S, Vujovic M, Duncan W, et al. 
Management of mental health disorders and central nervous system 
sequelae in HIV-positive children and adolescents. South Afr J HIV Med. 
2014;15(3):81-96. https://dx.doi.org/10.7196/SAJHIVMED.1091

28.	 Walker SY, Pierre RB, Christie CDC, Chang SM. Neurocognitive 
function in HIV-positive children in a developing country. Int J Inf Dis. 
2013;17(10):e862-e867. https://doi.org/10.1016/j.ijid.2013.02.014

performance and premorbid level are also important 
areas of analysis that were not explored in this study 
and would be useful to provide an overview of devel-
opmental milestones for patients infected via vertical 
transmission. Longitudinal data on the cognitive per-
formance of both groups are needed so that inferences 
about the progression of HAND can be made.
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