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Abstract: The aim of this study was to determine whether perinatal

HIV infection (PHIV), HIV-exposed uninfected (PHEU) versus HIV-

unexposed (PHU) status predicted long-term executive function (EF)

deficit in school-aged Ugandan children.

Perinatal HIV status was determined by 18 months via DNA

polymerase chain reaction test and confirmed at cognitive assessment

between 6 and 18 years using HIV rapid-diagnostic test. Primary

outcome is child EF measured using behavior-rating inventory of

executive function questionnaire across 8 subscales summed to derive

the global executive composite (GEC). EF was proxy-reported by

caregivers and self-reported by children 11 years or older. Descriptive

analyses by perinatal HIV status included derivation of mean, standard
L. Rivera, MPH, J di, MD, DrPH,
PhD, and Christopher C. Whalen, MD, MS

defined as�meanþ 1.5
�SD. t Tests for mean score differences by

perinatal HIV status and linear-regression models were imple-
mented in SAS version 9.4 to derive HIV status-related EF
deficits (b) and 95% confidence intervals (CIs).

Proxy-reported and self-reported EF were assessed in 166 and

82 children, respectively. GEC deficit was highest for PHIV

(mean¼ 121.9, SD¼ 29.9), intermediate for PHEU (mean¼ 107.5,

SD¼ 26.8), and lowest for PHU (mean¼ 103.4, SD¼ 20.7; P-trend

< 0.01). GEC deficit levels warranting clinical vigilance occurred in 9

(15.8%), 5 (9.3%) and 0 (0%) PHIV, PHEU, and PHU children,

respectively (P-trend¼ 0.01). Nineteen percent (n¼ 32) children had

deficits requiring clinical vigilance in �2 proxy-reported EF subscales.

Of these, multisubscale deficits occurred in 35.1%, 13.0%, and 9.3% of

PHIV, PHEU, and PHU respectively (P-trend¼ 0.001). Multivariable

analyses find significantly higher GEC deficits for PHIV compared with

PHU and PHEU children regardless of respondent (all P values< 0.01).

Proxy-reported EF performance was similar for PHEU compared with

PHU; however, child self-reported GEC scores were elevated by 12.8

units (95% CI: 5.4–25.5) for PHEU compared with PHU.

PHIV had long-term EF deficits compared with other groups.

Furthermore, PHEU �11 years may have long-term EF deficits com-

pared with PHU, but future studies are needed to clarify this relation-

ship. Cognitive remediation interventions with emphasis on EF may

translate to improvements in long-term functional survival in HIV-

affected children from sub-Saharan Africa.

(Medicine 95(17):e3438)

Abbreviations: AIDS = Acquired Immune Deficiency Syndrome,

BRI = Behavioral regulatory index, BRIEF = Behavior Rated

Inventory of Executive Function, CBC = Complete blood count,

CI = Confidence Interval, EF = Executive Function, GEC = Global

Executive Composite, GEE = Generalized estimating equations,

HAART = Highly active anti-retroviral therapy, HEI = HIV

Exposed Infant, HIV = Human Immunodeficiency Virus, ICC =

Intra Class Correlation, IRB = Institutional Review Board,

KCHC = Kawaala Community Health Center, MCI = meta-

cognition index, PHEU = Perinatally HIV exposed uninfected,

PHIV = perinatally HIV infected, PHU = Perinatally HIV

unexposed, RDT = Rapid Diagnostic Test, SAS = Statistical

Analysis Software, SD = Standard Deviation, WHO = World

Health Organization.

INTRODUCTION

hildren with perinatally acquired human
y virus infection (PHIV) reside in sub-
ajority of such children, given timely
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Key Messages
� Perinatal HIV (PHIV) infection was associated with

significant global and domains-specific executive func-
tion (EF) deficit compared to perinatally HIV uninfected
(PHU) children.

� All child-reported EF subscales and inhibit, initiation and
planning proxy-reported EF subscales were adversely
affected by PHIV-infected vs. PHU- status.

� Among children 11 years or older, perinatally HIV-
exposed uninfected (PHEU) children have significantly
greater self-reported EF deficits relative to PHU children.

� We add empirical evidence that PHIV status was con-
sistently associated with higher EF deficits compared to
PHU and PHEU.

� Interventions that target EF globally with emphasis on the
inhibition, shift and planning subscales could be sensitive
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access to highly active antiretroviral therapy (HAART), live
into adolescence and adulthood with chronic HIV infection.1,2

Yet, whether children on prolonged HAART are alive with
adequate functional capacity during school-age, adolescence,
and young adulthood is largely unknown.3 This understanding
is essential for determining modifiable risk factors of long-term
functional impairment that could be intervened upon to improve
the quality of life of children expected to live for decades with
chronic HIV infection.

With some exceptions,4–8 studies in the pre-HAART era
found lower levels of motor, memory, and verbal functions in
PHIV children compared with HIV-negative controls.3,7,9,10

Appropriate neurocognitive development is an important pre-
dictor of functional capacity. At present, it is unclear whether
cognitive deficits persist despite HAART. Salient differences
between pre-HAART era and contemporary PHIV cohorts limit
the generalizability of previous observations to contemporary
PHIV cohorts. Key differences include: current cohorts of PHIV
children survive well beyond 5 years of age, HAART now
commences much earlier instead of at advanced disease stages,
and HIV progression-related attrition is much less common now
than was typical in pre-HAART era.3 The dearth of information
on neurocognitive outcomes of long-term HIV infection for
PHIV children on HAART and perinatally HIV-exposed unin-
fected (PHEU) children in school-age and adolescence has been
noted.1,11,12 In particular, how perinatal HIV infection/exposure
status affects cognitive processes such as executive function
(EF) that influence healthy adjustment to adult responsibilities
is unknown. This information is especially needed to understand
neurodevelopment trajectories of HIV-affected children from
sub-Saharan Africa where HIV burden is high.

EF is a cluster of cognitive processes that enable individ-
uals to connect past experience with present action and by doing
so engage in planning, organizing, strategizing, paying of
attention to details, and making necessary efforts to remember
important details required for them to manage their time and
space in relation to attainment of future goals.13 Healthy
development of EF is crucial for functional survival in the
medium and long term, yet EF deficits may be unrecognized

for detection of EF improvements regardless of
the respondent.
until elementary school and beyond.14 Children with deficient
EF are limited in their ability to hold things in mind, step back
and reflect, have difficulty undertaking multiple tasks, making
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appropriate judgments and maintaining appropriate emotional
control.15 To inform current knowledge gaps, we examine the
hypothesis that HIV-related EF deficits are present in school-
age and adolescence for PHIV despite connection to HIV care,
and exist at lower but measurable degree for PHEU compared
with PHU.

METHODS

Study Setting, Study Design, and Population
Our study is implemented in Kampala, Uganda where HIV

prevalence at the time of study implementation was 7.4%. An
estimated 1.5 million Ugandans live with HIV/AIDS including
150,000 children 0 to 15 years’ old. HAART became partially
available HIV-infected persons in Uganda from 2003.16 Treat-
ment coverage continues to expand. As of 2014, 51% of all
persons living with HIV were on HAART but HAART coverage
is lower in children (39%).17

We conducted a retrospective cohort study in Kawaala
Community Health Center (KCHC), Kampala, Uganda, from
March 20, 2014 to July 30, 2014. We followed 168 children with
or without perinatal HIVexposure or infection from birth to 6 to
18 years as part of an investigation of functional survival during
school-age and adolescence. Eligibility criteria included: docu-
mented delivery of index child in a hospital setting within
Kampala or its nearby rural areas between 1996 and 2008,
determinable HIV status of child and birth mother during
pregnancy through objective medical records, willingness to
undergo testing to verify current child HIV serostatus, if nega-
tive at birth, presentation for healthcare service for any reason in
outpatient ward of KCHC, and provision of caregiver consent
and child assent for study participation. Children without
hospital-based birth-record documentation and those with unde-
termined perinatal HIVinfection status were excluded. In
addition, participants too ill to complete the study protocol,
those for whom consent could not be obtained from adult
caregivers and those unable to communicate in the local
language (Luganda) or English, were excluded.

Statement of Ethical Clearance
Ethical approval was provided by the institutional review

boards (IRB) of the University of Georgia (IRB Protocol #
0196), the Makerere University School of Public Health (IRB
Protocol # 010) and the Uganda National Council for Science
and Technology (Protocol # HS 1613). Caregivers provided
written informed consent and all children provided assent for
study participation.

MEASUREMENTS

Executive Cognitive Function
EF was multidimensionally assessed from child and care-

giver perspective using Behavior Rating Inventory of Executive
Function (BRIEF) questionnaire.18 This questionnaire is
designed to assess EF behaviors in various settings for children
and adolescents ages 5 to 18 years. We used the 86-item
questionnaire for children and a shortened instrument version
for caregiver report that included 24 questions. BRIEF was
translated, culturally adapted, and validated for use in this
setting. Validation included duplicate EF assessment in15
child-caregiver pairs by 2 independent raters 14 to 21 days
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apart. Psychometric properties (internal consistency among
individual questions, inter-rater and test-retest reliabilities)19

were calculated to measure adequacy of the BRIEF for EF

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



assessment in this setting using the %INTRACC macro.20

Caregivers provided proxy-report of EF in all children; self-
reported EF measures were obtained in children �11 years.
Before testing, respondents received snacks (fruit juice and
donuts) to mitigate the distracting effect of hunger on responses.
Interviews were administered by trained research assistants in
the local Luganda language in well-lit ventilated research
trailers away from the general patient care area.

Raw EF scores were calculated for 8 subscales and 3 EF
domains. Domains included: behavioral regulatory index
(BRI),composed of the shift, inhibit, and emotional control
subscales; metacognition index (MCI), composed of the
initiation, planning, working memory, material organization/
monitoring subscales; and global executive composite (GEC),
which represents sum of all subscales. In the absence of a
Uganda-specific healthy population reference of executive
function, raw scores for individual subscales and respective
EF domains were analyzed with adjustment for age and sex
instead of T-scores. Raw EF scores are analyzed primarily as
linear endpoints and secondarily as a dichotomous endpoint. For
the latter, EF deficits warranting clinical vigilance were empiri-
cally defined for respective domains as greater than or equal to
mean scoreı̈þı̈1.5�standard deviation of scores within our
sample. The designation of scores 1.5 standard deviations
greater than the mean as warranting clinical vigilance is con-
sistent with definition of this construct using the same instru-
ment in a sample of children from the United States.18

Primary Determinant
Perinatal HIV-status was classified in 3 categories: PHIV,

PHEU, and PHU. Perinatal HIV status was determined by 18th

month of life using DNA polymerase chain reaction test and
confirmed by HIV rapid diagnostic test (RDT) at cognitive
testing. Child perinatal and pregnancy HIV status for birth
mother were retrospectively determined by inspection of: the
antenatal register, which included child and mother information
in pregnancy through delivery, and the HIV-exposed infant’
(HEI) clinical chart – a database established for all children of
HIV-infected women delivered at respective hospitals per
standard of care. For analytic purposes, difference in outcome
measure was determined for 3 contrasts: PHIV vs PHEU, PHIV
vs PHU, and PHEU vs PHU.

Other Measures
For all pregnant women during index pregnancy/birth,

HIV status, participation in prevention of HIV mother-to-
child-transmission, antiretroviral drugs used for own care (if
applicable), intrapartum prophylactic antiretroviral adminis-
tration, World Health Organization HIV clinical disease stage,
and linkage status to HIV-Care and treatment program were
abstracted from ante-natal register. From the HEI database, we
abstracted antiretroviral history (if PHIV), linkage to HIV care
(if applicable), specific dates of infant HIV testing, and child
HIV-status at 18th month testing. Birth weight and Apgar score
of all enrolled children were abstracted from the delivery
register.

Child weight and height were measured as part of current
health assessment by study physicians. These values were used
to calculate weight-for-age, body mass index for age, and
height-for-age z scores as respective measures of short- and
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long-term malnutrition relative to healthy child growth relative
to the world health organization 2007 reference as has been
extensively described.21–23 For analytic purposes, we used only

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
1 of the 3 measures of malnutrition, that is most strongly
associated with our outcome measure under evaluation. Labora-
tory tests for complete blood counts (CBC), Malaria RDT for
Plasmodium falciparum, and stool assessment for helminth
infections were implemented at cognitive testing. Specifically
designed case-report forms were used to collect sociodemo-
graphic (age, sex, education, wealth, perceived social standing),
psychosocial status (social support, anxiety, depressive symp-
toms), and behavioral (alcohol use, smoking and consistent bed-
net use) data in child-caregiver pairs. Wealth was defined based
on household assets as already extensively described else-
where.24 Similarly, perceived social standing was measured
using the MacAurthur Scale24 and caregiver-reported social
support, anxiety level, and depressive symptoms were measured
using adapted and standardized questionnaires as previously
described.25–27 We defined anemia using WHO age- and sex-
specific thresholds for hemoglobin.28 In addition to red blood
cell indices measured in CBC, we defined macrocytic anemia
which is linked to micronutrient deficiencies such as vitamin B-
12 deficiency and microcytic anemia, which generally includes
anemias owing to iron deficiency or thalassemia based on
previously described age-appropriate reference ranges for mean
corpuscular hemoglobin and mean corpuscular volume.29

Statistical Analyses
We analyzed preliminary data in all eligible participants

collected for a pilot investigation of functional survival in HIV-
affected and unaffected Ugandan children. We compared mean
EF scores by perinatal HIV status and implemented bivariate
analyses to identify non-HIV factors crudely associated with
EF. For descriptive analyses only, a global trend test of no
difference in average EF scores by HIV status was implemented
using t tests for linear variables. Differences in categorical
potential confounders by HIV status were tested via x2 test.
We considered factors associated with EF at a P value of�0.20
from descriptive analyses as potential confounders in multi-
variable analyses. In light of the established inverse associations
between child cognition and poverty, anemia, and malnu-
trition,30 these variables were retained as covariates in multi-
variable linear regression analysis wherein differences in EF
scores and associated 95% confidence intervals (CI) were
calculated using a generalized estimating equations (GEE)
approach. Caregivers could have multiple children in this study
and this raised the potential for nonindependence of multiple
children from the same home. Therefore, we addressed this
analytically by implementing clustered analyses within care-
giver households by specifying an exchangeable correlation
matrix. Secondarily, we implemented logistic regression
analysis using GEE for binomial distributions and estimated
the perinatal HIV status-related odds of children having
sufficiently high EF deficits to warrant clinical vigilance. For
all multivariable analyses, missing confounder values were
addressed using the missing indicator method so that the
analytic sample included all children with data on perinatal
HIV status and EF. All analyses were implemented in SAS
version 9.4 (SAS Institute, Cary, NC).

RESULTS
Enrolled were 166 school-aged children of 108 unique

caregivers including 58 PHIV, 55 PHEU, and 53 PHU, who

PHIV and Long-term Executive Cognitive Function
were on average 10.8 years’ old at cognitive testing. Of these, 82
children (further described in Table S1, http://links.lww.com/
MD/A912) were 11 years or older and self-evaluated their own
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EF. The average child weighed 3.4 kg at birth, 30% had Apgar
score <10 at delivery. At cognitive testing, 16% were coin-
fected with parasites (malaria, helminthes or intestinal proto-
zoa) and 20.4% were anemic. Across perinatal HIV status,
children were comparable with respect to age, sex, birth weight,
Apgar score at delivery, acute nutritional status (body mass
index z score), clinical history of parasitic infection/treatment,
outpatient consultation, prevalence of abnormal clinical diag-
nosis, and number of reported symptoms at cognitive assess-
ment. However, PHIV children had higher levels of anemia,
chronic undernutrition (height-for-age z score), whereas PHEU
children were less likely than PHIV and PHEU children to
currently use bed-nets. Similarly, general and organ system

Ezeamama et al
examination by physicians revealed greater abnormality for
PHIV in the lymphatic, respiratory, and neurologic systems.
(Table 1)

TABLE 1. Health, Behavioral and Sociodemographic Description
Without Perinatal HIV Exposure/Infection

Overall U

166 (100)
Child Health and Demographic Factors

Female child, N (%) 77 (45.8)
Child current bed-net use, N (%) 125 (76.7)
Age, y, mean (SD) 10.8 (3.5) 10
Age, y, N (%)
<7 31 (18.5)
7–9 49 (29.2)
10–12 40 (23.8)
13–18 48 (28.6)

Birth weight, mean (SD) 3.4 (0.6) 3
Apgar score <10, N (%) 43 (29.9)
Child education

Nursery and below 19 (11.52)
Primary 121 (73.33)
Secondary 25 (15.15)

Relationship with caregiver
Mother 117 (70.48)
Father 16 (9.64)
Other relative 33 (19.88)

Child nutrition
HAZ, mean (SD) �0.8 (1.7) �0
BMIZ, mean (SD) �1.0 (1.6) �0

Infection
% Malaria/helminth infection 12 (7.1)
% Intestinal protozoa 15 (8.9)

Hematologic status indicators
Hemoglobin, g/dL, mean (SD) 12.8 (1.8) 12
Microcytic/macrocytic anemia, N (%) 71 (47.7)

Caregiver’s health and demographic factors
Educational status
<Primary Education 66 (40.5)
Primary Education 30 (18.4)
�O’ level 67 (41.1)

Female Caregiver n (%) 138 (82.1)
Age, mean (SD) 39.1 (10.3) 38
Wealth score, mean (SD) 2.7 (2.1) 4
BMI, kg/m2, mean (SD) 24.3 (4.3) 25

4 | www.md-journal.com
The average caregiver was 39 years’ old and the vast
majority of caregivers were female (�80%) with most attaining
primary level education or lower. Caregivers of PHIV or PHEU
had marginally lower BMI, and were more likely than care-
givers of PHU children to have lower wealth scores and lower
levels of education (Table 1). Among PHIV children, 77.6%
were on HAART at cognitive testing; median CD4 cell count
was 772 cells/mL (Table 1). These CD4 measures were obtained
per standard of care within 3.4 (range: 0–32) months of
cognitive assessment (Table S2, http://links.lww.com/MD/
A912). At time of cognitive testing, the median time in care
at the health center was 5.9 (range: 0.6–16.6) years.

The instrument validation sample included 10 boys and
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5 girls (5 PHIV, 6 PHEU, and 4 PHU) between the age of 6 and
18 years. For the proxy assessments, questions in GEC and
MCI domains each demonstrated good internal consistency

of School-aged Children From Kampala, Uganda With and

HIV
nexposed

HIV-exposed
Uninfected

HIV
Infected P

53 (32.1) 55 (33.3) 58 (34.5)

28 (51.9) 23 (41.1) 26 (44.8) 0.52
47 (88.7) 34 (60.7) 44 (81.5) <0.01
.6 (3.8) 10.6 (3.7) 11.2 (3.0) 0.27

12 (22.2) 12 (21.4) 6 (10.5) 0.20
17 (31.5) 18 (32.1) 14 (24.6)

9 (16.7) 10 (17.9) 21 (36.8)
16 (29.6) 16 (28.6) 16 (28.1)
.4 (0.6) 3.4 (0.6) 3.4 (0.6) 0.95

12 (25.5) 17 (32.1) 14 (31.8) 0.73

06 (10.91) 08 (14.29) 05 (9.26)
46 (83.64) 38 (67.86) 37 (68.52) 0.02
03 (5.45) 10 (17.86) 12 (22.22)

33 (58.93) 45 (80.36) 39 (72.22)
05 (8.93) 07 (12.50) 04 (7.41) 0.02
18 (32.14) 04 (7.14) 11 (20.37)

.6 (1.7) �0.4 (1.7) �1.43 (1.7) 0.01

.7 (1.1) �1.3 (1.7) �0.9 (1.8) 0.67

4 (7.4) 5 (8.9) 3 (5.2) 0.74
4 (7.4) 4 (7.4) 7 (12.1) 0.58

.9 (1.2) 13.4 (2.3) 12.3 (1.6) 0.10
27 (51.9) 16 (31.4) 28 (60.9) 0.01

9 (17.0) 30 (54.6) 27 (49.1) <0.01
11 (20.8) 9 (16.4) 10 (18.2)
33 (62.2) 16 (29.0) 18 (32.7)
44 (81.5) 45 (80.4) 49 (84.5) 0.84
.3 (8.6) 39.6 (8.3) 39.3 (13.3) 0.63
.2 (2.0) 1.9 (1.8) 2.1 (1.8) <0.001
.9 (4.5) 22.8 (3.2) 24.4 (4.6) 0.07

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Overall
HIV

Unexposed
HIV-exposed
Uninfected

HIV
Infected P

Perceived social standing, mean (SD) 3.3 (2.0) 3.7 (2.1) 3.0 (1.9) 3.3 (1.9) 0.22
Social support score, mean (SD) 22.9 (6.3) 23.2 (5.8) 24.0 (6.3) 21.5 (6.6) 0.15
Anxiety score, mean (SD) 20.7 (7.8) 21.4 (7.5) 19.5 (8.2) 21.3 (7.7) 0.94
Depressive symptoms score, mean (SD) 29.2 (9.9) 29.5 (11.1) 28.9 (9.8) 29.2 (9.0) 0.88
Alcohol use 8 (4.8) 2 (3.7) 3 (5.4) 3 (5.2) 0.91

Child clinical history
�

Malaria/intestinal parasite Rx 37 (23.1) 12 (23.1) 10 (18.9) 15 (27.3) 0.5849
Outpatient clinical consultation 23 (14.4) 8 (15.4) 9 (17.0) 6 (10.9) 0.6465
Abnormal clinical diagnosis at current visit 91 (56.2) 30 (57.6) 24 (45.3) 36 (65.4) 0.4020

No. of symptoms presenty 0.3006
0 84 (52.5) 27 (51.9) 34 (64.2) 23 (41.8)
1 29 (18.1) 12 (23.1) 4 (7.6) 13 (23.6)
2 30 (18.8) 9 (17.3) 7 (13.2) 14 (25.5)
3þ 17 (10.6) 4 (7.7) 8 (15.1) 5 (9.1)

Abnormal general and organ system examination
General physicalz 2 (1.3) 0 (0) 0 (0) 2 (3.6) 0.0886
Lymphatic system§ 17 (10.6) 2 (3.9) 2 (3.8) 13 (23.6) 0.0008
Skin examinationjj 21 (13.1) 5 (9.6) 5 (9.4) 11 (20.0) 0.1095
Head, ear, nose, throat� 7 (4.4) 1 (1.9) 1 (1.9) 5 (9.1) 0.068
Respiratory# 5 (3.1) 0 (0) 0 (0) 5 (9.1) 0.0066
Neurologic

��
13 (8.1) 1 (1.9) 1 (1.9) 11 (20.0) 0.0004

Eyesyy 8 (5.0) 3 (5.8) 1 (1.9) 4 (7.3) 0.707
Abdominalzz 0 0 0 0 n/a
Highly antiretroviral regimen§§ n/a n/a n/a
Naı̈ve 13 (22.4)
Nevirapine-based 23 (39.7)
Efavirenz–based 16 (27.6)
Other or nonspecified 6 (10.3)
Absolute CD4 count, cells/mL n/a n/a n/a
Median (min–Max) 772 (63–2521)

�
Treatment for malaria/intestinal infection was assessed during the past year. All but one of the treatments (n¼ 36) where because of malaria.
ySymptoms assessed included: cough, difficulty breathing, fever, diarrhea, anorexia, ear discharge, vomiting, common cold, rashes, and abscess.
zIndications for abnormal physical examination included physician determination of pallor, wasting and edema on examination. All abnormalities

noted were because of clinical determination of wasting.
§Abnormality of lymphatic system was based on presence of>0.5 cm enlargement of the cervical, axillary, and inguinal lymph nodes. A total of 16,

2, and 1 cervical, axillary, and inguinal enlargements, respectively, were noted.
jjSkin evaluation for cellulitis, impetigo, maculopapular rash, scabies, and tinea were made. Abnormalities were noted for tinea (n¼ 16),

maculopaupular rash (n¼ 3), scabies (n¼ 1), and impetigo (n¼ 1).
�Evaluations were made for tonsilar exudates, oral trush, oral ulcer, angular cheilitis, nasal discharge, ear discharge, and dental caries. Anomalies

were noted for nasal (n¼ 1) and ear (n¼ 6) discharge.
#Included evaluations for rapid breathing, deep breathing/retraction, wheezes, and crepitations. Anomalies were noted for wheeze (n¼ 2) and

crepitations (n¼ 4).��
Included examinations for age-inappropriate, apathetic, or withdrawn and irritable demeanor. Anomalies were noted for age-inappropriateness

(n¼ 8), irritability (n¼ 1), and apathetic (n¼ 11) demeanor.
yyExaminations for conjuctival xerosis and conjunctivitis were made. Anomalies were noted for conjuctivities only.
zzAbdominal examinations were made for liver and spleen enlargement. No enlargement of either organ was noted.
§§Nevirapine-based regimen is prescribed in combination with combivivir/duovir (n¼ 9) OR 3TC (n¼ 1) or AZT and 3TC (n¼ 13). Efavirenz

(n¼
) an
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(Cronbach a � 0.88) and questions in BRI domain exhibited
acceptable internal consistency (Cronbach a¼ 0.68). During
inter-test period of 14 to 21 days, test-retest reliability was good
to excellent (intraclass correlation [ICC] �0.83) and inter-rater
reliability was good or excellent (ICC �0.74) for all proxy-
reported EF domains. For self-reported EF domains, questions
included in respective assessments demonstrated excellent
internal consistency (Cronbach a� 0.91) and reliability of

based regimen was prescribed in combination with combivivir/duovir
included: not specified (n¼ 1), Duovir N (n¼ 1), Ritonavir & 3TC (n¼ 3
score; BMIZ¼Body mass index for age z-score.
measures across raters was moderate (ICC¼ 0.48–0.60).
During 14 to 21 days of repeated testing, self-reported BRI
domain measures demonstrated good (ICC¼ 0.72) test-retest

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
reliability, whereas test-retest reliability was fair to good for
MCI (ICC¼ 0.57) and GEC (ICC¼ 0.58) domains (Table 2).
Calculated scores on the inconsistency (mean¼ 5.1, SD¼ 3.2)
and negativity (mean¼ 0.47, SD¼ 0.9) scales were in accep-
table range, respectively, demonstrating consistency in chil-
dren’s responses to related questions on the BRIEF and
confirming that children’s responses to questions in our sample
were not negatively biased.

9) OR 3TC (n¼ 2) OR AZT & 3TC (n¼ 5). Other HAART regimen
d Tenofovir, 3TC, Lopinavir/Ritonavir (n¼ 2).HAZ¼ height-for-age z-
PHIV children had more deficits in all EF domains
(Figure 1) and subscales (Figure 2), whether proxy or self-
reported. Self-reported subscales and domains suggest a
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dose-dependent EF deficit with PHIV>PHEU>PHIV
(Figures 1 and 2, Tables S3 & S4, http://links.lww.com/MD/
A912), whereas proxy-reported subscales and domain averages
confirm most deficit for PHIV with PHEU and PHU at com-
parable levels (Figures 1 and 2, Tables S3 & S4, http://
links.lww.com/MD/A912). Similarly, PHIV children had more
proxy-reported EF deficits warranting clinical vigilance in
respective EF subscales and domains (Table S3, http://
links.lww.com/MD/A912, Table S4, http://links.lww.com/
MD/A912). PHIV were significantly less likely to have zero
impaired EF subscales and correspondingly more likely to have
deficits in �2 proxy (P¼ 0.001) or self-reported (P¼ 0.03) EF
subscales (Figure 2, Table S3, http://links.lww.com/MD/A912).

For PHIV, excess EF deficits were noted in all 3 proxy
(b¼ 4.7–12.1; 95% CI: �1.9 to 22.3) and self-reported
(b¼ 12.8–24.2; 95% CI: 0.02–34.7) EF domains compared
with PHU or PHEU (Figure 3). For PHIV versus PHU, signifi-
cantly higher proxy-reported deficits were evident in the
emotional control subscale only. For PHIV versus PHEU,
significantly higher EF deficits were observed in emotional
control and material organization subscales only. HIV-affected
status was associated with excess deficit in all domains and
subscales in a dose-dependent manner such that self-reported
EF deficit for PHIV versus PHU> PHEU versus PHU. Like-
wise, EF deficit for PHIV versus PHEU was significant in all
domains and in 4 of 8 subscales (Figure 3 & Table S3, http://
links.lww.com/MD/A912). These associations were robust to
adjustment for caregiver’ sociodemographic and health factors
(age and education, social support, BMI) and child’ socio-
demographic/behavioral health factors (age, sex, 5-minute
apgar score at birth, and current versus non-current bed net
use). Multivariable linear models explained as much as 27% of
the variability in proxy-reported EF scores and as much as
47.3% of the variability in self-reported EF scores (Table S4,
http://links.lww.com/MD/A912).

There was no difference between PHEU versus PHU
and PHIV versus PHEU children with respect to presence of
proxy EF scores warranting clinical vigilance. However, 3.7 to

Medicine � Volume 95, Number 17, April 2016
12.9 times the odds of having proxy EF scores that warrant

clinical vigilance was noted in all domains for PHIV versus
PHU (Table S5, http://links.lww.com/MD/A912).

DISCUSSION
Overall our data suggest that in spite of treatment, HIV-

related EF deficit persists during school-age years. In line with
our hypothesis, average EF scores and the frequency of EF
scores warranting clinical vigilance was highest for PHIV,
intermediate for PHEU, and lowest for PHU. This finding is
consistent with observations among Thai children using a
different battery of neurocognitive tests.31 The 24% prevalence
of EF scores warranting clinical vigilance observed in this study
is intermediate between 17% observed among PHIV living in
The Netherlands32 and the 39% reported among young adults
from Romania infected with HIV as children.33 Our observation
that PHIV were more likely to have �2 subscales scores
warranting clinical vigilance compared with PHEU and PHU
during school-age and adolescence suggests that HIV-related
deficits persist in the medium to long term and corroborates
similar previous observations.33 Among children 11 years
or older, PHEU had significantly greater EF deficits than

PHU suggesting that perinatal exposure to HIV, even without
infection, detrimentally affects EF. However, we did not find
significant differences in proxy-reported EF performance

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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measures for PHEU compared with PHU per proxy-reported
measures—although multisubscale deficits were more preva-
lent in PHEU compared with PHU.

To our knowledge, only one study has evaluated HIV-
related differences in EF during school-age using the same
instrument as our study.34 That study included PHIV and PHEU
children of HIV-positive women from the United States (US)
and found no EF differences by child HIV infection status.
However, the comparability of that sample to ours may be
limited as most children were exposed to illicit drugs in utero,
had low birth weight, or were born preterm to birth mothers
mostly classified as socioeconomically disadvantaged. Thus,
the sample was de novo at extremely high risk of EF impair-
ments. In addition, study lacked a true control group of PHU
children making comparability difficult. Our finding of higher
EF deficits for PHIV relative to PHU is in line with observation
of moderate EF impairment among Romanians that acquired
HIV parenterally,33 findings of EF deficits for PHIV versus
PHU in a small study of school-aged Indian children,35 and with
observations of worse performance in non-EF cognitive tests for
PHIV versus PHU Ugandan school-aged children.36 Despite
trends in similar direction to ours, data from school-aged
children living in the Netherlands did not find significant
differences in EF for PHIV versus PHU.32

For PHIV-infected children, the virus enters the central

Perinatally HIV-Unexposed Perinatally HIV- Exposed Nega�ve Perinatally HIV-Infected

FIGURE 1. Global and domain-specific child mean executive fun
assessable in children 11 years or older only (n¼82).
nervous system within weeks of primary infection causing
neuronal damage and cell death6,37,38 that manifests in child-
hood as a progressive encephalopathy leading to a range of
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cognitive deficits and neurodevelopmental disability.37 Early
HAART onset may moderate the adverse cognitive impact of
HIVinfection,39 but is unlikely to reverse existing neurological
insults.40 Of note, PHIV children in this have been in care at the
recruitment clinic for median of 5.9 years and most were
immune-competent at cognitive testing with absolute CD4
values comparable with PHIV from different settings.32,33,41,42

The mechanism of PHIV-related deficits observed is likely
multifactorial including neuronal damage attributable to
ongoing HIV viral replication, the presence of HAART-related
side-effects that lower adherence and in turn reduces quality of
life, and the ongoing impact of structural determinants of
impaired child cognitive development such as poverty, malnu-
trition, quality of care giving, and the environment of care.
These HIV-specific and non-HIV-specific factors further impair
the capacity of children with PHIV infection to age-appropri-
ately adjust to the cognitive demands of transitioning to adult-
hood. We observed significant differences in EF function by
perinatal HIV status in spite of controlling for multiple care-
giver factors (ie, age, sex, educational status, wealth, and
psychosocial status) and child characteristics (apgar score,
age, sex, malnutrition, anemia, and preventive health behavior
such as current bednet use) known to confound this relationship.
Of note, 7 of the 166 children in this study were not in school.
All non-school attendees were either PHEU (n¼ 3) or PHIV

Perinatally HIV-Unexposed Perinatally HIV- Exposed Nega�ve Perinatally HIV-Infected

n deficit score by perinatal HIV status �Self-reported scores were
(n¼ 4). Thus, relatively limited access to formal education and/
or intellectually stimulating environments for HIV-affected
children could have contributed to observed EF deficits.
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Our study is subject to limitations that should lead to
cautious interpretation of our findings. First, we estimated
HIV-related mean differences in EF scores, which may not
necessarily be clinically relevant. Second, we were underpow-
ered to evaluate associations between perinatal HIV status and
presence of EF scores warranting clinical vigilance. We were
particularly underpowered to detect differences in EF scores for
PHEU versus PHU. Third, to the extent that our enrollment
strategy was conditioned on child clinic attendance for any
reason, we have reason to believe that our community controls
(ie PHU) may not be as healthy as children recruited from
nonclinic settings such as schools. Thus, the contrasts presented
could theoretically underestimate the disadvantage of perinatal
HIV infection or exposure relative to healthy community con-
trols. In addition, our instrument validation exercise despite the
emphasis on psychometric reliability was limited in scope. We
included a sample of 15 children across a wide age range, and did
not specifically engage in evaluating other important dimensions
of instrument validation such as criterion validation, content
validation, construct validation, face validation, and utility.
Therefore, future more robust EF validation efforts are needed
and will enhance the ability to evaluate this outcome relative to an
appropriate healthy reference of Ugandan children.

These limitations notwithstanding, our study has several

are adjusted for: caregiver’ sociodemographic (education and wea
(age, sex, apgar score at birth, anemia and current vs non-curren
strengths that enhance the quality of evidence presented. We are
engaged in the most in-depth longitudinal analysis of perinatal
HIV infection status as a determinant of mid- to long-term EF

8 | www.md-journal.com
function to date in HIV-affected children. We present data on
global executive component, affected EF domains and sub-
scales to gain insight regarding most affected elements of EF
and inform future interventions. Specifically, our data suggest
that all EF subscales were adversely affected in PHIV compared
with other groups based on child self-reported measurements
and thus should be equally targeted in future interventions. Of
note, interventions that target the inhibition, shift, and planning
subscales could be sensitive for detection of EF improvements
regardless of the respondent. Our longitudinal design, which
clarifies temporal sequence, multidimensional EF of self-
regulation, and analytic control for competing risk factors of
child cognitive impairment are additional strengths. A further
strength is the simultaneous inclusion of 3 distinct groups of
children based on perinatal HIV infection and exposure status.
Unlike our study, most relevant investigations to date used
either PHU or PHEU as comparison groups.2 To the extent that
the majority of PHEU and PHIV are exposed to similar socio-
demographic, environmental, nutritional, and other caregiver
factors with known impact on child neurodevelopment, the
breadth of information obtained in studies including just these
groups is limited.2 Last, the use of translated, culturally adapted,
and internally valid cognitive assessment instrument with
known reliability for EF assessment in school-aged children

score) and child’ sociodemographic and behavioral health factors
ed-net use).
in the study setting is a strength of the present investigation.
We conclude that PHIV and PHEU status is associated

with sustained EF impairment in school-age and adolescence

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



among Ugandan children. Our data highlight the need to
evaluate cognitive remediation interventions in HIV-affected
children from sub-Saharan Africa. Larger prospective investi-
gations are needed to confirm our findings, determine associ-
ations between perinatal HIV infection/exposure status and
development of EF deficits requiring clinical vigilance, and

Medicine � Volume 95, Number 17, April 2016
identify potential resilience factors associated with optimal EF
to inform future interventions to enhance functional survival in
HIV-affected children.
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