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Background

Recent studies suggest that children exposed to HIV (CHEU) have poorer neurocognitive
outcomes than those who are not exposed to HIV (CHUU). However, evidence is limited to
neurodevelopmental outcomes among children under the age of 5 years. Few studies have

examined outcomes at school age, and evidence for poor outcomes is mixed.

Methods

In a cross-sectional study, we recruited Kenyan CHEU and CHUU aged 7 to 18 years. Using the
NIH Toolbox African Languages cognitive battery, we assessed memory, attention and inhibitory
control, cognitive flexibility, and processing speed. Assessments were administered in either
Kiswahili or Dholuo. We compared domain scores between groups and determined correlates of
lower scores using linear regression, with models adjusted for age and socio-demographic factors

that differed in the 2 groups.



Results

Overall, 219 and 209 CHEU and CHUU, respectively, were enrolled. The median age was 12
years (IQR: 9.1, 14.0) for CHEU and 12.8 (IQR: 9.2, 15.0) for CHUU. CHEU were more likely
to be orphaned and vulnerable children (OVC) and to have mild food insecurity.

Compared to CHUU, CHEU had significantly lower scores in working memory (age adjusted
coefficient 1.3, 95% CI 0.5, 2.1, p = 0.001), and processing speed (age adjusted coefficient 4.65,
95% C12.3, 7.0, p <0.001). These differences persisted in separate models adjusted for age and
food security as well as age and OVC status. There were no differences in the other domains
assessed (episodic memory, attention and inhibitory control, and cognitive flexibility).

Among CHEU, male sex was linked to higher episodic memory scores, while food insecurity
was associated with lower processing speed scores. Older maternal age and higher years of

maternal education were each associated with higher processing speed scores.

Conclusion

Our findings suggest that CHEU may experience deficits in working memory and processing
speed. Biological and sociodemographic factors were each associated with cognitive outcomes.
These findings highlight the need to address socio-economic factors to improve
neurodevelopment and to better understand mechanisms that lead to neurodevelopment

compromise in CHEU.



Introduction

HIV remains a significant global health crisis with about 39 million people living with HIV in
2022, including 1.5 million children aged 0-14 years globally.! * As a result of successful use of
antiretroviral therapy (ART) to prevent vertical transmission of HIV, 14.8 million children have
been exposed to HIV, 90% of whom reside in sub-Saharan Africa.’ Exposure to HIV and ART
especially during the developmentally sensitive period from conception to the 2 years of life,*
elevates the risk of adverse health outcomes including poor growth (small for gestational age),

prematurity, congenital abnormalities and increased morbidity and mortality. *°

Neurodevelopmental deficits in CHEU may occur directly through ART toxicity, exposure to
HIV virions and/or viral proteins or may occur indirectly as a result of poor growth and higher
morbidity during critical windows of brain development in infancy and early childhood.
Biological factors during pregnancy and the post-partum period, such as intrauterine infections,
preterm birth, and sub-optimal breastfeeding practices, in addition, social factors that
disproportionately impact pregnant women living with HIV, such as alcohol or substance misuse
and food insecurity may each in turn contribute to poorer outcomes. These different factors may

ultimately converge through shared mechanisms leading to adverse outcomes.®

Deficits in language development, and fine motor function have consistently been identified in
CHEU.” However, there is mixed evidence regarding executive function and gross motor deficits
in CHEU. Some brain imaging studies have found differences in regional brain volume and
microstructure between younger CHEU and CHUU®. However evidence regarding cognitive
outcomes in CHEU is inconsistent with some studies reporting deficits among HEU® and others

not finding differences.'” These differences in study findings may be attributed to timing of the
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maternal infection and exposure, breastfeeding, difference in ART regimens, socioeconomic and
environmental factors and differences in assessment tools used to measure neurocognitive

outcomes. "

In studies conducted among children aged 7 -13 years, lower scores in global cognitive ability,
memory, attention, processing speed and academic performance have been seen in CHEU
compared to CHUU.'> ¥ ' However, other studies have reported similar scores in other domains
(mental processing, sequential processing and learning) when comparing CHEU and CHUU at
school age." ' Similar to younger children, imaging studies have found smaller white matter
across various brain regions among CHEU." Differences in results could be associated with
different assessment tools as well as sociodemographic differences. These findings emphasize

the need for additional studies among school-aged CHEU.

The National Institutes of Health Toolbox for Assessment of Neurological and Behavioral
Function (NIH Toolbox) is a collection of standardized validated neurocognitive assessment
tools that has been adapted for the Kenya Setting. '* 'Y ?° In this study, we assessed working
memory, attention, processing speed, episodic memory and cognitive flexibility among school

age Kenyan CHEU and CHUU.*!

Methods

Study design and setting: This is a cross-sectional study using data collected from the HEU
outcomes: population-evaluation and screening strategies (HOPE) study that aims to compare
neurodevelopmental and mental health outcomes of Kenyan CHEU and CHUU from infancy to
adolescence (age 3-18 years). Data from the cross-sectional component of the HOPE Study were

collected from Kisumu county in Kenya.
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Data collection: Data was collected using questionnaires that included questions on
socio-demographics, pregnancy, medical history and HIV testing and test results. Inclusion
criteria included being healthy and HIV negative, maternal HIV status known during
pregnancy/breastfeeding and if HIV negative, had a recent HIV test (1 year ago). Cognitive
assessments were done among children and youth aged 7-18 years using the NIH Toolbox
Cognitive Battery, African Languages Adaptation, by trained study staff.>> Before administering
the cognition battery assessments, participants completed a practice tutorial that required
successful completion before test administration.

Outcomes: Outcomes of interest were domain specific assessments scores. Specific domains
assessed included working and episodic memory using the List Sorting Working Memory Test
and the Picture Sequence Memory Test, respectively, attention and inhibitory control assessed
using the Flanker Inhibitory Control and Attention Test, cognitive flexibility assessed using the
Dimensional Change Card Sort Test (DCCS), and processing speed assessed using the Pattern

Comparison Test.

Exposures: The primary exposure of interest was exposure to HIV infection which was
determined by combination of maternal report, medical records and HIV testing to determine
HIV status of mothers and children. Other exposures of interest included maternal education
level, marital status, employment status, household food insecurity, gestation, birthweight and
orphaned and vulnerable child (OVC) status defined as a child, 0-17 years old, who have lost one

or both parents, been abandoned, or live in hardship.

Data Analysis
Descriptive statistics, including proportions, medians, and interquartile ranges (IQR) were used

to summarize socio-demographic characteristics of caregiver and children/youth. The Student’s
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t-tests and Chi-squared tests, were used to assess differences in characteristics between the

CHEU and CHUU at a <0.05

Cognitive domain scores were compared between groups and the correlates of lower scores and
95% confidence intervals (Cls) determined using linear regression. Models were adjusted for age

and sociodemographic factors that varied between groups.

Among CHEU, we further examined the associations between poorer neurodevelopmental scores
and various cofactors including prematurity, low birthweight, breastfeeding, education level,
household food insecurity, maternal age, OVC status and sex using linear regression. All models

were adjusted for age. All analysis was conducted using R version 4.3.2.

Results

Overall, 219 and 209 CHEU and CHUU respectively, were enrolled. The median age was 12
years (IQR: 9.1, 14.0) for CHEU and 12.8 (IQR: 9.2, 15.0) for CHUU, a majority of
children/youth (98%) were born at term and a majority (96%) were breastfed. There were no
significant differences in sex, maternal age, marital status and employment status between
CHEU and CHUU. CHEU were more likely to be orphaned and vulnerable children (37% vs
22%, p = 0.001), and to live in households with mild food insecurity (42% vs 56%, p = 0.05)
than CHUU. Median breastfeeding duration was longer among CHUU (18 vs 6 months) but not

statistically significantly different (Table 2).

CHEU had significantly lower mean scores in the List Sorting Memory Test (mean scores 12.3
[SD = 2.7]) versus 13.6 [SD = 4.3] among CHUU, age adjusted coefficient -1.1, 95% Cl -1.7,

-0.4; p = 0.002). This difference persisted after adjusting for both child’s age and food security



(adjusted coefficient -1.1, 95% CI -1.7, -0.4, p = 0.002) as well as age and OVC status (adjusted

coefficient -1.03, 95% CI -1.7, -0.3, p = 0.003).

CHEU also had significantly lower mean scores in the Pattern Comparison Processing Speed
Test (mean scores 30.8 [SD = 10.8] versus 33 [SD = 12.2] among CHUU, age adjusted
coefficient -4.2, 95% CI -6.3. -2.1, p < 0.001). This difference persisted after adjusting for both
the child’s age and food security (adjusted coefficient -4.8, 95% CI -6.9, -2.7; p <0.001) as well

as age and OVC status (adjusted coefficient of -4.1 (95% CI -6.3, -2; p < 0.001).

There were no differences in scores comparing CHEU and CHUU for the Flanker and Inhibitory
Control and Attention Test, Picture Sequence Memory Test and Dimensional Change Card Sort

Test. (Table 3)

Correlates of Cognitive Outcomes

Among CHEU, male sex was significantly associated with higher picture sequence memory test
scores (age-adjusted coefficient = 1.6, 95% C1 0.04, 2.9; p = 0.03). Increased maternal age and
higher number of years of education were associated with increased pattern comparison
processing speed test scores (age-adjusted coefficient = 0.6, 95% Cl 0.14, 0.62; p < 0.001, and
0.5, 95% CI 0.1, 1; p = 0.03, respectively). Higher number of years of education was also
significantly associated with increased flanker inhibitory control and attention scores
(age-adjusted coefficient = 0.02, 95% Cl1 -9.9, 0.03; p = 0.05). Mild and severe food insecurity
were significantly associated with lower pattern comparison processing speed test scores and
(age-adjusted coefficient = -8.9, 95% CI -15.7, -2.2; p = 0.01 and -7.5, 95% CI -14.3, -0.6; p =

0.03, respectively). (Table 4a)



Among CHUU, male sex was significantly associated with higher picture sequence memory test
scores (age-adjusted coefficient = 1.6, 95% C1 0.6, 2.6; p < 0.001). OVC status was significantly
associated with higher dimensional change card sort test scores (age-adjusted coefficient = 1,
95% Cl1 0.2, 1.8; p = 0.01) and picture sequence memory score test scores (age-adjusted
coefficient = 2.7, 95% C1 0.7, 4.7; p = 0.01). Older maternal age and higher years of education
were significantly associated with higher list sorting working memory scores (age-adjusted
coefficient = 0.1, 95% CI -0.001, 0.2; p < 0.001 and 0.2, 95% CI 0.04, 0.4; p = 0.01,

respectively). (Table 4b)

Discussion

CHEU had significantly lower scores in list sorting working memory and pattern comparison
processing speed test with differences persisting after adjusting for age and food security as well
as age and OVC status. Male sex was significantly associated with increased picture sequence
memory test scores. Increased maternal age and higher number of years of education were
associated with increased pattern comparison processing speed test scores. Higher number of
years of education was also significantly associated with increased flanker inhibitory control and
attention scores. Mild and severe food insecurity were significantly associated with lower pattern

comparison processing speed test scores.

Our findings are similar to studies done in Kenya and South Africa that found significantly lower
scores for processing speed, working and delayed memory among CHEU.'? # However, other
studies in Thailand and Cambodia, found no differences in working memory and processing

speed in CHEU compared to CHUU." We did not observe differences in other cognitive domains
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including attention that has previously been observed in other studies.'? Differences in results
between these different cohorts could be explained by variations in socioeconomic factors and

cognitive assessment tests, across regions that might impact cognitive outcomes.

The mechanisms for poorer neurodevelopment among CHEU are multifactorial.*

Despite
effective maternal combination antiretroviral therapy, chronic inflammation and immune
dysfunction may influence fetal brain development.”® Exposure to HIV, viral proteins and infant
immune response to HIV may all impact neurodevelopment. Studies on CHEU and whose
mothers received ART during pregnancy have shown mixed results. While some reported lower
scores in language, motor and cognitive outcomes for CHEU’ ® % others found no differences
between the groups.'” Rapid changes in HIV treatment guidelines challenge determining
associations of ART exposure on cognitive outcomes among CHEU, and studies assessing newer
safer current regimens are needed. In our study, most children in the 7 - 18 age range studies

were exposed to dolutegravir (DTG), efavirenz (EFV) and nevirapine (NVP) maternal

antiretrovirals.

We found that male sex was significantly associated with higher episodic memory scores in both
CHEU and CHUU. While some studies have reported lower neurodevelopmental scores among
males,” results have been inconsistent.”® Findings suggest that females excel in auditory memory
tasks, while males perform better in visual episodic and working memory tests. However, the
impact of gender on cognitive performance varies across different age groups.” The range of
cognitive differences between each gender group is extensive and shaped by factors beyond
biology as socio-cultural and environmental interactions substantially contribute to these

discrepancies.
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We found that CHEU children/youth living in households with food insecurity had significantly
lower episodic memory scores. Our findings contribute to evidence demonstrating that
inadequate diet and lack of food access are associated with cognitive deficits. Food insecurity
during pregnancy and early childhood has been linked to adverse birth outcomes and morbidity
and poor growth and neurodevelopment that could be linked to micronutrient deficiencies.*
Household food insecurity frequently coexists with HIV infection and is associated with
increased HIV-related illnesses, lower adherence to antiretroviral therapy, and poor access to

treatment and care services that may impact child growth and development.?!

Our study had a large sample size and a homogenous population. Neurocognitive outcomes were
assessed using a tool that was adapted to the local setting. The cross-sectional design is limited in
its ability to establish causal relationships. Missing data and inaccurate assessments may have
occurred if participants were fatigued, uncomfortable answering sensitive questions or did not

pass practice items. Recall bias may have resulted in misclassification of exposures.

Overall, we found that CHEU exhibited deficits in processing speed and memory. Maternal and
socio-demographic factors influenced cognitive outcomes providing opportunities for targeted
interventions for optimal growth and development. Long-term follow up of CHEU will continue

to be important to understand the impact of HIV exposure on neurocognitive functioning.
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Table 1: Summary of NIH toolbox tests assessed

Test Ages: Time to Scoring Scale Domains
administer: measured:

Dimensional 7-85 yrs 4 minutes 0-10 Cognitive

Change Card Sort flexibility

Test

Flanker Test 7-85 yrs 3 minutes 0-3* Attention and
inhibitory control

List Sorting 7-85 yrs 7 minutes 0-26 Working Memory

Pattern 7-85 yrs 3 minutes 0-130 Processing Speed

Comparison

Picture Sequence | 7-85 yrs 7 minutes 0-31 Episodic

Memory Memory

*rate adjusted score




Table 2: Sociodemographic characteristics of participants

Child Characteristics

Age (years)
Male
Child OVC status

Gestational Age

Full term (37-41
weeks)
Pre-term (<37
weeks)
Post-term (>42
weeks)
Breastfeeding

Yes
No

Breastfeeding
Duration
Parent
characteristics
Education (years)
Mother’s age (years)
Mother’s Marital
status

Married
(reference)
Separated/widowed

Single
Employment status
Professional

(reference)
Casual

HEU
n=219

(n/% or
Median/IQR)

12 (9.13-14.04)

111 (50.7)
82 (37.4%)

216 (98.6%)
3 (1.4%)

0 (0.0%)

214 (97.7%)
5(2.3%)

6 (6-12)

8 (7-12)
37 (33-42)

164 (74.9%)

55 (25.1%)
0 (0%)

33 (15.1%)

34 (15.5%)

HUU
n=209

(n/% or
Median/IQR)

12.8 (9.39 -15)

101 (48.3%)
46 (22%)

204 (97.6%)
3 (1.4%)

2 (1.0%)

197 (94.3%)
12 (5.7%)

18 (12-24)

10.5 (8-12)
35 (31-39)

165 (78.9%)

42 (20.1%)
2 (1%)

33 (15.8%)

29 (13.9%)

Overall
N=428
(n/% or

Median/IQR)

12 (9.23, 15)
212 (49.5%)
128 (29.9%)

420 (98.1%)
6 (1.4%)

2 (0.5%)

411 (96%)
17 (4%)

12 (6-24)

8 (8-12)
36 (32 - 40)

329 (76.9%)

97 (22.7%)
2 (0.5%)

66 (15.4%)

63 (14.7%)

p-value

0.5
0.63
0.001

0.35

0.11

0.5
0.5
0.17

0.59



Unemployed
Other
Household food
insecurity

Food Secure
Mild

Moderate
Severe

ART Exposure

After pregnancy

Before pregnancy

57 (26%)
95 (43.4%)

14 (6.4%)

91 (41.6%)
31 (14.2%)
83 (37.9%)

95 (43.4%)
124 (56.0%)

72 (34.4%)
95 (35.9%)

6 (2.9%)
116 (55.5%)
30 (14.4%)
57 (27.3%)

NA
NA

129 (30.1%)
170 (39.7%)

20 (4.7%)
207 (48.4%)
61 (14.3%)
140 (32.7%)

NA
NA

0.045
0.22
0.50



Table 3: Cognitive Domain scores and differences comparing CHEU and CHUU
NIH TOOLBOX HEU HUU Coefficient Adjusted Adjusted Adjusted
CONSTRUCT N = N = (95% CI) coefficient coefficient coefficient
(95% Cl) * (95% Cl)** (95% Cl) ***
(Mean/SD) | (Mean/SD)
Flanker Inhibitory 0.68 (0.4) | 0.75 (0.42) -0.07 -0.06 -0.1 -0.06
Control and Attention (-0.1,0.01) (-0.13, 0.02) (-0.12, 0.02) (-0.14, 0.01)
Test.
Dimensional Change | 4.98(2.6) | 5.2(2.7) 0.1 0.1 0.12 -0.06
Card Sort (0.6, 0.4) (-0.4,0.5) (-0.3,0.6) (-0.5,0.4)
List Sorting Working | 12.3 (3.75) | 13.6(4.3) -1.2 -1.1 -1.1 -1.03
Memory (-1.9,-0.5) (-1.7,-0.4) (-1.7,-0.4) (-1.7,-0.3)
Picture Sequence 9.16 (6.3) | 9.1(6.7) 0.2 0.03 0.08 0.09
Memory (-1.4,0.9) (-1.1, 1.1) (-1.5,0.9) (-1.1,1.2)
Pattern Comparison | 30.8 (10.8) | 33 (12.2) -4.63 4.2 -4.8 -4.1
(-6.8, -2.4) (-6.3, -2.1) (-6.9,-2.7) (-6.3,-2)

Processing speed

*Model adjusted for child’s age
**Model adjusted for child’s age and food security

***Model adjusted for age and ovc status'

' Bold: p-value less than 0.05




Table 4a: Correlates of higher neurodevelopmental scores among HEU

VARIABLE Flanker Dimensional List Sorting | Picture Sequence | Pattern Comparison
Inhibitory Change  Card | Working Memory | Memory Processing speed
Control and | Sort
Attention Test.
Adjusted Adjusted Adjusted Adjusted Adjusted
r r r r r
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Child
characteristics
Male 0.01 0.25 1.1 1.6 -1.9
(-0.1, 0.1) (-0.4,0.9) (0.2, 2) (-0.04, 2.9) (-4.6, 0.8)
Female Ref
OVC status -0.001 0.2 -0.3 -0.9 -1.69
(-0.1, 0.1) (-0.5, 0.84) (-1.25,0.6) (-2.5,0.6) (-4.4, 1.05)
Breastfed 0.2 1.3 -3.5 2.1 1.7
(-0.2, 0.6) (-0.7, 3.4) (-6.9, -0.01) (-7.2,3.1) (-7.6, 11.1)
Pre-term <37 -0.3 -0.6 -1.2 -6.23 -12.8 (-27.4, 1.8)
weeks (-0.8, 0.1) (-3.8,2.7) (-6.2, 3.7) (-14.3, 1.8)
Birthweight -0.3 0.18 0.27 3 0.95
<2500g (-1.0,0.4) (-5.5,5.8) (-5.5, 6) (-14.9,21) (-28.3, 30.2)




Caregiver

characteristics
Maternal Age 0.003 0.05 0.07 0.1 0.6

(-0.01, 0.01) (-0.004, 0.1) (-0.02, 0.15) (-0.02, 0.2) (0.1, 0.6)
Education (years) 0.02 0.09 0.1 0.02 0.5

(-9.9, 0.03) (-0.01, 0.2) (-0.03, 0.3) (-0.24, 0.3) (0.1, 1)
Food secure Ref
Mild 0.07 -0.5 -1.4 0.98 -8.9

(-0.2, 0.3) (-2.07, 1.05) (-3.7, 0.88) (-2.8,4.8) (-15.7,-2.2)
Moderate 0.03 -0.4 -0.6 1.9 -5.7

(-0.2, 0.3) (-2.14, 1.31) (-3.11, 1.99) (-2.3,6.1) (-13.2,1.9)
Severe 0.08 -1.4 -1.15 0.2 -7.5

(-0.2, 0.3) (-2.9, 0.19) (-3.5,1.16) (-3.6,4.1) (-14.3, -0.6)

*Model adjusted for child’s age




Table 4b: Correlates of higher neurodevelopmental scores among HUU

VARIABLE Flanker Dimensional List Sorting [ Picture Sequence | Pattern =~ Comparison
Inhibitory Change Card | Working Memory Processing speed
Control and | Sort Memory
Attention
Test.
Adjusted Adjusted Adjusted Adjusted Adjusted
r r r r r
(95% CI) (95% CI) 95% CI) (95% CI) (95% CI)
Child characteristics
Male 0.1 0.5 1.6 1.2 -0.5
(-0.02, 0.2) (-0.2, 1.1) 0.6, 2.6) (-0.5, 2.8) (-3.8,2.9)
Female Ref
OVC status 0.12 1 0.15 2.7 0.9
(-0.02,0.26) 0.2, 1.8) -1.1, 1.4) (0.7, 4.7) (-3.2,4.9)
Breastfed 0.01 -0.3 0.5 -1.2 4.3
(-0.2, 0.25) (-1.6, 1.1) -1.65, 2.75) (-4.7,2.2) (-2.7,11.3)
Pre-term <37 weeks  [0-01 0.7 -0.8 -0.5 -3.4
(-0.5, 0.5) (-2.2,3.6) -5.4,3.8) (-8.1,7.2) (-18.6, 11.8)
Birthweight 0.9 -3.7 -0.4 -6.4 -27
<2500g (-2.6, 4.3) (-124.3, 117) -41.9,41.1) (-37.7,25) (-236.1, 182.05)
Caregiver

characteristics




Maternal Age 0.01 0.04 0.1 0.1 03
(-0.004,0.02) |-0.04, 0.1) 20.001,02)  |(-0.08,0.3) (-0.1, 0.6)

Education (years) 00! 0.02 0.22 0.06 0.6
(-0.01,0.03)  [-0.1,0.1) 0.04, 0.4) (-0.2, 0.4) (-0.04, 1.2)

Food secure Ref

Vild 02 [0.67 (0.2 2.1 6.5
(-0.1,06) 2.9, 1.7) 3.6,3.2) (-7.6,3.4) (-173,-4.2)

Modorate 02 Ny [0.01 24 64
(102,05  [-3.5,13) :3.6,3.5) (-8.2,3.4) (-17.7, 4.9)

Severe 02 11 02 26 12
(102,05  [-3.5,13) 33,37 (-8.2,3.1) (-9.9,-12.2)

*Model adjusted for child’s age




