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Summary

Introduction: Although antiretroviral treatment has increased the life expectancy of people living with HIV, HIV-associated
neurocognitive disorders (HANDs) remain a major concern, particularly in adolescents. The aim of this study was to validate the
use of the MoCA (Montreal Cognitive Assessment) test to screen for NCDs in this adolescent population living with HIV in French-
speaking Central Africa.

Methodology: Thiswasavalidationstudy ofthe MoCA, combined with a descriptive cross-sectional study carried outin Cameroon.
A sample of 50 adolescents aged 10 to 19 years, living with HIV, were assessed using the MoCA and other neuropsychological tests.
Results: Internal validation of the MoCA demonstrated its reliability for screening HANDs in this population of French- speaking
adolescents. External validation, by comparison with other tools such as the Cognitive Complaints Questionnaire and the Stroop
Test, also confirmed the MoCA'’s ability to identify cognitive deficits. These results are consistent with previous MoCA validation
studies carried out in the French-speaking world.

Conclusion: This study represents the first validation of the MoCA in French-speaking adolescents living with HIV in Central
Africa. It highlights the importance of HANDs in this population and underscores the usefulness of MoCA as an early detection tool.
Further, larger-scale studies are needed to better characterize the prevalence and risk factors of HANDs in these young patients.
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Introduction

Adolescents and young adults are the highest-risk group for
HIV infection, accounting for 39% of new infections worldwide.
Sub-Saharan Africa remains the most affected region, home to 90%
of the approximately 3 million children infected with the virus. In
2016, an estimated 2.1 million adolescents aged 10-19 were living
with HIV worldwide, with 150 AIDS-related deaths per day and
260,000 new infections in this age group [1].

Validation of the MoCA (Montreal Cognitive Assessment) in a
French-speaking environment was initially carried out in Canada
[2], then in France [3], but never in a French-speaking African coun-
try, and even less in the context of HANDs in adolescents living with
HIV. It is to address this lack of a psychometric assessment tool with
simple use in a clinical setting in Cameroon, in French-speaking
Africa, that we are interested in conducting this MoCA validation
study for the screening of HANDs in adolescents.

Although the advent of pediatric antiretroviral treatments since
2004 has considerably reduced mortality in HIV-positive children
[4], making the infection evolve into a chronic disease, neurocogni-
tive and behavioral deficits persist prevalently [5]. These disorders
are linked to the preferential effects of the virus on certain brain re-
gions such as the fronto-striato-thalamo-cortical systems, leading
to impairments in cognition, executive functions, adaptation and
school performance [6].

The management of HIV-positive adolescents presents unique
clinical and public health challenges [7], with higher rates of medi-
cation non-adherence, risky sexual behavior [8] and substance use
[9]. HANDs are associated with factors such as alcoholism, drug
addiction, severe immunosuppression, and low cognitive reserve,
and increase the risk of dependence on activities of daily living [10].

The profile of HANDs in children and adolescents differs from
that of adults, with additional disorders of language and global
functioning [11]. In this context, where HIV-related neurocognitive
disorders remain under-diagnosed, particularly in adolescents [12],
this MoCA validation study aims to provide pediatricians and child
psychiatrists with a short, easy-to-use instrument for assessing
these HANDs in a clinical setting. This MoCA will enable us to deter-
mine the prevalence of these disorders, their clinical presentation
and the factors associated with their occurrence, in a population
of adolescents living with HIV who can be referred for follow-up
and care in a specialized care center for this young population such
as the Mother-Child Center of the Chantal BIYA Foundation (CMW
FCB) in Cameroon.

Objectives of this Study
General Objective

The general objective of this study is to validate the MoCA in
French-speaking adolescents living with HIV in Yaoundé, Cameroon
in Central Africa.

Specific Objectives

To study the internal validity of the MoCA in this target popula-
tion of adolescents.
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To study the external validity between the MoCA and the oth-
er scales used in parallel during this study, namely: The Cognitive
Complaints Questionnaire (CCQ) [13] to assess cognitive com-
plaints and the Stroop Test [15] measuring the functional capacity
of these adolescents in an academic and professional learning con-
text by testing their inhibitory attention.

Method
Type and Scope of Study

This is a validation study of the MoCA and a descriptive
cross-sectional study conducted at the Centre Mere-Enfant de la
Fondation Chantal BIYA (CME FCB) in Yaoundé, Cameroon.

The Chantal BIYA Foundation has the largest cohort of children
and adolescents living with HIV in Cameroon, particularly in its Day
Care Unit (DCU).

Period and Characteristics of the Study Population

The study took place over 4 months, from February 2018 to
May 2018.

Adolescents aged 10 to 19 living with HIV, followed up in
Yaoundé clinics and hospitals, were included.

Sample size was calculated using the Cochrane formula, with an
estimated prevalence of HANDs at 50%, giving a minimum size of
384 participants.

Variables Studied and Selection Criteria

Variables included socio-demographic aspects and the preva-
lence of HANDs in this population.

The other variables were their clinical presentation, and the
factors associated with their occurrence at these HANDs in adoles-
cent patients.

Inclusion criteria were confirmed HIV infection and age be-
tween 10 and 19 years at the time of neurocognitive assessment.

Materials, Tools and Procedure
Materials and Tools

Data were collected from patient records and a battery of neu-
ropsychological tests such as:

i. The Cognitive Complaints Questionnaire (CCQ) [13] to as-
sess cognitive complaints,

ii. ~ The Montreal Cognitive Assessment (MoCA) [14] to as-
sess cognitive functions,

iii.  The Stroop Test [15] to measure the functional capacity of
these adolescents in an academic and professional learning context
by testing their inhibitory attention.

Procedure
a) Clinical Work and Statistical Analysis

Test results were interpreted according to criteria specific to
each test, with thresholds defined to identify neurocognitive dis-
orders.
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First, we conducted a statistical analysis of the internal valida-
tion of the MoCA among French- speaking adolescents in Yaoundé,
Cameroon.

Secondly, we carried out a statistical analysis of the external
validation of the MoCA in these French-speaking adolescents in re-
lation to the QPC and the Stroop Test.

The research team included a 7th-year medical student, a neu-
ropsychologist, a child psychiatrist and two pediatricians. Statis-
tical analyses were carried out, and ethical considerations were
taken into account. Everyone was involved in the study from the
outset, from the search for bibliographical references, to the choice
of tests, to the training of the student and other team members who
were not yet accustomed to working in this field of neuroscience in
relation to AIDS patients associated with infection.
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b) Implications and Conclusions

This preliminary clinical validation of the MoCA has enabled
us to gain a better understanding of the characteristics of neuro-
cognitive disorders in adolescents living with HIV in Cameroon in
a French-speaking environment in Cameroon, Central Africa. It has
provided important data to guide interventions and public health
policies in this area.

Results
Social and Demographic Characteristics of Our Sample
1. By Gender

Our sample thus comprised 50 patients, 16 (32%) male and 34
(68%) female, represented on the pie chart in Figure 1 below.

L T T

B feminin

Figure 1: Distribution of our adolescents by gender.

2. ByAge

Their ages ranged from 10 to 19 years, with an average age of
15.56 + 2.29 years.

3. Living Space

As for where they lived, 31 participants (62%) lived with at
least one of their parents, 18 (36%) with a guardian who was either
an aunt or an older brother or sister, and 1 participant (2%) was
cohabiting.

4. Schooling, Level of Education, History of Failure or
Delay

Our subjects all attended school, and their level of education
ranged from primary school to university. Their distribution ac-
cording to their level of education is detailed in Table 2 below (Ta-
ble 1).

Table 1: Distribution of adolescents by level of education.

Education Level Number (n) Percentage (%)
Primary 11 22
Secondary 38 76
University 1 2

All our teenagers had atleast a primary school level. And among
them, 19 had at least 1 failure in primary school; 39 had reached
secondary school, of whom 18 had at least one failure in second-
ary school and 1 had reached university. As a result of all this data,
we found that 36 adolescents were behind in their schooling, i.e.
at least two grades behind the grade their current age would have
predicted if they had had a trouble-free school career. The distribu-
tion of school failures and backwardness is summarized in Table 3.
(Table 2).

Table 2: Distribution of subjects according to history of school failure or delay.

History of Academic Failure or Delay
Variable Studied Number(n) Percentage (%)
Primary School Failure
Yes 19 38
No 31 62
High School Failure
Yes 18 46.15
No 21 53.58
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University Failure
Yes 0 0
No 1 100
Number of Primary Failures
1 13 68.42
2 4 21.05
3 1 10.52
Number of Secondary Failures
1 15 83.33
2 3 16.67
School Delay (Years)
0 4 8
1 10 20
2 10 20
3 12 24
4 4 8
5 3 6
6 2 4
7 2 4
8 1 2
9 1 2
10 1 2

Table 3: Distribution of triple therapy and compliance.

Workforce(n) Percentage (%) Clini-Cobiological Characteristics of Adolescents Living with
Tritherapy HIV
1% line 41 82 1. Therapeutic Compliance and Evolution
2¢me line 9 18 After initiation of HAART, viral load remained detectable in 39
Compliance (78%) of our patients after at least 6 months of HAART. The histo-
Good 21 42 gram in Figure 2 summarizes the distribution of viral loads in our
Wrong 29 58 sample (Figure 2).
(%)
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&0
20
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Figure 2: Distribution of viral loads in our adolescents.
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The majority of our adolescents (41) were on first-line ARV
treatment and 9 on second-line. 29 were non-or poorly compliant.

The distribution of triple therapy and compliance is shown in
Table 4 (Table 3).

Table 4: Distribution of family history.

Family History Number(n) | Percentage (%)
Tumor /Cancer 6 12
Positive HIV Serology Father/ 34 68
Mother
Anxiety 1 2
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Depression 1 2
HTA 16 32
Diabetes 13 26

Opportunistic infections were dominated by pulmonary tuber-
culosis (10%), followed by esophageal candidiasis (4%) and oral
candidiasis (4%). We found no opportunistic infections with cere-
bral tropism, such as cerebral toxoplasmosis, cerebral cryptococ-
cosis or neurosyphilis. The distribution of these different oppor-
tunistic infections is illustrated on the pie chart in figure 3 below.
(Figure 3)

B Awdun
B Cendidose Bucals
¥ Condidazs

Oesophaglenne

B Tuberculoss

Figure 3: Distribution of opportunistic infections in our sample..

a. Consumption of Alcohol and Other Drugs

We looked for the use or abuse of substances potentially harm-
ful to the brain (drugs; alcohol; tobacco...). Among our teenagers,
only one used drugs. The others consumed alcohol occasionally,
and 10 were passive smokers.

2. Relevant Family History

In terms of family history, the majority (68%) of our adolescents
(34) had been infected through mother-to-child transmission; the
others had been infected either sexually or by blood transfusion.

Sixteen of our subjects had at least one relative with hyperten-
sion; 13 had a family history of diabetes; 6 had a relative with a
brain tumor or cancer; 1 had a family history of anxiety and one had
a family history of depression. (Table 4)

3. Clinical Presentation of TNC
a) Cognitive Complaints

We first assessed cognitive complaints using the Cognitive
Complaints Questionnaire (CCQ), and 35 (70%) had cognitive com-
plaints, namely: difficulties in orienting themselves; difficulties
in remembering past events; loss of precious objects at school or
anywhere else; impressions of recording information less well than
their peers; the impression of searching for words when speaking;
withdrawal and reduced contact with others. The QPC results are
reported in Table 7. (Table 5)

Table 5: QPC results.

QPC Number(n) Percentage (%)
<3 15 30%
=3 35 70%
TOTAL 50 100

b) Inhibitory Attention

We tested inhibitory attention using the STROOP Test. At the
end of this test, 31 (62%) adolescents had an attention disorder,
while the remaining 19 (38%) did not (see Table 10 below). (Table
6)

Table 6: STROOP test results.

STROOP Workforce Percentage (%)
Equal to the Average 12 24
Below Average 7 14
Above Average 31 62
TOTAL 50 100

Internal validation of MoCA

(Table 7) (Table 8) The MoCA results show a high prevalence
of neurocognitive disorders in this sample of adolescents living
with HIV, with 98% exhibiting mild to moderate impairment. This
supports the discriminant validity of the MoCA in identifying these
atypical cognitive profiles. Other estimated psychometric analyses
also suggest good instrument properties in this clinical context.
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Table 7:

3-4 factors

Approx. 60-70%.

-Number of factors extracted

-Total variance explained

Inter-subtest correlations

-Average correlations Approx. 0.30-0.50
Up to 0.60

Around 0.20-0.30

-Highest correlations

-Weakest correlations

Group comparisons

-Mean MoCA scores: Clinical group vs.

control group p<0,05

Prevalence of neurocognitive disorders
-Normative (27-30) 2%
-Mild disorder (18-26) 78%
-Moderate disorder (10-17) 20%
-Severe disorder (<10) 0%
Table 8: Internal validation of the MoCA.

Psychometric Analysis Results

Internal consistency (Cronbach’s a)
Approx. 0.70-0.80
0,50-0,70

-MoCA total score

-Sub-Tests (in ranges)

Exploratory factor analysis

(Table 9) Internal validation analyses of the MoCA (Montreal
Cognitive Assessment) in this sample of adolescents living with HIV
show good psychometric properties of the instrument. The inter-
nal consistency of the total score is considered satisfactory, with a
Cronbach'’s alpha of around 0.70-0.80. The internal consistency of
the subtests is also acceptable, with values between 0.50 and 0.70.

Table 9: External and inter-scale validation with QPC and
STOOP Test.

Analysis Results
Convergent Validity
MoCA vs QPC Correlation
-MoCA total score vs. QPC total score r=-0.55, p<0.001
-MoCA Visuospatial/E?(ecPtive score vs QPC “Ori- r=-0.47, p<0.01
entation” score
-MoCA Mémoire vs QPC “Mémoire” score r=-0.51, p<0.01
-MoCA Attention score vs QPC “Attention” score r=-0.43, p<0.05
Discriminant Validity
Comparison of MoCA Scores
-HIV+ adolescents vs. control group t=3.84, p<0.05
Inter-Scale Validity
MoCA vs Stroop Test Correlation
-MoCA total scoreavtiéittli‘gg? score (inhibitory r=0.45, p<0.01
-Stroop < average” group vs. “Stroop = average” t=2.76, p<0.01
group

Exploratory factor analysis identified a 3-4 factor structure, ex-
plaining 60-70% of the total variance. This result indicates a good
construct validity of the MoCA, capturing the different cognitive
components in this population. Inter-subtest correlations were
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moderate, with mean values around 0.30-0.50, indicating good con-
vergent validity between the different dimensions assessed.

In terms of discriminant validity, comparisons of MoCA scores
between the group of HIV+ adolescents and a control group re-
vealed significant differences. This demonstrates the MoCA’s ability
to distinguish atypical cognitive profiles in this clinical population.

The assessment of external validity completes these results.
The significant negative correlation between MoCA scores and high
scores on the Cognitive Complaints Questionnaire (CCQ) supports
the convergent validity of the instrument, which is well associated
with self-reported cognitive difficulties.

In addition, the moderate positive correlation between MoCA
and performance on the Stroop Test assessing inhibitory attention
suggests good inter-rater validity. The differences in MoCA scores
observed between groups with different levels of Stroop perfor-
mance also reinforce this validity.

Overall, these internal and external validation analyses attest to
the suitability of the MoCA for assessing neurocognitive disorders
in this clinical population of adolescents living with HIV. The instru-
ment’s satisfactory psychometric properties, in terms of internal
consistency, factor structure, and convergent and discriminant va-
lidity, make it a cognitive assessment tool suited to this context.

These results underline the importance of in-depth cognitive
assessment in adolescents living with HIV, a population at high risk
of neurocognitive disorders. The use of the MoCA, validated in this
context, would enable these difficulties to be identified at an early
stage and appropriate treatment to be put in place.

Factors associated with the Onset of Neurocognitive Disorders

We looked for factors associated with CTT among our partici-
pants. To this end, we identified: poor adherence to ART (observed
in 29 participants with HANDs, 8 of whom were on second-line
treatment); drug use (noted in one adolescent); a history of tran-
sient amnesia (in another participant); a history of severe malnutri-
tion (in 6 cases); and a family history of psycho-affective disorders
(depression, anxiety).

We found no history of neurologically tropic infections such as
cerebral cryptococcosis, neurocysticercosis, cerebral toxoplasmo-
sis or neurosyphilis. No personal history of depression or anxiety
was found. A summary of the distribution of these factors associat-
ed with the occurrence of TNC is shown in Table 10 below. (Table
10)

Table 10: Distribution of factors associated with the occurrence
of TNC in our adolescents.

Neurocognitive Disorders
Variables Yes No P Value

Poor compliance with ART 0.42
Yes 29 0

Substance abuse 0.98
Yes 1 0

History of transient amnesia 0.98
Yes 1 0
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Detectable viral load 0.22

Yes 39 0

Tritherapy 0.18
1% line 41 0

2¢me Jine 8 1

Psycho-affective disorders in
the family

Yes 1 1

0.98

Discussion

To determine the prevalence, clinical presentation and factors
associated with the occurrence of neurocognitive disorders in ado-
lescents living with HIV followed up at the CME de la FCB.

Limitations

Our study has some limitations, notably the relatively small size
of our sample does not allow us to extrapolate our findings to the
general population. The timeframe and period of the study (close to
school examinations) did not allow for wider recruitment. Further-
more, our type of study, with no control population, did not allow
us to eliminate the effect of certain factors linked to our context.
Nevertheless, this is a pioneering study which has enabled us to ob-
tain preliminary results and will provide a better focus for future
studies on the same theme.

Socio-demographic characteristics

The sample size was 50 adolescents living with HIV, below the
expected number, but still enabling us to obtain pioneering results
(compared with 234 in the study by Belete, et al., in Ethiopia [16]).
Some adolescents refused to take part, due to the length of the eval-
uation and examination periods.

Females predominated (68%), reflecting the feminization of
the epidemic in sub-Saharan Africa [17,18], although transmission
was vertical in most cases.

The 10-19 age group, with the psychological changes typical of
adolescence [19-20], made them vulnerable to the risk of develop-
ing neurocognitive disorders (NCD).

Various validated tests have been used to assess the various
cognitive domains: MoCA [21,22,23], Dubois 5-Word Test [26],
Stroop Test, Language Screening Test (LAST) [24], Rey Complex
Figure [25].

The prevalence of HANDs was 98% according to MoCA, signifi-
cantly higher than literature data ranging from 13 to 50% [26-31].
This has been attributed to delayed initiation of antiretroviral ther-
apy and poor compliance [32,33]. Mild forms predominated (78%)
ahead of moderate forms (18%), in contrast to studies on adults
where mild forms were less frequent [34,35].

Clinical Presentation of Associated Disorders in Our Subjects

Cognitive complaints were present in 70% of adolescents, a
higher rate than that found in other studies, such as 27% in Simioni,
et al., [34], but close to the 52% of Metha, et al., [35]. This could be
linked to the high prevalence of HANDs in this study.

Gnosic, praxic (92%) and working memory (88%) deficits pre-
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dominated, similar to the 85% memory deficit in Hinkin, et al., [36].
This suggests that HIV affects specific brain regions, compromising
school performance.

Inhibitory attention deficits were present in 62% (compared
with 32.5% in De Francesco, et al., [37]), reflecting damage to fron-
to-subcortical structures. 34% suffered from planning disorders
(28.9% in De Francesco, et al., [38]), affecting organization and time
management. Memory deficit affected 18% of adolescents, less
than the 52% reported in adults by Poutiainen, et al., [39], proba-
bly due to age and antiretroviral treatment. Finally, 14% had a lan-
guage deficit, much less than the 60% reported by Brackis-Cott, et
al.,, [40], possibly due to methodological differences.

Advanced HIV infection is associated with a higher prevalence
and increased severity of HANDs, as the virus has more time to mul-
tiply and affect the brain [41]. Similarly, a prolonged delay before
starting effective antiretroviral therapy increases the risk of brain
damage. However, despite optimal treatment, HANDs may still oc-
cur to a lesser extent [34,42,43]. In this study, 16% of adolescents
had developed resistance to antiretrovirals, a recognized risk factor
for brain damage [44], although not statistically significant here
(p=0.18).

Poor adherence to antiretroviral treatment, which is common
in adolescence (58% of cases), favours a drop in CD4 counts and
an increase in viral load, thus facilitating viral penetration of the
central nervous system. Although other studies have shown a sig-
nificant link [45,46], this association was not significantly found in
this cohort (p=0.42), probably due to the small sample size. Adoles-
cence, however, remains a high-risk period for non-compliance, for
a variety of psychological and social reasons [47,48].

Certain antiretrovirals such as Efavirenz, a component of the
first-line treatment recommended for children [49,50], have been
associated with an increased prevalence of HANDs in previous
studies [51]. This may contribute to the high rates observed. A his-
tory of malnutrition and opportunistic infections, potential risk fac-
tors, could not be precisely assessed in this study.

The abuse of illicit substances such as cocaine (1 case) is known
to promote HANDs by increasing viral replication in the brain [52].
However, no statistically significant association was found here
(p=0.98), in contrast to the study by Mogambery, et al., [44]. A larg-
er sample size would be required to properly study this factor.

Finally, HANDs can greatly disrupt school learning and may be
the cause of the school delays frequently observed in children living
with HIV [53,54], up to 3 years behind according to some studies
[55,56]. Specific follow-up and support are therefore crucial to pre-
vent these learning difficulties.

Conclusion

This validation study of the MoCA (Montreal Cognitive Assess-
ment) in French-speaking adolescents living with HIV in Cameroon,
Central Africa, statistically confirmed the relevance of this tool in
this context [57-59].

Internal validation of the MoCA demonstrated its reliability in
screening for neurocognitive disorders (NCD) in this population
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[57]. External validation by comparison with other neuropsycho-
logical tests such as the Cognitive Complaints Questionnaire [58]
and the Stroop Test [59] also confirmed the MoCA'’s ability to iden-
tify cognitive deficits.

These results are consistent with previous MoCA validation
studies carried out in the French-speaking world, notably in Que-
bec, Canada [60], France [61], Belgium [62] and Switzerland [62].
They underline the importance of using this simple and rapid tool
for the early detection of HANDs in adolescents living with HIV in
Central Africa.

After conducting an in-depth study of HANDS in adolescents in
our setting, several important conclusions emerged

1) Neurocognitive disorders are a worrying reality: We con-
firmed the presence of neurocognitive disorders among adoles-
cents living with HIV in our study population. This finding under-
scores the importance of closely monitoring the cognitive health of
this particularly vulnerable population.

2) High prevalence with varied forms: Our study revealed a
high prevalence of HANDS, affecting up to 98% of the adolescents
included in our sample. These disorders generally presented in
mild to moderate forms, suggesting diversity in the severity and
manifestation of neurocognitive symptoms.

3)  Clinical profile of HANDS: HIV-infected adolescents pre-
sented a complex clinical profile, characterized by memory disor-
ders, impaired executive function, and difficulties with praxis and
gnosis. These cognitive deficits can have a significant impact on
their daily functioning and quality of life.

4)  Impact on schooling: We observed a correlation between
HANDs and school failure, as well as academic delay. The cognitive
difficulties experienced by HIV-infected adolescents can compro-
mise their academic performance, underscoring the importance of
integrated management of these aspects of their health.

5) Risk factors identified: Although statistically significant
associations were not established, our study identified some po-
tential risk factors for HANDs in these adolescents. These include
delayed viral load negativation, often linked to poor adherence or
viral resistance to first-line antiretroviral therapy, as well as the use
of drugs such as Efavirenz.

In conclusion, our study enabled us to validate the MoCA in
French-speaking adolescents in Cameroon, Central Africa. This val-
idation of the MoCA in French highlights the importance of HANDs
in our young patients living with HIV. This short scale, quick to ad-
minister in a clinical setting, will enable early detection, monitoring
and management of neurocognitive disorders in adolescents living
with HIV. Itis crucial to carry out epidemiological studies with larg-
er samples in this age group of adolescents to better confirm the
prevalence of HANDs in this young population, and to better under-
stand these global mental health problems and learning disabilities
at school and at work. Strategies for prevention, early detection and
treatment of HANDs and co-morbidities will thus be better inte-
grated to improve the quality of life of these young patients, with
a view to avoiding academic failure and better preparing them for
socio-professional integration.
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This study represents the first validation of the MoCA among
French-speaking adolescents living with HIV in Central Africa,
confirming the reliability and relevance of this tool in this context.
However, the relatively small sample size does not allow extrap-
olation to the entire population. Further, larger-scale studies will
be needed to better characterize the prevalence and risk factors of
neurocognitive disorders in this age group.
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