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ABSTRACT 

Objective: Studies available on cognitive function among school-aged HIV-infected African and in particular Nigerian 
children are few. The purpose of the study was to assess the neurocognitive function of a group of HIV-infected school- 
aged (6 - 15 years) children using the Raven’s Standard Progressive Matrices (RPM). Method: Cognitive assessments 
of 69 HIV positive children and 69 age- and sex-matched apparently healthy HIV negative control children were per- 
formed using the Raven’s Standard Progressive Matrices (RPM). The children were subdivided (Piaget’s developmental 
staging) into two sub-groups: the concrete operation stage (6 - 11 years) and the formal operation stage (12 - 15 years) 
for analysis. Result: The mean RPM score for the HIV positive children was 18.2 (8.0 - 47.0, SD 9.8) which was sig- 
nificantly lower than the score of 27.2 (8.0 - 52.0, SD 13.8) for the HIV negative children (p < 0.001). On the RPM 
grading and using the HIV negative children as the standard, 56.5% of the HIV positive children had cognitive per- 
formance at below average to intellectually defective range. Conclusion: School-aged HIV positive children had sig- 
nificantly lower cognitive scores compared with age and gender-matched HIV negative children. Routine neuropsy- 
chological evaluation of all school-aged HIV-infected children is recommended. Early detection of cognitive impair- 
ment will help in planning appropriate interventions. 
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1. Introduction 

The Human Immunodeficiency Virus (HIV) infection and 
Acquired Immunodeficiency Syndrome (AIDS) is a glo- 
bal pandemic. Paediatric HIV/AIDS is a significant cause 
of childhood morbidity and mortality in Africa [1]. In the 
2009 AIDS epidemic update, the Joint United Nations Pro- 
gramme on HIV/AIDS (UNAIDS) reported that in 2008, 
2.1 million children were living with HIV worldwide and 
91% of this population live in Sub-Saharan Africa [2]. 

Developmental delays in children with vertically trans- 
mitted HIV infection have been well documented [3-7] 

These delays may begin as early as 4 months of age, con- 
tinue into the preschool years and manifest as either glo- 
bal or selective delays in neurodevelopment at school- 
age [7]. The affected children present with both neuron-  

logical and neuropsychological derangements manifest- 
ing as motor and cognitive deficits [8]. However, ad- 
vances in the medical treatment of children with HIV, 
including the development and use of combination anti- 
retroviral therapies and supportive medications, not only 
have prolonged survival but also have promoted growth 
and development and have improved quality of life [7,8]. 
Despite these advances, many children still experience 
direct and indirect effects of HIV infection that affect 
their experience as effective learners. 

Many studies on the impact of HIV on neurodevelop- 
ment of infected children have been done among Cauca- 
sian infants and preschool-aged children [3-7,9-11]. These 
studies were quite similar in their findings of delayed 
neurodevelopment in HIV-infected children. The reports 
of studies among African infants also demonstrated HIV- 
related CNS involvement at similar or higher prevalence 
rates compared with the Caucasians [12-16]. A system- 
atic review of six published works by Abubakar et al. on  
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paediatric HIV/AIDS and neurodevelopment in infancy 
in Sub-Saharan Africa (SSA) concluded that though HIV 
has been shown to affect all domains of child functioning, 
motor development is the most apparent in terms of se- 
verity, early onset and persistence across age groups 
[17]. 

Studies in the early school-aged and school-aged chil-
dren are generally lacking especially in Africa where 
most of the children live. In Africa, the first published 
study among school-aged HIV-infected children by Ba- 
genda et al. was a longitudinal prospective study of 
Ugandan children who had never been on antiretroviral 
therapy (ART) [18]. The authors found no difference in 
the cognitive performance of HIV-infected children and 
the control HIV negative children using the Kaufmann 
Assessment Battery for Children (K-ABC) and the Wide 
Range Achievement, third editions (WRAT-3) instru- 
ments for cognitive assessments. The authors reasoned 
that perhaps, the children in the original cohort with se- 
vere HIV encephalopathy had died leaving this subgroup 
of children with a static/stable expression of the disease 
that performed at normal or near-normal range in the 
cognitive assessments.  

There is need for more research especially among Af- 
rican children beyond the preschool-age period. This is 
important as many children now survive up to school-age 
in Africa due to free antiretroviral therapy in many coun- 
tries including Nigeria. It is crucial to ascertain the im- 
pact of HIV on their cognitive abilities with possible ef- 
fect on their academic achievement. Currently, neuron- 
psychological assessment is not part of the routine care 
of the HIV-infected children in Nigeria. The purpose of 
this study was to assess the neurocognitive function of 
HIV-infected school-aged children with the Raven’s 
Standard Progressive Matrices (RPM). 

The Instrument 

The Raven’s Progressive Matrices (RPM) is a widely 
used nonverbal test of general intelligence that appraises 
visuo-spatial reasoning, abstract thinking, deductive rea- 
soning and general intelligence [19]. RPM has been vali- 
dated for use in Nigerian children [20]. In RPM, a person 
is shown a matrix of patterns with one pattern missing. 
The person must figure out the rules governing the pat- 
terns and then use these rules to pick the item that best 
fills in the missing pattern. The test was designed to mini- 
mize the influence of culture by relying on nonverbal 
problems that require abstract reasoning and do not re- 
quire knowledge of a particular culture. The RPM con- 
sists of sixty problems divided into five subsets of twelve. 

Each person’s total score is the total number he/she got 
correctly. 

2. Methods 

2.1. Study Location 

The study was a cross-sectional study conducted between 
November 2009 and April 2010 at Lagos University 
Teaching Hospital (LUTH), Lagos State, Nigeria. LUTH 
is a 750-bedded tertiary centre providing healthcare to 
inhabitants of Lagos and neighbouring states. Children 
below the age of eighteen years have health care pro- 
vided through the Department of Paediatrics at LUTH. 
Services provided include emergency paediatric services, 
inpatient care and specialty outpatient clinics which in- 
clude a dedicated Paediatric HIV Clinic for HIV-infected 
and HIV-exposed children. 

2.2. Study Participants 

HIV-infected children at school-age (6 - 15 years) ac- 
cessing care at Paediatric HIV Clinic, LUTH constituted 
the study population. The total number of children (com- 
prising of infants perinatally exposed to HIV and HIV- 
infected children) attending the clinic at the end of 2009 
was 566 out of which 223 were within the age group 6 - 
15 years. The latter group had 174 children on HAART 
while 49 were not on HAART. The Clinic is being fund- 
ed by the USA government through the President’s Emer- 
gency Plan for AIDS Relief (PEPFAR). The HIV-infect- 
ed children were being managed according to the Na- 
tional Guidelines for Paediatric HIV/AIDS treatment and 
care based on the clinical and immunological stage of 
their disease [21]. Human Immunodeficiency Virus in- 
fection was diagnosed with a positive Enzyme Linked 
Immunosorbent Assay (ELISA) test, which was confirm- 
ed with the Western blot test. HIV-infected children who 
presented at age below eighteen months had HIV diag- 
nosis confirmed with the HIV DNA PCR tests.  

The HIV positive subjects were recruited from con- 
secutive HIV-infected children attending the Paediatric 
HIV (APIN) clinic. The HIV negative children controls 
were drawn from among children within the same age- 
range attending follow-up clinics at the Paediatric Outpa- 
tient Clinics. The parents were offered provider-initiated 
counselling and testing (PITC) of their wards. The chil- 
dren of parents/guardians who consented were tested for 
HIV at the APIN clinic. Pre- and post-test counselling is 
usually provided for all individuals being tested at this 
centre. The children who tested negative for HIV were 
recruited into the study. 

2.3. Inclusion Criteria for Subjects 

1) Confirmed HIV positive status; 
2) Age 6 - 15 years inclusive; 
3) HIV status disclosure (partially or fully) to the child 

by the parents and/or counselors and signed, informed 
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consent by the parents/guardians as well as the assent 
(verbal/written) of the children. 

The control had same inclusion criteria except having 
negative HIV status 

2.4. The Exclusion Criteria for Subjects and 
Controls 

1) Acute illness and/or hospital admission at the time 
of cognitive test administration; 

2) Chronic neurological disorders such as epilepsy, ce- 
rebral palsy; 

3) Inability to perform the RPM cognitive test for what- 
ever reasons. 

2.5. Procedure and Data Collection 

Consecutive HIV positive children attending the Paediat-
ric HIV Clinic and the HIV negative controls seen at the 
Paediatric Outpatient Clinics who satisfied the inclusion 
criteria were recruited until the desired sample sizes were 
attained. After obtaining informed consents/assents from 
the parents/children, the researcher administered the 
study proforma. The proforma consisted of five sections: 
1) socio-demographic data; 2) medical history; 3) neuro- 
logical symptoms 4) neurological examination and 5)  

RPM cognitive tests. The socioeconomic status of the fa- 
mily of the subjects was computed using the method re- 
commended by Oyedeji [22]. HIV positive children had 
their disease staged using the WHO clinical staging [23]. 

2.6. Ethical Approval 

The study was approved by the LUTH Research and Eth-
ics Committee before the commencement of the study. 
Informed, written consents were obtained from the par-
ents/guardians and verbal/written assents were obtained 
from the participants. The children were informed of their 
scores and parents/caregivers were counseled on need for 
follow-up care. 

2.7. Data Analysis 

Data was entered, validated and analyzed using the SPSS 
for windows version 16.0. [24]. A p value less than 0.05 
was accepted as statistically significant (two-tailed analysis). 

3. Results 

One hundred and thirty-eight children made up of 69 
HIV positive subjects and 69 HIV negative controls were 
recruited into the study. Table 1 shows the socio-demo- 
graphic characteristics of the HIV positive and the HIV  

 
Table 1. Socio-demographic characteristics of study subjects. 

Characteristics HIV positive N = 69 HIV negative N = 69 p value 

Age (years) 9.86 ± 2.48 9.64 ± 2.42 0.61 

Age (years) 
6 - 11 
12 - 15 

 
55 (80%) 
14 (20%) 

 
55 (80%) 
14 (20%) 

 
1.00 

 

Sex 
Male 
Female 

 
34 (49.3%) 
35 (50.7%) 

 
33 (47.8%) 
36 (52.2%) 

 
0.87 

 

Level of education 
Nursery 
Primary 
Junior secondary 
Senior secondary 

 
4 (5.8%) 

52 (75.4%) 
10 (14.5%) 

3 (4.3%) 

 
1 (1.5%) 

51 (73.9%) 
12 (17.4%) 

5 (7.2%) 

 
0.48 

 
 
 

Socio-economic class 
Upper (I and II) 
Middle (III) 
Lower (IV and V) 

 
26 (37.7%) 
28 (40.6%) 
15 (21.7%) 

 
45 (65.2%) 
16 (23.2%) 
8 (11.6%) 

 
0.01* 

 
 

Primary caregiver 
Mother 
Others 

 
53 (76.8%) 
16 (23.2%) 

 
51 (73.9%) 
18 (26.1%) 

 
0.69 

 

Mother’s level of education 
Tertiary 
Secondary 
Primary 
None 

 
15 (21.7%) 
35 (50.7%) 
16 (23.3%) 

3 (4.3%) 

 
39 (56.5%) 
21 (30.4%) 
7 (10.1%) 
2 (2.9%) 

 
0.001* 

 
 
 

Mother’s HIV status 
Positive 
Negative 
Unknown 

 
53 (76.8%) 
8 (11.6%) 
8 (11.6%) 

 
0 (0.0%) 

40 (58.0%) 
29 (42.0%) 

 
0.001* 

 
 

*p value significant. 
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negative subjects. The mean age of the HIV positive 
children was 9.86 ± 2.48 years. The HIV positive and 
HIV negative children were comparable in terms of age, 
gender distribution, level of education and primary care- 
givers. Thirty-nine of the HIV positive subjects were re- 
ceiving HAART. 

3.1. The RPM Cognitive Scores of HIV Positive 
and HIV Negative Subjects 

The overall mean RPM score for the HIV positive chil- 
dren was 18.2 (8.0 - 47.0, SD 9.8) which was lower than 
the mean score of 27.2 (8.0 - 52.0, SD 13.8) for the HIV 
negative children as shown in Table 2. The difference 
was statistically significant (p < 0.001). The mean RPM 
score of the HIV positive subjects in the age group 6 - 11 
years was 15.5 while their HIV negative counterparts had 
a mean score of 24.9 (p < 0.001). In the age group 12 - 
15 years, the mean RPM score of the HIV positive chil- 
dren was 28.8, also higher than the score of 36.2 by the 
HIV negative control children. However, the difference 
failed to reach statistical significance (p = 0.06). 

3.2. RPM Grading of the HIV Positive and HIV 
Negative Subjects 

The distribution of the study subjects by RPM grading is 
shown on Table 3. For Chi-square analysis, the grading 
was dichotomized to scores that were at least average and 
above; and scores below average as shown in Table 4. 
About two-third of the HIV negative children had RPM 
scores that were at least average and above compared to 
less than half of the HIV positive subjects with same 
grade scores. Conversely, more than half of HIV positive 
children had RPM scores at below average and lower 
grades compared with one-third of the HIV negative 
children with similar grades. This difference was statis- 
tically significant (χ2 = 7.50, p = 0.006). 

4. Discussion 

The finding of lower RPM cognitive scores by HIV posi- 
tive children compared with HIV negative control chil- 
dren is similar to reports of other studies among school- 
aged HIV positive children in USA and Greece [25,26].  

 
Table 2. Age and RPM scores of HIV negative and HIV positive children. 

RPM scores 

HIV– HIV+ Age Group 

N Mean ± SD n Mean ±SD 

t value p value 

6 - 11 55 24.9 ± 13.1 55 15.5 ± 6.9 –4.75 0.00* 

12 - 15 14 36.2 ± 13.3 14 28.8 ± 12.6 –1.54 0.14 

Total 69 27.2 ± 13.8 69 18.2 ± 9.8 –4. 45 0.00* 

*p value significant; HIV– = HIV negative children; HIV+ = HIV positive children. 

 
Table 3. RPM grading of HIV positive and HIV negative children. 

RPM grade HIV+ n (%) HIV– n (%) Total n (%) 

Grade 1 (superior) 1 (1.4%) 5 (7.2%) 6 (4.3%) 

Grade 2 (above average) 1 (1.4%) 15 (21.7%) 16 (1.6%) 

Grade 3 (average) 28 (40.6%) 26 (37.7%) 54 (39.1%) 

Grade 4 (below average) 27 (39.1%) 16 (23.2%) 43 (31.2%) 

Grade 5 (intellectual deficit) 12 (17.4%) 7 (10.1%) 19 (13.8%) 

HIV+ = HIV positive children; HIV– = HIV negative children. 

 
Table 4. Distribution of rpm grading and HIV status. 

Rpm grading HIV+ HIV– 

Average and above 30 (43.4%) 46 (66.7%) 

Below average 39 (66.6%) 23 (33.3%) 

(χ2 = 7.50, *p = 0.006). 
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In the present study, 56.5% of the HIV positive children 
also had cognitive performance at below average to in-
tellectual deficit range using the HIV negative children 
as the standard. This finding is comparable to that by 
Papola et al. [25] among school-aged HIV-infected Ameri- 
can children where 56% were reported to be functioning 
at below average to mentally retarded range. The latter 
study had the largest sample of 90 school-aged HIV- 
infected children studied so far in the USA. The age range 
of the American children (5 - 14) was similar to the pre-
sent study. In addition, the subjects were clinically stable 
at the time of their assessments and majority (82%) was 
on antiretroviral therapy [25]. HAART has been shown 
to halt and/or possibly reverse progression of HIV-asso- 
ciated encephalopathy [27]. However, despite the clinical 
stability and use of anti-retroviral medications, there is 
still ongoing cognitive decline mostly attributable to the 
HIV infection. The lower cognitive scores among HIV 
positive children have also been documented in a study 
in Greece [26]. All HIV positive subjects in the Greece 
study were also on antiretroviral therapy as in the present 
study. This suggests that HAART may not completely re- 
verse established encephalopathy in all cases. The find- 
ing of poorer cognitive performance by HIV-infected chil- 
dren compared with HIV negative children even during 
periods of clinical stability shows the need for routine 
neuropsychological evaluation of HIV-infected children 
for early detection of those with cognitive deficits.  

However, few studies have also shown no difference 
in cognitive scores among HIV positive and HIV nega- 
tive children at school age. In Uganda, Bagenda et al. 
found no statistical significant difference in cognitive 
scores of the school-aged HIV positive and the HIV 
negative control children using the Kaufmann Assess- 
ment Battery for Children (KABC) which has non-verbal 
sub-sections similar to the RPM [18]. The HIV-infected 
children in the Ugandan study had never been on antiret- 
roviral therapy and were long-term survivors of a cohort 
of perinatally HIV-infected children. This is in contrast 
to the present study which included HIV-infected chil- 
dren on HAART. It is possible that the children in the 
Ugandan cohort with severe illness who would probably 
have had cognitive impairments had died leaving those 
children with a more clinically stable form of HIV dis- 
ease in this study with cognitive performance at near 
normal range. Tardieu et al. also in France also reported 
HIV-infected children to have cognitive function at nor- 
mal range [28]. All the French children were ambulatory 
and neurologically stable, with majority on antiretroviral 
therapy comparable to HIV-infected children in the cur- 
rent study. The French Study was however not controlled. 
It is known that manifestation of HIV associated en- 
cephalopathy vary among infected children [29]. How- 
ever, it is not clearly known why one group of infected 

children develops more severe form of encephalopathy 
compared to others. The Ugadan and French studies also 
had a relatively few sample size (N = 28) compared to 
present and American studies which found significant dif- 
ference. The lack of consistency in the findings of the 
studies among HIV-infected school-age children may 
also be due to difference in methods used in evaluating 
cognitive function by various studies. This has been one 
of the major challenges in comparing studies among 
school-age children.  

The present study has few limitations. It was a cross- 
sectional study with just one cognitive assessment. A 
longitudinal prospective follow-up cohort study from birth 
with multiple interval assessments over a time period 
would have given more information about cognitive defi- 
cits over time and also control for birth-related parame- 
ters and events. Secondly, different domains of cognitive 
function were not assessed. This was because of the need 
to perform a brief cognitive test that can be done on out- 
patient basis. Also, we were unable to correlate the per- 
formance on RPM cognitive test with the current aca- 
demic and school performance of the study subjects. 

5. Conclusions 

This study has shown that the cognitive RPM scores of 
clinically and neurologically stable school-aged HIV- 
infected children aged 6 - 11 years was significantly 
lower than that of the age- and gender-matched HIV 
negative control children. We therefore recommend that 
all HIV positive Nigerian children should have routine 
neuropsychological evaluation at intervals as part of their 
standard care to promptly detect children with cognitive 
impairment for early interventions.  

However, there is still the need for more research pref- 
erably longitudinal follow-up cohort studies which will 
include multiple interval cognitive assessments among Ni- 
gerian children to further confirm the findings of this pre- 
liminary study. The findings on cognitive assessments 
should also be correlated with the current academic per- 
formance. 
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