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Abstract

Background: Cognitive impairment is a major neurological complication of sickle cell anemia 

(SCA) in the United States, but there are limited studies of cognitive impairment in Nigeria, the 

country with the highest SCA burden. We hypothesized that children from Nigeria with SCA have 

worse cognitive functioning than comparison children and explored the association between lower 

cognitive functioning and key laboratory demographic and socioeconomic variables among 

children with SCA.

Procedure: We conducted a cross-sectional survey, supplemented by anthropomorphic and 

laboratory data, among a convenience sample of children from Nigeria with and without SCA. We 

administered the Wechsler Intelligence Scale for Children, Version IV. Our primary outcome 

measures included (1) estimated IQ (Est. IQ), (2) working memory (WM), and (3) processing 

speed (PS).

Results: The sample included 56 children with SCA (mean age 9.20 [SD 2.75], 46.43% girls) 

and 44 comparison children (mean age 9.41 [SD 2.49], 40.91% girls). Children with SCA 

performed worse on Est. IQ (84.58 vs. 96.10, P = 0.006) and PS (86.69 vs 96.91, P = 0.009) than 

comparison children. There was no significant difference in WM between both groups. Factors 

associated with lower Est. IQ and PS among children with SCA included age, maternal education, 

weight-for-age Z scores, and height-for age Z scores.

Conclusion: In this small sample of children from Nigeria, we found worse cognitive 

functioning in children with SCA than in comparison children, and that sociodemographic and 

anthropomorphic factors were correlated with cognitive functioning.
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1 | INTRODUCTION

Patients with sickle cell anemia (SCA) experience a high burden of neurological 

complications including overt and silent strokes.1,2 It is estimated that approximately 31–

35% of children with SCA will suffer from silent strokes.2,3 Silent strokes have been 

demonstrated to increase the risk of overt stroke and are associated with cognitive deficits.
4–7 Studies evaluating cognitive functioning in SCA have demonstrated lower IQ compared 

to children without SCA,8,9 and deficits in specific domains including processing speed 

(PS), memory, and attention.10,11 Cognitive impairment can adversely affect quality of life 

and adaptive functioning.

While the adverse impact of both types of strokes on cognitive development in SCA has 

been reported in multiple studies,4,11,12 cognitive impairment may also occur in the absence 

of stroke,9,13 suggesting that other factors may contribute to its pathogenesis. Disease-

related risk factors such as hypoxia and lower hemoglobin levels have been demonstrated to 

be independent predictors, but they do not completely predict cognitive functioning in SCA.
13–16 Nutritional status has been shown to be associated with cognitive functioning in 

children and adults in general,17–19 but not particularly in children with SCA. Lastly, 

sociodemographic factors such as home environment (e.g., parental education) have been 

associated with cognitive performance in the general population in the United States and in 

other countries.20,21 This has not been extensively investigated in patients with SCA, 

especially outside the United States. Sub-Saharan Africa accounts for the highest annual 

SCA burden in the world with 79% of all newborns with SCA in 2010,22 yet little is known 

about the cognitive functioning in children from Africa with SCA. This knowledge gap 

inhibits the development of targeted interventions to prevent or mitigate cognitive deficits in 

children with SCA.

This study compared the cognitive functioning of children from Nigeria with SCA to 

comparison children from Nigeria without SCA and explored the association of cognitive 

functioning with key demographic and laboratory data. We hypothesized that children with 

SCA would have worse cognitive performance, specifically estimated IQ (Est. IQ), working 

memory (WM), and PS, than comparison children and lower cognitive functioning would be 

associated with older age, lower hemoglobin levels, and poor nutritional status.

2 | METHODS

2.1 | Standard protocol approval and patient consent

We conducted a cross-sectional study in Lagos, Nigeria, from June to August 2012. Review 

and approval of the protocol were obtained from the International Review Board at the 

University of Pittsburgh (PRO12050138) and the International Review Board from Lagos 

University Teaching Hospital (LUTH), which also covers the Sickle Cell Foundation Nigeria 
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(SCFN) associated clinic and Lagos State University Teaching Hospital (LASUTH). All 

parents and guardians provided written informed consent to the study and children provided 

assent.

2.2 | Participants

Using convenience sampling, we approached eligible children from the pediatric sickle cell 

clinic at LUTH as well as four weekly sickle cell clinics at SCFN. Eligibility criteria 

included (i) English-speaking; (ii) age 6–16 years based on the recommended age range of 

the Wechsler Intelligence Scale for Children, Version IV (WISC-IV)23; (iii) laboratory 

diagnosis of homozygous hemoglobin S SCA by chart review; (iv) presenting for a routine 

clinic visit for comprehensive follow-up; and (v) absence of acute medical problems (i.e., 

any sickle cell related complication such as vaso-occlusive crisis or other acute pediatric 

illnesses) as determined by the physician managing their SCA. Exclusion criteria included 

(i) history of overt stroke, (ii) head injury, or (iii) blood transfusion within the past 3 months. 

We approached 82 children and 56 (68.3%) agreed to participate.

We also used convenience sampling to enroll children without SCA as a comparison group. 

Comparison children presenting for a well-child visit were approached at the general 

pediatric clinic at LASUTH. Eligibility criteria included (i) English-speaking, (ii) age 6–16 

years, (iii) absence of SCA or heterozygous hemoglobin AS (sickle cell trait or carrier 

status, HbAS) by chart review, and (iv) presenting for a routine clinic visit for follow-up. A 

physician screened the children to ensure they did not have an acute or chronic illness or any 

self-reported history of head injury. We approached 76 children and 44 (58.6%) agreed to 

participate, of whom 9 (20%) were siblings of patients with SCA already enrolled in the 

study.

2.3 | Demographics

Demographic and medical history data were obtained from parents and guardians using an 

ad hoc generated questionnaire. Parents/guardians reported their age, employment status, 

number in household, marital status, and education levels. We classified parental education 

levels into categorical variables of less than secondary school versus greater than or equal to 

Ordinary National Diploma (OND)/National Certificate in Education (NCE) (Table 1). OND 

and NCE are comparable to an associate degree in the United States.

2.4 | Anthropometric and laboratory values

Patients’ height and weight, and calculated weight-for-age Z scores (WFAZ) and height-for-

age Z scores (HFAZ) were measured. WFAZ and HFAZ are measures of wasting and 

stunting, respectively. We measured hemoglobin levels at the time of the cognitive 

assessment using a STAT-Site® (Stanbio Laboratory, Boerne, TX) portable hemoglobin 

analyzer and peripheral oxygen levels using a fingertip pulse oximeter (Santa Medical, 

Tustin, CA). Most of the parents of comparison children declined to have hemoglobin levels 

obtained from their children.
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2.5 | Neurocognitive measures

The WISC-IV is a measure of a child’s intellectual ability and has been used extensively in 

the United States and cross-culturally.14,24 We were able to administer the test without 

difficulty since English is the primary teaching language in Nigeria.

2.5.1 | Intelligence—We derived an estimated IQ (Est. IQ) using four WISC-IV 

subtests: coding (CD), symbol search (SYS), letter numbering (LN), and digit span (DS). 

The reliability coefficient of these four subtests with full-scale IQ is 0.826.25 These four 

subtests were chosen because of their lower susceptibility to cross-cultural factors.

2.5.2 | Working memory (WM)—An index of WM was derived from a combination of 

the WISC-IV subtests DS and LN. Previous work has shown that these WISC-IV subtests 

provide a reliable and valid measure of WM.26

2.5.3 | Processing speed (PS)—An index of PS was derived from a combination of 

the WISC-IV subtests CD and SYS. Previous work has shown that these WISC-IV subtests 

provide a reliable and valid measure of PS.27

2.6 | Statistical methods

Sociodemographic, anthropomorphic, laboratory data, and measures of cognition were 

summarized using measures of central tendency and dispersion. We compared sample means 

between children with SCA and comparison children using Fisher’s exact test for categorical 

variables and independent sample t-test for continuous variables. A multivariable linear 

regression analysis was performed to adjust for father’s education level when comparing 

sample means since this variable approached significance when comparing both groups. The 

relationships between sociodemographic, anthropomorphic, laboratory measures, and each 

of the cognitive outcomes (Est. IQ, WM, PS) were explored using Pearson correlation 

coefficients for continuous predictors and independent sample t-test for categorical 

predictors.

All statistical analyses were performed in IBM SPSS version 22 (IBM Corp., Armonk, NY). 

Statistical significance was set at P < 0.05 for two-sided P values. Effect sizes (Cohen’s d) 

were calculated by dividing the difference of the two sample means by the pooled standard 

deviation of the two groups. Effect sizes with absolute value 0.2, 0.5, and 0.8 are considered 

small, medium, and large, respectively.28

3 | RESULTS

3.1 | Demographics

We enrolled 56 children with SCA and 44 comparison children (Table 1). There were no 

significant differences in age, gender, parental marital status, number of people in the 

household, or maternal and paternal education level between children with SCA and 

comparison children.

Oluwole et al. Page 4

Pediatr Blood Cancer. Author manuscript; available in PMC 2020 April 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3.2 | Anthropometric and laboratory values

There were statistically significant differences between children with SCA and comparison 

children for all anthropometric and laboratory variables. Children with SCA were shorter 

(Table 2) and exhibited poorer nutritional status (WFAZ) than the comparisons.

3.3 | Neurocognitive domains

Children with SCA had significantly lower Est. IQ than comparison children (Table 3). 

Additionally, children with SCA had significantly worse PS than the comparison children. 

Children with SCA also exhibited significantly worse performance than comparison children 

on three WISC-IV subtests: CD, DS, and SYS (Table 3). Further analysis adjusting for 

father’s education level produced similar results (Table 3).

3.4 | Correlates of neurocognitive functioning in children with SCA and comparison 
children

Within the SCA group, several outcomes negatively correlated with age including Est. IQ, 

WM, and PS (Table 4). Additionally, lower HFAZ strongly correlated with lower Est. IQ and 

WMI and moderately correlated with PS. Lower maternal education level was significantly 

associated with lower Est. IQ (Table 5) and PS within the SCA group. There was no 

significant association between paternal education, BMI, hemoglobin, peripheral oxygen 

saturation level, and any of the cognitive outcomes. Within the comparison group, there was 

a mild negative correlation between age, PS, and Est. IQ that was nonsignificant (Table 4). 

There was a strong correlation between stunting and PS. There was no significant 

association between BMI, peripheral oxygen saturation level, parental education levels with 

any of the cognitive outcomes (Tables 4 and 6). Hemoglobin was excluded from the analysis 

in comparison children given the small sample size (n = 12).

4 | DISCUSSION

In this sample of children in Lagos, Nigeria, we found that children with SCA have lower 

Est. IQ and PS than comparison children. Lower Est. IQ, PS, and WMI correlated with 

increasing age and lower WFAZ and HFAZ. We found no association between any of our 

primary outcomes and hemoglobin levels in the group with SCA. Our findings are consistent 

with findings in the United States and Cameroon that children with SCA have lower IQ 

when compared to a comparison group without SCA.9,14,29 The average IQ of children with 

SCA in our cohort was 84.58 (SD = 15.3), which is similar to what was reported in prior 

studies.4,5,10

We found a relationship between older age and lower Est. IQ in children with SCA. In 

comparison children, while the relationship had a similar direction, it did not reach statistical 

significance. There have been conflicting results regarding the relationship between age and 

cognitive functioning in children with SCA, as some studies have demonstrated poorer 

cognitive functioning with increasing age,4,9,13 younger age, or no difference.10,30,31 The 

negative relationship between age and cognitive functioning in our cohort may be suggestive 

of an early age of onset of cognitive impairment. Since silent strokes may occur very early in 

life,2 it is possible that prior to participation in this study, some children in our cohort 
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suffered from silent strokes, which are known to adversely affect IQ. These results should, 

however, be interpreted with caution, as the small sample size of the comparison group may 

have prevented us from detecting a similar association between age and cognitive 

functioning in the children without SCA. A prospective controlled longitudinal study will be 

needed to further explore the impact of aging on cognitive functioning of children in 

Nigeria.

In patients without SCA, cognitive deficits have been linked to nutritional deficiencies in 

vitamin B12, folate, and general nutritional status.32,33 These comorbidities are highly 

prevalent in sub-Saharan Africa.34 Our findings show that lower WFAZ was associated with 

lower Est. IQ and poorer cognitive performance on both WM and PS. Multiple studies have 

also shown a strong correlation between growth measures and cognitive development in 

different populations21,35,36 In a cohort of U.S. children with SCA aged 4–8, height for age 

was correlated with all measures of cognitive functioning while BMI was only associated 

with academic achievement.36–38 However, when a retrospective analysis of growth velocity 

data was conducted on a subset of patients from this cohort, BMI-for-age velocity, not 

height-for-age velocity, was significantly associated with cognitive scores.38 In our study, 

lower HFAZ was also associated with worse cognitive performance. Growth failure in height 

and weight is highly prevalent in children with SCA in the United States,39,40 with stunting 

being also common in children with SCA in Africa.41,42 There are multiple potential 

explanations for growth deficits in SCA. Growth hormone levels have been demonstrated to 

be lower in children with SCA compared to children without SCA suggesting a possible 

contribution of endocrine factors to brain development impacting cognitive functioning. 

Children with SCA have also been shown to have uncompensated, higher resting metabolic 

rates leading to energy deficits. Malnutrition may be secondary to the acute and chronic 

inflammatory milieu of SCA and a hypermetabolic state leading to unmet caloric demand, 

particularly in low-income countries. Both malnutrition and lower cognitive functioning may 

also be reflective of a poorer home environment. In summary, the association we report 

between WFAZ and HFAZ and lower cognitive functioning in SCA is worthy of further 

scrutiny in future prospective studies and aggressive nutritional support may be a key 

intervention in the prevention or improvement of cognitive functioning.

We found no association between anemia, the main explanatory variable specific to patients 

with SCA, and the primary cognitive outcomes in our study. Previous studies have yielded 

contradictory results on the association between severity of anemia and cognitive 

functioning in adults and children.5,9,14,15,43,44 This discrepancy may have multiple 

explanations. Severity of anemia is a major risk factor for stroke in SCA and stroke is clearly 

linked to cognitive impairment. Different inclusion/exclusion criteria regarding a history of 

silent stroke are expected to impact the association between cognitive functioning and level 

of anemia across studies. While our study was not designed to thoroughly investigate all 

possible variables associated with cognitive impairment, it suggests that in our population, 

sociodemographic and nutritional factors may be more likely to impact cognitive impairment 

than the level of anemia.

Home environment, including household income and parental education, has been associated 

with better cognitive performance and academic achievement in the general U.S. 

Oluwole et al. Page 6

Pediatr Blood Cancer. Author manuscript; available in PMC 2020 April 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



population45 as well as in African populations.46 This is possibly a result of shared genetic 

influence, better learning environments, or both.47,48 A significant relationship between 

maternal education and cognitive functioning in patients with SCA in the United States has 

been reported,43 similar to the link-age reported for typically developing children in the 

Unites States and in Nigeria.49 We extend this observation to children with SCA in Nigeria 

by showing that higher maternal education level is significantly associated with better 

performance on the cognitive tests for children with SCA. This relationship was not found 

within our comparison group, however, this could be due to its smaller sample size.

There are several limitations to our study. First, our comparison group included both siblings 

without SCA of our SCA cases and typically developing unrelated children. It is, therefore, 

conceivable that there would be statistical dependence between patients with SCA and their 

siblings without SCA. This might affect the results of our independent sample statistical 

tests, and our sample size did not permit a more complex analysis that could take potential 

data dependencies into account. Second, while we took care in excluding children with a 

history of overt stroke, self-reporting from the parents may have been erroneous, particularly 

in a setting where MRI testing to diagnose stroke is not routinely available. Other risk 

factors that may affect our cognitive outcomes such as transcranial Doppler velocity, and 

anthropometric and laboratory values such as prevalence of obstructive sleep apnea and 

preterm birth were also not available. Thus, the interplay between these comorbidities is not 

known. Third, the clinical venues where we recruited children with SCA and our 

comparison group of children were convenience clinics, which can lead to sampling bias. 

Future work might opt for classroom comparison peers who are of similar age and gender. 

The use of this strategy in the United States typically results in samples that are more 

balanced in regards to demographic characteristics.50 Fourth, while our measure of Est. IQ 

has extremely high correlation with actual full-scale IQ in typically developing children,24 it 

may not be so robustly correlated with full-scale IQ in children with neurobiological insults.

Future work might examine the validity coefficients of shortened forms of IQ tests in 

children with SCA. Fifth, although we tried to control for language biases by using certain 

WISC-IV subtests, our analysis did not adjust for language proficiency as some of the 

WISC-IV subtests may have slight biases against bilingual children. Lastly, we had a small 

sample size, completed many comparisons, and some of our variables had a moderate to 

high proportion of missing values, thus increasing the likelihood of Type 1 and Type 2 errors 

and preventing us from drawing definitive conclusions about the association between 

cognitive outcomes and the variables of interest. We are, however, encouraged by the finding 

that even nonsignificant correlations were in the same direction of those that reached 

statistical significance (e.g., the correlations between HFAZ and WM and the association 

between maternal education and WM).

In summary, we have shown that children with SCA in an urban setting in Nigeria have 

significantly lower Est. IQ and PS than comparison children. We have found that nutritional 

status and maternal educational levels are important determinants of cognitive functioning in 

this population, with age being a contributing factor. Finally, we have shown that subtests of 

the WISC-IV can discriminate cognitive functioning between patients with SCA and 

comparison children in Nigeria and may be a valuable diagnostic tool in this setting.
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ABBREVIATIONS

CD coding

DS digit span

Est. IQ estimated IQ

HFAZ height-for-age Z score

LASUTH Lagos State University Teaching Hospital

LN letter numbering

LUTH Lagos University Teaching Hospital

NCE National Certificate in Education

OND Ordinary National Diploma

PS processing speed

SCA sickle cell anemia

SCFN Sickle Cell Foundation Nigeria

SYS symbol search

WFAZ weight-for-age Z score

WISC-IV Wechsler’s Intelligence Scale for Children, Version IV

WM working memory
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