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I N TRODUC TION

Sickle cell disease (SCD), an inherited blood disorder that is the 
most common genetic disorder worldwide, primarily affects 

people of African descent.1– 3 The SCD genetic polymorphism 
produces mutant haemoglobin molecules that polymerize 
within the erythrocyte during deoxygenation, resulting in 
sustained haemolytic anaemia and painful vaso- occlusive 
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Summary
Ageing in sickle cell disease (SCD) is associated with a myriad of end- organ compli-
cations, including cerebrovascular damage and cognitive impairment (CI). Although 
CI is very common in SCD, little is known about cognitive functioning and how it 
changes with age. This study examines cognitive patterns of 63 adults with SCD and 
60 non- SCD, age-  and education- matched controls in Ghana. Of those adults with 
SCD, 34 completed the neuropsychological battery at baseline and again seven years 
later. In cross- sectional data, adults with SCD performed worse than controls in all 
cognitive test domains (p < 0.01 for all). The seven- year follow- up data showed that the 
group exhibited a significant decline in visuospatial abilities (ranging from Cohen's 
d = 1.40 to 2.38), and to a lesser extent, in processing speed and executive functioning. 
Exploratory analyses showed a significant time- by- education interaction, indicating 
that education may be protective from decline in cognitive performance. These find-
ings have implications for clinical practice. Early neuropsychological surveillance 
coupled with early assessment and remedial programmes will provide avenues for 
enhancing the quality of life of adults living with SCD in Ghana.
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events.4 As individuals with SCD begin to live into adulthood, 
the chronic impact of sustained haemolytic anaemia and ep-
isodic vaso- occlusive events takes its toll, not only contribut-
ing to chronic pain but also accelerating the ageing process 
and risk for damage to organs,5 including the brain.

Declining brain health and cognitive 
impairment are major complications of sickle 
cell disease

Due to tissue hypoxia6 and rapidly progressive vasculopa-
thy,7,8 ageing adults with SCD are likely to exhibit declin-
ing brain health, especially accelerated brain atrophy9 and 
cerebral microvascular disease.10,11 The most visible and dis-
ruptive manifestation of deteriorating brain health is cog-
nitive impairment (CI).12 Studies have demonstrated a high 
prevalence of CI among individuals with SCD as compared 
to their healthy counterparts,13 and it is well recognized that 
CI can occur in asymptomatic SCD patients with no history 
of stroke or other overt haematological complications.14,15 
Some data suggest that even children will experience an 
increase in cognitive deficits with age.16 It is critically im-
portant to understand and address neuropsychological 
functioning in the ageing SCD population, because cogni-
tive difficulties among individuals with SCD17 can interfere 
with medication management, communication, compre-
hension, capacity to live independently and ability to remain 
gainfully employed.18

Despite the recognition that people with SCD are now 
more likely to live into adulthood —  a benefit of improved 
screening for risk factors, routine clinical care and evidence- 
based therapies7,19,20 —  there are still limited data examining 
cognitive functioning among adults with SCD and progres-
sion of impairment over time. Most of the existing data in 
the United States, Europe and African countries are limited 
to children. The existing data suggest that SCD is associ-
ated with global cognitive dysfunction leading to deficits 
in several cognitive domains including executive function-
ing,13 while some studies suggest deficits may be limited to 
processing speed.17,21 Further, it is not clear what factors are 
predictive of poor neurocognitive functioning and decline 
in SCD. Although current data would suggest that low hae-
moglobin level and disease severity may be risk factors for 
poor neurocognitive outcomes,13,22 because these data are 
cross- sectional, it remains unclear whether disease severity 
actually has an impact on progression of CI, or whether it in-
directly impacts cognitive function via early- life factors such 
as disrupted educational attainment.

A majority of SCD- related cognitive studies are con-
ducted in the United States although a majority of people 
with SCD do not live there. We need more studies explor-
ing neurocognitive functioning in African countries, where 
most people affected by SCD live. Ghana is the country with 
the second- highest prevalence of SCD in West Africa. Nearly 
2% of all Ghanaian children born every year have SCD 
and about 25%– 30% of the population have the sickle cell 

trait.23 Currently, the Adult Sickle Cell Clinic located at the 
Korle- Bu Teaching Hospital, Accra, Ghana (KBTH), has a 
SCD population estimated to be 26 000, including both chil-
dren and adults (Adult Sickle Cell Clinic, Korle- Bu Records, 
2017). Adults with SCD in Ghana do not have ready access to 
evidence- based disease- modifying interventions such as hy-
droxyurea (hydroxycarbamide) and exchange transfusions; 
thus, this population may be at particularly high risk for 
poor brain outcomes and other disease complications.

The objective of the current study was to understand pat-
terns of neurocognitive functioning among adults with SCD 
in Ghana. First, in cross- sectional data, we compared the 
cognitive function of adults with SCD to non- SCD age-  and 
sex- matched controls. This baseline control group is partic-
ularly important given the lack of studies validating the use 
of neurocognitive tests in West Africa or scaled norms for 
this population. Second, in the SCD group only, we repeated 
neurocognitive testing seven years later to assess changes 
in cognitive functioning. We also investigated the relation-
ship between cognitive functioning in SCD and known 
 demographic and clinical risk factors, that is, haemoglobin 
level,13,17 SCD genotype,22 and education.24

M ETHODS

Participants

Adults 18 years of age and older with SCD (homozygous sickle 
cell anaemia [HbSS] or sickle haemoglobin C disease [HbSC]) 
and at least five years of education or more, were recruited 
from a national adult sickle cell clinic at a teaching hospital 
in Ghana. The non- SCD control group participants were re-
cruited from the Korle- Bu Polyclinic and the Sickle Cell Clinic 
at KBTH. They were significant others or caregivers of sickle 
cell patients who accompanied patients to the clinic or people 
who visited or worked in KBTH and had HbAA genotype or 
heterozygosity for haemoglobin S (HbAS) or haemoglobin C 
(HbAC). Attempts were made to identify age-  and sex- matched 
non- SCD participants of equivalent education.

Procedure

This study was conducted from May– June 2011 until 
December 2018- March 2019 and was approved by the the 
Ethical and Protocol Review Committee of the College 
of Health Sciences, Korle- Bu Campus (EPRC), Ethics 
Committee for Humanities (ECH) University of Ghana, 
Legon (ECH 143/17– 18) and the Protocol and Ethical 
Review Committee of KBTH (KBTH- IRB/00075/2018). 
The protocol was explained to interested and eligible 
patients. Enrolled participants provided informed con-
sent and demographic data including gender, age, educa-
tion, employment status and SCD- related complications. 
In  addition to demographic data, for the SCD group we 
documented medical complications that may relate to 
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cognitive outcomes, including history of stroke (overt and 
silent) and transient ischaemic attack (TIA), and any other 
medical complications associated with SCD. This was fol-
lowed by the administration of the neurocognitive test 
battery described below and in Table S1. The SCD group 
was  retested with the same battery of cognitive tests about 
seven years later.

The set of tests was selected in order to both assess a wide 
range of cognitive domains and to compare data to other 
studies, while also limiting the length of time and diffi-
culty of administration. The following tests were adminis-
tered in English by a masters- level clinical psychologist and 
two trained undergraduate psychology students (Table S1): 
measures of global cognitive functioning [Revised Quick 
Cognitive Screening Test (RQCST)],25 processing speed 
and executive functioning tests (Trails A and B),26– 28 
the Modified Card- Sorting Test (MCST),29– 31 the Digit 
Symbol Substitution Test (DSST),32,33 motor skills (Grooved 
Pegboard),34,35 memory [Recognition Memory Test 
(RMT)],36,37 visuospatial skills [Rey– Osterrieth Complex 
Figure Test (ROCF)],38,39 the Wide Range Achievement Test 
(WRAT- 4),40– 42 and the Cognitive Failures Questionnaire 
(CFQ).43 Participants were given periodic breaks to reduce 
fatigue.

Data analysis

Cross- sectional differences by group

Independent t- tests were used to compare demographic 
characteristics between adult SCD patients and adult non- 
SCD controls. We then used ancova to test group dif-
ferences on cognitive test scores at baseline. All models 
included sex, age and education as covariates and group 
scores are  reported as estimated marginal means adjusted 
for covariates. We used the Bonferroni procedure to correct 
for multiple comparisons.44,45

Longitudinal changes in functioning

Independent t- tests were used to compare demographic and 
clinical characteristics between those who were retested at 
seven years and those who were lost to follow- up. Repeated- 
measures ancova tested within- subject changes in the cog-
nitive test scores over the seven- year follow- up period. In 
exploratory analyses, for each cognitive outcome we tested, 
in separate models, the main effect and interaction with 
time for haemoglobin level, SCD genotype and education. 
No corrections for multiple tests were applied for the explor-
atory analyses. For this study, a meaningful cognitive deficit 
or change in performance for a given subtest is considered 
as a 0.5 standard deviation or greater change or difference 
between groups.46

Principal components analysis (PCA) with oblique rota-
tion was utilized to confirm the neurocognitive measures 

examining each construct or domain for the present study. 
IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., 
Armonk, NY, USA) was used for all data analysis.

R E SU LTS

Participants

A total of 123 adults participated in the study, 63 adults 
with SCD (mean age = 29.4, range = 18– 50 years) and 60 
non- SCD adults (mean age  =  33.5, range  =  18– 57 years). 
The sickle cell patients included 47 with HbSS and 16 with 
HbSC genotype. Among the non- SCD group, 12 had sickle 
cell trait (HbAS), one had HbAC and 47 had the normal 
HbAA genotype. Table 1 presents the demographic char-
acteristics of both groups. There were no age or gender 
differences between the two groups; however, the non- 
SCD control group had a slightly higher education level 
and were more likely to be current students than the SCD 
group.

Cognitive test scores for SCD patients 
versus controls

The baseline cognitive test scores for the adults with 
SCD and the non- SCD comparison group are presented 
in Tables  2 and 3 for raw and scaled scores respectively. 
When controlling for age, gender and education, the SCD 
group scored worse, with lower raw and scaled scores 
and Card- Sorting categories, more perseverations on the 
Card- Sorting, and longer times for the Trail- Making and 
Grooved Pegboard tests (psychomotor speed) than the 
non- SCD comparison group on all cognitive tests except 
for the Recognition Memory for Faces (RMF). Despite 
the consistently lower scores on neurocognitive tests, 
compared to the non- SCD counterparts, the SCD patient 
group did not report a higher daily rate of cognitive fail-
ures on the CFQ self- report measure (p = 0.28).

Seven- year follow- up drop- out

All SCD patients were re- approached seven years later 
to complete the same battery of neuropsychological tests 
as was completed at baseline. Of the 63 eligible partici-
pants, 34 adults with SCD completed follow- up testing 
(Table 1). A total of 26 participants were lost to follow- up 
due to death (24%, n  =  7), migration to other countries 
(7%, n = 2), unavailability due to tight work schedules or 
other obligations (14%, n  =  4) and inactive phone num-
bers (50%, n  =  13) (Table  1). Three additional partici-
pants did not complete sufficient testing at follow- up to 
be included. Independent- sample t- tests and chi- square 
analyses to investigate differences in level or changes 
in socio- demographic and illness- related variables of 
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T A B L E  2  Baseline differences in neuropsychological test (raw) between adults with sickle cell disease (SCD, n = 63) and a non- SCD adult control 
group (n = 60)

Test

SCD (raw) Non- SCD (raw)
Normative 
sample Test values (raw scores)

Mean (SE) 95% CI Mean (SE) 95% CI Mean (SD) F- test Cohen's d p value

RQCST

Verbal 26.13 (0.81) 24.52, 27.74 32.71 (0.84) 31.04, 34.37 35.51 (5.78)1 31.48 0.21 <0.0001

Non- verbal 24.94 (0.47) 24.01, 25.87 26.71 (0.49) 25.75, 27.68 28.88 (4.03)1 6.88 0.05 0.010

Global scores 62.56 (1.08) 60.43, 64.69 70.89 (1.11) 68.69, 73.09 72.78 (8.63)1 28.97 0.20< <0.0001

Trail- making test

TMTa 73.78 (4.16) 65.54, 82.02 56.54 (4.27) 48.09, 64.99 24.40 (8.71)2 8.34 0.07 0.005

TMTb 176.79 (10.57) 155.86, 197.71 111.02 (10.84) 89.56, 132.48 50.68 (12.36)2 18.81 0.14 <0.0001

TMT(b- a) 102.79 (9.58) 83.82, 121.76 54.43 (9.82) 34.97, 73.89 12.37 0.10 0.001

Modified 
Card- Sorting

Category score 3.63 (0.25) 3.13, 4.12 4.45 (0.24) 3.98, 4.93 4.9 (1.7)3 5.65 0.05 0.019

Percentage 
perseverative 
errors

30.24 (3.01) 24.28, 36.21 18.52 (2.93) 12.71, 24.32 26.5 (12.2)3 7.71 0.07 0.006

WAIS- R- NI

Digit symbol 
substitution

32.10 (1.51) 29.11, 35.10 50.10 (1.56) 47.00, 53.20 41.7 (12.1)4 68.16 0.37 <0.0001

Picture completion 6.49 (0.52) 5.46, 7.53 10.90 (0.54) 9.83, 11.96 10.0 (3.0) 34.20 0.23 <0.0001

Digital symbol 
delayed

11.51 (1.02) 9.50, 13.52 19.03 (1.05) 16.95, 21.12 10.0 (3.0) 26.32 0.19 <0.0001

Spatial span 9.84 (0.49) 8.87, 10.81 13.17 (0.51) 12.16, 14.18 10.0 (3.0) 22.12 0.16 <0.0001

Block design 10.84 (1.07) 8.72, 12.96 21.41 (1.13) 19.17, 23.64 10.0 (3.0) 45.99 0.28 <0.0001

Similarities 9.42 (0.54) 8.35, 10.50 13.51 (0.57) 12.38, 14.63 10.0 (3.0) 26.65 0.19 <0.0001

Digital span 11.97 (0.56) 10.86, 13.08 15.15 (0.58) 14.00, 16.31 10.0 (3.0) 15.49 0.12 <0.0001

NART

NARTfig 99.93 (1.05) 97.85, 102.00 110.25 (1.07) 108.14, 112.37 100.0 (15.0) 47.69 0.30 <0.0001

NARTviq 97.96 (1.15) 95.68, 100.25 109.50 (1.19) 107.16, 111.85 100.0 (15.0) 48.53 0.30 <0.0001

NARTpiq 101.73 (0.82) 100.10, 103.36 109.75 (0.84) 108.08, 111.42 100.0 (15.0) 46.35 0.29 <0.0001

Rey– Osterrieth 
complex figure 
task

Rey copy 33.04 (0.52) 32.02, 34.06 35.08 (0.53) 34.03, 36.14 31.30 (3.78)5 7.61 0.06 0.007

Rey immediate 
recall

19.72 (0.95) 17.85, 21.59 25.00 (0.99) 23.05, 26.96 15.75 (5.76)5 14.81 0.12 <0.0001

Rey delayed recall 19.48 (0.96) 17.58, 21.39 25.78 (0.99)) 23.82, 27.74 15.25 (5.83)5 20.85 0.16 <0.0001

Grooved Pegboard

Dominant hand 66.35 (1.59) 63.20, 69.50 62.76 (1.87) 59.04, 66.47 62.5 (9.6)6 2.15 0.02 0.146

Non- dominant 
hand

88.78 (3.32) 82.19, 95.38 77.78 (3.85) 70.14, 85.42 67.9 (11.0)6 4.69 0.05 0.033

Recognition memory

Words 32.18 (1.34) 29.53, 34.82 40.90 (1.38) 38.16, 43.63 38.43 (4.19)7 20.59 0.15 <0.0001

Faces 26.63 (0.74) 25.16, 28.10 26.97 (0.77) 25.44, 28.50 47.77 (2.49)7 0.10 0.00 0.752

WRAT- IV

Reading 45.91 (1.53) 42.88, 48.95 57.53 (1.55) 54.47, 60.59 59.45 (7.46)8 28.42 0.20 <0.0001

Numerical/
Arithmetic

27.37 (1.11) 25.17, 29.56 40.25 (1.16) 37.94, 42.55 39.83 (5.53)9 64.36 0.35 <0.0001

Abbreviations: CI, confidence interval; NART, National Adult Reading Test; RQCST, Revised Quick Cognitive Screening Test; TMT, trail- making test; WAIS- R- NI, Wechsler 
Adult Intelligence Scale- Revised as a Neuropsychological Instrument; WRAT- IV, Wide Range Achievement Test.
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participating (n = 34) and non- participating (n = 29) par-
ticipants at baseline showed no significant differences on 
socio- demographic variables (i.e. age, gender, education, 
age of registration, years of being treated and managed at 
the clinic) and clinical variables (i.e. genotype, number of 
SCD complications, haemoglobin levels and white blood 
count levels; all p > 0.05) (Table 1).

Seven- year follow- up outcomes

Overall cognitive functioning as measured by the RQCST 
showed a significant decline over the seven- year follow- up 
period on verbal, non- verbal and global subtest scores (all 
p  < 0.01) (Tables  4 and 5 for raw and scaled scores respec-
tively). For specific domain tests, significant declines were 

T A B L E  3  Baseline differences in neuropsychological test (scaled) between adults with sickle cell disease (SCD, n = 63) and a non- SCD adult control 
group (n = 60)

Test

SCD (Z- scored or scaled) Non- SCD (Z- scored or scaled)
Normative 
sample Test values (scaled scores)

Mean (SE) 95% CI Mean (SE) 95% CI Mean (SD) F- test Cohen's d p value

RQCST (Z- scored)

Verbal −1.64 (0.14) −1.92, −1.36 −0.49 (0.15) −0.78, −0.20 35.51 (5.78)1 31.48 0.21 <0.0001

Non- verbal −0.98 (0.12) −1.21, −0.75 −0.54 (0.12) −0.78, −0.30 28.88 (4.03)1 6.88 0.05 0.010

Global scores −1.18 (0.13) −1.43, −0.94 −0.22 (0.13) −0.47, −0.04 72.78 (8.63)1 28.97 0.20 <0.0001

Trail- making test

TMTa 5.67 (0.48) 4.72, 6.62 3.69 (0.49) 2.72, 4.66 24.40 (8.71)2 8.34 0.07 0.005

TMTb 10.20 (0.86) 8.51, 11.90 4.88 (0.88) 3.15, 6.62 50.68 (12.36)2 18.81 0.14 <0.0001

TMT(b- a) 4.53 (0.78) 2.99, 6.08 1.19 (0.80) −0.40, 2.78 8.88 0.07 0.004

Modified Card- Sorting

Category score −0.75 (0.15) −1.04, −0.46 −0.26 (0.14) −0.54, 0.02 4.9 (1.7)3 5.65 0.05 0.019

Percentage 
perseverative errors

0.31 (0.25) −0.18, 0.80 −0.65 (0.24) −1.13, −0.18 26.5 (12.2)3 7.71 0.07 0.006

WAIS- R- NI (scaled)

Digit symbol 
substitution

5.20 (0.27) 4.65, 5.74 8.72 (0.28) 8.16, 9.28 10.0 (3.0) 80.19 0.41 <0.0001

Picture completion 4.57 (0.30) 3.98, 5.17 9.05 (0.30) 8.45, 9.64 10.0 (3.0) 111.45 0.51 <0.0001

Digital symbol delayed 11.50 (1.01) 9.49, 13.51 19.22 (1.05) 17.15, 21.30 10.0 (3.0) 27.95 0.20 <0.0001

Spatial span 10.45 (0.46) 9.54, 11.36 13.42 (0.46) 12.50, 14.34 10.0 (3.0) 20.77 0.16 <0.0001

Block design 5.33 (0.28) 4.78, 5.89 8.23 (0.29) 7.66, 8.79 10.0 (3.0) 52.61 0.31 <0.0001

Similarities 5.73 (0.26) 5.22, 6.25 8.25 (0.27) 7.72, 8.77 10.0 (3.0) 45.25 0.29 <0.0001

Digital span 8.13 (0.31) 7.51, 8.75 10.90 (0.32) 10.26, 11.54 10.0 (3.0) 38.08 0.25 <0.0001

Rey– Osterrieth complex 
figure task

Rey copy 0.46 (0.14) 0.19, 0.73 1.00 (0.14) 0.72, 1.28 31.30 (3.78)5 7.61 0.06 0.007

Rey immediate recall 0.69 (0.16) 0.36, 1.01 1.61 (0.17) 1.27, 1.95 15.75 (5.76)5 14.81 0.12 <0.0001

Rey delayed recall 0.73 (0.17) 0.40, 1.05 1.81 (0.17) 1.47, 2.14 15.25 (5.83)5 20.85 0.16 <0.0001

Grooved Pegboard

Dominant hand 0.40 (0.17) 0.07, 0.73 0.03 (0.20) −0.36, 0.41 62.5 (9.6)6 2.15 0.02 0.146

Non- dominant hand 1.90 (0.30) 1.30, 2.50 0.90 (0.35) 0.20, 1.59 67.9 (11.0)6 4.69 0.05 0.033

Recognition memory

Words −1.53 (0.44) −9.17, 2.52 0.63 (0.16) −2.97, 2.52 38.43 (4.19)7 20.59 0.15 <0.0001

Faces −2.82 (0.18) −3.17, −2.47 −2.74 (0.18) −3.10, −2.37 47.77 (2.49)7 0.10 0.00 0.752

WRAT- IV

Reading −1.82 (0.21) −2.22, −1.41 −0.26 (0.21) −0.67, 0.15 59.45 (7.46)8 28.42 0.20 <0.0001

Numerical/arithmetic −2.25 (0.20) −2.65, −1.86 0.08 (0.21) −0.34, 0.49 39.83 (5.53)9 64.36 0.35 <0.0001

Abbreviations: CI, confidence interval; RQCST, Revised Quick Cognitive Screening Test; TMT, trail- making test; WAIS- R- NI, Wechsler Adult Intelligence Scale- Revised as a 
Neuropsychological Instrument; WRAT- IV, Wide Range Achievement Test.
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observed for the Modified Card- Sorting task category score 
(p < 0.01), a measure of executive functioning; all components 
of the ROCF (all p < 0.01), indicating a decline in visuospa-
tial processing and memory; and lower digit symbol substi-
tution scores (p = 0.01), suggesting slower processing speed 
at seven- year follow- up as compared to baseline. No declines 
were observed for the Trail- Making Tests (TMT), which also 
measure executive functioning and processing speed.

Education, haemoglobin and genotype as 
possible moderators

We were also interested in possible factors that would explain 
any declines in cognitive functioning over time. Specifically, 
we tested the main effect and interaction with time for hae-
moglobin level, SCD genotype and education. In these ex-
ploratory analyses, the time- by- education interaction was 
marginally significant for TMT A (p = 0.05), Rey's immedi-
ate recall (p = 0.03) and DSST (p = 0.01; Figure 1). All three 
interaction effects showed that patients with higher educa-
tion had limited or no significant decrease in performance 
over the seven- year period when compared to patients with 
lower education, who demonstrated a significant decrease 
in performance over time on tests of processing speed and 
visuospatial memory. Baseline haemoglobin level and SCD 
genotype did not have a direct effect nor were they signifi-
cant moderators of change in cognitive functioning over 
time (Tables 6 and 7 for raw and scaled scores respectively).

Principal components analysis

The Kaiser– Meyer– Oklin measure of sampling adequacy 
was 0.73 and Bartlett's test of sphericity was significant, 
(190)  =  1085.74, p  < 0.0001, indicating the appropriateness 
of the measures for PCA. Preliminary analysis performed 
produced six components with Eigen values above Kaiser's 
criterion of 1. The scree plot inflexions allowed retaining all 
six components (Table 8).

DISCUSSION

This two- part, case- control comparison and seven- year fol-
low- up cohort study based in West Africa is the first of its 
kind in SCD. To our knowledge, no other SCD studies have 
evaluated cognitive function among adults with sickle cell 
disease in Africa, and no other SCD studies have assessed 
cognitive changes among adults or children over more than 
three years. Given the global nature of SCD, and the fact that 
more patients are living into adulthood, understanding pat-
terns of cognitive functioning and age- related changes will 
be important for improving long- term SCD care.

Consistent with prior studies conducted in the United 
States,17,47– 49 the current study found, in a Ghanaian popula-
tion, that compared to those without SCD, adults with SCD 
had poorer performance on all cognitive domains. For many 
domains, adults with SCD performed a standard deviation, 
or more, worse than their non- SCD counterparts.

F I G U R E  1  Time- by- education interaction for Digit Symbol Substitution Test (DSST)
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At the seven- year follow- up, SCD patients exhibited 
a slight decline in cognitive performance on some do-
mains: visuospatial ability, executive functioning and 
processing speed. The decline in processing speed and 
executive functioning was not consistent across tests, 

with the DSST and MCST showing a decline but the 
TMT scores not differing at follow- up. Also, this decline 
appeared to be more pronounced for SCD patients with 
lower education. Across high and low education, however, 
patients did not self- report any changes in their cognitive 
functioning over the seven- year period on the CSQ, thus 
suggesting that any changes in functioning were not per-
ceived by the individuals themselves. This may be due to 
lack of patient insight into cognitive changes, the changes 
being imperceivable to the individual given the declines 
are gradual over several years, or an imperfect overlap 
between measurement of self- report and objective cogni-
tive performance.

Change in neurological functioning

Studies examining neurocognitive change in SCD have been 
mixed, with some studies in adults reporting a decline in cog-
nitive performance over time50,51 while some studies do not 
find such a decline.52 Among children with SCD, Anderson 
et al.53 reported no significant changes in neuropsycho-
logical functioning after a year in very young children, but 
another investigation did find changes over 1– 2 years of 
 assessment in young children with SCD.54 However, Yarboi 
et al.55 reported mixed findings, where significant decline 
was observed in cognitive measures such as letter- word iden-
tification, spelling, and visual scanning, with no changes in 
other cognitive measures.

Studies on visuospatial skills of SCD patients have gen-
erally found SCD adults and children to have mild deficits 
in this cognitive domain.48,53,56 This is the first study to our 
knowledge to demonstrate change in visuospatial abilities 
among adults with SCD. Some data suggest that structural 
brain changes may contribute to visuospatial deficits in SCD, 
specifically parietal lobe lesions.57,58 It is possible that the 
decline in visuospatial performance may have been directly 
due to structural brain changes, atrophy or lesions, caused 
by ischaemia, hypoxia or chronic anaemia. Determining 
the potential causes of cognitive decline in SCD will require 
studies that examine not only neurocognitive functioning 
but also structural and functional brain measures.

Mechanism contributing to poorer 
performance and decline over time

Although disease severity has been associated with poorer 
cognitive functioning in SCD, the exact mechanism is 
unknown.21 Several studies, in SCD and in older popula-
tions, have linked lower haemoglobin levels to poorer cog-
nitive performance, and studies of ageing link anaemia 
to increased risk of dementia.49,56,59 In the current study, 
however, haemoglobin was not correlated with cognitive 
function among SCD adults in cross- sectional or longitu-
dinal data. Genotype, which has previously been correlated 

T A B L E  6  Multivariable regression models of the association between 
haemoglobin level and measures of neuropsychological tests (raw scores)

Test

Haemoglobin

Coefficient 
(SE) p- value

Confidence 
interval

RQCST

Verbal −1.06 (0.85) 0.22 −2.79, 0.67

Non- verbal −0.60 (0.41) 0.16 −1.45, 0.24

Global scores −1.80 (1.03) 0.09 −3.91, 0.31

Trail- making test

TMTa 4.59 (5.57) 0.42 −6.79, 15.97

TMTb 11.07 (11.23) 0.33 −11.86, 33.99

TMT(b- a) 6.48 (9.73) 0.51 −13.41, 26.36

Modified card- sorting

Category score 0.03 (0.20) 0.89 −0.38, 0.44

Percentage perseverative 
errors

−0.80 (2.40) 0.74 −5.72, 4.12

WAIS- R- NI

Digit symbol 
substitution

−0.41 (1.04) 0.70 −2.53, 1.71

Picture completion total 0.19 (0.45) 0.67 −0.73, 1.12

Digital symbol delayed −0.04 (0.95) 0.97 −1.98, 1.90

Spatial span −0.11 (0.31) 0.72 −0.74, 0.52

Block design 0.38 (0.79) 0.64 −1.24, 1.99

Similarities −0.33 (0.42) 0.44 −1.18, 0.52

Digital span −0.66 (0.32) 0.05 −1.31, −0.01

Rey– Osterrieth complex 
figure task

Rey copy −0.72 (0.54) 0.19 −1.82, 0.38

Rey immediate recall −0.31 (0.77) 0.69 −1.89, 1.27

Rey delayed recall −1.56 (1.06) 0.15 −3.73, 0.61

Grooved Pegboard

Dominant hand 1.13 (1.09) 0.31 −1.11, 3.36

Non- dominant hand 0.28 (2.92) 0.92 −5.68, 6.24

Recognition memory

Faces 0.29 (0.59) 0.62 −0.91, 1.49

Words −0.63 (1.53) 0.69 −3.76, 2.51

WRAT- IV

WRAT- IV reading −1.97 (1.76) 0.27 −5.58, 1.64

WRAT- IV numerical/
arithmetic

0.08 (0.79) 0.92 −1.53, 1.68

Abbreviations: RQCST, Revised Quick Cognitive Screening Test; TMT, Trail- 
Making Test; WAIS- R- NI, Wechsler Adult Intelligence Scale- Revised as a 
Neuropsychological Instrument; WRAT- IV, Wide Range Achievement Test.
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with processing speed,22 was also not associated with out-
comes in the current data. Other haematological factors that 
have been associated with improved cognitive measures, 
such as higher fetal haemoglobin and creatinine,21 were not 
available for the current cohort of patients.

Psychosocial factors throughout the life course

Education was a significant predictor of cognitive perfor-
mance and a moderator of change in performance over time. 
Psychosocial factors directly related to education level have 
been associated with cognitive deficits in SCD. Lifestyle fac-
tors during early development such as school absenteeism, 
frequency of hospitalization, poor family functioning and 
low maternal education, can affect academic performance 
and cognitive performance in SCD.24,60,61 Indeed, early- life 
disadvantage has downstream effects leading to cognitive 
deficits that in turn compromise functioning later in life 
such as ability to engage in routine daily activities, academ-
ics and gainful employment.18,62,63 Therefore, there is a need 
to assess these cognitive changes early enough to improve on 
early diagnosis, prognosis, interventions and quality of life.

Validity of cognitive measures in West Africa

There are limited data from West Africa but the existing 
data suggest both children and adults with SCD experience 
deficits in memory, processing speed, executive functioning 
and visuospatial ability.14,15,64 One challenge, however, for 
the current and prior studies has been the lack of cultur-
ally validated neurocognitive measures. With the exception 
of the Wide Rage Achievement Test (WRAT), the cognitive 
tests administered to participants in this study have not 
been adapted for use in Ghana. This may have a significant 
effect on the interpretation of these scores, particularly 
when comparing our findings to studies of neuropsycho-
logical testing in the United States. Indeed, the scores on the 
Trail-Making Test (TMT), Recognition Memory for Faces 
(RMF), Recognition Memory for Words (RMW), Boston 
Naming Test (BNT), digit symbol, block design, Controlled 
Oral Word Association Test (COWAT), Verbal Selective 
Reminding Test (VSRT) and category naming in this sam-
ple were lower than expected based on the normative data of 
individuals with similar ages and educational attainment or 
individuals who were older (Tables 2 and 3).28,37,65– 68 Lack 
of prior exposure to similar types of tests may have made 
it challenging for participants to quickly understand test-
ing instructions. For instance, study staff administering the 
testing noted that several participants did not understand 
the instructions for the Trail- Making Test, leading to ab-
normally long test- taking times (n = 14 participants >5 min 
to complete TMTb). Indeed, for the group that repeated the 
test seven years later, there were marginal improvements in 
scores, suggesting prior exposure to the test may have ben-
efited performance.

Cultural factors and neuropsychological testing

Evidence suggests that cultural factors have a robust and 
complex influence on neuropsychological test perfor-
mance.69,70 For instance, Manly et al. (2002) found that 

T A B L E  7  Regression of measures of neuropsychological test (scaled 
scores) and haemoglobin level

Test

Haemoglobin level

Coefficient 
(SE) p value

Confidence 
interval

RQCST

Verbal −0.19 (0.15) 0.22 −0.49, 0.12

Non- verbal −0.15 (0.10) 0.16 −0.36, 0.06

Global scores −0.21 (0.12) 0.09 −0.45, 0.04

Trail- making test

TMTa 0.53 (0.64) 0.42 −0.78, 1.83

TMTb 0.90 (0.91) 0.33 −0.96, 2.75

TMT(b- a) 0.37 (0.81) 0.65 −1.29, 2.02

Modified card- sorting

Category score 0.02 (0.12) 0.89 −0.23, 0.56

Percentage 
perseverative 
errors

−0.22 (0.65) 0.74 −1.55, 1.11

WAIS- R- NI

Digit symbol 
substitution

0.04 (0.14) 0.77 −0.24, 0.33

Picture completion 
total

0.36 (0.21) 0.09 −0.06, 0.79

Digital symbol delayed −0.04 (0.95) 0.97 −1.98, 1.90

Spatial span −0.11 (0.31) 0.72 −0.74, 0.52

Block design 0.01 (0.23) 0.98 −0.46, 0.47

Similarities −0.01 (0.15) 0.95 −0.32, 0.30

Digital span −0.66 (0.24) 0.01 −1.14, −0.17

Rey– Osterrieth complex 
figure task

Rey copy −0.19 (0.14) 0.19 −0.48, 0.10

Rey immediate recall −0.05 (0.13) 0.69 −0.33, 0.22

Rey delayed recall −0.27 (0.18) 0.15 −0.64, 0.11

Grooved Pegboard

Dominant hand 0.12 (0.11) 0.31 −0.12, 0.35

Non- dominant hand 0.03 (0.27) 0.92 −0.52, 0.57

Recognition memory

Faces 0.07 (0.14) 0.62 −0.22, 0.36

WRAT- IV

WRAT- IV reading −0.26 (0.24) 0.27 −0.75, 0.22

WRAT- IV numerical/
arithmetic

−0.20 (0.32) 0.54 −0.86, 0.46

Note: Bold value shows the association between haemoglobin levels of participants 
and the various neuropsychological measures.
Abbreviations: RQCST, Revised Quick Cognitive Screening Test; TMT, trail- 
making test; WAIS- R- NI, Wechsler Adult Intelligence Scale- Revised as a 
Neuropsychological Instrument; WRAT- IV, Wide Range Achievement Test.
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quality of education accounted for reduced neuropsycho-
logical test performance among African Americans when 
compared to non- Hispanic White adults. Other cultural fac-
tors that can influence cognitive performance include, but 
are not limited to, native language, cultural acculturation 
and geographic ancestry.71– 73 In the current study, we can 
speculate that cultural factors may have influenced partici-
pant test- taking ability and resultant testing outcomes; how-
ever, because the current study included only individuals 
from Ghana these data are unable to clearly identify whether 
cultural factors and prior educational experiences may be 
contributing to the observed performance.

Given the numerous cultural factors that can influence 
test performance, tests not adapted for diverse groups may 
lack cross- cultural validity and be subject to bias such that 
performance on the tests does not reflect the underlying 
cognitive abilities they were designed to assess.70 As a result, 
the lower scores observed on some of the neuropsychological 
assessments could partly indicate the presence of certain test 
characteristics that highlight cultural differences and related 
factors such as social development, rather than serving as a 
true assessment of cognitive abilities. Despite the limitations 
of using tests that have not be validated for this West African 
population, we can presume any effect cultural factors may 
have had on neurocognitive assessment scores is relatively 

constant across both groups in this sample. Thus, although 
we cannot compare results from this study across popula-
tions, our data showing differences between adults with SCD 
vs non- SCD adults within the same population appear to be 
robust, consistent with a priori hypotheses, and can be inter-
preted with some confidence.

Limitations

Despite the interesting nature of the present data, this study 
has several limitations that should be taken into account. 
First, about 26 000 patients are treated at this clinic setting 
and no specific efforts were made for this study to capture 
a representative sample of this larger population. Thus, the 
baseline convenience sample may present some selection 
bias and there may also be bias in the follow- up study of 
those with sickle cell anaemia. Similarly, several participants 
in the control group were recruited into the study while 
they were accompanying an SCD patient visiting the clinic. 
Because people who are not employed will be more likely to 
have time to accompany a patient during a clinic visit, it is 
not surprising, therefore, that the control group presented 
with a higher rate of unemployment compared to the SCD 
group.

T A B L E  8  Summary of factor loadings of neurocognitive measures for cross- sectional data at baseline

Neurocognitive measures

Component

1 2 3 4 5 6

WRAT reading 0.814 −0.472 0.496

Category naming test 0.800

Verbal selective reminding test 0.758 0.317

WAIS- R- NI digit symbol 0.749 −0.521 −0.431 0.483 0.396

WAIS- R- NI digit symbol delayed 0.517 −0.378 −0.392 0.448 0.302

WRAT numerical 0.486 −0.392 0.360 0.456

COWAT 0.874

WAIS block design 0.381 0.620 −0.365 0.346

Rey copy 0.417 −0.553 −0.411 −0.548 0.466

Grooved Pegboard non- dominant hand 0.874 −0.343

Grooved Pegboard dominant hand 0.797 0.331

TMTa −0.392 0.684 −0.344

TMTb- a 0.975

TMTb −0.344 0.374 0.960 −0.381

WAIS digital span 0.409 −0.364 0.782

WAIS spatial span −0.401 −0.328 0.774

MCST category score 0.348 0.733

MCST perseverative errors 0.342 0.711

Rey immediate recall −0.477 −0.547 −0.410 0.690

Rey delayed recall −0.518 −0.584 −0.394 0.669

Recognition memory for faces 0.325 0.578

Note: Bold value shows the neurocognitive domains or components after Principal Component Analysis.
Abbreviations: COWAT, Controlled Oral Word Association Test; MCST, Modified Card- Sorting Test; TMT, Trail- Making Test; WAIS- R- NI, Wechsler Adult Intelligence 
Scale- Revised as a Neuropsychological Instrument; WRAT, Wide Range Achievement Test.
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Over the course of the seven- year follow- up period, there 
was a significant loss of participants in the SCD group (42% 
attrition) with almost 15% of the baseline cohort dying during 
the follow- up period, and others potentially unavailable due to 
other medical or socioeconomic complications. The cohort at 
seven years, therefore, may have been biased for selection of the 
mostly healthy and socioeconomically stable participants and 
we did not include whether they were or had a carer. Despite 
the high attrition, the 41.27% attrition rate for the seven- year 
present study is reasonably lower compared to the 56.67% and 
70.79% attrition rates over one and three years for the Yarboi 
et al.55 and Thompson et al.54 studies, respectively.

Prior studies have examined laboratory clinical factors 
as predictors of neurocognitive functioning. Collecting 
these data such as fetal haemoglobin, transfusion history 
and frequency of hospitalizations, can be challenging in 
low- resource settings. Although this study does present 
data on haemoglobin level and SCD genotype, there are 
several other clinical markers of disease severity and treat-
ment that are potentially important for assessing neuro-
cognitive functioning that were not accounted for in this 
study. One such factor, hydroxyurea use, may be associated 
with improved cognitive performance.74 In the current set-
ting, given the several socioeconomic factors affecting hy-
droxyurea availability, we were unable to accurately assess 
hydroxyurea prescribing and adherence to evaluate it as a 
clinical factor.

Finally, the lack of neuroimaging data in this this study 
also leaves many unanswered questions regarding the types 
of structural and/or functional brain alterations that may be 
occurring among individuals with SCD and contributing 
to reduced cognitive performance. Although functional as-
sessment allows diagnosis in patients with a history of overt 
stroke, this does not negate the possibility of other brain 
changes. The prevalence of silent cerebral infarcts in adult 
SCD patients varies75,76 but some data would suggest a prev-
alence as high as 43% in uselected adults with HbSS.77 Use 
of magnetic resonance imaging (MRI) or other neuroimag-
ing modalities could also have important implications for 
 developing appropriate approaches to cognitive rehabilita-
tion. Including these types of data is a goal for future studies.

CONCLUSION

The current study investigated the extent of neuropsycho-
logical deficits observed in adults with SCD receiving care 
at a teaching hospital in West Africa. Consistent with prior 
studies and our predictions, compared to controls, patients 
with SCD experienced poorer cognitive performance at 
baseline. Further, patients with SCD, particularly those with 
a lower educational level, appeared to experience worsen-
ing cognitive performance over time. Future studies should 
include neuroimaging evaluation in order to provide clarity 
regarding the neurobiological bases of the cognitive deficits 
observed among individuals with SCD. It would also be of 

benefit for future studies to utilize neuropsychological tests 
that have been adapted or validated for use in West African 
populations. Detailed longitudinal studies that expand on 
the current investigation will help us understand and evalu-
ate the progression of cognitive health in SCD and how age, 
education and disease severity impact cognitive outcomes.
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