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INTRODUCTION

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=1.401t02.38), 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.

KEYWORDS
cognitive functioning, longitudinal studies, neurocognitive test, psychology, psychosocial, sickle cell
disease

people of African descent." The SCD genetic polymorphism
produces mutant haemoglobin molecules that polymerize

Sickle cell disease (SCD), an inherited blood disorder thatisthe ~ within the erythrocyte during deoxygenation, resulting in
most common genetic disorder worldwide, primarily affects ~ sustained haemolytic anaemia and painful vaso-occlusive

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. British Journal of Haematology published by British Society for Haematology and John Wiley & Sons Ltd.

Br ] Haematol. 2022;00:1-16.

wileyonlinelibrary.com/journal/bjh 1


www.wileyonlinelibrary.com/journal/bjh
mailto:﻿
https://orcid.org/0000-0002-6377-1000
https://orcid.org/0000-0001-8680-9203
https://orcid.org/0000-0002-2017-2569
https://orcid.org/0000-0003-0513-3331
https://orcid.org/0000-0002-5662-5806
https://orcid.org/0000-0002-2443-7958
mailto:mampomah@uhas.edu.gh
http://creativecommons.org/licenses/by-nc-nd/4.0/

AMPOMAH ET AL.

BRITISH JOURNAL OF HAEMATOLOGY

events.* 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,” including the brain.

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

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

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 therapies”'*** — 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," while some studies suggest deficits may be limited to
processing speed.'”*! 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,'>** 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.” 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,">'” SCD genotype,** and education.**

METHODS
Participants

Adults 18 years of age and older with SCD (homozygous sickle
cell anaemia [HbSS] or sickle haemoglobin C disease [HbSC])
and at least fiveyears 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



AMPOMAH ET AL.

BJHaem

cognitive outcomes, including history of stroke (overt and
silent) and transient ischaemic attack (TTA), 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)],> processing speed
and executive functioning tests (Trails A and B),26%8
the Modified Card-Sorting Test (MCST),”™' the Digit
Symbol Substitution Test (DSST),*** motor skills (Grooved
Pegboard),>**> memory [Recognition Memory Test
(RMT)],*** visuospatial skills [Rey-Osterrieth Complex
Figure Test (ROCF)],*** the Wide Range Achievement Test
(WRAT-4),"*2 and the Cognitive Failures Questionnaire
(CFQ).* 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.****

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.*®

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

RESULTS
Participants

A total of 123 adults participated in the study, 63 adults
with SCD (mean age = 29.4, range = 18-50years) 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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TABLE 2
group (n = 60)

Test

RQCST
Verbal
Non-verbal
Global scores

Trail-making test
TMTa
TMTb
TMT(b-a)

Modified
Card-Sorting

Category score

Percentage
perseverative
errors

WAIS-R-NI

Digit symbol
substitution

Picture completion

Digital symbol
delayed

Spatial span
Block design
Similarities
Digital span
NART

NARTfig
NARTviq
NARTpiq

Rey-Osterrieth
complex figure
task

Rey copy

Rey immediate
recall

Rey delayed recall
Grooved Pegboard
Dominant hand

Non-dominant
hand

Recognition memory
Words
Faces

WRAT-IV
Reading

Numerical/
Arithmetic

SCD (raw) Non-SCD (raw)
Mean (SE) 95% CI Mean (SE) 95% CI
26.13 (0.81) 24.52,27.74 32.71 (0.84) 31.04, 34.37
24.94 (0.47) 24.01, 25.87 26.71 (0.49) 25.75,27.68
62.56 (1.08) 60.43, 64.69 70.89 (1.11) 68.69,73.09
73.78 (4.16) 65.54, 82.02 56.54 (4.27) 48.09, 64.99
176.79 (10.57) 155.86, 197.71 111.02 (10.84) 89.56, 132.48
102.79 (9.58) 83.82, 121.76 54.43 (9.82) 34.97,73.89
3.63 (0.25) 3.13,4.12 4.45(0.24) 3.98,4.93
30.24 (3.01) 24.28,36.21 18.52 (2.93) 12.71, 24.32
32.10 (1.51) 29.11, 35.10 50.10 (1.56) 47.00, 53.20
6.49 (0.52) 5.46,7.53 10.90 (0.54) 9.83,11.96
11.51 (1.02) 9.50, 13.52 19.03 (1.05) 16.95, 21.12
9.84 (0.49) 8.87,10.81 13.17 (0.51) 12.16, 14.18
10.84 (1.07) 8.72,12.96 21.41 (1.13) 19.17, 23.64
9.42 (0.54) 8.35, 10.50 13.51 (0.57) 12.38,14.63
11.97 (0.56) 10.86, 13.08 15.15 (0.58) 14.00, 16.31
99.93 (1.05) 97.85,102.00 110.25 (1.07) 108.14, 112.37
97.96 (1.15) 95.68, 100.25 109.50 (1.19) 107.16, 111.85

101.73 (0.82)

33.04 (0.52)
19.72 (0.95)

19.48 (0.96)

66.35 (1.59)
88.78 (3.32)

32.18 (1.34)
26.63 (0.74)

4591 (1.53)
27.37 (1.11)

100.10, 103.36

32.02, 34.06
17.85, 21.59

17.58, 21.39

63.20, 69.50
82.19,95.38

29.53,34.82
25.16, 28.10

42.88,48.95
25.17,29.56

109.75 (0.84)

35.08 (0.53)
25.00 (0.99)

25.78 (0.99))

62.76 (1.87)
77.78 (3.85)

40.90 (1.38)
26.97 (0.77)

57.53 (1.55)
40.25 (1.16)

108.08, 111.42

34.03, 36.14
23.05, 26.96

D30, 2774

59.04, 66.47
70.14, 85.42

38.16, 43.63
25.44,28.50

54.47,60.59
37.94,42.55

Normative
sample

Mean (SD)

35.51 (5.78)"
28.88 (4.03)!
72.78 (8.63)"

24.40 (8.71)
50.68 (12.36)*

49 (1.7)°
26.5(12.2)°

41.7 (12.1)*

10.0 (3.0)
10.0 (3.0)

10.0 (3.0)
10.0 (3.0)
10.0 (3.0)
10.0 (3.0)

100.0 (15.0)
100.0 (15.0)
100.0 (15.0)

31.30 (3.78)°
15.75 (5.76)°

15.25 (5.83)°

62.5 (9.6)°
67.9 (11.0)°

38.43 (4.19)’
47.77 (2.49)’

59.45 (7.46)%
39.83 (5.53)°

Baseline differences in neuropsychological test (raw) between adults with sickle cell disease (SCD, n = 63) and a non-SCD adult control

Test values (raw scores)

F-test Cohen's d p value
31.48 0.21 <0.0001
6.88 0.05 0.010
28.97 0.20< <0.0001
8.34 0.07 0.005
18.81 0.14 <0.0001
12.37 0.10 0.001
5.65 0.05 0.019
7.71 0.07 0.006
68.16 0.37 <0.0001
34.20 0.23 <0.0001
26.32 0.19 <0.0001
22.12 0.16 <0.0001
45.99 0.28 <0.0001
26.65 0.19 <0.0001
15.49 0.12 <0.0001
47.69 0.30 <0.0001
48.53 0.30 <0.0001
46.35 0.29 <0.0001
7.61 0.06 0.007
14.81 0.12 <0.0001
20.85 0.16 <0.0001
2.15 0.02 0.146
4.69 0.05 0.033
20.59 0.15 <0.0001
0.10 0.00 0.752
28.42 0.20 <0.0001
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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TABLE 3
group (n = 60)

SCD (Z-scored or scaled)

Non-SCD (Z-scored or scaled) sample
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Baseline differences in neuropsychological test (scaled) between adults with sickle cell disease (SCD, n = 63) and a non-SCD adult control

Normative
Test values (scaled scores)

Test Mean (SE) 95% CI Mean (SE)
RQCST (Z-scored)
Verbal -1.64 (0.14) -1.92,-1.36  -0.49 (0.15)
Non-verbal -0.98 (0.12) -1.21,-0.75 —0.54(0.12)
Global scores -1.18 (0.13) -1.43,-0.94 -0.22(0.13)
Trail-making test
TMTa 5.67 (0.48) 4.72,6.62 3.69 (0.49)
TMTb 10.20 (0.86) 8.51,11.90 4.88 (0.88)
TMT(b-a) 4.53 (0.78) 2.99, 6.08 1.19 (0.80)
Modified Card-Sorting
Category score —-0.75 (0.15) -1.04,-0.46 —0.26 (0.14)
Percentage 0.31 (0.25) —-0.18,0.80  —0.65(0.24)
perseverative errors
WAIS-R-NI (scaled)
Digit symbol 5.20 (0.27) 4.65,5.74 8.72 (0.28)
substitution
Picture completion 4.57 (0.30) 3.98,5.17 9.05 (0.30)
Digital symbol delayed ~ 11.50 (1.01) 9.49, 13.51 19.22 (1.05)
Spatial span 10.45 (0.46) 9.54, 11.36 13.42 (0.46)
Block design 5.33 (0.28) 4.78,5.89 8.23(0.29)
Similarities 5.73 (0.26) 5.22,6.25 8.25(0.27)
Digital span 8.13 (0.31) 7.51,8.75 10.90 (0.32)
Rey-Osterrieth complex
figure task
Rey copy 0.46 (0.14) 0.19,0.73 1.00 (0.14)
Rey immediate recall 0.69 (0.16) 0.36, 1.01 1.61 (0.17)
Rey delayed recall 0.73(0.17) 0.40, 1.05 1.81 (0.17)
Grooved Pegboard
Dominant hand 0.40 (0.17) 0.07,0.73 0.03 (0.20)
Non-dominant hand 1.90 (0.30) 1.30, 2.50 0.90 (0.35)
Recognition memory
Words —-1.53 (0.44) -9.17,2.52 0.63 (0.16)
Faces —-2.82(0.18) -3.17,-2.47  -2.74(0.18)
WRAT-IV
Reading -1.82 (0.21) —2.22,-141 -0.26 (0.21)
Numerical/arithmetic ~ -2.25 (0.20) —-2.65,-1.86 0.08 (0.21)

95% CI Mean (SD) F-test Cohen's d p value
-0.78,-0.20  35.51 (5.78)" 31.48 0.21 <0.0001
—-0.78,-0.30  28.88 (4.03)! 6.88 0.05 0.010
-0.47,-0.04  72.78 (8.63)! 28.97 0.20 <0.0001
2.72,4.66 24.40 (8.71) 8.34 0.07 0.005
3.15, 6.62 50.68 (12.36)° 18.81 0.14 <0.0001
—0.40, 2.78 8.88 0.07 0.004
—0.54, 0.02 49(1.7)° 5.65 0.05 0.019
-1.13,-0.18 26.5(12.2)° 7.71 0.07 0.006
8.16,9.28 10.0 (3.0) 80.19 0.41 <0.0001
8.45,9.64 10.0 (3.0) 111.45 0.51 <0.0001
17.15,21.30 10.0 (3.0) 27.95 0.20 <0.0001
12.50, 14.34 10.0 (3.0) 20.77 0.16 <0.0001
7.66, 8.79 10.0 (3.0) 52.61 0.31 <0.0001
7.72,8.77 10.0 (3.0) 45.25 0.29 <0.0001
10.26, 11.54 10.0 (3.0) 38.08 0.25 <0.0001
0.72,1.28 31.30 (3.78)° 7.61 0.06 0.007
1.27,1.95 15.75 (5.76)° 14.81 0.12 <0.0001
1.47,2.14 15.25 (5.83)° 20.85 0.16 <0.0001
—0.36, 0.41 62.5 (9.6)° 2.15 0.02 0.146
0.20, 1.59 67.9 (11.0)° 4.69 0.05 0.033
-2.97,2.52 38.43 (4.19) 20.59 0.15 <0.0001
-3.10, -2.37 47.77 (2.49) 0.10 0.00 0.752
-0.67, 0.15 59.45 (7.46)% 28.42 0.20 <0.0001
—0.34,0.49 39.83 (5.53)° 64.36 0.35 <0.0001

Abbreviations: CI, confidence interval; RQCST, Revised Quick Cognitive Screening Test; TMT, trail-making test; WAIS-R-NT, Wechsler Adult Intelligence Scale-Revised as a

Neuropsychological Instrument; WRAT-IV, Wide Range Achievement Test.

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



*JS9L, JUIWAAAYIY 2JUBY PIM AT-LVYM Juawnisuy
Teo13ojoyd4sdoInaN e se pasiady-2[eds 20uI[[2IU] JNPY II[SYIIM IN-Y-SIVM 2593 Sunyewr-[rexs ‘LALL s3], Suruaaiog aantugo)) o) pasiady ‘SO [eAIUT 2DUIPIFUOD D) DITRUUOTISINY) SAIN[IE] 2ATTUS0D) O JD SUOILIAIqQY

AMPOMAH ET AL.

(81°€) TS'1—- (12°8¢) 10°%¢C TS0F ‘€LHT L£9°0 10°0 €T0 (9r°¢) T1'1E (58°¢) €9°C¢ 18303 4D
(0r'1)91'C 85°C€ ‘S0°6T €6 1€ ‘6L'ST SET'0 L0°0 9¢°C (£8°0) 18°0¢ (I7'1) 99'8T [edLoWNU AT-LYVYM
(€8°0) €970~ 6£°9% ‘¥S '8¢ TTLY L6°8€ 95¥°0 20°0 LS°0 (T6'1) L¥ Th (20'0) 60°¢¥ Surpear AI-LVIM
ALLYYM
(70°9) 6€°¢ 16'66 08°C8 7186 “T8'LL £0S°0 200 S¥'0 (61'%) 9€'16 (L67) L6L8 PUBY JUBUIWOP-UON
#10) 8TH SPEL ‘67 T9 €%'89 ¥6°09 %50°0 Tro 10% (0T°7) L6'89 (¥8'T) 6979 pury JuBUIWO]
preoq3ag paA0oIn)
(8T1) SLL~- 97Tl ‘¥¥'6 0£'1T ‘0S°ST 1000°0> 95°0 99°9¢ (69°0) $8°01 (2S°1) 0981 [1e221 pakefop Aoy
(O1°1) S£°8— 16721 “TS6 LTTT9ELT 1000°0> $9°0 9%'9S (€2°0) 20T (81'T) LL'61 [Teoa1 ajerpawl Aoy
(26°0) L¥' T~ 19°CT 9481 08'%¢ ‘15°1¢€ 1000°0> 98°0 TTest (¥6°0) 69°0T (18°0) 91°€€ £doo £ay
ysey 21ndiy
xardwod y1arr)sQ -4y
(6%°0) 69°0~ T6°01 TT6 8L11€L°6 691°0 L0°0 00'C (1%°0) L0°0T (05°0) 92701 ueds [eneds
(25°0) 8L°0— 16°C1 65°01 6T LS'TT €HI0 L0°0 LTT (£8°0) SL°TT (L¥0) €5°CT ueds [endiq
(99°7) 88°01 $€'6T ‘Ge81 TSET€T'8 1000°0> 85°0 9I'cH (1£7) s8'1¢ (0¥'T) £6°0T uB1sap Yo[g
pakefop
(S€°T) L¥ 7~ 66'8 ‘1S'¥ IEP1 T8 2000 LT0 68°01 (01°1) 529 (¢S Tetn uonnnsqns [oquids 181
(€T 65T $STE “1L°ST €Ive “TIE'LT €020 S0°0 0LT (£9°T) €1'6T (£9°'T) 7270 wonmnsqns joquids 31
IN-Y-SIVM
SIOIID
(¥S°9) 65701 91°0S ‘0%'8¢ ¥5°9¢€ ‘S8°0¢ £90°0 o S9'¢ (0€°9) 8T'6¢€ (28°€) 69'8¢ aaneIaA9s19d 98euadIag
(1€°0) 5£°0~ 8L'¢ 67T 67'% 80°¢ 120°0 81°0 L6'S (9€°0) ¥0'¢ (F€0) 6L°€ K108a180 Yse],
Sunos-pIeds paJIpoIN
(#8'17) 658~ LT6ET ‘866 F€0ST ‘01'98 L69°0 10°0 91°0 (zS°¥1) €9°601 (€L:sT) TT'8IT (e-9)LALL
(10°81) TTHT~ LSH0T ‘S8 TFI £9°6TT ‘81°S91 061°0 90°0 08'T (8€°ST) TT°€LT (18°ST) T¥'L61 QLNL
(¥L'6) 67 €1~ 9V'6L ‘€9°SS ¥%'86 ‘79°€9 9LT°0 90°0 61 (¥8°S) S5°L9 (#5'8) €0°18 BLINL
1591 chmE.zf L,
(80°'1) 69°8 - S9'€S FS8Y 16729 ‘90°LS 1000°0> 89°0 68'%9 (STT) 60°TS (€€°T) 8L'65 §3108 [eQO[D
(18°0) ¥7°9— €161 TI'91 L¥'ST99°TT 1000°0> £9°0 G8'¢9 (¥£°0) €921 (69°0) 90°¥C [eqI2A-UON
(tLo)eLi- 0€'%T ‘0L'0T Tv'9T ‘70T €200 910 ¥L'S (88°0) 05°CC (80'T) TT¥T [eqIA
o: 1SO0U
Hand W (AS) ued\ Melx Mex anfea d P S, udyo) 189~ (AS) ued (AS) ued 1S9,
mM: (3uIpap) dn-mofjoj 10§ 1D uiaseq J10j [D Mmea dn-moqjoq Mmexdurppseyq
m: AIUAIJJIP UBIIA

BURYD UT (Fg=U ‘qDS) 9SBISIP [[99 S[DIS YIIM SJ[NPE SUOWE SII0IS MBI }$9) JATITUS00INAU UT $0UIJJIP dN-MO[[0] 1eaA-UdAds pue durpesed ¥ F TV L



AMPOMAH ET AL.

o3
=1
=
=
o
ES
s
2
z
g
=
g
@
=
&

“JS9, JUSWAIYDY

aduey opIM AI-LVIM “uawunnsuf [ed13010yd£sdoInaN e se pastaay-a[eds 20uadI[[PIu] JNPY IB[SYIIM ‘IN-U-SIVM 959 Sunyewr-Tren) ‘LIALL s3], Suruaaiog aanTtuo)) Yo pastady ‘LSOO [eAISIUT 9UIPIFUOD T)) SUOIRIAIIqQY

(92°0) 6€°0
(11°0) 800~

(9%°0) 1€°0
(zT'0) S7°0

(cz0) €€'1-
(02°0) ¢S'1-
(¥T0) 0ge—

(6%°0) 69°0—
(€%°0) TL°0—
(L¥0) T¥'T

#¥'1) 999~

(€T°0) 770-

(0S'1)98°C
(81°0) #¥'0—

(00°27) 170~
(97'1) 96'T—
(IT'T) sS°'1—

(91°0) 68'%—
(02°0) 09'T—
(€T°0) LE°0—

(dS) uedly
uIPdIq

07’ 1-98'T—
SLT1-°08°C—

16°C 9€'T
PI'T 10

16°0—‘00'T—
95°0— ‘80'T—
0€'T-Tee~

T6°01 ‘TT6
18959
098 ‘19°9

€T°G 68°€

S0'S L0°¥

08°CT ‘T6'9
99°0— ‘€ST—

€5°L6€°C
SY'Tl ‘8L
T€965°€

TT9- 959~
(4N S
96’1 65T

Mex
dn-mofjoy 10§ 1D

S-S
¥9°1-‘SLT-

SL'T060
79°0 9T°0—

IT'T %00
TI'T8T°0
€6°0°90°0

8LTT ‘€L°6
6L°8 FEL
209 ‘S€'F

I€FI €T'8

9¥'S ‘SS¥

716 ‘88'%
¥T°0- L0'T-

608 ‘S9°C
8¥'¥VI ‘9T°6
05’8 ‘0S¥

61'T— T8 1~
980~ ¥S'1—
TS I- 6T T

Mex
Jurpseq 10§ [D

BURYD UT (E=U ‘qDS) ISBISIP [[92 OIS YIIM SJNPE SUOUIR SII0DS PI[IS 1$9) 2ANIUFO0I0INAU UT $30UIJJIP dn-mo[[0] Teak-UaAds pue durjaseq

6€T°0
96¥%°0

£0S°0
¥50°0

1000°0>
1000°0>
1000°0>

L9T°0
010
1000°0>

1000°0>

€20°0

£90°0
120°0

8¢8°0
061°0
9LT°0

1000°0>
1000°0>

9000

anjea-d

£0°0
200

200

cro

9G6°0

59°0
980

L0°0
60°0
90

wo

0r’o

1o
8T°0

00°0
90°0
90°0

L6°0

890

€T0

P s, udyo)

w$'e
LS0

S¥°0

107

99'9¢

999
T8t

00'C
S8°C
869C

67'1C

sve

¥9°¢
L6°S

¥0°0
08T
6’1

6T°TL6

¥8'79

088

1S90

(IT°0) €9°1-
(92°0) 8T’

(8€°0) €1°C
(€2°0) £9°0

(Tr'0) 9270~
(€1°0) T80~
(ST°0) 18—

(€%'1) 98°6
(1z°0) OT'T—

(9T°1) 96'%
#T1) 16%6
(£9°0) S6'F

(60°0) 6€°9—
(81°0) 6L
(ST'0) LT T-

(AS) uBdAl
$3.103s-7 dn-mo[[oq

(17°0) L00T
(8€°0) ¥€'L
(6%°0) 19°L

(€£°0) 95°F

(92°0) 957

poreds
dn-mojjoq

(ST°0) To'T—
(LT0) 61T

(S¥°0) 28°T
(61°0) €20

(92°0) 850
(12°0) 020
(12°0) 6%°0

(€0'T) 002
(07°0) 99°0—

¥eD) Les
(8T'T) L8'TT
(86°0) 059

(91°0) 16’1~
(L1°0) 0T°1-
(61°0) 06'T—

(dS) uealy
$31038-7 duIpsey

(05°0) 9£°01
(5€°0)90'8
(17°0) 81°S

(zcs1) Tetn

(zT'0) 00°S

paeds
Jurpseq

[edrownt AT-LVIM
Surpear ATLLVYM
AT-LVIM
PUBY JUBUTWOP-UON
puey JueUTWOJ
pieoqSaq paA0oIn)
18231 pakepap Aoy
[[ed21 dJerpawiuT A9y
Adoo Aoy

ysey aandy
xorduwroo yjar112)sQ-£oyg

ueds Teneds
ueds ey
u3rsap Yoorg

pakerap
uonmIsqns
[oquuds 3181q

uonmnsqns
Toquis 3131

IN-Y-SIVM

SI011d
aATyeIaAdsIad

a8ejuanag

£10397380 Nse],

Suno0s-pIeds paJIpoIN
(2-q)LINL
qLAL
BLIALL

359} Sunyew-reiy,
$2100S [BQO[D)
[2qQI2A-UON
[BqIoA

1500

ISAL

SHdTdV.L



10

AMPOMAH ET AL.

BRITISH JOURNAL OF HAEMATOLOGY

34:00

32:00

30:00

2800

26:00

24:00

22:00

Estimated marginal means for DSST scores

20-00

0
O_'_,,,.f-/"’/ Higher

education

Lower
education

Baseline

7-year follow-up
Time

FIGURE 1 Time-by-education interaction for Digit Symbol Substitution Test (DSST)

observed for the Modified Card-Sorting task category score
(p <0.01), a measure of executive functioning; all components
of the ROCEF (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,'”*”~*" 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.
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TABLE 6 Multivariable regression models of the association between
haemoglobin level and measures of neuropsychological tests (raw scores)

Haemoglobin
Coefficient Confidence
Test (SE) p-value 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 —0.80 (2.40) 0.74 -5.72,4.12
errors
WAIS-R-NI
Digit symbol —-0.41 (1.04) 0.70 -2.53,1.71
substitution
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/ 0.08 (0.79) 0.92 -1.53, 1.68
arithmetic

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.

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,

BRITISH JOURNAL OF HAEMATOLOGY

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 time’”*! while some studies do not
find such a decline.”®> Among children with SCD, Anderson
et al.” reported no significant changes in neuropsycho-
logical functioning after a year in very young children, but
another investigation did find changes over 1-2years of
assessment in young children with SCD.>* However, Yarboi
et al.” 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.*>**® 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.””® 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.? 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.*>*** 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
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TABLE 7 Regression of measures of neuropsychological test (scaled
scores) and haemoglobin level

Haemoglobin level

Coefficient Confidence
Test (SE) p value 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 —-0.22 (0.65) 0.74 -1.55, 1.11
perseverative
errors
WAIS-R-NI
Digit symbol 0.04 (0.14) 0.77 —-0.24,0.33
substitution
Picture completion 0.36 (0.21) 0.09 —-0.06, 0.79
total
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/ —0.20 (0.32) 0.54 —-0.86, 0.46
arithmetic

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-NT, Wechsler Adult Intelligence Scale-Revised as a
Neuropsychological Instrument; WRAT-IV, Wide Range Achievement Test.

with processing speed,”” 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,” 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.****®! 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.'*%>% 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.!*'>** 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
(RMEF), 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).2%37%5-68 1 3¢k
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.®” For instance, Manly et al. (2002) found that
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TABLE 8 Summary of factor loadings of neurocognitive measures for cross-sectional data at baseline
Component

Neurocognitive measures 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

WALIS 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

WATIS digital span 0.409 —-0.364 0.782

WATIS 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.

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.”"” 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.”” As a resullt,
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 26000 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.
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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.” and Thompson et al.>* 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.” 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 varies’>’® but some data would suggest a prev-
alence as high as 43% in uselected adults with HbSS.”” 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.

ACKNOWLEDGEMENTS

We would like to thank Andrea Ball for providing medical
writing and editorial support, as well as her other intellec-
tual contributions to this manuscript. This work was (par-
tially) supported through a Patient-Centered Outcomes
Research Institute (PCORI) Award (CER-2018C2-13320)
and the National Institute of Mental Health (NIMH) R34
MHI125152. All statements in this report, including its find-
ings and conclusions, are solely those of the authors and do
not necessarily represent the views of PCORI, its Board of
Governors or the Methodology Committee.

CONFLICT OF INTEREST

Charles Jonassaint is an equity holder and officer of
Expressive Painimation Inc. There are no other author con-
flicts of interest to disclose that are relevant to this study or
anything reported in the manuscript.

DATA AVAILABILITY STATEMENT

Raw data were generated at the University of Ghana.
Derived data supporting the findings of this study are
available from the corresponding author (Mary A.
Ampomah) on request.

PATIENT CONSENT STATEMENT
Written informed consent has been obtained from all
participants of this study.

PERMISSION TO REPRODUCE MATERIAL
FROM OTHER SOURCES

No excerpts from copyrighted works or any works owned by
third parties were included in this manuscript.

CLINICAL TRIAL REGISTRATION
No clinical trial registration was required for this study.

NOVELTY STATEMENT

What is the NEW aspect of your work? This study pre-
sents data from the longest period of follow-up for any pre-
post cognitive study in an adult sickle cell population to
date.

What is the CENTRAL finding of your work? Adults with
sickle cell disease presented with poorer cognitive function-
ing than non-SCD adults and exhibited significant cognitive
decline over a seven-year period.

What is the SPECIFIC clinical relevance of your work?
Early and regular assessment of cognitive functioning
should be a standard part of routine SCD care for patients
in West Africa.



AMPOMAH ET AL.

D 15

ORCID

Mary A. Ampomah  https://orcid.
org/0000-0002-6377-1000

Adote Anum © https://orcid.org/0000-0001-8680-9203
Yvonne Dei-Adomakoh © https://orcid.
org/0000-0002-2017-2569

Kofi Anie
Charles R. Jonassaint

https://orcid.org/0000-0003-0513-3331
https://orcid.

org/0000-0002-5662-5806
Fenella J. Kirkham © https://orcid.
org/0000-0002-2443-7958

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Piel FB, Patil AP, Howes RE, Nyangiri OA, Gething PW, Williams
TN, et al. Global distribution of the sickle cell gene and geo-
graphical confirmation of the malaria hypothesis. Nat Commun.
2010;1:104.

Hassell KL. Population estimates of sickle cell disease in the United
States. Am ] Prev Med. 2010;38(4 Suppl):S512-21.

Brousseau DC, Panepinto JA, Nimmer M, Hoffmann RG. The num-
ber of people with sickle-cell disease in the United States: national
and state estimates. Am ] Hematol. 2010;85(1):77-8.

Rees DC, Williams TN, Gladwin MT. Sickle-cell disease. Lancet.
2010;376(9757):2018-31.

Gladwin MT. Cardiovascular complications and risk of death in
sickle-cell disease. Lancet. 2016;387(10037):2565-74.

Cahill LS, Gazdzinski LM, Tsui AK, Zhou YQ, Portnoy S, Liu E,
et al. Functional and anatomical evidence of cerebral tissue hy-
poxia in young sickle cell anemia mice. ] Cereb Blood Flow Metab.
2017;37(3):994-1005.

Quinn CT, Rogers ZR, McCavit TL, Buchanan GR. Improved sur-
vival of children and adolescents with sickle cell disease. Blood.
2010;115(17):3447-52.

Lanzkron S, Carroll CP, Haywood C Jr. Mortality rates and age at
death from sickle cell disease: United States, 1979-2005. Public
Health Rep. 2013;128(2):110-6.

Mackin RS, Insel P, Truran D, Vichinsky EP, Neumayr LD, Armstrong
FD, et al. Neuroimaging abnormalities in adults with sickle cell ane-
mia: associations with cognition. Neurology. 2014;82(10):835-41.
Thust SC, Burke C, Siddiqui A. Neuroimaging findings in sickle cell
disease. Br ] Radiol. 2014;87(1040):20130699.

Merkel KH, Ginsberg PL, Parker JC Jr, Post M]J. Cerebrovascular dis-
ease in sickle cell anemia: a clinical, pathological and radiological
correlation. Stroke. 1978;9(1):45-52.

Jorgensen DR, Rosano C, Novelli EM. Can neuroimaging mark-
ers of vascular pathology explain cognitive performance in adults
with sickle cell anemia? A review of the literature. Hemoglobin.
2016;40(6):381-7.

Vichinsky EP, Neumayr LD, Gold JI, Weiner MW, Rule RR, Truran D,
et al. Neuropsychological dysfunction and neuroimaging abnormal-
ities in neurologically intact adults with sickle cell anemia. JAMA.
2010;303(18):1823-31.

Ruffieux N, Njamnshi AK, Wonkam A, Hauert CA, Chanal ], Verdon
V, et al. Association between biological markers of sickle cell disease
and cognitive functioning amongst Cameroonian children. Child
Neuropsychol. 2013;19(2):143-60.

Oluwole OB, Noll RB, Winger DG, Akinyanju O, Novelli EM.
Cognitive functioning in children from Nigeria with sickle cell ane-
mia. Pediatr Blood Cancer. 2016;63(11):1990-7.

Wang W, Enos L, Gallagher D, Thompson R, Guarini L, Vichinsky
E, et al. Neuropsychologic performance in school-aged children with
sickle cell disease: a report from the cooperative study of sickle cell
disease. ] Pediatr. 2001;139(3):391-7.

Crawford RD, Jonassaint CR. Adults with sickle cell disease may
perform cognitive tests as well as controls when processing speed

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

BJHaem

is taken into account: a preliminary case-control study. ] Adv Nurs.
2016;72(6):1409-16.

Sanger M, Jordan L, Pruthi S, Day M, Covert B, Merriweather B, et al.
Cognitive deficits are associated with unemployment in adults with
sickle cell anemia. J Clin Exp Neuropsychol. 2016;38(6):661-71.

Le PQ, Gulbis B, Dedeken L, Dupont S, Vanderfaeillie A, Heijmans
C, etal. Survival among children and adults with sickle cell disease in
Belgium: benefit from hydroxyurea treatment. Pediatr Blood Cancer.
2015;62(11):1956-61.

Chaturvedi S, DeBaun MR. Evolution of sickle cell disease from a life-
threatening disease of children to a chronic disease of adults: the last
40years. Am ] Hematol. 2016;91(1):5-14.

Martin S, Roderick MC, Abel C, Wolters P, Toledo-Tamula MA,
Fitzhugh C, et al. Neurocognitive functioning in symptomatic adults
with sickle cell disease: a description and comparison with unaffected
siblings. Neuropsychol Rehabil. 2019;1-16:1666-81.

Jorgensen DR, Metti A, Butters MA, Mettenburg JM, Rosano C,
Novelli EM. Disease severity and slower psychomotor speed in adults
with sickle cell disease. Blood Adv. 2017;1(21):1790-5.
Ohene-Frempong K, Oduro J, Tetteh H, Nkrumah F. Screening new-
borns for sickle cell disease in Ghana. Pediatrics. 2008;121(2):S120-1.
King AA, StrouseJJ, Rodeghier MJ, Compas BE, Casella JF, McKinstry
RC, et al. Parent education and biologic factors influence on cogni-
tion in sickle cell anemia. Am ] Hematol. 2014;89(2):162-7.
Mate-Kole CC, Conway J, Catayong K, Bieu R, Sackey NA, Wood R,
et al. Validation of the revised quick cognitive screening test. Arch
Phys Med Rehabil. 2009;90(9):1469-77.

Reitan RM, Wolfson D. Category test and trail making test as mea-
sures of frontal lobe functions. Clin Neuropsychol. 1995;9(1):50-6.
Bowie CR, Harvey PD. Administration and interpretation of the trail
making test. Nat Protoc. 2006;1(5):2277-81.

Tombaugh TN. Trail making test A and B: normative data stratified
by age and education. Arch Clin Neuropsychol. 2004;19(2):203-14.
Nelson HE. A modified card sorting test sensitive to frontal lobe de-
fects. Cortex. 1976;12(4):313-24.

Kopp B, Lange F, Steinke A. The reliability of the Wisconsin card
sorting test in clinical practice. Assessment. 2021;28(1):248-63.

van den Broek MD, Bradshaw CM, Szabadi E. Utility of the modified
Wisconsin card sorting test in neuropsychological assessment. Br J
Clin Psychol. 1993;32(3):333-43.

Jaeger J. Digit symbol substitution test: the case for sensitivity over
specificity in neuropsychological testing. J Clin Psychopharmacol.
2018;38(5):513-9.

Rosano C, Perera S, Inzitari M, Newman AB, Longstreth WT,
Studenski S. Digit symbol substitution test and future clinical and
subclinical disorders of cognition, mobility and mood in older adults.
Age Ageing. 2016;45(5):688-95.

Temkin NR, Heaton RK, Grant I, Dikmen SS. Detecting significant
change in neuropsychological test performance: a comparison of four
models. ] Int Neuropsychol Soc. 1999;5(4):357-69.

Ruff RM, Parker SB. Gender- and age-specific changes in motor
speed and eye-hand coordination in adults: normative values for the
finger tapping and grooved tests. Percept Mot Skills. 1993;76(3 Pt
2):1219-30.

Soukup VM, Bimbela A, Schiess MC. Recognition memory for
faces: reliability and validity of the Warrington recognition memory
test (RMT) in a neurological sample. ] Clin Psychol Med Settings.
1999;6(3):287-93.

O'Bryant SE, Hilsabeck RC, McCaffrey R], Gouvier WD. The rec-
ognition memory test examination of ethnic differences and norm
validity. Arch Clin Neuropsychol. 2003;18(2):135-43.

Tremblay MP, Potvin O, Callahan BL, Belleville S, Gagnon JF, Caza
N, et al. Normative data for the Rey-Osterrieth and the Taylor com-
plex figure tests in Quebec-French people. Arch Clin Neuropsychol.
2015;30(1):78-87.

Gagnon M, Awad N, Mertens VB, Messier C. Comparing the Rey and
Taylor complex figures: a test-retest study in young and older adults. J
Clin Exp Neuropsychol. 2003;25(6):878-90.


https://orcid.org/0000-0002-6377-1000
https://orcid.org/0000-0002-6377-1000
https://orcid.org/0000-0002-6377-1000
https://orcid.org/0000-0001-8680-9203
https://orcid.org/0000-0001-8680-9203
https://orcid.org/0000-0002-2017-2569
https://orcid.org/0000-0002-2017-2569
https://orcid.org/0000-0002-2017-2569
https://orcid.org/0000-0003-0513-3331
https://orcid.org/0000-0003-0513-3331
https://orcid.org/0000-0002-5662-5806
https://orcid.org/0000-0002-5662-5806
https://orcid.org/0000-0002-5662-5806
https://orcid.org/0000-0002-2443-7958
https://orcid.org/0000-0002-2443-7958
https://orcid.org/0000-0002-2443-7958

16

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

AMPOMAH ET AL.

Buelow MT, Frakey LL. Math anxiety differentially affects WAIS-IV
arithmetic performance in undergraduates. Arch Clin Neuropsychol.
2013;28(4):356-62.

Sayegh P, Arentoft A, Thaler NS, Dean AC, Thames AD. Quality of
education predicts performance on the wide range achievement test-
word reading subtest. Arch Clin Neuropsychol. 2014;29(8):731-6.
Wilkinson GS, Robertson GJ. Wide range achievement test 4 profes-
sional manual. Lutz, FL: Psychological Assessment Resources; 2006.
Broadbent DE, Cooper PF, FitzGerald P, Parkes KR. The cognitive
failures questionnaire (CFQ) and its correlates. Br J Clin Psychol.
1982;21(1):1-16.

Hochberg Y. A sharper Bonferroni procedure for multiple tests of sig-
nificance. Biometrika. 1988;75(4):800-2.

Hommel G. A stagewise rejective multiple test procedure based on a
modified Bonferroni test. Biometrika. 1988;75(2):383-6.

Harvey PD. Clinical applications of neuropsychological assessment.
Dialogues Clin Neurosci. 2012;14(1):91-9.

Feliu MH, Crawford RD, Edwards L, Wellington C, Wood M,
Whitfield KE, et al. Neurocognitive testing and functioning in adults
sickle cell disease. Hemoglobin. 2011;35(5-6):476-84.

Sano M, Haggerty R, Kugler S, Martin B, Prohovnik I, Hurlet-Jensen
A, et al. Neuropsychological consequences of sickle cell disease. Cogn
Behav Neurol. 1996;9(4):242-7.

Vichinsky E, Neumayr L, Gold JI, Weiner MW, Kasten ], Truran D,
et al. A randomized trial of the safety and benefit of transfusion vs.
standard care in the prevention of sickle cell-related complications in
adults: a preliminary report from the phase Il NHLBI comprehensive
sickle cell centers (CSCC) study of neuropsychological dysfunction
and neuroimaging abnormalities in neurologically intact adult pa-
tients with sickle cell disease. Blood. 2010;116(21):3221.

Bernaudin F, Verlhac S, Arnaud C, Kamdem A, Vasile M, Kasbi F,
et al. Chronic and acute anemia and extracranial internal carotid ste-
nosis are risk factors for silent cerebral infarcts in sickle cell anemia.
Blood. 2015;125(10):1653-61.

Kassim AA, Pruthi S, Day M, Rodeghier M, Gindville MC, Brodsky
MA, et al. Silent cerebral infarcts and cerebral aneurysms are preva-
lent in adults with sickle cell anemia. Blood. 2016;127(16):2038-40.
Solomou E, Kraniotis P, Kourakli A, Petsas T, editors. Correlation be-
tween the MRI extent of silent cerebral infarcts (SCIs) in adult sickle-
cell disease (SCD) patients and the clinical severity of disease2013:
European Congress of Radiology 2013.

Anderson EL. A prospective examination of neuropsychological
functioning in preschool-age children with sickle cell disease and its
association with psychosocial factors. 2005.

Thompson RJ, Gustafson KE, Bonner MJ, Ware RE. Neurocognitive
development of young children with sickle cell disease through three
years of age. ] Pediatr Psychol. 2002;27(3):235-44.

Yarboi J, Compas BE, Brody GH, White D, Rees Patterson J, Ziara
K, et al. Association of social-environmental factors with cognitive
function in children with sickle cell disease. Child Neuropsychol.
2017;23(3):343-60.

Hijmans CT, Fijnvandraat K, Grootenhuis MA, van Geloven N,
Heijboer H, Peters M, et al. Neurocognitive deficits in children with
sickle cell disease: a comprehensive profile. Pediatr Blood Cancer.
2011;56(5):783-8.

Gold JI, Johnson CB, Treadwell MJ, Hans N, Vichinsky E. Detection
and assessment of stroke in patients with sickle cell disease: neuro-
psychological functioning and magnetic resonance imaging. Pediatr
Hematol Oncol. 2008;25(5):409-21.

Wilde NJ, Strauss E, Tulsky DS. Memory span on the Wechsler scales.
J Clin Exp Neuropsychol. 2004;26(4):539-49.

Zafeiriou DI, Prengler M, Gombakis N, Kouskouras K, Economou
M, Kardoulas A, et al. Central nervous system abnormalities in
asymptomatic young patients with Sp-thalassemia. Ann Neurol.
2004;55(6):835-9.

Ezenwosu OU, Emodi IJ, Ikefuna AN, Chukwu BF, Osuorah CD.
Determinants of academic performance in children with sickle cell
anaemia. BMC Pediatr. 2013;13(1):189.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Exum KL. The effects of family functioning on academic achieve-
ment in children with sickle cell disease. 2013.

Menezes AS, Len CA, Hilario MO, Terreri MT, Braga JA. Quality of life
in patients with sickle cell disease. Rev Paul Pediatr. 2013;31(1):24-9.
SchatzJ. Brief report: academic attainment in children with sickle cell
disease. ] Pediatr Psychol. 2004;29(8):627-33.

Ruffieux N, Hauert CA. The neuropsychology of sickle cell dis-
ease in sub-Saharan Africa. In: Bolvin M, Giordani B, editors.
Neuropsychology of children in Africa specialty topics in pediatric
neuropsychology. New York, NY: Springer; 2013.

Peavy GM, Salmon DP, Bear I, Paulsen JS, Cahn DA, Hofstetter CR,
et al. Detection of mild cognitive deficits in Parkinson's disease pa-
tients with the WAIS-R NT1. ] Int Neuropsychol Soc. 2001;7(5):535-43.
Ruff R, Light R, Parker S, Levin H. Benton controlled oral word asso-
ciation test: reliability and updated norms. Arch Clin Neuropsychol.
1996;11(4):329-38.

Larrabee GJ, Trahan DE, Curtiss G, Levin HS. Normative
data for the verbal selective reminding test. Neuropsychology.
1988;2(3-4):173-82.

Lucas JA, Ivnik RJ, Smith GE, Ferman TJ, Willis FB, Petersen RC,
et al. Mayo's older african americans normative studies: norms for
Boston naming test, controlled oral word association, category flu-
ency, animal naming, token test, wrat-3 reading, trail making test,
stroop test, and judgment of line orientation. Clin Neuropsychol.
2005;19(2):243-69.

Henrich J, Heine SJ, Norenzayan A. The weirdest people in the world?
Behav Brain Sci. 2010;33(2-3):61-83.

Fernandez AL, Abe J. Bias in cross-cultural neuropsychological test-
ing: problems and possible solutions. Cult Brain. 2018;6(1):1-35.
Rosselli M, Ardila A. The impact of culture and education on non-
verbal neuropsychological measurements: a critical review. Brain
Cogn. 2003;52(3):326-33.

Boone KB, Victor TL, Wen ], Razani J, Ponton M. The association
between neuropsychological scores and ethnicity, language, and
acculturation variables in a large patient population. Arch Clin
Neuropsychol. 2007;22(3):355-65.

Pedraza O, Mungas D. Measurement in cross-cultural neuropsychol-
ogy. Neuropsychol Rev. 2008;18(3):184-93.

Puffer E, Schatz J, Roberts CW. The association of oral hydroxyurea
therapy with improved cognitive functioning in sickle cell disease.
Child Neuropsychol. 2007;13(2):142-54.

Silva GS, Vicari P, Figueiredo MS, Carrete H, Idagawa MH, Massaro
AR. Brain magnetic resonance imaging abnormalities in adult pa-
tients with sickle cell disease: correlation with transcranial Doppler
findings. Stroke. 2009;40(7):2408-12.

MaroufR, Gupta R, Haider M, Adekile A. Silent brain infarcts in adult
Kuwaiti sickle cell disease patients. Am ] Hematol. 2003;73(4):240-3.
Jordan LC, Kassim A A, Donahue M]J, Juttukonda MR, Pruthi S, Davis
LT, et al. Silent infarct is a risk factor for infarct recurrence in adults
with sickle cell anemia. Neurology. 2018;91(8):e781-e4.

SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.

How to cite this article: Ampomah MA, Drake JA,
Anum A, Amponsah B, Dei-Adomakoh Y, Anie K,
etal. A case-control and seven-year longitudinal
neurocognitive study of adults with sickle cell disease
in Ghana. Br ] Haematol. 2022;00:1-16. https://doi.

org/10.1111/bjh.18386


https://doi.org/10.1111/bjh.18386
https://doi.org/10.1111/bjh.18386

	A case-­control and seven-­year longitudinal neurocognitive study of adults with sickle cell disease in Ghana
	Summary
	INTRODUCTION
	Declining brain health and cognitive impairment are major complications of sickle cell disease

	METHODS
	Participants
	Procedure
	Data analysis
	Cross-­sectional differences by group
	Longitudinal changes in functioning


	RESULTS
	Participants
	Cognitive test scores for SCD patients versus controls
	Seven-­year follow-­up drop-­out
	Seven-­year follow-­up outcomes
	Education, haemoglobin and genotype as possible moderators
	Principal components analysis

	DISCUSSION
	Change in neurological functioning
	Mechanism contributing to poorer performance and decline over time
	Psychosocial factors throughout the life course
	Validity of cognitive measures in West Africa
	Cultural factors and neuropsychological testing

	Limitations

	CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	PATIENT CONSENT STATEMENT
	PERMISSION TO REPRODUCE MATERIAL FROM OTHER SOURCES
	CLINICAL TRIAL REGISTRATION
	NOVELTY STATEMENT
	REFERENCES


