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Abstract

Sickle cell disease (SCD) patients are at higher risk of developing silent cerebral infarcts

and overt stroke, which may reflect cognitive impairment, functional limitations, and

worse quality of life. The cognitive function of Brazilian adult SCD patients (n = 124;

19–70 years; 56 men; 79 SS, 28 SC, 10 S/β0, 7 S/β+) was screened through Montreal

Cognitive Assessment (MoCA) and correlated the results with possible predictive

factors for test performance, including sociocultural, clinical, laboratory data and

brain imaging. The Median MoCA score was 23 (8–30); 70% had a 25-or-less score,

suggesting some level of cognitive impairment. There were no significant associations

betweenMoCA results and any clinical or laboratory data in SS and SC patients; how-

ever, a significant correlation (P = 0.03) with stroke was found in HbS/β-thalassemic

patients. Correlations were further detected according to sociodemographic condi-

tions, such as age (r=−0.316;P<0.001), age at first job (r=0.221;P=0.018), personal

(r = 0.23; P = 0.012) and per capita familiar incomes (r = 0.303; P = 0.001), personal

(r= 0.61; P= 0), maternal (r= 0.536; P= 0), and paternal educational status (r= 0.441;

P = 0). We further sought independent predictors of performance using multivariable

regressions and increased education was an independent predictor of better scores

in MoCA (0.8099, 95% confidence interval [CI]: 0.509–1.111). Brain imaging analysis

showed significant and progressive atrophy in important cerebral areas related to

memory, learning, and executive function. These data point to the high prevalence and

impact of cognitive decline in adult SCD patients, mirrored in brain atrophic areas. It

is also possible to observe the influence of sociodemographic conditions on patients’

cognitive performances and the need for creating focused therapeutic plans that

address these deficiencies.Moreover, the absence of a significant correlation ofMoCA

values with stroke in the SS and SC groups may be related to the worst sociocultural

and economic conditions of the Brazilian African descent population, in which the
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impact of low educational stimulation on cognitive function can outweigh even the

anatomical damage caused by the disease.
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1 INTRODUCTION

Sickle cell diseases (SCD) are a group of hemoglobinopathies caused

by a mutation in the β-globin gene and represent the most prevalent

monogenic disorder in theworld, affectingmainly African descendants

[1–3]. This fact is especially significant in Brazil, where 60% of the pop-

ulation carry African native genes, resulting in the diagnosis of some

type of hemoglobinopathy in approximately 4% of the population [4,

5]. An estimated three hundred thousand children are born with SCD

worldwide each year, and this number is projected to rise: by 2050,

four hundred thousand children may be born with this disease [6].

Increasing cases point to the importance of SCD investigations and the

development of focused therapeutic plans.

In SCD patients, ischemic and hemorrhagic cerebral lesions have

been frequent complications since childhood [7]. When not resulting

in death, they can cause long-term morbidities and permanent neuro-

logical injury [8, 9]. The most common type is silent cerebral infarcts

(SCIs), which do not presentwith acute symptoms and occur in approx-

imately 53% of young adult patients [10]. Interestingly, 90% of SCIs

occur in white matter border zone regions, where cerebral blood flow

is at its lowest nadir, suggesting a high association between SCIs,

hemodynamic factors, and tissue oxygenation [11].

However, despite being the most common cause of neurological

complications in SCD, there are limited studies regarding the impact of

SCI on adults, including the absence of primary or secondary preven-

tive therapies that could attenuate the impacts on cognitive function.

Thus, screening cognitive function in this group of patients and search-

ing for associations with laboratory, clinical, or sociocultural data

could add to developing specific therapeutics and reducing progressive

cognitive impairment [12].

Nowadays, the Montreal Cognitive Assessment (MoCA) is one

of the most useful methods (in specificity, sensitivity, accessibility,

and applicability) for screening mild cognitive impairment. This tool

analyses commonly affected—and more easily screened—cognitive

domains: short-term memory, visual-spatial and executive functions,

attention, concentration, executivememory, language, and orientation.

A score below the limits of normality (25 or fewer points in a 30-point

score) suggests the presence of cognitive impairment [13]. These tests

have been previously used in SCDpatients by anAmerican studywhich

found thatMoCA performed well in psychometric analyses and identi-

fied deficits in executive function that were described in other studies,

although not extensively validated in those patients. Furthermore,

approximately 50% had a score below the cut-off for mild cognitive

impairment. The authors searched for possible predictive factors for

test performance and found correlations with increased education,

hydroxyurea therapy (predictors of higher scores), chronic kidney

disease, cerebrovascular accidents, and increased aspartate transam-

inase (predictors of decreased scores) [14]. The version adapted for

Portuguese was developed by a Brazilian group and is available at

www.mocatest.org. This version was proven to maintain its suitability

for the identification of cognitive impairment among Brazilians with

at least 4 years of education (92.75% of our patients), due to its high

internal consistency (0.75), sensitivity (81%), and specificity (77%) [15].

Thus, this study aimed to screen the cognitive function of Brazilian

adult SCD patients through the MoCA, examining the psychomet-

ric properties in this specific sample and correlating the results with

possible predictive factors for test performance, including clinical,

laboratory and sociocultural data and anatomical findings of brain

imaging.

2 METHODS

2.1 Subjects

Aminimum of 112 patients were to be included in the study.We calcu-

lated this sample number using the sample size formula and considered

a 95% confidence level, an alpha confidence level of 0.5 and an average

of one hundred and fifty-six SCD patients who regularly attended the

UNICAMPBloodCentre. This cross-sectional study enrolled 124 adult

SCD patients followed at a specialized Haematology Centre in south-

eastern Brazil between 2018 and 2021. All patients were adults (>18

years old) and had a confirmed SCD diagnosis (sickle cell anaemia or

haemoglobin SC disease or Sβ thalassemia), confirmed, in all patients,

by clinical features, blood counts, haemoglobin (Hgb) electrophoresis

or HPLC; family members were evaluated when possible). All patients

who were regularly followed at the centre during the last six months

and who had had routine exams carried out and analysed were eligible

for the study and were invited to participate during routine consul-

tations. Patients who refused to take part in the study, who did not

attend their routine appointments, or who had a hemoglobinopathy

diagnosis different from the ones studied were not analysed.

2.2 Data correlation

MoCA was administered to patients attending routine outpatient

appointments at the centre, by two of the authors (Silva PJF and

http://www.mocatest.org
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TABLE 1 Educational profile of patients and their parents (divided
into groups based on years of study: Unschooled; primary education;
secondary education and higher education).

Patient Father Mother

Unschooled (0 years) 3 (2.42%) 49 (48.51%) 46 (41.82%)

Primary education

(<5 years)

19 (15.32%) 30 (29.7%) 31 (28.18%)

Secondary education

(5≤ x< 10 years)

36 (29.03%) 11 (10.89%) 19 (17.27%)

Higher education

(≥10 years)

66 (53.23%) 11 (10.89%) 14 (12.73%)

Benites BD). These patients were approached during their consulta-

tionand receiveda full explanationas tohowthe testsworkedand their

objectives and those patients who agreed were included in the study.

Later, possible associations between MoCA and other variables were

tested: age sex; diagnosis (sickle cell anaemia, haemoglobin SC disease,

Sβ thalassemia); educational status; age at first job; personal incomes;

family per capita income; paternal educational status; maternal edu-

cational status; blood transfusion load throughout life; hydroxyurea

use; clinical complications (retinopathy; strokes; bone necrosis; leg

ulcers; chronic kidney disease; acute chest syndrome and priapism);

laboratorial data (Hgb levels, cell counts, haemolysis/inflammation

markers and bodymass index).

Laboratory and clinical data were obtained through the Hospital’s

database (restricted to six months before and after the application of

the MoCA), whilst sociocultural data were obtained through a ques-

tionnaire given to the patients alongwith theMoCA. As no patient was

recruited for the cognitive tests exclusively, these were administered

during their routine appointments, and, as not all the laboratory tests

studiedwerenecessarily carriedout during each appointment,weused

an interval (6months after and before theMoCAapplication) to ensure

that the samples were compatible and that most patients had feasible

data for the analysis. We considered that, when using this interval, the

difference between the patient’s clinical state during the performance

tool andwhen the examswere carried out would beminimal.

For the educational analysis, the patients and their parents were

divided into different categories: unschooled (0 years of schooling);

primary education (less than 5 years of schooling); secondary edu-

cation (between 5 and 10 years of schooling), and higher education

(more than 10 years of schooling) and can be observed in Table 1.

The division was set due to the possibility of a direct relationship

between the educational level of patients and their parents and their

sociocultural and economic status, which could influence the patient’s

neurodevelopment and, therefore, the results of theMoCA.

2.3 Magnetic resonance imaging with voxel-based
morphometric analysis

Morphometric images of the grey matter of 28 patients in this

cohort were compared to 50 healthy controls to search for possi-

ble macrostructure lesions related to SCD. In addition, nine of these

patients had a one-year-later analysis. All images were analysed by

the Neuroimaging Laboratory at the Department of Neurology of the

University of Campinas.

2.4 Statistical analysis

All statistical analyses were performed using the software R Core

Team Program Version 4.1.3. (https://www.R-project.org/). Correla-

tions were sought using Spearman coefficients for quantitative vari-

ables. Mann–Whitney Wilcoxon test with continuity correction was

used to find associations with qualitative binary variables and the

Kruskal-Wallis rank sum test, with qualitative non-binary variables.

Only P-values (P) < 0.05 were considered statistically significant.

Finally, after bivariate analysis, we used multivariable robust linear

regression to detect independent predictors of test performance. Age,

sex, genotype, educational status, familiar incomes, hydroxyurea use,

andblood transfusion load throughout lifewere the variables analysed.

3 RESULTS

This study enrolled 124 patients with a median age of 44 years old

(19–70). 68 patients (54.8%) were female, while 56 (45.2%) weremale.

Furthermore, the genotype distributionwas: 79 (64.7%) SS, 28 (22.6%)

SC, 10 (8%) S/β0 and 7 (5.7%) S/β+.
The median MoCA score was 23 points (8–30) and the score distri-

bution can be observed in the chart below (Figure 1), where a 25 or

less score suggests some level of cognitive impairment. SC, S/β, and SS
patients had, respectively, the following median scores and ranges: 20

(9–30); 24 (14–30), and 23 (8–30).

The characteristics of clinical, laboratory and sociocultural data

gathered are described in Table 2, (Supporting information Tables S1

and Table S2)

Regarding the sociocultural variables, the personal income median

was US 212.84 (0.00–1160.97), whereas the family income median,

was US 388.54 (0.00–4856.72). Furthermore, the nuclear family

medianwas 3 persons (1–10)—including all those depending on or con-

tributing to the family income—and the per capita family incomewasUS

169.31 (0.00–1618.91).

The educational status median was 10.5 years (0–18) and maternal

and paternal educational status were, respectively, 3 (0–15) and 1 (0–

20) years. Finally, themedian age at first job was 17 years old (7–39).

As for the patient’s ages, a negative correlation was found (the

older the patient, the worse the MoCA’s performance; r = −0.316;

P < 0.001). Positive correlations were evidenced with age at first

job (years; r = 0.221; P = 0.018); personal (US; r = 0.23; P = 0.012)

and familiar incomes (US; r = 0.303; P = 0.001); family per capita

incomes (US; r = 0.24; P = 0.009); educational status (schooling in

years; r = 0.61; P = 0), maternal (schooling in years; r = 0.536,

P = 0), and paternal educational status (schooling in years; r = 0.441;

P = 0). The sociocultural variable’s characteristics can be observed in

https://www.R-project.org/
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F IGURE 1 MoCA score distribution among patients. In blue, scores are considered indicative of cognitive decline; in yellow, scores are
considered as indicative of typical cognitive function.

TABLE 2 Characteristics of sociocultural numeric variables (in parenthesis, minimum andmaximum values obtained in the database).

Median Mean

Standard

deviations

Spearman’s rank correlation

coefficient (r) P-value

Age (years) 44.5 (19–70) 44.3 11.9 −0.316 <0.001

Educational status (years) 10.5 (0–18) 8.94 3.81 0.61 <0.001

Age at first job (years) 17 (7–39) 16.9 4.9 0.221 0.018

Personal income (USD) 212.84 (0–1160.97) 272.29 221.69 0.23 0.012

Family income (USD) 388.54 (0–4856.72) 558.35 648.65 0.303 0.001

Family per capita income (USD) 169.31 (0–1618.91) 209.26 219.19 0.24 0.009

Patient educational status (years) 1 (0–20) 3.05 4.07 0.536 <0.001

Note: In the fourth and fifth columns, there are, respectively, the correlation coefficient and the P-value for correlations between these variables andMoCA’s

results.

TABLE 3 Patients were studied gathered and divided by genotype for correlations with stroke andMoCA results.

Overt stroke episodes

(SS, S/β and SC)
Overt stroke

episodes (S/β)
Overt stroke

episodes (SS)

Overt stroke

episodes (SC)

Number of patients 11 2 7 2

MedianMoCA score 22 15.5 25 14.5

Wilcoxon rank sum test with

continuity correction

P= 0.444 P= 0.03 P= 0.311 P= 0.08

Note: Statistical analysis using theWilcoxon rank sum test with continuity correction showed significant correlations only for S/β patients.

Table 2 and the educational profile of patients and their parents in

Table 1.

Another important variable to studywas the impact of overt strokes

on patient’s MoCA results (Table 3). Eleven patients had had one overt

stroke episode (median MoCA score of 22 points), whereas a hundred

and eleven had not had an episode recorded (median MoCA score of

23 points). The correlation betweenMoCA score and overt stroke was

not statistically significant (P = 0.444) using the Wilcoxon rank sum

test with continuity correction when all were patients analysed. How-

ever, when divided by genotype, a significant correlation (P= 0.03)was

found for S/β patients, whereas for SC and SS patients the correlation

was, respectively, P= 0.08 and 0.311.

Regarding multivariable analysis, educational status appears as an

independent predictor for increased test performance (P < 0.0001),

associated with a 0.8099-point rise (95% CI, 0.509–1.111). The other

variables showed no statistically significant associations (Table 4).
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TABLE 4 Multivariable analysis and possible independent
predictors forMoCA test performance.

Independent variables Coefficient (95%CI) P-value

Educational status 0.8099 (0.509–1.111) <0.0001

Age 0.0164 (−0.073 to 0.105) 0.715

Sex 0.9991 (−0.707 to 2.705) 0.248

Genotype −0.7029 (−2.005 to 0.599) 0.286

Familiar Incomes 0.0001 (0.000 to 0.000) 0.576

Hydroxyurea use 0.2798 (−1.746 to 2.306) 0.784

Blood transfusion load

throughout life

0.0185 (−0.227 to 0.264) 0.882

Concerning neuroimaging findings, magnetic resonance imaging

(MRI) with voxel-based morphometric (VBM) analysis showed signif-

icant atrophic areas in 28 patients studied (27 SS and 1 S/β0) and
compared with a healthy control group. Those areas were observed

especially in the cerebellum, left frontal lobeandoccipital and temporal

lobes (Figure 2). In addition, the 1-year-after exam of the nine analysed

patients (SS) showed progression of this atrophy, especially in the right

temporal lobe, left frontal lobe and basal ganglia (Figure 3).

4 DISCUSSION

The results of this study show that more than 70% of SCD adult

patients in our centre had a MoCA test score below the lim-

its of normality (a score of 25 or less), evidencing some level of

cognitive impairment and pointing to the probable contribution of

patients’ sociocultural background on this impairment. To our knowl-

edge, this is the first study to evaluate the cognition status specif-

ically in the SCD Brazilian population which has a particular ethnic

background.

Both bivariate and multivariable models used led to the impor-

tance of educational status as the main predictor for MoCA per-

formance and highlighted the need for early target and aggressive

educational interventions for better cognitive development in those

patients. These results mirrored another American study that anal-

ysed 49 adults with SCD and revealed not only cognitive impairment

in 53% of them after MoCA’s application but also associations with

higher educational attainment (P = 0.001), overt stroke (P = 0.03;

associated with median MoCA score) and WRAT-4 Reading and S-

TOFHLA subtests scores (P = 0.001 and 0.002, respectively), which

are validated tests of health literacy and general literacy. As edu-

cation influences on cognitive performance, sensitive cognitive tests

are likely to be associated with educational attainment. Yet, patients

with high educational attainment remain vulnerable to cognitive

impairment and also demand sociocultural and/or pharmacological

interventions [16].

It is also important to mention that, while the MoCA was designed

to diminish the impact of educational status on test performance, the

tool does not eliminate its influence. Therefore, the search for screen-

ing tests that are more educationally independent and their validation

remains an important requirement in SCD patient care and screening.

In our study, we observed a lack of correlation between any clini-

cal or laboratory variables with MoCA results, except for overt stroke

in S/β thalassemic patients. It is also important to highlight the lack

of correlation between MoCA scores and the occurrence of overt

stroke episodes (Table 3 and Supporting informationTable S1) in SS and

SC patients. In this scenario, associated with the fact that MRI with

VBM analysis showed significantly progressive atrophic areas in the

patients studied and compared with a healthy control group (proving

real damage in brain tissue of these patients), we can infer that silent

cerebral infarcts can be more relevant for cognitive impairment than

symptomatic strokes.

F IGURE 2 Morphometric images of the greymatter of 28 SCD patients compared to 50 healthy controls Significant atrophic areas were found
in cerebellum, left frontal lobe, occipital lobe and temporal lobes (colored areas) of patients in comparison to healthy subjects.
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F IGURE 3 In nine SS patients, morphometric analysis after 1 year of the firstMRI revealed progressive atrophy, especially in the right
temporal lobe, frontal lobes and basal ganglia (colored areas). All patients had a sickle cell anemia diagnosis (SS).

Our study was unable to differentiate the impact of a single event

and the recurrence of stroke events on patients’ cognitive functions.

However, Couette et al. [17] showed that, although the occurrence of

stroke episodes did not affect global cognition, the time of the first

stroke did: SCD patients with childhood stroke seem to be at increased

risk of a global cognitive deficit profile. Furthermore,MoCAscoresmir-

rored the severity of the cognitive deficits. The paediatric group also

had lower educational attainment, which could be explained in part by

the disruption of the patient’s schooling due to childhood strokes [17].

On the other hand, our results show significant correlations

betweenMoCA scores and most sociocultural variables, including age,

age at first job, personal and family income, family per capita income

and personal, maternal and paternal educational status. Socioeco-

nomic and environmental factors (social determinants of health) seem

to have at least the same impact on cognition as the pathophysiology

of SCD. Our results mirror a study that showed children with SCDwho

lived in a household in which the head of household had a lower edu-

cational level (less than a college education) had a six-point decrease

in full-scale intelligence quotient (FSIQ), and every $1000 increase in

family income per capita was associated with a 0.3-point increase in

the scale [18]. Furthermore, parental education and occupation status

have frequently been documented as predictors of neurocognitive and

academic performance in SCDpatients, aswell as neighbourhood-level

metrics of socioeconomic status [18–22].

Indeed, we can speculate that the impact of the unfavourable

socioeconomic environment to which these patients are exposed is so

impressive that it strongly overshadows the effects of other potential

determinants of the occurrence of cognitive deficits, such as stroke

history, inflammatory/haemolytic blood markers and others. Another

consideration to be made when analysing the data is the identification

of possible limitations of theMoCA test itself when used in this specific

population, as the outcome can be influenced by the patient’s educa-

tional level. Therefore, the need for new studies to identify the best

tools for assessing cognitivedecline in thesepatients, considering repli-

cability, ease of use and patient understanding, that leave no doubt as

to the potential biases related to cultural and educational background

remains.

Studies show that literacy and health literacy are decreased in SCD,

which leads to poor adherence to health-promoting behaviours and

difficulties with instrumental activity of daily living skills that rely on

those abilities [16, 23]. Disruptions to household activities and social

relationships were the most frequent concerns and the fact that these

patients have an unemployment rate (17%) nearly three times higher

compared with the population and a two-times higher disability status

(24%) illustrates the impacts on patients daily lives [24–26].

Our study further shows the importance of the development of

strategies that mitigate the patients’ outcomes, not only pharmacolog-

ical but multidisciplinary. A study taking place in Cincinnati Children’s

Hospital Medical Center compared the cognitive status of thirty chil-

dren with SCD who initiated hydroxyurea before the age of five years

to an unaffected, matched healthy control cohort and found that they

had similar cognitive performance (school-aged children with the dis-

ease normally scores an average of ten points lower on FSIQ than the

unaffected ones) [27]. Other studies also reported improvements in

FSIQ and reading comprehension after one year of hydroxyurea use,

suggesting that this drug may slacken neurocognitive decline and pro-

vide someneuroprotective effects [28, 29]. However, as all our patients

were adults, we could not analyse the neuroprotective function of the

ones on this medication therapy.

Nonpharmacological interventions remain limited. Early, home-

based parent education and computer-based cognitive interventions

using Cogmed have demonstrated improvements in SCD children’s

cognitive domains and could be used in Brazilian public clinical prac-

tice [30–32]. The introductionof neuropsychology services intopatient

care (such as cognitive screening and targeted and comprehensive

neuropsychological evaluation) could also help patients by identifying
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andmanaging cognitive impairment. Somebenefits of this introduction

would include increased access to community-based services, assis-

tance with the transition from paediatric to adult care and treatment

planning [23].

5 CONCLUSION

These results demonstrate the high prevalence and impact of cogni-

tivedecline inBrazilian adult SCDpatients and theexpressive influence

of sociocultural conditions on cognitive performance, such as lower

educational status, worse family income, and the need to start work-

ing earlier. We believe the study results highlight the need for early

screening of vascular instability in those patients and the influence of

sociocultural conditions on cognitive impairment, which leads to the

urge to develop public health strategies to reduce the impacts of these

risk factors. Proactive strategies formanaging cognitive and functional

challenges should be integrated into childhood care plans, starting at

an early age.

AUTHOR CONTRIBUTIONS

Bruno Deltreggia Benites, Sara Teresinha Olalla Saad and Fernando

Cendes participated in study design. Bruno Deltreggia Benites, Pedro

Junqueira Fleury Silva, Caroline Martins Silva, Brunno Machado de

Campos, José Vitor Coimbra Trindade, Paula deMelo Campos, Samuel

de SouzaMedina andAndreza Lamonica participated in data collection

and all authors participated in data analysis andmanuscript writing.

ACKNOWLEDGMENTS

This work supported by National Council for Scientific and Tech-

nological Development, Grant/Award Numbers: 303405/2018-0,

405918/2022-4.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ETHICS STATEMENT

The ethical and methodological aspects of this project were reviewed

and approved by the Research Ethics Committee from the University

of Campinas (protocol number: 50496421.3.0000.5404) and patients

were included only after signing the Informed Consent Form.

PATIENT CONSENT STATEMENT

The authors have confirmed patient consent statement is not needed

for this submission.

ORCID

SaraTeresinhaOlalla Saad https://orcid.org/0000-0003-0809-8068

BrunoDeltreggiaBenites https://orcid.org/0000-0003-3985-5690

REFERENCES

1. Piel FB, SteinbergMH, ReesDC. Sickle cell disease. LongoDL, editor. N

Engl J Med [Internet]. 2017;376(16):1561–73. Available from: http://

www.nejm.org/doi/10.1056/NEJMra1510865

2. Rees DC,Williams TN, GladwinMT. Sickle-cell disease. In: The Lancet.

Elsevier B.V.; 2010. p. 2018–31.

3. Data & Statistics on Sickle Cell Disease | CDC [Internet]. [cited 2021

Apr 3]. Available from: https://www.cdc.gov/ncbddd/sicklecell/data.

html

4. Gastão Rosenfeld LI, Strachman Bacal NI, Alice Martins Cuder

MI, Gomes da Silva III A, Eloah Machado III Í, Azereido Pereira

CI, et al. Prevalência de hemoglobinopatias na população adulta

brasileira: Pesquisa Nacional de Saúde 2014–2015. Natl Heal Surv.

2019;22(2):147–2018.

5. Marcas genéticas da miscigenação : Revista Pesquisa Fapesp [Inter-

net]. [cited 2021 Apr 3]. Available from: https://revistapesquisa.

fapesp.br/marcas-geneticas-da-miscigenacao/

6. Piel FB, Hay SI, Gupta S,Weatherall DJ,Williams TN. Global burden of

sickle cell anaemia in children under five, 2010–2050:modelling based

on demographics, excess mortality, and interventions. Osrin D, editor.

PLoS Med. 2013;10(7):e1001484. Available from: https://dx.plos.org/

10.1371/journal.pmed.1001484

7. Switzer JA, Hess DC, Nichols FT, Adams RJ. Pathophysiology and

treatment of stroke in sickle-cell disease: present and future.

Lancet Neurol. Elsevier; 2006;5:501–12. Available from: http://www.

thelancet.com/article/S1474442206704690/fulltext

8. Debaun MR, Kirkham FJ. Central nervous system complications and

management in sickle cell disease. Blood. American Society of Hema-

tology; 2016;127:829–38. Available from: https://pubmed.ncbi.nlm.

nih.gov/26758917/

9. Pavlakis SG, Bello J, Prohovnik I, Sutton M, Ince C, Mohr JP, et al.

Brain infarction in sickle cell anemia: magnetic resonance imaging cor-

relates. Ann Neurol [Internet]. 1988;23(2):125–30. Available from:

http://doi.wiley.com/10.1002/ana.410230204

10. Kassim AA, Pruthi S, DayM, Rodeghier M, Gindville MC, BrodskyMA,

et al. Silent cerebral infarcts and cerebral aneurysms are prevalent

in adults with sickle cell anemia [Internet]. Blood. American Society

of Hematology; 2016;127:2038–40. Available from: https://pubmed.

ncbi.nlm.nih.gov/26941400/

11. Ford AL, Ragan DK, Fellah S, Binkley MM, Fields ME, Guilliams

KP, et al. Silent infarcts in sickle cell disease occur in the border

zone region and are associated with low cerebral blood flow. Blood.

2018;132(16):1714–23.

12. DeBaun MR, Armstrong FD, McKinstry RC, Ware RE, Vichinsky E,

Kirkham FJ. Silent cerebral infarcts: a review on a prevalent and

progressive cause of neurologic injury in sickle cell anemia [Inter-

net]. Blood. TheAmericanSocietyofHematology; 2012;119:4587–96.

Available from: /pmc/articles/PMC3367871/

13. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead

V, Collin I, et al. The Montreal Cognitive Assessment, MoCA: a

brief screening tool for mild cognitive impairment. J Am Geriatr Soc

[Internet]. 2005;53(4):695–99. Available from: https://agsjournals.

onlinelibrary.wiley.com/doi/full/10.1111/j.1532-5415.2005.53221.x

14. Cichowitz C, Carroll PC, Strouse JJ, Haywood C, Lanzkron S, Med S,

et al. Utility of the Montreal Cognitive Assessment as a screening test

for neurocognitive dysfunction in adults with sickle cell disease HHS

public access authormanuscript. SouthMed J. 2016;109(9):560–65.

15. Memõria CM, Yassuda MS, Nakano EY, Forlenza O V. Brief screen-

ing for mild cognitive impairment: validation of the Brazilian version

of the Montreal cognitive assessment. Int J Geriatr Psychiatry [Inter-

net]. 2013;28(1):34–40. Available from: https://pubmed.ncbi.nlm.nih.

gov/22368034/

16. Early ML, Linton E, Bosch A, Campbell T, Hill-Briggs F, Pecker LH,

et al. The Montreal cognitive assessment as a cognitive screen-

ing tool in sickle cell disease: Associations with clinically significant

https://orcid.org/0000-0003-0809-8068
https://orcid.org/0000-0003-0809-8068
https://orcid.org/0000-0003-3985-5690
https://orcid.org/0000-0003-3985-5690
http://www.nejm.org/doi/10.1056/NEJMra1510865
http://www.nejm.org/doi/10.1056/NEJMra1510865
https://www.cdc.gov/ncbddd/sicklecell/data.html
https://www.cdc.gov/ncbddd/sicklecell/data.html
https://revistapesquisa.fapesp.br/marcas-geneticas-da-miscigenacao/
https://revistapesquisa.fapesp.br/marcas-geneticas-da-miscigenacao/
https://dx.plos.org/10.1371/journal.pmed.1001484
https://dx.plos.org/10.1371/journal.pmed.1001484
http://www.thelancet.com/article/S1474442206704690/fulltext
http://www.thelancet.com/article/S1474442206704690/fulltext
https://pubmed.ncbi.nlm.nih.gov/26758917/
https://pubmed.ncbi.nlm.nih.gov/26758917/
http://doi.wiley.com/10.1002/ana.410230204
https://pubmed.ncbi.nlm.nih.gov/26941400/
https://pubmed.ncbi.nlm.nih.gov/26941400/
https://agsjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1532-5415.2005.53221.x
https://agsjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1532-5415.2005.53221.x
https://pubmed.ncbi.nlm.nih.gov/22368034/
https://pubmed.ncbi.nlm.nih.gov/22368034/


JUNQUEIRA FLEURY SILVA ET AL. 315

cognitive domains. Br J Haematol [Internet]. 2022;198(2):382–90.

Available from: https://pubmed.ncbi.nlm.nih.gov/35385886/

17. Couette M, Forté S, Oudin Doglioni D, Mekontso-Dessap A, Calvet

D, Kuo KHM, et al. Early strokes are associated with more global

cognitive deficits in adults with sickle cell disease. J Clin Med [Inter-

net]. 2023;12(4):1615. Available from: https://pubmed.ncbi.nlm.nih.

gov/36836150/

18. King AA, Strouse JJ, Rodeghier MJ, Compas BE, Casella JF, Mckinstry

RC, et al. Parent education and biologic factors influence on cogni-

tion in sickle cell anemia. Am J Hematol [Internet]. 2014;89(2):162.

Available from: /pmc/articles/PMC4310566/

19. Tarazi RA, Grant ML, Ely E, Barakat LP. Neuropsychological func-

tioning in preschool-age children with sickle cell disease: the role of

illness-related and psychosocial factors. Child Neuropsychol [Inter-

net]. 2007;13(2):155–72. Available from: https://pubmed.ncbi.nlm.

nih.gov/17364572/

20. Aygun B, Parker J, Freeman MB, Stephens AL, Smeltzer MP, Wu S,

et al. Neurocognitive screening with the Brigance preschool screen-

II in 3-year-old children with sickle cell disease. Pediatr Blood Cancer

[Internet]. 2011;56(4):620–24. Available from: https://pubmed.ncbi.

nlm.nih.gov/21298749/

21. King AA, Rodeghier MJ, Panepinto JA, Strouse JJ, Casella JF, Quinn

CT, et al. Silent cerebral infarction, income, and grade retention

among students with sickle cell anemia. Am J Hematol [Internet].

2014;89(10):E188–92. Available from: https://pubmed.ncbi.nlm.nih.

gov/25042018/

22. Taylor RL, Cooper SR, Jackson JJ, Barch DM. Assessment of neighbor-

hood poverty, cognitive function, and prefrontal and hippocampal vol-

umes in children. JAMA Netw open [Internet]. 2020;3(11):e2023774.

Available from: https://pubmed.ncbi.nlm.nih.gov/33141160/

23. Longoria JN, Heitzer AM, Hankins JS, Trpchevska A, Porter JS. Neu-

rocognitive risk in sickle cell disease: utilizing neuropsychology ser-

vices to manage cognitive symptoms and functional limitations. Br

J Haematol [Internet]. 2022;197(3):260–70. Available from: https://

pubmed.ncbi.nlm.nih.gov/35118643/

24. Jekel K, Damian M, Wattmo C, Hausner L, Bullock R, Connelly PJ,

et al. Mild cognitive impairment and deficits in instrumental activities

of daily living: a systematic review. Alzheimers Res Ther [Inter-

net]. 2015;7(1):17. Available from: https://pubmed.ncbi.nlm.nih.gov/

25815063/

25. Osunkwo I, Andemariam B, Minniti CP, Inusa BPD, El Rassi F, Francis-

Gibson B, et al. Impact of sickle cell disease on patients’ daily lives,

symptoms reported, and disease management strategies: results from

the international Sickle Cell World Assessment Survey (SWAY). Am

J Hematol [Internet]. 2021;96(4):404–17. Available from: https://

pubmed.ncbi.nlm.nih.gov/33264445/

26. Longoria JN, Pugh NL, Gordeuk V, Hsu LL, Treadwell M, King AA,

et al. Patient-reported neurocognitive symptoms influence instru-

mental activities of daily living in sickle cell disease. Am J Hematol

[Internet]. 2021;96(11):1396–406. Available from: https://pubmed.

ncbi.nlm.nih.gov/34350622/

27. Karkoska K, Pfeiffer A, Beebe DW, Quinn CT, Niss O, McGann PT.

Early hydroxyurea use is neuroprotective in children with sickle cell

anemia. Am J Hematol [Internet]. 2022;97(10):E368–70. Available

from: https://pubmed.ncbi.nlm.nih.gov/35836401/

28. Puffer E, Schatz J, Roberts CW. The association of oral hydroxyurea

therapy with improved cognitive functioning in sickle cell disease.

Child Neuropsychol [Internet]. 2007;13(2):142–54. Available from:

https://pubmed.ncbi.nlm.nih.gov/17364571/

29. WangWC, Zou P, Hwang SN, Kang G, Ding J, Heitzer AM, et al. Effects

of hydroxyurea on brain function in children with sickle cell anemia.

Pediatr Blood Cancer [Internet]. 2021;68(10):e29254. Available from:

https://pubmed.ncbi.nlm.nih.gov/34331507/

30. Fields ME, Hoyt-Drazen C, Abel R, Rodeghier MJ, Yarboi JM, Compas

BE, et al. A pilot study of parent education intervention improves

early childhood development among toddlers with sickle cell disease.

Pediatr Blood Cancer [Internet]. 2016;63(12):2131. Available from:

/pmc/articles/PMC5344022/

31. Hardy SJ, Hardy KK, Schatz JC, Thompson AL, Meier ER. Feasibility of

home-basedcomputerizedworkingmemory trainingwith childrenand

adolescents with sickle cell disease. Pediatr Blood Cancer [Internet].

2016;63(9):1578–85. Available from: https://onlinelibrary.wiley.com/

doi/full/10.1002/pbc.26019

32. Hardy SJ, Bills SE, Meier ER, Schatz JC, Keridan KJ, Wise S, et al. A

randomized controlled trial of working memory training in pediatric

sickle cell disease. J Pediatr Psychol [Internet]. 2021;46(8):1001–14.

Available from: https://pubmed.ncbi.nlm.nih.gov/33824980/

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Junqueira Fleury Silva P,Martins Silva

C,Machado de Campos B, deMelo Campos P, de Souza

Medina S, Lamonica A, et al. Montreal cognitive assessment in

Brazilian adults with sickle cell disease: The burdens of poor

sociocultural background. eJHaem. 2024;5:308–15.

https://doi.org/10.1002/jha2.875

https://pubmed.ncbi.nlm.nih.gov/35385886/
https://pubmed.ncbi.nlm.nih.gov/36836150/
https://pubmed.ncbi.nlm.nih.gov/36836150/
https://pubmed.ncbi.nlm.nih.gov/17364572/
https://pubmed.ncbi.nlm.nih.gov/17364572/
https://pubmed.ncbi.nlm.nih.gov/21298749/
https://pubmed.ncbi.nlm.nih.gov/21298749/
https://pubmed.ncbi.nlm.nih.gov/25042018/
https://pubmed.ncbi.nlm.nih.gov/25042018/
https://pubmed.ncbi.nlm.nih.gov/33141160/
https://pubmed.ncbi.nlm.nih.gov/35118643/
https://pubmed.ncbi.nlm.nih.gov/35118643/
https://pubmed.ncbi.nlm.nih.gov/25815063/
https://pubmed.ncbi.nlm.nih.gov/25815063/
https://pubmed.ncbi.nlm.nih.gov/33264445/
https://pubmed.ncbi.nlm.nih.gov/33264445/
https://pubmed.ncbi.nlm.nih.gov/34350622/
https://pubmed.ncbi.nlm.nih.gov/34350622/
https://pubmed.ncbi.nlm.nih.gov/35836401/
https://pubmed.ncbi.nlm.nih.gov/17364571/
https://pubmed.ncbi.nlm.nih.gov/34331507/
https://onlinelibrary.wiley.com/doi/full/10.1002/pbc.26019
https://onlinelibrary.wiley.com/doi/full/10.1002/pbc.26019
https://pubmed.ncbi.nlm.nih.gov/33824980/
https://doi.org/10.1002/jha2.875

	Montreal cognitive assessment in Brazilian adults with sickle cell disease: The burdens of poor sociocultural background
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Subjects
	2.2 | Data correlation
	2.3 | Magnetic resonance imaging with voxel-based morphometric analysis
	2.4 | Statistical analysis

	3 | RESULTS
	4 | DISCUSSION
	5 | CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	PATIENT CONSENT STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


