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Abstract

Objective: To screen cognitive functions using the Montreal Cognitive Assessment (MoCA) test and to determine the most common central nervous system
complications in adults with sickle cell anemia (SCA).

Materials and Methods: One hundred adult patients with SCA and 82 healthy controls participated in this study. Controls were matched for age, sex, and
education level. We reviewed the demographic information and laboratory values of all patients. The patients were questioned about common CNS complications
including headache, ischemic or hemorrhagic stroke, epilepsy, and cerebral venous sinus thrombosis. The MoCA test was used to assess neurocognitive function
in all participants.

Results: Of the 100 patients with SCA, 38 patients had chronic or recurrent headaches, 10 had a history of depression, and four patients had a history of ischemic
stroke. None of the patients had a history of epilepsy, hemorrhagic stroke or cerebral venous sinus thrombosis. The median MoCA score of the patients was
significantly decreased compared with that of the control group (p<0.001). MoCA scores below 21 points were observed in 50% of the patients. The MoCA scores
were negatively correlated with age but positively correlated with education level (r=-0.181 p=0.015, r=0.483, p<0.001 respectively). There was a significant
correlation between a history of chronic or recurrent headaches and lower MoCA (p=0.003).

Conclusion: Cognitive impairment was the most prevalent neurologic symptom in Turkish adult patients with SCA. The MoCA test may be a useful and easy
screening test to evaluate and follow cognitive impairment. A history of first ischemic stroke during adulthood was observed in one patient. Two patients had
severe neurologic sequela findings due to ischemic stroke.
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Oz

Amacg: Orak hiicre anemili (OHA) erigkin hastalarin Montreal Biligsel Degerlendirme (MoCA) testi ile biligsel islevlerini degerlendirmek ve bu hastalarda sik
kargilagilan merkezi sinir sistemi komplikasyonlarinini belirlemektir.

Gere¢ ve Yontem: Calismaya 100 OHA tanil: eriskin hasta ve 82 saglikli kontrol grubu dahil edildi. Kontrol grubu ile hasta grup yas, cinsiyet ve egitim
agisindan eslestirildi. Ttim hastalarin demografik bilgileri ve laboratuvar degerleri kaydedildi. Hastalar kronik veya sik aralikli bag agrisi, iskemik veya hemorajik
inme, epilepsi, serebral vendz siniis trombozu gibi yaygin santral sinir sistemi komplikasyon ykiileri olup olmadig: agisindan sorgulandi. Caligmaya alinan tiim
bireylerin biligsel fonksiyonlart MoCA testi ile degerlendirildi.

Bulgular: Yiiz OHA’li hastanin 38’inde kronik veya tekrarlayan bag agrist, 10’'ununda depresyon oykiisii, 4'tinde iskemik inme dykiisii vardi. Higbir hastada
epilepsi, hemorajik inme ve serebral venoz siniis trombozu dykiisii yoktu. Hastalarin medyan MoCA skorlari kontrol grubuna gore anlamls olarak diisiikeii
(p<0,001). Hastalarin %50’sinde 21 puanin altinda MoCA skorlari gézlendi. Hastalarin MoCA total puanlari yas ile negatif, egitim diizeyi ile pozitif korelasyon
gosterdi (r=-0,181 p=0,015, r=0,483 p<0,001). Kronik veya tekrarlayan bag agris1 ykiisii diisiik MoCA skoru ile anlaml: derecede iligkili idi (p=0,003).
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Sonuc: OHA’l1 Tiirk erigkin hastalarda en sik goriilen norolojik semptom biligsel bozukluktu. MoCA testi, OHA’l1 hastalarda biligsel bozuklugu degerlendirmek
ve takip etmek icin yararli ve kolay bir tarama testi olabilir. Eriskinlik doneminde iskemik inme bir hastada gozlendi. Iki hastada iskemik inme nedeniyle ciddi

norolojik sekel bulgular1 gozlendi.

Anahtar Kelimeler: Biligsel bozukluk, orak hiicreli anemili erigkin, Monteral Biligsel Degerlendirme testi, nérolojik komplikasyonlar, Tiirkiye popiilasyonu

Introduction

Sickle cell disease (SCD) is an autosomal recessive
hemoglobinopathy caused by a mutation of the beta-globin allele
that decreases or destroys normal beta-globin production and leads
to the production of sickle hemoglobin. Sickle hemoglobin becomes
less resolvable than normal hemoglobin when deoxygenated. SCD
occurs most commonly in the Middle East, sub-Saharan Africa,
and India, and it has also become relatively prevalent in Western
Europe and America after migration (1). Sickle cell anemia (SCA)
is also frequently observed in Turkey, especially in the Cukurova
district of southern Turkey (2).

Central nervous system (CNS) complications in SCD are
linked to increased morbidity and mortality. In the literature,
CNS complications including silent cerebral infarct, ischemic or
hemorrhagic stroke, cerebral venous sinus thrombosis, epilepsy,
posterior reversible encephalopathy syndrome, cerebral fat
embolism, and neurocognitive deficits have been reported in
patients with SCA (3,4,5,6,7,8). Silent cerebral infarct (SCI) is
the most frequent CNS complication in children with SCA, and
possibly also in adults (8,9). SCI is associated with neurocognitive
deficits, especially in executive functions and academic difficulties
in children with SCA (10,11,12). Even in the absence of SCI,
cognitive impairments such as low intelligence quotient (IQ)
scores, impaired executive function, and learning difficulties are
prevalent in children with SCA (13,14,15,16,17,18). Additionally,
neurocognitive impairment, which may worsen with age, and
anemia have been reported in adult patients with SCA without
neurologic symptoms (19). Although many significant studies
have described neurocognitive impairment in children with
SCA, few studies have evaluated cognitive functioning in adults
with SCA (20,21,22). To the best of our knowledge, there is no
validated and standardized screening neurocognitive tool for
adult patients with SCA. A previous study has shown that the
Montreal Cognitive Assessment (MoCA) might be an efficient and
reliable neurocognitive test for adult patients with SCA (22). The
present study aimed to assess the frequency of the most common
CNS complications and to screen cognitive dysfunctions using
the MoCA test in Turkish adult patients with SCA in a random
sample.

Materials and Methods

This retrospective cross-sectional study was allowed by the
University of Health Sciences Turkey, Antalya Training and
Research Hospital Ethics Committee (approval number: 2019-
12/16). We enrolled 100 adult patients with homozygous sickle
mutation from the University of Health Sciences Turkey, Antalya
Training and Research Hospital and Hatay State Hospital
Hemoglobinopathy Clinic centers in Turkey and 82 healthy
control subjects (HCs) matched for sex, age, and education
duration. Patients who had any history of recent acute severe
painful crisis, illness, infection or drug use that could affect

cognitive functions were excluded. When the neurocognitive test
was conducted, records were made of demographic information
and laboratory data. The patients were asked whether they had
any common CNS complications associated with SCD, including
ischemic or hemorrhagic stroke, epilepsy, and cerebral venous
sinus thrombosis. The patients were asked if they had a chronic
daily headache or frequent episodic headaches during the past
year. A headache of almost any type that occurred generally for
a minimum of 15 days each month for six months was defined
as a chronic headache (23) and a headache that occurred more
than once, but less than 15 episodes per month was defined as
frequent episodic headache. Headache classification was assigned
in line with the criteria proposed by the second edition of the
International Classification of Headache Disorders. The patients
were also asked about the number of episodes of severe acute painful
crisis that necessitated treatment in an emergency department or
hospitalization during the year before the evaluation. No records
were made of the mild and self-limited acute painful episodes that
were managed by patients at home.

MoCA was used for evaluating neurocognitive function in all
participants. MoCA was designed to screen for mild cognitive
impairment (MCI) by Nasreddine et al. (24). MoCA has high
sensitivity and specificity to detect patients with MCI performing
in the normal range on Mini-Mental State Examination (24). The
assessment can be completed in approximately 10 to 15 minutes.
MoCA has been adapted into Turkish by Selekler et al. (25) The
Turkish version of MoCA (MoCA-TR) has been validated in
Alzheimer’s dementia and Parkinson’s disease (25,26,27). The
MoCA-TR consists of seven cognitive domains: visuospatial
abilities (drawing a clock, copying a cube, and an alternation task
modified from the Trail-Making B task), naming (confrontation
naming of 3 animals), attention (including the sum of attention,
concentration, and working memory items), language (the sum
of repetition of sentences and verbal fluency task scores), abstract
thinking/executive functions (the 2-item verbal abstraction),
short-term memory/recall, and orientation. The total MoCA score
ranges from 0 to 30, with higher scores showing better cognition.
In this study, cognitive impairment was identified by a score of
<21 of MoCA-TR (25).

Statistical Analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences 20.0 software package. Significance for all
statistical analyses was assessed using a p value <0.05. Median (Q1-
Q3) was used to express variables and numbers and percentages
were used to express categorical variables. The suitability of
continuous variables to normal distribution was examined using
the Shapiro-Wilk test. The differences between the percentages
of categorical variables were analyzed using Pearson’s chi-square
test. Fisher’s exact test was used when over 20% of the expected
frequencies were less than 5. To determine the relationship
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between the two continuous variables, Spearman’s correlation
coefficient was used because the assumption of normality was not
provided. The difference between the two independent groups was
compared using the Mann-Whitney U test because the parametric
test assumptions were not provided.

Results

One hundred adult patients with SCA with a median age of 30
(range: 18-506) years, comprising 60 females and 40 males, were
included in the study. In the patient group, the median number of
years of education was 10 (R: 5-16). Seventy-three patients did not
complete more than 12 years of education and 50% of all patients
completed eight or fewer years of education. Fifty-nine percent of
the patients were neither working nor in school, ten patients were
students, and 31 patients were working. During the previous year,
the median number of acute severe painful crises was two (range:
0-24) in the patient group. Seventy-four patients had a history of
hydroxyurea therapy and seven had both hydroxyurea therapy and
routine erythrocyte exchange therapy.

Ninety-eight patients’ neurologic examinations were normal
and none of these had a history of epileptic seizure, hemorrhagic
stroke, or cerebral venous sinus thrombosis. Thirty-eight patients
(38%) had chronic or frequent episodic headaches. All headache
types were primary headaches including migraine or tension-type
headache (TTH). Twenty-one of 38 patients had TTH. Ten patients
had a history of depression and treatment with antidepressive
drugs. A history of acute ischemic stroke was recorded in 4% of
the patients. The first patient was a 25-year-old female who at the
age of 15 years had been diagnosed as having acute ischemic stroke
with left-sided hemiparesis and severe headaches. Her symptoms
resolved gradually after routine exchange therapy. The second
patient was a 23-year-old male who had recurrent acute ischemic
strokes consistent with brain magnetic resonance (MR) imaging
during childhood and adulthood. The third was a 34-year-old
male who developed left-side hemiplegia due to ischemic stroke
at age 8 years and his symptoms did not improve after treatment.
The first acute ischemic stroke during adulthood was observed in
one patient, a 40-year-old male, who had a history of multiple
silent cerebral infarcts and hypertension before the event of acute
ischemic stroke. Table 1 shows the features of demographic and
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clinical and laboratory values of the patients with SCD.

No significant differences were seen among the patients and
control groups for age, sex, and duration of education (all were
p>0.05). The median MoCA-TR score was 20.5 (Q1: 17, Q3: 23)
and 25 (Q1: 23, Q3: 27) in the patient group and control group,
respectively. The MoCA-TR scores were significantly decreased in
the patient group compared with the control group (p<0.001).
The patients had significantly poorer performance than the healthy
control group in visuospatial and executive function, attention,
language, abstraction, delayed recall, orientation domains (all
p<0.05). No significant difference was recorded between the
patients and healthy controls for the naming domain (p=0.56).
The scores in each domain and total MoCA-TR score of the patient
group and the control group are summarized in Table 2. Fifty of
the 100 patients had a score below 21 on the total MoCA-TR. No
significant difference in the median MoCA-TR score was observed
between men and women (p=0.95). The total MoCA-TR score
was negatively correlated with age but positively associated with
the number of years of education (r=-0.181 p=0.015, r=0.483
p<0.001, respectively). Level of education was also closely
associated with all domains of MoCA-TR (all p<0.05).

The MoCA-TR scores were significantly decreased in
unemployed adults compared with employed adults or students
(p<0.001). The performances in visuospatial and executive
function, attention, language, abstraction, delayed recall, and
orientation domains were significantly lower in unemployed
patients than in employed patients who or students (all p<0.05).
For the naming domain, there were no important differences
between unemployed patients and employed or student patients
(p=0.07).

No significant association was found between the previous
year’s number of acute severe painful crises and the MoCA-
TR score (r=0.1, p=0.29). The fetal hemoglobin levels (Hb-F),
hemoglobin, hematocrit, reticulocyte count, liver enzymes, and
ferritin were not correlated with MoCA-TR scores (all p>0.05). No
significant difference in the median MoCA-TR score was observed
between the patients and those who had not been treated with
hydroxyurea (p=0.83). A history of chronic or frequent episodic
headaches was associated with lower MoCA-TR (p=0.03). The
patients with a history of chronic or frequent episodic headache

Table 1. Demographic characteristics and laboratory values for the patients

BMI median (min, max)

(min, max)
History of hydroxyurea therapy (n)

Hemoglobin, g/dl median

Level of Hb-F median (min, max)

Ferritin (median Q1, Q3)

Reticulocyte count (median Q1, Q3)

LDH median (min, max)

ALP median U/l (min, max)

GGT median U/l (min, max)

History of stroke (n)

History of recurrent or chronic headache (n)

Number of acute severe painful crises in the previous year median

Hb-F: Fetal hemoglobin, BMI: Body mass index, LDH: Lactate dehydrogenase, ALP: Alkaline phosphatase, GGT: Gama glutamyl transferase, min: Minimum, max: Maximum

All patients n=100
21 (16, 32.5)
2(0, 24

76

9.2
9.2 (0.7, 38.4)
458.5 (10.9, 2416)
4.95 (0.45, 13.3)
414 (181, 1489)

82 (39, 356)
24 (5, 299)
4

38
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Table 2. Demographic features, performances in each domain and total MoCA score of patients group and control group

Patients group median (Q1-Q3) Control group median (Q1-Q3) p
Age (years) 30 (22-38.5) 34 (25-41) 0.10
Duration of education (year) 10 (5-14) 12 (8-14) 0.15
Female/male (n) 60/40 46/36 0.59
Visuospatial and executive function 3 (3-4) 4.5 (4-5) <0.001
Naming 3(2-3) 3(2-3) 0.56
Attention 3(2-5 5.5 (5-0) <0.001
Language 1(1-2) 2(2-3) <0.001
Delayed recall 2(0.5-3) 3 (2-9) <0.001
Orientation 6 (5-6) 6 (6-6) 0.001
Total MoCA score 20.5 (17-23) 25 (23-27) <0.001
MoCA: Montreal Cognitive Assessment

had significantly lower performance than those without chronic
or frequent episodic headache in the attention domain (p<0.001).
No significant difference was observed between patients with and
without a chronic or frequent episodic headache for visuospatial
and executive function, language, naming, abstraction, delayed
recall, and orientation domains (all p>0.05).

Discussion

Neurocognitive function in adults with SCA was evaluated
in this study using the MoCA test and compared with a healthy
community control group. Previous studies reported that MoCA
could be an effective cognitive screening tool for neurologic diseases
such as Parkinson’s disease (28,29), Huntington’s disease (30),
vascular cognitive impairment (31), brain metastasis (32), sleep
behavior disorder (33), multiple sclerosis (34), and other systemic
disorders such as systemic lupus erythematosus (35), heart failure
(36), and type 2 diabetes mellitus (37). Additionally, in the Turkish
population, MoCA-TR has been reported as a brief, practical,
and useful screening assessment method to identify cognitive
impairment in neurologic disorders such as Alzheimer’s disease
and Parkinson’s disease (26,27), and other systemic disorders such
as psoriasis (38). To the best of our knowledge, this study is the
first to evaluate cognitive impairment in Turkish adults with
SCA using the MoCA-TR. Our key finding was that half of the
patients had cognitive impairment based on MoCA-TR. We also
showed that adults with SCA had a lower cognitive performance
on total MoCA-TR and visuospatial and executive function,
attention, language, abstraction, delayed recall, and orientation
domains than the healthy control group, which was matched for
sex, age, and education duration. Vichinsky et al. (19) evaluated
cognitive functions in adult patients with SCA without neurologic
symptoms using very comprehensive neuropsychological tests and
found that adults with SCA had lower performance on memory,
language, learning, attention, and overall executive functioning
than healthy control subjects, as in the present study. We conclude
that MoCA-TR may identify important neurocognitive deficits,
as found in previous studies in adults with SCA, as indicated in
Cichowitz et al. (22).

Previous studies reported that stroke and/or SCIs (18), chronic
brain hypoxia (15), older age (19), anemia (16,19), systemic
inflammation (39), and social environment (40) were associated

with neurocognitive dysfunction in patients with SCD. In our
study, we showed that cognitive impairment deteriorated with age
in adults with SCA, as in previous studies (14,19,41). In our study,
cognitive performances were not correlated with hemoglobin,
hematocrit, level of Hb-F, reticulocyte count, liver enzymes or
ferritin, as indicated by Cichowitz et al. (22). Mackin et al. (20)
stated that reduced volume of the basal ganglia and thalamus was
linked to lower cognitive measures in 120 adult patients with
SCA. In the present study, we found that a history of chronic or
frequent episodic headaches was associated with poorer cognitive
performance, especially attention. We think that in adult patients
with SCA, frequent episodic or chronic headaches accompanied by
cognitive impairment may represent serious cranial involvement
of SCD. Thus, neuropsychological and neuroimaging tests may be
required in patients with SCA with recurrent or chronic headaches.
Our study found no correlation between the number of acute
severe painful crises in the previous year and cognitive deficit. We
found that cognitive performance was positively correlated with
education level, as indicated in previous studies (19,20,22). We
also observed that cognitive impairment was higher in unemployed
adults with SCA, as suggested in a previous study (42). Special
educational programs and neurocognitive rehabilitation programs
can help patients with SCA to increase education levels and enter
the workplace.

The prevalence of neurologic complications in SCD may be
variable across countries due to national health coverage systems,
primary healthcare facilities, public awareness of the disease,
and adequate access to screening, diagnostic procedures, and
preventive and therapeutic interventions. In the literature, several
studies investigated the neurologic complications of SCD in the
African population (3,43,44). One study found that neurologic
abnormalities occurred in 76% of Nigerian Africans with SCA
(44). To the best of our knowledge, in the literature, there are no
data about the neurologic complications of SCD in the Turkish
population. The present study investigated the frequency of
major common CNS complications of SCD in the Turkish adult
population.

According to our findings, cognitive impairment was the
most common neurologic symptom in our cohort. Chronic or
frequent episodic headaches (38%) were the second most common
neurologic symptoms. As far as we are aware, there are limited data
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on the prevalence of recurrent or chronic headaches in adult patients
with SCA. Previous studies estimated the prevalence of recurrent
headaches in children and adolescents with SCD as 24.0-43.9%
and 24.0-43.9%, respectively (45,46). The largest retrospective
cross-sectional study stated that recurrent headache (36.1%) and
migraine (15.1%) were both frequently observed in children with
SCA (46). The pathogenesis of headache in SCD remains obscure,
but factors such as low hemoglobin level, high pain rate, stress,
or blood flow abnormalities have been demonstrated as possible
mechanisms (46,47).

In this study, a history of ischemic acute stroke was identified
in four patients with SCA. One history of ischemic stroke during
adulthood, one history of recurrent ischemic stroke that developed
during childhood and adulthood, and two histories of ischemic
stroke during childhood were observed in our study. A previous
study stated that in SCD, ischemic strokes were most frequently
seen in children aged between 2 and 5 years and people over 30
years of age and stroke incidence varied depending on the sickle
cell genotype (48). Strouse et al. (49) showed that patients with
SCD had three times as many strokes as African-Americans of a
similar age (35 to 64 years) and SCD was as important a risk factor
for stroke in older adults as it was in young adults. Vasculopathy
of the distal internal carotid arteries, middle cerebral arteries and/
or anterior cerebral arteries can cause ischemic stroke in SCD.
Anemia, abnormal repeated sickling causing endothelial damage,
chronic inflammation associated with hemolysis, leukocytosis, and
hypoxemia contribute to this vasculopathy. Also, vasoconstriction,
the dysregulation of the fibrinolytic and hemostatic system,
activation of platelets, cytokine release, repeated cycles of sickling,
and unsickling may lead to a systemic prothrombotic state in
SCD (5). Gueguen et al. (50) showed that most hemorrhagic
strokes occurred in adults and carried a higher risk of death than
ischemic strokes in SCD. It has been reported that low hemoglobin
levels, leukocytosis, a history of hypertension, recent transfusion,
and corticosteroid treatment may be risk factors for intracranial
hemorrhage in patients with SCD (48,51).

In the literature, cases of cerebral venous sinus thrombosis in
SCD are relatively uncommon (52,53). Ali et al. (6) demonstrated
that the frequency of epilepsy in patients with SCA was 6.8% and
was 2-3 times more prevalent than in non-sickle populations. In
the present study, none of the patients had a history of epilepsy,
cerebral venous sinus thrombosis, or hemorrhagic stroke during
their lifetime.

In this study, a history of depression was recorded in 10% of
patients. However, we could not evaluate the presence and severity
of depression in our patients with psychiatric tests. In a study of
adults with SCD, it was reported that the prevalence of depression
was ~5 times higher than that of the general population (54).
Wallen et al. (55) also reported that 20% of patients with SCD
were depressed according to the Beck Depression Inventory.

Study Limitations

There were several limitations to our retrospective cross-
sectional study. Brain imaging tests and electroencephalography
(EEG) could not be performed on the patients and this was an
important limiting factor. Prospective studies should evaluate
the frequency of neurologic complications of SCD in the Turkish
population wusing diagnostic tools such as neuroimaging,
transcranial Doppler, EEG, and neuropsychological evaluation.
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Further studies with large numbers of patients are needed to
evaluate the neurocognitive dysfunction and risk factors for
cognitive impairment in SCD adults.

To the best of our knowledge, this study is the first to
investigate the frequency of major common CNS complications of
SCD and neurocognitive function in the Turkish population with
SCD, despite the limitations of this study.

Conclusion

The early detection of cognitive impairment may ensure that
patients have access to neurocognitive and vocational rehabilitation
programs. Thus, physicians should screen and follow-up cognitive
functions in adults with SCD. Our findings suggest that the MoCA
test may be an easy-to-administer screening and follow-up test for
cognitive impairment until a validated and standardized screening
tool exists for adult patients with SCD.
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