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Abstract
Introduction: Sickle cell disease (SCD) is a genetic disorder that can be diagnosed by early onset screening
tests. In embryos and newborns with sickle cell syndrome, the anatomic development and brain circulation
is less than the normal people, and brain circulation plays an important role in brain development.
Objectives: The purpose of this study was to evaluate the level of IQ in children with SCD. Patients and
Patients and Methods: The study was a descriptive-epidemiologic. The population of the present study was
all children aged 7-14 years old with SCD in Ahvaz. The sample of this study was 50 children with SCD.
They were selected from among clients referring to the hepatitis clinic of Shafa hospital in Ahvaz. About
50 healthy children were selected from the first or second-degree family members of the patients with SCD
as the control group. The data was collected using Raven’s Progressive Matrices (RPM) and demographic
information questionnaire.
Results: The mean and standard deviation of IQ scores of the patients with SCD was 94.52 ± 14.41, and
the mean and standard deviation of IQ scores of healthy subjects was 105.86 ± 11.38. The results showed a
significant difference between the two groups in terms of IQ score (P < 0.05). Moreover, the results showed
that IQ level in patients with SCD was significant regarding their place of residence (P < 0.05), however IQ
level was not significant in patients with SCD regarding gender and race (P > 0.05).
Conclusion: The results showed that IQ in children with SCD is lower than that of the healthy subjects. Thus,
the present study showed the importance of SCD on children’s IQ.

Introduction
Sickle cell disease (SCD) is known as an
autosomal recessive disorder occurring due to
the inheritance of two HbS genes in children.
The disease has a relatively low outbreak
and, accordingly, in some populations it has
a prevalence of about 1/15 000 (1,2(. The
prevalence of this disease is high in Africa,
South America and Central, Caribbean
islands, and Mediterranean countries such as
Turkey, Italy, India and Saudi Arabia (3(. In
Iran, the prevalence of this disease has been
reported to be more in southern provinces
like Sistan and Baluchestan, Hormozgan,
Bushehr, Fars, and especially Khuzestan,
but it is seen sporadically in some areas of
northern Iran as well. According to the latest
statistics, there are about 500 patients with
SCD in Khuzestan (4(. Patients with SCD
face many complications during their life,
such as anemia, sickle cell crises (pain crisis,
aplastic crisis and detachment crisis), acute
chest syndrome, pulmonary hypertension,

Key point
Sickle cell disease (SCD) is a group of inherited red
blood cell disorders that affects hemoglobin. In this
descriptive-epidemiologic study, IQ in children with
SCD was lower than of the healthy subjects. IQ level
was not significant in patients with SCD regarding
gender and race.

spleen infarction, pulmonary infections,
stroke, renal failure, jaundice, hepatomegaly,
skin ulcers, retinal detachment, and priapism
(5). The presence of a disruption in the
hemoglobin wall and its becoming sickleshaped lead to fragility of the red blood cells
and subsequently attachment of these cells to
each other and obstruction of the vessel, and
ultimately chronic tissue hypoxia in terms
of mechanism and physiopathology (6,7).
Disrupted blood supply processes in SCD
patients leads to infectious diseases, sepsis,
and cerebrovascular accident (CVA) as the
most common morbidity in the disease
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(8). Chronic anemia through oxygen depletion affects
cognitive performance directly (9(. It has been suggested
that chronic anemia and reduction in oxygen supply to
the brain are associated with this decrease in cognitive
function (10). Moreover, psychological variables (such
as caring stress and poor nutrition) are also known as
risk factors for poor cognitive function in children with
SCD (11,12). The most common complications of SCD
in the nervous system are neurological complications,
and neurological complications are the most important
consequences of the disease, with one-third of the patients
with the disease experiencing neurological complications
(12-14). Studies suggest that children with a sickle-cell
anemia experience a certain disability with a number of
cognitive skills, such as attention, concentration, and
decoding (15) and social functions (9). This impairment
is seen, especially in crystalline intelligence, processing
speed, and short-term memory (16). The most common
area of injury in patients with SCD is brain frontal lobe
(17). Damage in this area decreases the effectiveness of
repetition of verbal information in working memory,
causes problems in manipulating verbal information in
working memory, and poor verbal information retrieval in
the test of memory reminder (18,19).

apparent neurological disorders or simultaneous chronic
illness, the subjects were excluded. Research data was
collected by Raven’s Advanced Progressive Matrices™
(APM) and demographic information questionnaire (23).
At the beginning of the study, the informed consent was
taken and the whole process of study was explained to the
subjects.
Ethical issues
This study was conducted in accordance with the principles
of the Declaration of Helsinki. This research was part of a
pediatric residency thesis approved of Zohreh Hassanpour
which was financially supported by a grant from Ahvaz
Jundishapur University of Medical Sciences, Ahvaz, Iran
(Grant# TH96/7).
Data analysis
The data was collected using Raven’s Progressive Matrices
(RPM) and demographic information questionnaire.
Comparison between SCD subjects and age-matched
and gender-matched healthy subjects was made using
the independent t-test. Data management and statistical
analysis were performed using the SPSS Statistics software
(version 25), while P value less than 0.05 was considered as
statistically significant.

Objectives
Studies also show that early decline in cognitive function
between 12 and 24 months is seen with the lack of attention
and performance in preschool children (16(. Moreover,
studies have shown that in embryos and infants suffering
from SCD, anatomical development and brain circulation
are less than the normal people; therefore, this study seeks
to answer the question of whether there are differences
among children with SCD and normal children regarding
IQ (20-22).

Results
The study examined 50 children with SCD-24 (48%)
boys and (52%) girls and 50 healthy children, all of whom
were girls, and evaluated for IQ. The mean and standard
deviation of the age of the patients with anemia was 10.23
± 1.23 years and the mean and standard deviation of the
age of healthy subjects was 10.94 ± 1.17 years. Around 90%
of the patients with SCD were Arabs and 10% were Fars.
Moreover, 78% of them were living in city areas and 22%
in rural areas. In the healthy subjects, 16% were Arab and
84% Fars; 98% were in the city and 2% in the village.
The results showed that the mean and standard
deviation of IQ scores of the patients with SCD were 94.52
± 14.41 and the mean and standard deviation of IQ scores
of healthy subjects was 105.86 ± 11.38. Here, healthy
subjects had significantly higher IQ than patients (P < 0.05;
Table 1).
The results showed no significant difference between
the patients with SCD regarding gender and ethnicity
(P > 0.05; Table 2). Furthermore, the results showed a
significant difference between patients with SCD based on
their place of residence. Regarding the difference in mean,
one can state that the IQ score of patients with SCD living
in the city is higher than the IQ score of SCD patients

Patients and Methods
Study design
The study was a descriptive-epidemiologic. The
population of the present study was all children aged 7-14
years old with SCD in Ahvaz. The sample of this study was
50 children with SCD. They were selected from among
clients referring to the hepatitis clinic of Shafa hospital
in Ahvaz. Around 50 healthy children were selected from
the first or second-degree family members of the patients
with SCD as the control group. Inclusion criteria were oral
and written consent to enter the study, the absence of a
disease causing cognitive impairment in the past or now,
the absence of chronic diseases except the disease studied,
the age 7-14 years, the presence of heterozygote and
homozygous sickle cells, the absence of any neurological
disorder (except silent CVA) and the absence of seizure and
admission during the study (patients at the time of were
symptom-free). In addition, in the case of patients’ lack
of consent, the presence of chronic concomitant diseases,
the presence of crisis SCD in patients and the presence of
Journal of Preventive Epidemiology

Table 1. The mean and standard deviation of IQ scores of the samples

2

Group

Number

Mean ± SD

Minimum

Maximum

SCD

50

94.52 ± 14.41

67

157

Healthy

50

105.86 ± 11.38

66

130
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the receipt and maintenance of cognitive information in
a desirable way (27). Researchers believe that the three
components of inhibition, working memory and planning
are the main components of executive action (28,29).
Attention, focus, decoding, and executive functions are
among the success factors in intelligence tests, so these
children get lower scores in IQ tests. In general, the factors
that affect the development of the brain during infancy and
fetal development can directly affect people’s intelligence,
so different studies have examined brain development
from a variety of aspects. Rushton examined the size of the
brain of 5000 babies from birth to age seven and showed
that children with larger head circumference had higher
IQs (30). Moreover, Steen et al examined 27 children with
SCD showing that the volumetric growth of cerebrospinal
fluid in children with SCD is delayed compared to
healthy people, which may lead to brain-neurological
complications in these patients, which itself can justify a
lower IQ of these patients than normal people (10). On
the other hand, the lack of appropriate blood supply in
these individuals may cause hypoxia and brain damageas a hypoxia-sensitive tissue-during and after birth. This
could cause the low IQ of these children compared to
healthy children (31). The results showed no significant
difference between children with SCD regarding gender.
This was consistent with the study by Rahmani. He found
no significant difference between boys’ and girls’ IQ scores
in this test (32). However, the results of the present study
were inconsistent with the study by Lynn et al (33-35).
In the meta-analysis by Lynn et al, the mean difference
in intelligence in males and females was approximately
4.7 points in the IQ scores (33). Abad et al also obtained
a superiority of 4.03 points of intelligence among men
(36,37). Colom et al reported a superiority of 4.3 IQ score
in men (34). Moreover, Bennett showed an average male
superiority of 6.4 points for IQ score Concerning the
inconsistency of the results of previous studies with the
results of this research, it is necessary to note that none of
the researchers has stated anything about the significance
of these differences, and in this connection it cannot be said
whether these differences are significant or not. Second,
in the studies mentioned, the difference in raw grades has
been mentioned that in the expression of IQ, the raw score
should be calculated according to age. The results showed
a significant difference between children with SCD based
on their place of residence and urban children have higher
intelligence. These results are consistent with Bagheri et
al (38). In a study to examine the intelligence status of
patients with congenital Candida defects, they showed that
the urban intelligence score was significantly higher than
that of the rural population. Among the possible causes of
this issue, one can refer to the wider range of education in
urban children.

Table 2. The level of IQ in patients with SCD regarding gender, place of
residence
Parameters

Number

Mean ± SD

Min.

Max.

Boy

24

92.54 ± 10.23

67

123

Girl

26

96.34 ± 14.12

66

157

Arab

45

94.46 ± 14.53

67

157

Persian

5

95.00± 14.86

82

120

Gender

P value
0.35

Race

0.93

Location

0.02

Urban

39

95.00± 14.63

77

157

Rural

11

85.72± 9.70

67

100

living in rural areas (P < 0.05; Table 2).
Discussion
The purpose of this study was to examine and compare the
IQ in 7-14 y old children with SCD compared to healthy
children. The results showed that the mean and standard
deviation of IQ scores of the patients with SCD was 94.52
± 14.41 and the mean and standard deviation of IQ scores
of healthy subjects was 105.86 ± 11.36. The results showed
that the IQ score of these children was moderate and
their IQ score was lower than that of the normal healthy
children. This difference was statistically significant. This
was consistent with research that evaluated and compared
the IQ scores in patients with SCD and healthy subjects.
Schatz and Roberts showed a significant difference
between the IQ score of children with SCD and normal
children, with SCD children having 3-4 units lower IQ
(9). Kawadler et al in a review study examined the IQ
of children with SCD. Their results showed that the IQ
in the affected children was significantly lower than
the control group, and biological, socioeconomic, and
environmental factors could play an important role in
creating these conditions (24). In addition, Oluwole et al
examined the cognitive function of children with SCD.
In this study, 56 patient’s children were compared with 44
healthy ones. The researchers concluded that the cognitive
function of children with SCD is lower than that of the
healthy children and cognitive function is correlated with
anthropomorphic, demographic and social factors (25). In
explaining these results and the consistency of the studies,
it should be noted that the most common area of injury in
patients with SCD is the brain frontal lobe (17). Working
memory, inhibition and performance in some problem
solving/ planning tests depend upon the function of the
frontal lobe of the brain (26). Damage in this area causes
children with anemia to develop a specific disability with
a number of cognitive skills, including attention, focus
and decoding, and executive functions (9,15). On the one
hand, “executive functions” is an umbrella term referring
to cognitive processes that provide directional behavior in
achieving the desired goal. The components of executive
functions generally are planning, inhibition control, and
Journal of Preventive Epidemiology

Conclusion
The results showed no significant differences between
3
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children with SCD regarding ethnicity. This study was
consistent with the study by Raven and Court. Raven test
is a culture-specific test; thereby, it is not expected to use
this tool to differentiate the intelligence of individuals
of different ethnic backgrounds. Raven and Court et al
stated that the test is appropriate in terms of culture and
minimizes the effect of the variance obtained by ethnicity
and socioeconomic status (39). One of the limitations is
the limitations of society, which should be considered
in determining the results of this study to patients with
anemia in other provinces and cities. Regarding the
results of this study and the effect of SCD on children’s
intelligence, it is suggested that in future studies,
intervention and education should be done on patients
with SCD and the effect of these educational programs
on cognitive abilities. Moreover, it is recommended that
in future studies, intelligence tests, evaluating verbal and
functional intelligence separately, such as Wechsler test.

5.
6.

7.

8.

9.

10.

Limitations of the study
Sample size of this study was low. The scientific literature
is limited and inconsistent.
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