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Abstract:
Background:
Children with beta-thalassemia major may suffer from working memory impairment. For a more refined understanding of this issue, we assessed
working memory function in beta-thalassemia children and evaluated its influence on academic achievement and quality of life.
Methods:
This was a cross-sectional study involving 60 beta-thalassemia children aged 8-12 years. All participants underwent a working memory assessment
using the digit span and were interviewed using academic achievement and Indonesian version of PedsQL 4.0 questionnaires. Working memory in
beta-thalassemia children significantly influences their quality of life, both directly (β=0.32) and indirectly, through their academic achievement
(β=0.639). Longer duration of transfusion (p=0.01) is significantly related to poorer working memory, while lower hemoglobin level (p=0.81) and
higher ferritin level (p=0.24) are not significantly associated with working memory.
Conclusion:
We concluded that working memory influences the quality of life in beta-thalassemia children, both directly and indirectly, through their academic
achievement.
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1. INTRODUCTION
Thalassemia is a group of inherited blood disorders caused
by defects in the synthesis of globin chains of hemoglobins [1].
It is considered as one of the most common genetic diseases
worldwide [2]. Indonesia is among the group of countries with
a high prevalence of thalassemia [3] with an estimated carrier
rate of 8% [4]. The burden of this disorder in many regions is
of such a magnitude that it represents a major public health
concern [5]. Although the life expectancy of thalassemia
patients has markedly improved over the last few decades,
patients still suffer from many complications including neurological complications such as cognitive deficits [6].
Working memory has been a major topic of cognitive
research for the past years [7]. It is defined as a dynamic
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processing system which includes temporary storage and
manipulation of information [8]. In everyday life, working
memory is essential for many cognitive processes such as
language comprehension, planning or problem solving, and
fluid intelligence [9]. Hence, working memory is thought to be
more highly related to learning process than any other cognitive factors, and low working memory capacity seems to be a
high-risk factor for underachievement in early school years
[10, 11]. Without early intervention, working memory difficulties are not spontaneously corrected as a child develops and
impedes individual academic success [11].
Working memory involves many parts of the brain regions
including prefrontal, frontal, lateral temporal, and parietal areas
[12 - 14]. Some of these areas are known to be affected in
thalassemic patients. Ischemic brain lesions as detected by MR
imaging study are found mostly in basal ganglia, frontal, and
parietal area [15]. Reduced or absent beta globin chain
synthesis in thalassemia results in chronic hypoxic state as a
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result of chronic anemia [16, 17] and hemostatic changes
leading to hypercoagulability that is involved in susceptibility
to vaso-occlusion and, eventually, ischemic lesions in thalassemic patients [18 - 20]. While iron deposits are also commonly found, as thalassemic patients need regular blood
transfusions [21 - 23], they are mostly detected in basal ganglia
and temporal cortex [24].
The assessment of health-related quality of life is an
important marker of health outcome for children, especially
those with chronic conditions [25]. Children with beta
thalassemia usually have a lower quality of life score compared
to their healthy peers [26], with school functioning subscale
being the most affected [27]. A previous study stated that low
school functioning score in beta thalassemia children was
influenced by low school attendance due to the great need of
transfusion and hospitalization [28]. The influence of working
memory on academic achievement and quality of life in
children with beta thalassemia has never been studied.
2. METHODS
2.1. Participants and Recruitment
This was a cross-sectional study conducted in the
outpatient clinic of Pediatric Thalassemia Unit of Dr. Hasan
Sadikin General Hospital, Bandung, Indonesia during August
to December 2016. The protocol of the study was approved by
the Institutional Ethics Committee.
Inclusion criteria of this study were children age 8-12 years
old who have already been diagnosed with beta thalassemia,
undergone regular transfusion in the outpatient clinic of
Pediatric Thalassemia Unit of Dr. Hasan Sadikin General
Hospital, Bandung, Indonesia, and registered as an active
student in formal school. Laboratory examinations showed a
serum ferritin level of more than 1,000 μg/L and a pretransfusion serum hemoglobin level of less than 7 g/dL for the last 3
months. Patients who had hearing disturbances, history of
infectious diseases, chronic health conditions, central nervous
system infections, head injuries, intracranial tumors, epilepsy,
and other intracranial lesions based on information collected
from medical report, parental report, and routine neurological
examination were excluded from this study.
All eligible patients and their parents were consecutively
approached as they came in for their regular transfusion
schedule at the outpatient clinic of the Pediatric Thalassemia
Unit during data collection period. Written parental informed
consent and the child’s assent were obtained prior to participation in the study. At the beginning of the examination and
interview, all respondents were informed of the objectives of
the study and were assured that all responses would be kept
confidential.
2.2. Instrument
We assessed working memory of all eligible patients using
the digit span examination. Digit span is a subtest of Wechsler
Intelligence Scale for Children-Processing Instrument which
has been validated and widely used as a single test. Methodologically, span tasks have been proven to be both reliable
and valid measures of working memory capacity [29]. Digit
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span is frequently used in working memory assessment and is
designed to be applicable in different countries, cultures, and
languages [30]. The reliability scores of digit span forward test
and digit span backward test are 0.891 and 0.598, respectively
[31].
In this study, digit span was measured for forward and
backward (reverse-order) recalls of digit sequences. Forward
digit span was used as a measure of the phonological loop of
Baddeley’s working memory model, whereas backward digit
span involved its central executive part. Digit sequences were
presented beginning with a length of two digits and two trials
were presented at each increasing list length. Each digit was
delivered verbally with a clear voice in 1 second interval.
Testing ceased when the patient failed to accurately report
either trial at one sequence length or when the maximum list
length was reached (9 digits forward, 8 backward). The total
number of lists reported correctly in forward span and
backward span was combined to produce the total correct
score.
Academic achievement was assesed using adapted version
of the Department of Health and Human Service United Stated
Instrument (cronbach alpha, 0.821). This instrument consists of
20 questions for subjective academic behaviours. Answers to
the questions were obtained from patients interview and
parental or teacher report for information about school marks
in five core subjects. Each mark was then converted into a
score to obtain academic performance objective data. We also
asked parents about school attendance of their children for the
last 3 months.
Quality of life assessment was performed using the
Indonesian version of Pediatric Quality of Life Inventory™
(PedsQL™) 4.0 Generic Core Scale, which is a child selfreport questionnaire for 8-12 years old age range. The
questionnaire consists of 23 items: 8 items on physical functioning, 5 items on emotional functioning, 5 items on social
functioning, and 5 items on school functioning. PedsQL items
ask about how much of a problem a particular thing has been
for patients during this past month. Item responses are
measured on a five-point rating scale. Each scale has a score
ranging from 0-100, in which a higher score indicates a higher
QOL. PedsQL has demonstrated good internal consistency and
validity in large samples of children with acute and chronic
health conditions.
2.3. Statistical Analysis
Data analysis was performed using IBM® SPSS®
Statistics version 17.0 program. Results were expressed in
mean ± standard deviation for quantitative variables and in
number and percentage for qualitative ones. The association
between working memory score and severity of thalassemia
was generated using multiple linear regression analysis.
The interaction between working memory, academic
achievement and quality of life variable was identified using
path analysis. Path analysis is a variation of multiple-regression
analysis and is useful for analyzing a number of issues
involved in causal analysis. It holds strength because it allows
researchers to study direct and indirect effects simultaneously
with multiple independent and dependent variables. Path
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Patients aged 8-12 years old who underwent regular
transfusion in the outpatient clinic of Pediatric
Thalassemia Unit of Dr. Hasan Sadikin General Hospital,
Bandung, Indonesia during August to December 2016
(n=83)

Exclusion=22)*
-

Patients participated in working memory
assesment
(n=61)

Serum hemoglobin level > 7g/dl
(n=22)
Serum ferritin level < 1,000 μg/L
(n=10)
Other causes (n=0)

*patients may have more than one cause
of exclusion

Exclusion (n=1)
Did not attend formal school

Total number of patients completed the
assesments

Fig. (1). Flow diagram of patient inclusion/exclusion.

analysis is the most useful when the researcher has a clear
hypothesis to test, or a small number of hypotheses, all of
which can be represented within a single path diagram [32].
The first step in our analysis was the initial path model (the
hypothesized model), followed by the second step, the final
model, which was devised by deleting the insignificant paths
from the initial model. The goodness of fit between the data
and the models was estimated by P-values for the Chi-squared
test, Root Mean Square Error of Approximation (RMSEA),
Goodness-of-Fit Index (GFI), Adjusted Goodness-of-Fit Index
(AGFI), Normed Fit Index (NFI), and Comparative Fit Index
(CFI). The criteria for a good fit were P>0.05, RMSEA<.05,
GFI>0.9, AGFI>0.9, NFI>0.9 and CFI>0.9.33.
3. RESULTS
From 83 beta thalassemia patients underwent transfusion
during August to December 2016, 60 completed all assessments and were analysed. Details regarding selection of
patients are presented in Fig. (1).
The mean (SD) age of patients was 10.23 (1.15) years old
with no significant difference beetwen genders (31 females and
29 males). The mean (SD) pretransfusion hemoglobin level
was 6.04 (0.65) g/dL whereas the serum ferritin level and
duration of illness were 4,297.90 (2,116.42) and 9.2 (1.46)

years, respectively. Almost three-quarter (71.67%) of the
patients have a total digit span score below global average
score with the mean (SD) score of 7.47 (1.7). The mean (SD)
total score of academic achievement was 61.87 (14.97) while
the mean (SD) total score of quality of life was 70.05 (14.42).
School functioning subscale was the most impaired aspect in
the quality of life in this study. Details regarding characteristics
of the patients are presented in Table 1.
The state of thalassemia and its association with working
memory were assessed by obtaining the regression weights and
the p-values for these weights. In Table 2, the results of the
regression analysis are displayed, along with the estimated
regression weights and p-values for all the predictors. Duration
of transfusion was the only significant predictor of working
memory in children with thalassemia (β = -0.33, p = 0.01).
However, hemoglobin level (β = -0.03, p = 0.81) and ferritin
level (β = 0.16, p = 0.24) were not significantly affected
working memory score. The variable hemoglobin level and
duration of transfusion had a negative relationship with
working memory since these variable were negatively affect
working memory. The longer the children were diagnosed and
treated with thalasemia, the lower the hemoglobin, which was
related to lower working memory score. Collectively, all three
predictors account for about 12% of the variance in working
memory score (R2 = 0.12).

Influence of Working Memory on Academic

The Open Psychology Journal, 2019, Volume 12 79

Table 1. Patient characteristics (n=60).
Characteristics

Mean (SD)

Number (%)

-

-

10.23 (1.15)

-

General
Age (years old)
Gender

-

-

Male

-

29 (48.33)

Female

-

31 (51.67)

-

-

6.04 (0.65)

-

4,297.90 (2,116.42)

-

9.20 (1.46)

-

-

-

Digit Span Forward

4.68 (1.05)

-

Above average

-

31 (51.67)

Below average

-

29 (48.33)

Clinical
Serum hemoglobin level (g/dL)
Serum ferritin level (μg/L)
Duration of transfusion (years)
Working Memory

Digit Span Backward

2.78 (0.94)

-

Above average

-

15 (25.00)

-

45 (75.00)

Below average
Total Digit Span

7.47 (1.7)

-

Above average

-

17 (28.33)

Below average

-

43 (71.67)

Academic Achievement

-

-

Subjective

47.73 (11.28)

-

School marks

14.13 (5.48)

-

Total

61.87 (14.97)

-

Quality of Life

-

-

Physical

71.36 (20.40)

-

Emotional

82.08 (20.24)

-

Social

81.92 (22.11)

-

School

44.83 (16.97)

-

Total

70.05 (14.42)

-

Table 2. Association between severity and duration of illness on working memory.
Characteristics

β

p

Working memory score ← Hemoglobin level

-0.03

0.81

Working memory score ← Ferritin level

0.16

0.24

Working memory score ← Duration of transfusion

-0.33

0.01

Squared Multiple Correlations (R2) of Working memory score = 0.12

External
factors
Working
memory

0.639

Academic
achievement

0.320
Fig. (2). Path analysis results.

External
factors

0.501

Quality of Life
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Path analysis was carried out and path coefficients were
calculated by a series of multiple regression analyses based on
the hypothesized model. The values in the final path were
P>0.05, RMSEA<0.05, GFI>0.9, AGFI>0.9, NFI>0.9, and
CFI>0.9, which suggest that this path model fits the data quite
well. The results of the direct and indirect components of the
final path model are presented in Fig. (2). Quality of life in
children with beta thalassemia was directly (β=0.32) predicted
in a positive direction by working memory and academic
achievement. Additionally, working memory also affected
quality of life indirectly (β=0.639). The explanatory variables
(working memory) accounted for 40.8% of the variance
explaining academic achievement. The overall model variables
accounted for 25.1% of the variance of quality of life in
children with beta thalassemia.
4. DISCUSSION
Our study shows that almost three-quarter (71.67%)
children with beta thalassemia major suffer from working
memory impairment which significantly (p<0.001) influences
their academic achievement and quality of life.
Several studies show that cognitive function is significantly lower in patients with beta thalassemia. In most cases,
this complication remains subclinical and is only detected
during neuropsychological evaluations [6]. Cognitive function
impairment was first described by Orsini et al [33 - 34]. and
Raafat et al. in a study on 100 beta thalassemia children and
100 healthy controls using Wechsler Intelligence Scale for
Children–Third Edition (Arabic version). The study showed
that the mean Full-Scale IQ and Performance IQ of patients
were significantly lower than those of controls [35]. Duman et
al in a study on 20 children with beta thalassemia major found
that Full-Scale IQ, Verbal IQ, and Performance IQ scores are
lower in patients [36]. Monastero et al. assessed cognitive
function in 46 beta thalassemia major patients and 46 controls
showed a significantly impaired cognitive function based on all
neuropsychological batteries [37].
With regards to clinical and laboratory variables, this study
fails to find a relationship between working memory and
hemoglobin and ferritin levels. On the other hand, the duration
of transfusional therapy was found to significantly affect
working memory. A study from Monastero [37], Elshafy [38],
and Elhabiby [39] also showed similar results. Thus, the
chronic state of the disease itself, rather than the severity of
anemia, is thought to be more involved in the development of
cognitive deficits in thalassemic patients [37]. This notion is
supported by a study using MR imaging from Manfre et al.
which stated that the frequency of brain damage increases with
age in patients with thalassemia [15].
Working memory is the ability to process and remember
information. It is linked to a range of cognitive activities from
reasoning tasks to verbal comprehension [40]. Alloway et al. in
their study suggested that working memory at the start of
formal education is a more powerful predictor of subsequent
academic success than IQ [11]. Specific assessment of working
memory in children with beta thalassemia has never been
studied. Earlier study using Wechsler Intelligence Scale for
Children–Third Edition from Zafeiriou et al. reported that
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36.36% of beta thalassemia patients had abnormal IQ [41]. The
best explanation for the large number of patients suffering from
working memory impairment in our study is that we involve
relatively severe patients with severe anemia, longer duration
of illness, high level of ferritin level requiring chelating agent
therapy, and high possibility of thrombotic risk.
Nemtsas mentioned that chronic hypoxia and iron overload
contribute to neurological manifestations of beta thalassemia
[6]. Children with beta thalassemia live with chronic anemia
condition which leads to chronic hypoxic state. A study by Ai
et al stated that children with low hemoglobin levels have
significantly lower scores in Performance IQ and the group of
children with high iron but low hemoglobin levels have the
worst score [42]. Sun explained that memory is extremely
sensitive to hypoxia-ischemia due to the fragility of hippocampal neurons and network to hypoxia. Hippocampal neurons
and network itself play an essential role in memory consolidation [43].
High level of ferritin serum or hemosiderosis leads to iron
deposition in body. The evidence of iron brain deposition in
beta thalassemia patients has never been studied using either
neuroradiological or neuropathological examination. Schipper
in his study using magnetic resonance scanning on patients
with neurodegeneration with brain iron accumulation who also
suffered from body iron homeostasis disturbance stated that
there are predominantly pathological deposition of metal
within the central nervous system. [44] Monastero et al. stated
that hemosiderosis plays a potential role in cognitive
functioning. It is also strengthened by their observation in the
same study which showed that patients with signs of iron
overload tend to perform worse on neuropsychological tests
[37]. A study by Ma’ani et al. showed that serum ferritin level
in children with beta thalassemia is associated with their
cognitive functioning when assesed using Mini Mental State
Examination tools [23] whereas Retnani stated that high serum
ferritin level correlates with low cognitive function in
thalassemia major children, specifically in performance IQ
[45].
Beta thalassemia patients experience hypercoagulable state
which leads to thrombotic risk. A study of the hypercoagulable
state in beta thalassemia patients using thromboelastography
examination showed that 5% of patients are considered to have
hypercoagulable condition [20]. Schatz in a study on children
with sickle cell disease which shares similar condition with
beta thalassemia stated that majority of sickle cell patients
perform poorly on the digit span-backward [46]. Their results
are similar to this study. Magnetic resonace study on sickle cell
children showed that frontal lobe is the most common location
of injury, and that it relates to reduced efficiency in rehearsing
verbal information in working memory, difficulties in
manipulating verbal information in working memory, and
poorer retrieval of verbal information on memory recall trials
[47].
Working memory capacity is directly related to mathematical skills, language comprehension, and reading ability.
Children with low working memory capacity also show short
attention spans, are easily distracted, and tend to forget
instructions. [11] Rogers et al. in a study involving adolescents
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with attentional problems stated that working memory is a risk
factor for academic failure [48]. Academic problem in school
gives rise to limitations that could lead to low self-esteem and
problems with acceptance by peers. Children with poor
academic performance are exposed to a number of factors that
could impact their quality of life [49]. During childhood,
academic achievement is important because academic accomplishment is generally thought to determine an individual’s
future academic career and job opportunities [50]. A study by
Crede et al showed that student’s academic achievement
positively correlates to life satisfaction and quality of life
among adolescence in Germany [51]. A similar result is also
showed in a study conducted by Rezende, stating that poor
school performance has a negative impact on the quality of life
and health perception of children [49].
Quality of life is an important aspect for every individual.
Empiric evidence shows that pediatric patients with chronic
health conditions and low quality of life scores are at risk for
having higher healthcare demands and costs in the future [52].
Multiple factors contribute to the quality of life in children with
beta thalassemia. To improve the quality of life in children
with beta thalassemia, suitable programs aimed at providing
psychosocial support and links between the patient, school
officials, family, and physician are important, especially for
improving school functioning score [27]. Present studies
emphasize the importance of psychosocial factor contribution
in quality of life in children with beta thalassemia. Thalassemia
is thought to be one of the most challenging hematological
disorders with no permanent cure. Although advanced medical
management has increased the life expectancy, the quality of
life of beta thalassemia patients is still relatively low and the
psychosocial factors now take the primary importance [28].
Canatan et al. in a study performed in Antalya showed that
60% children with beta thalassemia have academic problems.
Thavorncaroensap mentioned that school functioning subscale
score is the lowest score of all health related quality of life
aspects in children with beta thalassemia [27]. Those studies
show that academic performance is an important aspect in the
quality of life of children with beta thalassemia.
Without early intervention, working memory difficulties
will not spontaneously be corrected as a child develops [11].
However, there is evidence that working memory functioning
can be altered and it has been suggested that there is plasticity
in the neural networks involved in working memory [53].
Interventions that address working memory limitations may be
both remedial and compensatory with a general goal of
improving performance in a deficient area while increasing the
efficiency of the individual’s normal working memory
processes [54]. Specific teaching strategies and teaching
materials, as well as individual formulated program such as
remedial education sessions should ideally begin early in
children with poor working memory [55]. A study by Loosli et
al. showed that computerized-adaptive working memory
intervention considerably improves children’s performance in
working memory task.9 In 2015, Smith et al. generated a study
involving a large sample using a specific working memory
training program which shows that working memory training
has a significant benefit in everyday functioning [56].
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This study shows that cognitive functioning, specifically
working memory, has a significant effect on both academic
achievement and quality of life of children with beta thalassemia. The mechanism underlying working memory impairment in beta thalassemia children has never been studied but it
is currently thought to be the results of chronic hypoxia [16,
17], iron overload [21 - 23], and hypercoagulable state [18 20]. Impairment of working memory is an important concern
because it comprises the ability of individual to temporarily
hold information and work with it. In other words, working
memory is a core of cognitive function. It is consistently shown
to be important for aspects of everyday functioning including
maintaining attention in daily activities and academic achievement, in particular in mathematical and language performance
[56]. Pyschosocial factors contribute to both academic
achievement and quality of life in children with beta thalassemia. Factors such as socioeconomic status, parent educational level, and poor school attendance due to trans-fusion are
relatively hard to modified. Working memory, on the other
hand, can be modified through a series of training and improved working memory will give benefits for all aspects of life
functioning [54].
Working memory screening of children with beta
thalassemia is feasible and an early adaptive working memory
training for children with working memory problem may
improve not only their working memory but also their every
day functioning and their quality of life.
Academic achievement as well as quality of life of a child
are influenced by many factors such as socio-economic,
nutritional, and parent’s educational level factors. The
limitation of this study is that we did not analyse these external
factors that may affect both academic achievement and quality
of life. Better designed studies with larger sample sizes are
required to understand the impact of cognitive function on the
quality of life in children with thalassemia.
CONCLUSION
Working memory influences academic achievement and
quality of life in beta thalassemia children. Working memory is
a contributing factor that determines the quality of life of
children with beta thalassemia, both directly and indirectly, via
academic achievement. Early attention and intervention
programs are needed to help children with beta thalassemia to
achieve a better quality of life.
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