
INTRODUCTION

β-thalassemia major is a hereditary hemoglobin 
disorder characterized by defective β-globin chain 
synthesis. It results in severe anemia and lifelong 
dependence on regular blood transfusions. Im-

provements in transfusion and chelation therapy 
have greatly improved survival rates. However, 
many patients now have long-term problems that 
affect many organs, including the brain. Numer-
ous studies indicate that children with β-thalas-
semia major may exhibit varying degrees of cog-
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ABSTRACT – Objective: Children with β-thalassemia major are at risk for neurocognitive impairment due to chronic ane-
mia, iron overload, and possible neurotoxicity from chelation therapy. Despite improved transfusion and chelation protocols, 
the impact on cognitive function remains unclear. This study evaluated cognitive performance in children with β-thalassemia 
major and explored selected clinical and biochemical factors associated with cognitive scores.

Materials and Methods: Seventeen patients aged 6-16 years with β-thalassemia major receiving regular transfusions 
and 17 healthy age- and sex-comparable controls were included. Demographic, anthropometric, and laboratory data (he-
moglobin, ferritin, vitamin B12, and vitamin D) were collected. Cognitive performance was evaluated using the Wechsler 
Intelligence Scale for Children-Revised (WISC-R). Associations between cognitive scores and selected clinical and bio-
chemical variables were evaluated as exploratory analyses, and key associations involving BMI z-score and transfusion 
duration were additionally adjusted for age.

Results: Patients showed significantly lower verbal IQ (81.9 ± 21.9) and full-scale IQ (83.7 ± 21.0) scores compared 
with controls (109.1 ± 20.1 and 104.6 ± 19.6; p<0.05). All verbal and performance subtests, including picture arrangement 
and block design, were reduced. In exploratory analyses, age, BMI z-score, and transfusion duration were associated with 
selected cognitive scores; however, several of these associations were attenuated after adjustment for age. Vitamin D 
showed positive associations with selected verbal cognitive scores, while ferritin was not significantly associated with 
cognitive scores in the revised analysis.

Conclusions: Children with β-thalassemia major exhibit lower cognitive performance, especially in verbal domains. Asso-
ciations with clinical and biochemical variables should be interpreted cautiously. Routine cognitive evaluation and metabolic 
follow-up are recommended for early detection and multidisciplinary care.

KEYWORDS: β-thalassemia major, Body mass index, Cognitive impairment, Transfusion, Children, Vitamin D, Vitamin B12.
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nitive impairment affecting attention, memory, 
language, and reasoning1,2.

Numerous mechanisms have been suggest-
ed to elucidate these findings. Chronic anemia 
and hypoxia may diminish cerebral oxygenation, 
whereas repeated transfusions can induce iron 
overload, resulting in oxidative stress and neuro-
nal damage3,4. Chelation therapy, while necessary, 
may induce neurotoxicity with prolonged use. 
Neuroimaging studies have demonstrated struc-
tural and functional alterations in brain regions 
associated with learning and executive functions, 
indicating that both the disease and its treatment 
affect neurocognitive performance5,6.

Alongside disease-related factors, disruptions 
in metabolic and nutritional status may also lead 
to inferior cognitive outcomes. Children with 
β-thalassemia major may have insufficient vita-
min D and vitamin B12 levels because of chronic 
illness, malabsorption, hepatic involvement, or 
endocrine complications7.  Vitamin D has been as-
sociated with neuroprotection due to its antioxi-
dant and anti-inflammatory properties; however, 

its specific impact on cognitive function in thalas-
semia patients is still unclear.

The objective of this study was to compare neu-
rocognitive performance between children with 
β-thalassemia major and healthy controls and to 
explore selected clinical and biochemical factors 
associated with cognitive scores. The study aimed 
to elucidate the impact of chronic anemia, iron 
overload, and metabolic changes on neurodevel-
opment in children with β-thalassemia major by 
incorporating standardized cognitive assessments 
alongside hematologic and metabolic parameters.

MATERIALS AND METHODS

This cross-sectional study was conducted at the 
Pediatric Hematology and Oncology Clinic of Bur-
sa City Hospital between December 2023 and 
February 2024. It consisted of 17 children aged 6 
to 16 years with confirmed β-thalassemia major 
who underwent regular blood transfusions every 
2 to 4 weeks. Children with other chronic or neu-

Graphical Abstract. This graphical abstract summarizes the evaluation of cognitive performance in children with β-thalassemia 
major compared with healthy controls using WISC-R scores. It also illustrates the assessment of selected clinical and biochem-
ical variables, including BMI z-score, transfusion duration, ferritin, vitamin D, vitamin B12, and pre-transfusion hemoglobin, in 
relation to cognitive outcomes.
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rological conditions or those not undergoing regu-
lar transfusions were excluded. The control group 
consisted of 17 healthy children without chronic 
disease. Controls were selected to be compara-
ble with the patient group in terms of age and 
sex at the group level. Because matching was per-
formed at the group level rather than as individual 
matched pairs, independent statistical tests were 
used for between-group comparisons. 

The study protocol was approved by the Bur-
sa City Hospital Ethics Committee (approval no: 
2023-20/1; date: 6 December 2023). Written in-
formed consent was obtained from the parents 
or legal guardians of all participants. Assent was 
obtained from children when appropriate. 

We recorded clinical and demographic infor-
mation, such as age, sex, age at diagnosis, transfu-
sion duration, and frequency of transfusions each 
year. Body weight and height were measured us-
ing standard procedures. Body mass index (BMI) 
was calculated as weight in kilograms divided by 
height in meters squared. Because BMI varies by 
age and sex in children, BMI z-scores were calcu-
lated using age- and sex-specific reference values 
and used in the statistical analyses. Laboratory 
data included pre-transfusion hemoglobin, serum 
vitamin B12, 25-hydroxyvitamin D [25 (OH) vita-
min D], and the average of the last 3 ferritin levels.

Cognitive assessment was performed using 
the Turkish standardized version of the Wechsler 
Intelligence Scale for Children-Revised (WISC-R)8. 
The test has five verbal subtests (information, 
similarities, arithmetic, vocabulary, and compre-
hension) and five performance subtests (picture 
completion, picture arrangement, block design, 
object assembly, and coding). From these, Verbal 
IQ (VIQ), Performance IQ (PIQ), and Full-Scale IQ 
(FSIQ) scores were calculated. A trained psycholo-
gist gave the tests to each person in a quiet room, 
and each session lasted about 60 to 90 minutes. 
Verbal IQ (VIQ), Performance IQ (PIQ), and Full-
Scale IQ (FSIQ) were defined as the primary cog-
nitive outcomes. WISC-R subtest scores and anal-
yses examining associations between cognitive 
scores and clinical or biochemical variables were 
considered secondary/exploratory outcomes.

Statistical analysis

Statistical analyses were performed using IBM 
SPSS Statistics version 26.0 (IBM Corp., Armonk, 
NY, USA). The distribution of continuous variables 
was assessed using the Shapiro-Wilk test and visu-
al inspection of histograms. Normally distributed 
variables were presented as mean ± standard de-
viation (SD), while non-normally distributed vari-
ables were presented as median (minimum-max-

imum). Categorical variables were presented as 
number and percentage.

Between-group comparisons were performed 
using the independent-samples t-test for nor-
mally distributed continuous variables and the 
Mann-Whitney U test for non-normally distrib-
uted continuous variables. Categorical variables 
were compared using the chi-square test or Fish-
er’s exact test, as appropriate. Because the con-
trol group was selected to be comparable with 
the patient group at the group level rather than 
through individual pair matching, independent 
tests were used for between-group comparisons.

Verbal IQ (VIQ), Performance IQ (PIQ), and Full-
Scale IQ (FSIQ) were defined as the primary out-
comes. WISC-R subtest scores and correlation anal-
yses involving clinical and biochemical variables 
were considered exploratory outcomes. Effect sizes 
and 95% confidence intervals were calculated for 
the primary between-group comparisons where 
appropriate. Corrected  p-values for the WISC-R 
cognitive score comparisons were calculated using 
the Bonferroni correction method.

Associations between cognitive scores and clin-
ical or biochemical variables were evaluated using 
Pearson or Spearman correlation analyses accord-
ing to data distribution. Key associations involving 
transfusion duration and BMI z-score were addi-
tionally examined using partial correlation analysis 
adjusted for age. Given the exploratory nature of 
the WISC-R subtest and correlation analyses and 
the small sample size, these findings were inter-
preted cautiously. A two-sided p-value of <0.05 
was considered statistically significant. 

RESULTS

The study included 34 children, 17 with β-thalas-
semia major and 17 healthy controls. Seven patients 
(41.2%) were girls and ten (58.8%) were boys. The 
average age of the thalassemia group was 127.8 ± 
39.0 months, while the average age of the control 
group was 118.6 ± 33.5 months. There was no signif-
icant between-group difference in age (p = 0.464). 
There was also no significant difference in the distri-
bution of sexes (p = 0.463) (Table I). The average age 
of diagnosis for the patients was 8.1 ± 2.6 months, 
and the average length of time they needed transfu-
sions was 115.6 ± 38.1 months. The median number 
of transfusions was 17 times a year, with a range of 
12 to 21. The average vitamin D level was 21.1 ± 13.8 
ng/mL (Table I), and the median serum ferritin level 
was 1681 ng/mL (range: 501-5118).

Children with β-thalassemia major had lower 
VIQ and FSIQ scores than controls (81.88 ± 21.97 vs. 
109.12 ± 20.15, p = 0.001; 83.71 ± 21.04 vs. 104.65 ± 
19.63, p = 0.005, respectively). PIQ scores were also 
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lower in the patient group, but the difference was 
not statistically significant (88 vs. 99, p = 0.127). In 
exploratory subtest analyses, children with β-thal-
assemia major had lower scores than controls in 
several verbal subtests and selected performance 
subtests of the WISC-R, including information, 
similarities, arithmetic, vocabulary, and compre-
hension, as well as on two performance subtests 
(picture arrangement and block design) (Table II).

In exploratory analyses, age, BMI z-score, and 
transfusion duration were associated with select-
ed cognitive scores before age adjustment. These 

results indicate that advancing age and elevated 
BMI correlate with diminished performance, par-
ticularly on tasks requiring verbal comprehension 
and working memory. There was no link between 
age at diagnosis or the frequency of blood trans-
fusions and cognitive test scores. Transfusion du-
ration was negatively associated with VIQ, arith-
metic, vocabulary, and FSIQ scores in unadjusted 
analyses; however, these associations were no 
longer statistically significant after adjustment for 
age. Most associations involving BMI z-score were 
attenuated after adjustment for age (Table III).

Table I. Demographic, clinical, and laboratory characteristics of children with β-thalassemia major and healthy controls.

Parameter	 β-thalassemia major (n = 17)	 Control group (n = 17)	 p

Age (months)	 127.8 ± 39.0	 118.6 ± 33.5	 0.464

Sex (F/M)	 7/10 (41.2%/58.8%)	 4/13 (23.5%/76.5%)	 0.463

Height (cm)	 135.0 ± 14.8	 —	 —

Body weight (kg)	 33.6 (19-59)	 —	 —

Body mass index (kg/m²)	 17.5 ± 3.0	 —	 —

BMI Z-score	 0.0041 ± 0.924	

Age at diagnosis (months)	 8.1 ± 2.6	 —	 —

Transfusion duration (months)	 115.6 ± 38.1	 —	 —

Transfusion frequency (times/year)	 17.1 ± 2.0	 —	 —

Serum ferritin (ng/mL)	 1681 (501-5118)	 —	 —

Vitamin B12 (pg/mL)	 395.1 (216-935)	 —	 —

25 (OH) Vitamin D (ng/mL)	 21.1 ± 13.8	 —	 —

F: female; M: male; SD: standard deviation; min: minimum; max: maximum; 25(OH)D: 25-hydroxyvitamin D. Normally distributed variables 
are expressed as mean ± SD, non-normally distributed variables as median [min-max], and categorical variables as n (%).

Table II. Comparison of WISC-R cognitive scores between children with β-thalassemia major and healthy controls.

WISC-R subtests	 β-thalassemia	 Control group	 p-value	 Corrected	 Hedges’ g (95% CI)
	   major (n = 17)	  (n = 17)		    p-value
	 	
Verbal IQ (VIQ)	 81.88 ± 21.97	 109.12 ± 20.15	 0.001*	 0.002	 −1.26 (−2.00, −0.52)

Information	 4 (1-10)	 9 (4-17)	 0.020*	 0.011	 −1.31 (−2.06, −0.57)

Similarities	 7 (4-13)	 11 (7-15)	 0.001*	 0.006	 −1.28 (−2.03, −0.54)

Arithmetic	 7 (3-12)	 11 (6-15)	 0.004*	 0.014	 −1.03 (−1.75, −0.31)

Vocabulary	 8 (3-15)	 12 (6-17)	 0.027*	 0.042	 −0.77 (−1.47, −0.08)

Comprehension	 9 (4-16)	 12 (8-17)	 0.016*	 0.041	 −0.85 (−1.55, −0.15)

Performance IQ (PIQ)	 88 (55-120)	 99 (70-135)	 0.127	 0.380	 −0.53 (−1.21, 0.16)

Picture completion	 9 (4-14)	 8 (4-13)	 0.884	 0.884	 0.05 (−0.62, 0.72)

Picture arrangement	 7 (2-13)	 10 (5-15)	 0.028*	 0.042	 −0.77 (−1.47, −0.07)

Block design	 10 (6-15)	 12 (8-18)	 0.029*	 0.042	 −0.77 (−1.47, −0.07)

Object assembly	 8 (3-14)	 10 (5-16)	 0.117	 0.146	 −0.77 (−1.47, −0.07)

Coding	 8 (3-13)	 9 (4-15)	 0.199	 0.222	 −0.44 (−1.12, 0.24)

Full-Scale IQ (FSIQ)	 83.71 ± 21.04	 104.65 ± 19.63	 0.005*	 0.016	 −1.00 (−1.72, −0.29)

Verbal IQ and Full-Scale IQ shown as mean ± SD; all other subtests as median [min-max], * p < 0.05 significant.
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Among biochemical parameters, 25(OH)
D showed positive associations with VIQ (r = 
0.49, p = 0.044) and the Similarities subtest (r = 
0.59, p = 0.013). Ferritin showed a negative but 
non-significant association with the Similari-

ties subtest (r = −0.44, p = 0.074). No significant 
associations were observed between vitamin 
B12, pre-transfusion hemoglobin, or mean fer-
ritin levels and overall cognitive scores (Table 
IV).

Table III. Summary of the study included in the review, including study design, population type, sample size, 
expander placement, pharmacologic agents, and primary outcomes.

WISC-R subtests	 Age 	 BMI 	 BMI 	 Transfusion 	 Transfusion 	 Annual
	 (r/p)	 z-score	 z-score 	 duration	 duration 	 transfusion
		  (r/p)	 adjusted 	 (r/p)	 adjusted 	 frequency
			   for age		  for age 	 (r/p)
			   (r/p)		  (r/p)		
	

Verbal IQ (VIQ)	 −0.55 (.022)	 −0.39 (.118)	 −0.13 (.623)	 −0.49 (.048)	 0.21 (.437)	 0.30 (.249)

Information	 −0.59 (.013)	 −0.53 (.027)	 −0.31 (.239)	 −0.53 (.030)	 0.21 (.429)	 0.23 (.382)

Similarities	 −0.05 (.848)	 0.08 (.757)	 0.13 (.632)	 0.06 (.821)	 0.42 (.106)	 0.24 (.344)

Arithmetic	 −0.69 (.002)	 −0.70 (.002)	 −0.54 (.032)	 −0.70 (.002)	 −0.17 (.526)	 0.07 (.789)

Vocabulary	 −0.60 (.011)	 −0.25 (.340)	 0.12 (.646)	 −0.51 (.038)	 0.36 (.169)	 0.38 (.134)

Comprehension	 −0.36 (.153)	 −0.31 (.220)	 −0.15 (.586)	 −0.33 (.194)	 0.08 (.772)	 0.33 (.200)

Performance IQ (PIQ)	 −0.48 (.049)	 −0.38 (.133)	 −0.16 (.565)	 −0.37 (.139)	 0.42 (.106)	 0.42 (.091)

Picture completion	 −0.44 (.080)	 −0.43 (.085)	 −0.25 (.345)	 −0.36 (.158)	 0.27 (.303)	 0.37 (.146)

Picture arrangement	 −0.39 (.122)	 −0.32 (.210)	 −0.14 (.610)	 −0.30 (.246)	 0.33 (.209)	 0.31 (.220)

Block design	 −0.08 (.759)	 −0.01 (.974)	 0.04 (.876)	 0.05 (.862)	 0.48 (.060)	 0.34 (.176)

Object assembly	 −0.42 (.095)	 −0.27 (.295)	 −0.05 (.844)	 −0.32 (.207)	 0.35 (.185)	 0.51 (.036)

Coding	 −0.56 (.018)	 −0.20 (.442)	 0.16 (.557)	 −0.56 (.020)	 −0.06 (.820)	 −0.04 (.894)

Full-Scale IQ (FSIQ)	 −0.60 (.010)	 −0.46 (.066)	 −0.19 (.486)	 −0.51 (.036)	 0.35 (.183)	 0.42 (.093)

VIQ: Verbal IQ; PIQ: Performance IQ; FSIQ: Full-Scale IQ; WISC-R: Wechsler Intelligence Scale for Children-Revised; BMI: body mass index. Values 
are presented as correlation coefficient and p-value. Age-adjusted values indicate partial correlation analyses adjusted for age. p < 0.05 was con-
sidered statistically significant.

Table IV. Correlations between laboratory parameters and WISC-R cognitive scores in children with β-thalassemia major.

WISC-R subtests	 Vitamin D 	 Vitamin B12	 Pre-transfusion	 Mean ferritin
	 (r/p)	 (r/p)	 hemoglobin (r/p)	  (r/p)

Verbal IQ (VIQ)	 0.49 (.044)	 0.14 (.583)	 −0.03 (.914)	 −0.17 (.510)

Information	 0.42 (.095)	 0.13 (.612)	 −0.06 (.811)	 −0.21 (.430)

Similarities	 0.59 (.013)	 0.12 (.647)	 −0.33 (.189)	 −0.44 (.074)

Arithmetic	 0.36 (.161)	 0.15 (.575)	 −0.02 (.945)	 −0.18 (.499)

Vocabulary	 0.48 (.052)	 0.21 (.422)	 0.04 (.890)	 −0.11 (.675)

Comprehension	 0.19 (.461)	 −0.14 (.586)	 0.03 (.917)	 0.10 (.699)

Performance IQ (PIQ)	 0.34 (.184)	 0.14 (.602)	 0.16 (.534)	 −0.23 (.376)

Picture completion	 0.15 (.555)	 0.01 (.962)	 0.18 (.498)	 −0.18 (.496)

Picture arrangement	 0.22 (.393)	 −0.04 (.873)	 0.24 (.360)	 −0.21 (.423)

Block design	 0.25 (.332)	 −0.12 (.637)	 0.04 (.884)	 −0.45 (.068)

Object assembly	 0.16 (.539)	 −0.05 (.855)	 −0.03 (.919)	    0.09 (.746)

Coding	 0.38 (.128)	 0.16 (.531)	 0.15 (.558)	 −0.23 (.380)

Full-Scale IQ (FSIQ)	 0.45 (.073)	 0.13 (.613)	 0.07 (.800)	 −0.16 (.548)

VIQ: Verbal IQ; PIQ: Performance IQ; FSIQ: Full-Scale IQ; WISC-R: Wechsler Intelligence Scale for Children-Revised. Values are presented as 
correlation coefficient and p-value. p < 0.05 was considered statistically significant.
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DISCUSSION

Cognitive dysfunction is an important potential 
comorbidity in β-thalassemia major, notwith-
standing substantial advancements in survival 
rates due to effective transfusion and chelation 
protocols. The current study assessed the cogni-
tive profile of children with β-thalassemia major 
and investigated the clinical and biochemical fac-
tors linked to neurocognitive performance. Using 
the WISC-R, children with β-thalassemia major 
had lower verbal and full-scale IQ scores than 
healthy controls. The most impacted areas were 
verbal reasoning, arithmetic, and vocabulary, indi-
cating difficulties in abstract reasoning, sustained 
attention, and verbal comprehension. These re-
sults support the hypothesis that chronic anemia, 
intermittent hypoxia, and iron accumulation may 
hinder neurodevelopment and cerebral function, 
highlighting the necessity of integrating cognitive 
monitoring into the holistic management of chil-
dren with thalassemia3,5.

Our results align with prior studies indicating 
cognitive impairments in this demographic. Du-
man et al2 similarly found that individuals with 
β-thalassemia major had lower verbal and overall 
IQ scores than controls, with deficits in general 
knowledge, reasoning, and block design. How-
ever, in their cohort, arithmetic performance re-
mained intact, whereas our study indicated sub-
stantial deficits in this area, potentially indicating 
heightened susceptibility of working memory and 
attention networks in our patients. El-Alameey et 
al6 and Raafat et al9 reported diminished total IQ, 
although their findings suggested more significant 
impacts on performance IQ, potentially attribut-
able to sociocultural or educational disparities 
among the study groups. Conversely, Mousa et 
al10 reported significant declines in verbal, perfor-
mance, and total IQ, attributing these variations 
to chronic disease stress and neuroinflammation. 
Likewise, Meymandi et al11 documented decreas-
es in VIQ and FSIQ while PIQ remained relatively 
stable, partially corroborating our findings. These 
studies indicate that cognitive impairment in 
thalassemia major encompasses both verbal and 
non-verbal processes and endures despite im-
provements in clinical care.

We observed no significant association be-
tween transfusion frequency and intelligence 
scores, aligning with the conclusions of Elbahy 
et al12, El-Alameey et al6, and Kurian et al13, all 
of whom determined that transfusion regularity 
does not serve as an independent predictor of 
cognitive performance. Conversely, Shehata et 
al14 posited that increased transfusion frequency 
might enhance cerebral oxygenation and safe-
guard cognitive function, potentially elucidating 

discrepancies among studies based on transfu-
sion adequacy and hemoglobin targets.

In the present study, transfusion duration was 
associated with selected cognitive parameters in 
unadjusted exploratory analyses; however, these 
associations were attenuated after adjustment for 
age. This finding is partly consistent with the ob-
servations of Mousa et al10, who reported associ-
ations between longer transfusion exposure and 
lower cognitive scores; however, our age-adjusted 
findings suggest that age may partly explain this re-
lationship. Experimental studies bolster this mech-
anism: Jamrus et al15 illustrated that surplus iron 
compromises the blood-brain barrier and causes 
neuronal damage, offering a credible biological ra-
tionale for these clinical correlations. Correspond-
ing to these findings, Wu et al16 identified iron 
deposition, oxidative neurotoxicity, and structural 
white matter injury as principal factors contribut-
ing to cognitive impairment in thalassemia.

In our study, age and BMI z-score were associ-
ated with selected cognitive scores in unadjusted 
analyses. However, most BMI z-score associations 
were no longer statistically significant after adjust-
ment for age. This pattern is similar to what Mousa 
et al10 found, which was that cognitive scores went 
down as people got older. However, it is different 
from what El-Alameey et al6 found, which was that 
BMI and some cognitive measures were positively 
related. These differences may indicate disparities 
in nutritional status, endocrine function, or chela-
tion intensity among populations. Therefore, BMI 
z-score findings should be interpreted with caution 
and not considered independent predictors of cog-
nitive outcomes in this sample.

In the revised analysis, ferritin showed a nega-
tive but non-significant association with the Simi-
larities subtest, whereas 25(OH)D was positively 
associated with VIQ and the Similarities subtest. 
Conversely, hemoglobin and vitamin B12 levels ex-
hibited no correlation with cognitive outcomes. The 
non-significant ferritin finding should be interpret-
ed with caution and does not support a firm con-
clusion regarding the relationship between ferritin 
and cognitive performance in this cohort. Mousa 
et al10 reported analogous results, attributing them 
to iron overload and oxidative stress. Experimen-
tal evidence corroborates this explanation; Jamrus 
et al15 illustrated that surplus iron can modify the 
blood-brain barrier and induce ferroptosis in brain 
pericytes, thereby compromising neuronal integri-
ty. Bu et al3 also showed that by using quantitative 
MRI techniques, higher levels of iron in the brain 
are strongly linked to worse cognitive performance 
in people with β-thalassemia.

Previous studies, including those by Duman et 
al2 and Raafat et al9, did not demonstrate a sig-
nificant correlation between ferritin levels and 
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cognitive function. It is not surprising that there 
are differences, since studies use different chela-
tion strategies, transfusion intensities, and even 
the timing of lab tests. Our findings are consistent 
with previous studies showing no significant asso-
ciation between hemoglobin concentration and 
cognitive outcomes. This suggests that hemoglo-
bin concentration alone may not be a good indica-
tor of how well oxygen reaches the brain.

Vitamin D was among the biochemical param-
eters assessed in our study, and elevated levels 
were associated with improved verbal and similarity 
scores. These findings suggest a possible associa-
tion between vitamin D status and selected verbal 
cognitive scores; however, these exploratory results 
require confirmation in larger prospective studies.

The vitamin D receptor is present in brain regions 
such as the hippocampus and cortex, which are in-
volved in memory and learning. Yasumitsu-Lovell 
et al17 reported analogous findings, establishing a 
positive correlation between vitamin D and cogni-
tive function in children. Experimental studies in-
dicate that vitamin D can mitigate oxidative stress 
and neuronal damage18. These findings indicate that 
maintaining adequate vitamin D levels may help 
preserve cognitive function in children with β-thal-
assemia major. Kazancı et al19 also pointed out that a 
multidisciplinary approach that includes hematolog-
ic, metabolic, and neurocognitive management can 
make things better for children with β-thalassemia 
major and improve their quality of life.

In the present study, transfusion duration was 
associated with selected cognitive parameters in 
unadjusted exploratory analyses; however, these 
associations were attenuated after adjustment for 
age. This finding is partly consistent with the obser-
vations of Mousa et al10, who reported associations 
between longer transfusion exposure and lower 
cognitive scores; however, our age-adjusted findings 
suggest that age may partly explain this relationship.

In the revised analysis, ferritin showed a nega-
tive but non-significant association with the Sim-
ilarities subtest, whereas 25(OH)D was positively 
associated with VIQ and the Similarities subtest. 
These findings suggest a possible association be-
tween vitamin D status and selected verbal cogni-
tive scores; however, these exploratory results re-
quire confirmation in larger prospective studies.

Limitations

This study has several limitations. First, the sample 
size was small, which may reduce statistical power 
and increase the risk of false-positive findings, par-
ticularly in exploratory subtest and correlation anal-
yses. Second, the cross-sectional design prevents 
causal inference between clinical or biochemical 
variables and cognitive outcomes. Third, because 

multiple exploratory analyses were performed, the 
subtest and correlation findings should be consid-
ered hypothesis-generating. Vitamin D levels may 
have been affected by seasonal variations, and we 
could not assess vitamin levels in the control group 
due to ethical considerations. Moreover, variables 
such as familial educational attainment and socio-
economic status were not thoroughly analyzed. 
Even so, the study provides useful information by 
integrating clinical, biochemical, and neurocogni-
tive data from children with β-thalassemia major. 
This can help future research with a broader scope.

CONCLUSIONS

Children with β-thalassemia major had lower ver-
bal and full-scale IQ scores compared with healthy 
controls. Cognitive difficulties were more pro-
nounced in domains associated with reasoning, 
language, and attention. Associations involving 
transfusion duration, BMI z-score, ferritin, and 
vitamin D should be interpreted cautiously, par-
ticularly because several associations were atten-
uated after age adjustment. Routine cognitive as-
sessment may help identify children who require 
multidisciplinary follow-up, while larger prospec-
tive studies are needed to clarify clinical and bio-
chemical determinants of cognitive outcomes.
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